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Foreword

" N e w Trends in High-Energy Physics" nmo //www giuk.ora/iiadrons/cnmea2oon
continues and extends the traditions of the popular series of
conferences, called "Hadrons", initiated be the Bogolyubov Institute
for Theoretical Physics 16 years ago, held at various places of the
FSU, and dedicated mainly to "soft" or "nonperturbative" physics.
The subject has been gradually extended (the number of participants
still remain limited), now including: elastic and diffractive scattering
of hadrons and nuclei, deep inelastic scattering and multiparticle
dynamics, collective properties of the strongly interacting matter,
heavy flavours and hadron spectroscopy, duality, strings and
confinement, the standard model (and beyond), advances in quantum
field, theory,j*s wejl as new physics at future colliders. The site of the
Conference hasibeen stabilized at the Crimea.

The present Proceedings contain direct reproductions from the
authors' contributions (reviews and short talks) that arrived before the
deadline, October 31, grouped (somewhat arbitrarily) as experimental,
phenomenological, and theoretical papers. We acknowledge the
authors' cooperation in delivering their high-level contributions in due
time, thus enabling this rapid publication The support by INTAS,
grant 00MO 159 and by the Science and Technology Center in
Ukraine are gratefully acknowledged.

The next conference of this series will be held in Yalta
(Crimea) in May, 2003.

Address for correspondence:
Crimean Conference
Bogolyubov Institute for Theoretical Physics
Kiev 03143
UKRAINE

e-mail: crimea@.gluk.org
fax: +38 044 266 5998
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Fermion pair production at
LEP2 and interpretations

G. Abbiendi

INFN Bologna, Italy

26th October 2001

Abstract

Preliminary results on e+e~ -* ff, f = e,fi,r,q, in-
cluding all LEP2 data are discussed. Good agreement is
found with the Standard Model up to the highest energies.
Limits on possible new physics are extracted.

Fermion pair production processes have been measured by the four
LEP experiments up to ^ ~ 207 GeV [1]. Above the Z peak 7
radiation is very important, leading in particular to a high rate
for the Z radiative return. Events can be classified according to
the effective center of mass energy y/7\ which is measured in dif-
ferent ways. A typical inclusive selection requires Js'/s > 0.1,
while events with only a low amount of radiation {exclusive) are

defined by \Js'js > 0.85. Exclusive events are obviously more
relevant to look for new physics. The signal definition is com-
plicated by initial-final state interference. Two theoretical defi-
nitions have been considered for Vs7 in the combinations of LEP
data: 1) s-channel propagator mass, with interference between ini-
tial and final state radiation subtracted (used by L3 and OPAL);
2) bare invariant mass of the dilepton pairs, or s-channel propa-
gator mass for hadronic final states, with interference included
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(close to ALEPH and DELPHI definitions). For e+e~ pairs
is not natural, as ^-channel exchange diagram dominates: in this
case non-radiative events are selected by a cut on the acollinear-
ity angle of the final state electrons, typically 0 , ^ < 10°. An-
other delicate point is the contribution from 4-fermion processes
which enter the pair selection, which has to be defined by a cut
on the invariant mass of the extra pairs. Theoretical uncertain-
ties have been assessed during the LEP2 MC Workshop [2] and
are presently well below the experimental errors for qq, fi+fi~ and
T+T~ pairs. They amount respectively to 0.26 % for qq and 0.4%
for fi+/M~ or T+T~ cross sections. On the opposite side, the theo-
retical uncertainties on Bhabha cross sections are still large, 2% in
the barrel region and 0.5% in the endcap regions: a sizeable reduc-
tion (factor 4-10) is desired to exploit the experimental precision.
Preliminary combinations of LEP data exist for the exclusive qq
cross sections and for n+yT and T+T~ cross sections and forward-
backward asymmetries over the whole energy range (130-207 GeV)
[1], as shown in figure 1. Standard Model (SM) expectations are
obtained with ZFITTER [3]. Correlations within/between experi-
ments have been taken into account in the combinations. The
combined errors are dominated by statistics and uncorrelated sys-
tematics. Moreover differential cross sections da/dcosd have been
combined for ft and r pairs for 183 < y/s < 207 GeV. Available
heavy flavour measurements of Rt,, Ab

FB, R^ AFB have been com-
bined at all LEP2 energies [1]. Bhabha measurements have not
been combined yet, though each experiment has a complete set of
measurements, see for example [4] or the references in [1]. All the
LEP averages are in good agreement with the SM predictions, as
each experiment's results. Therefore such data have been used to
set indirect limits on a number of new physics scenarios.

An alternative test of the Standard Model is possible in the
5-matrix approach [5]. In this framework the only assumptions
are the existence of a heavy neutral boson (Z) in addition to the
7 and validity of QED for photon exchange and radiation. In par-
ticular 7 /Z interference is left free, while it is usually constrained

13



preliminary praHirttwy

120 140 160 180 200 220
Vs(GeV)

120 140 180 180 200 220
•Js(GeV)

MVFigure 1: Cross sections for
forward-backward asymmetries for (i+t
energy. The curves are SM predictions.

and T+T final states and
and T+T~ as a function of

by the SM itself in fits of the Z° lineshape. LEP1 data have
low sensitivity to 7 exchange and 7-Z interference. An S-matrix
fit restricted to LEP1 data shows a strong correlation between
the fitted mass mz and the parameter jj^ related to 7-Z inter-
ference in the hadronic cross section. In a L3 analysis [6] such
correlation brings about an additional ±9.8 MeV uncertainty to
mz. LEP2 data strongly constrain -y-Z interference terms. L3 [7]
fitted jointly all LEP1+LEP2 cross section and asymmetry meas-
urements, either assuming lepton universality or not. The result
is mz = 91188.4 ± 3.6 MeV (mz = 91188.8 ± 3.6 MeV without
lepton universality), in agreement with the SM lineshape fit. Here
the correlation is reduced and contributes an error of ±1.8 MeV,
already included in the quoted result. The fitted value of jfij^ is
0.30 ± 0.10, in agreement with the SM prediction of 0.21. Similar
results have been obtained by OPAL [8].

A convenient way to describe any deviation from the SM in
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Figure 2: (Left) Limits on the scale A of eell contact interactions
assuming fi/r lepton universality; (Right) Exclusion contours in the
Mz' — Bzz1 for some GUT models.

e+e~ ff is the framework of four-fermion contact interactions
[9], which is appropriate if the scale of new physics A is much
greater than y/s. LEP averages of //+/i~ and T+T~ cross sections
and asymmetries have been used for such indirect search. They
give at present the best lower limits on the scale A for eell contact
interactions, in the range of 8.5 to 26.2 TeV depending on the
specific model (95% C.L. limits assuming conventionally a strong
coupling g2 = 47r) [1]. In detail the limits for each model and
both signs of interference between the hypothetic new interaction
and the SM are shown in Fig. 2 (left plot). Furthermore LEP
combinations of heavy flavour measurements have been used to
set lower limits on eebb and eecc contact interactions. Depending
on the model they are in the range of 2.2-14.6 TeV for eebb and
1.4-7.4 TeV for eecc [1].

Limits on the masses of new heavy particles have been ex-
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tracted also within specific extensions of the SM. This is actually
appropriate when the mass of the new particle is of the same order
of magnitude as the center of mass energy. New particles coupling
to leptons and quarks could be leptoquarks (10] or squarks in su-
persymmetric theories with R-parity violation. Beyond the kine-
matic limit for direct production, they could be observed through
a change of the total cross section and asymmetry in the process
e+e~ -+ qq via a f-channel exchange diagram [11]. The best LEP
limits come presently from ALEPH [12]. They have been extracted
separately for leptoquarks/squarks of each of the three families,
profiting of 6-tagging and jet-charge techniques. It is assumed
only one new particle contributing at a time, with coupling only
to left or right-handed leptons. In particular the mass limit for
So(L) coupling to first or second generation quarks (equivalent to
d or s) is about 600 GeV, for Si/i(L) coupling to third generation

quarks (equivalent to f) is about 140 GeV (95% C.L. limits assum-
ing electromagnetic strenght for the coupling g2 = Ana). They are
complementary to limits obtained from HERA, Tevatron, and low
energy data (atomic parity violation, rare decays).

Supersymmetric theories with R-parity violation have terms in
the Lagrangian of the form XijkLiLjE^ being L a lepton doublet
superfield and E a lepton singlet superfield. The parameter A is
a Yukawa coupling and i, j , k = 1, 2, 3 are generation indices.
For dilepton final states, both s and t-channel exchange of R-
parity violating sneutrino can occur [13]. The strongest limits
are obtained when s-channel resonant production of i>M or vT is
possible. This could be detected, depending on the non vanishing
couplings, in the e+e~, /x+/x~ or T+T~ decay channels. Dilepton
differential cross sections have been used by ALEPH to set upper
limits on the couplings as a function of the sneutrino mass. £M

/ f>T masses of a few hundreds GeV/c2 are probed and excluded
for relatively small couplings [12]. Much weaker limits can be
extracted for ue.

Additional heavy neutral bosons are predicted by many GUT
models [14]. LEP data at the Z° peak energy are sensitive to
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the mixing angle 9zz> of the Z° with a possible heavier Z', while
LEP2 data are sensitive to its mass m y . Fits using all hadronic
and leptonic cross sections and leptonic forward-backward asym-
metries are consistent with no extra Z'. DELPHI results [15] are
shown in Fig. 2 (right plot). The upper limits on the mixing angle
\9zz'\ are about 2 mrads. Assuming &zz' = 0 the combined LEP
data have been fitted to determine 95% C.L. lower limits on the
Z' mass. The resulting limits are 678/463/436 GeV respectively
for E(6) x/Hv m°del, 800 GeV f o r L - f l model and 1890 GeV
for SSM [1].

Recently an idea has been proposed that Quantum Gravity
scale could be as low as « 1 TeV if gravitons propagate in large
compactified extra dimensions, while other particles are confined
to the ordinary 3+1-dimensional world [16]. Gravity would be
modified at distances of the order of the size of the extra dimen-
sions. This would solve the hierarchy problem, that is the striking
difference between the electroweak scale (« 103 GeV) and the
Planck scale (« 1019 GeV). Existing gravity measurements stop
at about 1 mm, leaving room for new physics below this scale.
New effects could be within the reach of present and future col-
liders. Virtual graviton exchange would modify the fennion pair
cross sections through interference terms proportional to X/Mf}

where A is a parameter of 0(1) depending on the details of the
theory and Ma is a mass scale related to the Planck scale in the
(4 + n)-dimensional space [17]. Pure graviton exchange would
lead to terms of order A2/Mf. Bhabha scattering has the max-
imum sensitivity to low scale gravity effects, due to interference
with the dominant i-channel photon exchange. ALEPH [12], L3
[18] and OPAL [19] have analyzed all LEP2 Bhabha data and ob-
tained lower limits on Ms at about 1 TeV. Such limits are derived
by setting A = ±1 to account for positive or negative interference,
with Me defined according to [17], and are shown in Table 1.

In the near future each experiment is expected to finalize its
data analyses while the LEP working group should find a final
agreement on exactly how to do the combinations (definitions,

17



method, common uncertainties) and which results to combine. In
particular Bhabha measurements are still in the waiting-list. They
are the most sensitive ones for many indirect searches, but in this
case theoretical uncertainties could be a serious limitation for the
final results.

ALEPH
L3

OPAL

A = + l
1.18
1.06
1.00

A = - l
0.80
0.98
1.15

Table 1: Preliminary M, lower limits (95% c.l.) in TeV from Bhabha
analyses of LEP experiments.
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Heavy Flavour Production at HERA
David Bailey

University of Bristol4

On behalf of the ZEUS and HI Collaborations

Abstract
ZEUS and HI results on heavy quark production using
the HERA data from 1995 to 2000 are summarised with
emphasis on unresolved problems. The HERA upgrade
and its impact on future heavy flavour measurements is
briefly discussed.

1. Introduction
The first phase of HERA operation has yielded extensive results on
charm production, both in photoproduction and Deep Inelastic
Scattering (DIS)1. Recently, both the ZEUS and HI experiments
have also presented results on beauty production2. Perturbative QCD
calculations have been performed to fixed order in a] the so-called
"massive" scheme for both photoproduction and DIS3. It is expected
that the masses of the charm and beauty quarks provide a hard scale
that should ensure that these calculations give a reasonable
description of the hard sub-process. All these calculations rely on
Peterson4 fragmentation functions to provide final, differential
hadronic cross-sections. In addition, the standard arsenal of leading-
order (LO) Monte Carlo (MC) programs3 is available to provide
hadron-level comparisons to the data.

2. Charm Production

The majority of HERA results on charm are based on D* tagging
using the decay chain D*+ -> D°x+;D0-*K~x* (and c.c). ZEUS
have also used semi-leptonic decays of charm to electrons and D}

* Address: H.H. Wills Physics Laboratory, Tyndall Avenue, Bristol, BS8 1TL,
UK. Email: D.Bailey@Bristol.ac.uk
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mesons in their publications . Results on J lyf mesons are not
covered here.
Figure 1 shows a comparison of the
NLO QCD predictions of FMNR?

ZEUS 964-07

(using MRS(G)7 and GRV-G H O 8 | 10

for the proton and photon structure^
functions, respectively) to the^
measured cross sections. The central £
predictions (heavy lines) •
underestimate the data by almost a
factor of two, the agreement only
being improved by changing the
input parameters in the calculations
to rather extreme values. There i s_
also a question of the shape of the £
predictions at low pt being different^ «
to the data. The data lie significantly S
above the predictions in the forward t
(positive T|) direction which may be a
sign of further interactions with the
proton beam remnant which are not
taken into account using pure
Peterson fragmentation.
Jets in photoproduction events can
provide an additional hard scale that
allows an investigation of the heavy
quark content of the photon. If there
are at least two jets in the event we
can define the quantity:

•in

Figure 1: D meson cross-
sections in protoproduction
as a function of transverse
n^Qpwuifripn, P t , and

pseudorapiditT, t]D.

2yEt

where jetl andjet2 are the two highest E, jets in me event, £« is the
lepton beam energy and y is the usual inelasticity variable. x* can
be interpreted as the fraction of the photon's momentum that
participates in the hard sub-process. So-called "direct" events have
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close to unity, which simply states that the photon behaves like a

pointlike object in the interaction. Events with xf* < 0.75 are

ZEUS 1996+97

known as "resolved" events in which the photon has fluctuated into a
hadronic system before interacting. Figure 2a shows a comparison
between cross-sections for D* production with at least two associated
jets and LO HERWIG MC.
There is clearly a large LOf '
charm excitation component,!
and the overall shape is well
described. However, NLO
predictions at parton-level
significantly underestimate
the data at low xf", shown in
Figure 2b.
Since there is such a larger
charm component in the
photon structure function, it is
instructive to investigate the
transition to the DIS regime
where it is expected that the
resolved charm component is
suppressed as we increase Q2

(Q2 being the virtuality of
the exchanged photon).
Inclusive measurements have
shown that the resolved
component of the cross-
section is indeed suppressed9, but it is now possible to make the same
measurement with a heavy quark tag. Figure 3 shows the ratio
aixf <0.75)

—r •• r, which should be sensitive to this suppression.
<r(xf > 0.75)
Clearly it is hard to draw definite conclusions with the large error
bars, but the suppression (if any) seems to be less than that in the
inclusive case. It is interesting to note that the CASCADE MC,

Figure 2: Cross-sections for D*
production with at least two
associated jets In photoproduction
compared to (a) LO MC and (b)
NLO QCD parton-levd
predictions.
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which uses an unintegrated10 gluon distribution, agrees with the data
without the need for an explicit resolved photon component (not
shown here).
Both ZEUS and HI have
measured charm production ingj
DIS and extracted the quantity!*

ZEUS

F2
C, defined

differential
|2

by the double! 1

cross-section* M

"

Although this is only a i ^
operational definition it can be
compared to theoretical
predictions based on NLO
DGLAP evolution. "Figure 4
shows the ZEUS and HI data
compared to such a QCD fit by
HI to their inclusive F2

measurement. There is
impressive agreement between
both experiments, different
methods of measuring the
charm contribution, and the
NLO prediction. The charm
contribution to the total cross-
section is sizeable, rising to
«40% at IOW-JC and high Q2.
3. Beauty Production

The large data sets from the
HERA I (1995-2000) run now
permit the first measurements
of beauty production. Both
ZEUS and HI have measured
beauty production in
photoproduction, while HI

• ZEU8(FM.)19M
— 8ttlD<HEfnMQ)

10 10 I 10 10
tftGeV2)

Figure 3: The ratio of resolved to
direct charm production with
increasing Q2.
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Figure 4: Combined ZEUS and HI
measurements of F2

C compared to a
NLO DGLAP prediction based on a fit
to inclusive F>

23



b production:

have recently shown first results on beauty production in DIS .
The new HI photoproduction results use data from their silicon
microvertex detector to measure
charged track impact parameters and
complement the previous p*' based
analyses. Figure 5 shows the HI »'•
results for both the impact parameter 1
and p"' measurement. There is a J"
significant beauty component in the
data, and the measured cross section is '
ffv>. (eP ->MX -»f t*) = 170±25pb.

The NLO prediction by FMNR3 of
54±9 pb, and LO MC predictions, are
significantly below the measurement.
ZEUS have recently released
measurements of differential cross-
sections for beauty production
including the very forward region.
Figure 6 shows these cross-sections as
functions of the muon p,and

pseudorapidity Tf, the data are
ZEUS ZEUS

• & • • ;• - a •

Figaro 6: New ZEUS results onbeanty
production, extending the
region into the forward direction.

24

Figure 5: HI
measurements of beauty
in photoproduction using
both p. and impact
parameter information.

reasonably well
described by LO MC
simulations including
beauty excitation, but
again the MC
underestimates the data
in the very forward

•>" region. There are no
NLO QCD predictions
available at present for
comparison.
The first measurement



of beauty in DIS by HI uses the same
impact parameter technique as the
photoproduction analysis. The
measured cross section is:

o E * 1 " - " = 39±8(stat)±10(sys) pb, a
factor of three higher than the NLO
prediction of 11±2 pb. Figure 7 shows
a summary of the HERA beauty
production measurements. The general
trend is clear - the measurements are
consistent with one another and lie a
factor of 2-3 above the theoretical
predictions.

4. The HERA Upgrade
In 2000 HERA shut down for a major
upgrade. The primary goal of ibis work

• HI ji Impact pmm. (prol.)

Q2<l6*V1

Figure 7: Summary of
HERA beauty
measurements in DIS
and photoproduction
compared to NLO QCD.

is to deliver 1 fb ' to both ZEUS and HI by 2006. In addition, spin
rotators will be installed for both the experiments to enable a
program of study using longitudinally polarised lepton beams. ZEUS
and HI both have major upgrade programs, including improvements
to their tracking detectors and triggers. These improvements,
combined with the increase in delivered luminosity, will place heavy
quark physics at the forefront of the coming HERA program. New
areas of study include charm in charged-current DIS with the
associated direct measurement of the strangeness content of the
proton and the first measurement of F*.

5. Summary and Conclusions
ZEUS and HI results on heavy quark production at HERA have been
covered. Overall, charm production is reasonably well described by
NLO calculations. However, beauty production is significantly
underestimated by current predictions and would clejady benefit from
more theoretical insight.
The HERA upgrade will clarify the situation with high-precision
measurements of heavy quark production; however, in conjunction
with the improvement in statistical precision of the measurements, it
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is clear that improved theoretical tools will be necessary. It is already
clear that, whilst the NLO calculations that are available are
sufficient to describe the data, detailed comparisons are not possible
due to the lack of hadron-level NLO MC event generators. In
particular, these will be crucial to understand the excesses observed
in the forward production cross-sections. The apparent disagreement
between the measured beauty cross sections and NLO predictions
may be resolved by a detailed treatment using an unintegrated gluon
distribution, but there are, as yet, no NLO calculations available for
the HERA environment There has been progress in the formal
treatment of heavy quark production, and new variable flavour
number schemes11 that interpolate between the fixed order schemes
and the resummed prescriptions'(valid for hard scales » quark
mass) are available. First comparisons with the data are encouraging;
their availability in the "mainstream" is eagerly anticipated.
Diffractive production of charm has not been covered here. There is
much theoretical interest in this subject HI have recently released
results12, but the limited statistical precision again prevents drawing
any firm conclusions on the nature of the diffractive exchange.
Diffractive heavy quark production will be another major focus of
the post-upgrade HERA program.
The next years of HERA operation will produce a wealth of heavy
quark data that will elucidate the structure of the proton, with
unprecedented accuracy - a cornerstone of the global particle physics
agenda before the start up of the LHC.
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Abstract

The BABAR detector at SLAC's PEP-II storage ring has collected
data amounting to about 30.4 fb~1 until June 2001. Results on
CP violation, and in particular search for direct CP violation, and
measurement of rare B decays are presented.

1 Introduction
We present a sample of recent results of BABAR including the
observation of CP violation with the measurement of sin2/? and of
rare decay modes.

The BABAR experiment has been running at the PEP-II asym-
metric e+e~ collider since 1999. Its main goal is a high statistics
study of B decays, including a study of CP violation in the B
sector. The center of mass energy is tunned at the T(4S) just
above the BB threshold. The asymmetry of the energies of the
two beams provides a longitudinal boost so that the average B
flight length is « 250 /im and can be measured. The high nom-
inal luminosity of 3 1033 cm"2?"1 allows the study of the many
rare B decay channels.
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The BABAR detector is described elsewhere [1]. Charged parti-
cle track parameters are obtained from measurements in a 5-layer
double-sided silicon vertex tracker and a 40-layer drift chamber lo-
cated in a 1.5-T magnetic field; both devices provide dE/dx infor-
mation. Additional charged particle identification (PID) informa-
tion is obtained from a detector of internally reflected Cherenkov
light (DIRC) consisting of quartz bars that carry the light to a vol-
ume filled with water, and equipped with 10752 photomultiplier
tubes. Electromagnetic showers are measured in a calorimeter
(EMC) consisting of 6580 CsI(Tl) crystals. An instrumented flux
return (IFR), containing multiple layers of resistive plate cham-
bers, provides fi identification.

Most results presented here are obtained on a data sample
of 30.4 fb"1 collected until June 2001, and that contains about
32 1Q6BB pairs.

2 Measurement of sin2/3
The flag result of the experiment is the observation of CP viola-
tion in the B sector. In the standard model (SM), CP violation
occurs via a complex term in the Cabbibo-Kobayashi-Maskawa
(CKM) matrix. The phase of such a complex term can eventually
be measured in the interference of two amplitudes contributing
to the same final state. In the Wolfenstein parametrization[2] of
VCKMI all the matrix elements are real, but Vu and V^. Most of
the envisaged strategies to observe CP violation therefore use the
interference between an amplitude containing one of these target
elements and a real amplitude, to a CP eigenstate.

In the case of a 6 -»• ccs decay like B -+ J/ij>K%, the B can
either decay directly via a real amplitude oc V^V Ŝ, or decay after
a B° —>• B° oscillation that proceeds through a box diagram with
an amplitude (V(JV/d)2 that has a phase —2/?. The measurement
is theoretically clean, as the main higher order diagrams have the
same weak phase as the first order ones. It is also experimentally
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pure due to the presence of a J/V' in the final state, and benefits
from a branching ratio 5 « 10~3, a rather high value in the land
of B decays.

The resulting evolution function g±(t), for a decay to a final
state / , involves a complex quantity Xj. If the (so called direct)
CP violation in the decay itself can be neglected - as it is the case
here, within 1 %, in the standard model - we have |A/| = 1, and
we get:

e

9±{t) = x [1 =F ImXi sin(Amdt)],

ere
for

TB

where t is the B proper time and ± is + for an initial B°, and
— for an initial B°. In the present case of a b —> ccs decay, \j is
7?/e~2i/3i where ijf is the CP eigenvalue of / , and g resumes to

e
g±(t) = x [1 ̂ rif sm2Psin(Amdt)}, (1)

TB

allowing the measurement of sin2/3. The "initial" state of the CP
B can be known thanks to the EPR paradox: the T(4S) resonance
having spin-parity 1 , it decays to a coherent BB pair in an
antisymmetric state, so that when the first B decays, say to a
B°, the other one is in the opposite state, a B°. The oscillation
time is then the difference At of the time of flight of the two
Z?'s, measured from the difference Az of their flight lengths. The
vertexing of the CP B is performed with an excellent precision,
az « 60 /im, thanks to the presence of the hard leptons from the
J /0 . The other B is vertexed inclusively, with a x2 cut that limits
the systematics due to cascade charmed decays; the contribution
of the other B dominates the resolution on Az, that is of the order
of 180 ^m, and independent of the CP channel used.

The flavor determination of the other B, called tagging, is also
performed inclusively: events are classified in four mutually ex-
clusive categories, using respectively the charge of the fastest lep-
ton, the total charge of identified kaons, the output of neural net-
works that use the information carried by non-identified leptons
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and kaons, and by soft pions from D*'s, or are not tagged [3]. The
effective tagging efficiency Qt of each category i is denned as the
product of its efficiency e, and of its dilution (1 — 2wt). The total
effective tagging efficiency Q — Ylt=i c»(l ~ 2«>i) is measured on a
large sample of exclusively reconstructed B decays of specific fla-
vor (B -» DM-h+,h = ir,pyau and B -> J/4>K*0(K+K-)), and
is equal to (26.1 ± 1.2) %.

With a real detector, sin2/3 is multiplied by a dilution factor
(\—2w) in eq. 1, and g±(At) is convoluted by a At resolution func-
tion. The value of sin2/? is obtained from an unbinned maximum
likelihood fit to the At distribution of a combined event sample
consisting of the CP sample and of the flavor sample. (The num-
ber of tagged events, the purity, and the CP effective value of the
channels used are given in table 1). In this way, the mistagging
probabilites wt and the parameters of the resolution function are
determined on the data, and their correlation with sin2/? is taken
into account.

Background events are taken into account by a separate pdf
that enters the likelihood. When the CP B has no K° in the final
state, the probability for an event to be a signal event is computed
from the value of the energy substitued mass rngs = (s/2 — pg)1^2

where s is the total energy and j?B the measured momentum of the
B candidate, in the T{AS) rest frame (fig. la). For a C P f i with
a A'2 in the final state, only the direction of the /v° is measured in
the detector, and a kinematic fit of m^s to the nominal B mass is
performed. The signal probability of the event is computed from
the difference AE = EB — E^eam between the energy of the B
candidate and the beam energy, in the T(4S) rest frame (fig. lb).

The slight asymmetry of the time distributions (fig. 2) is barely
visible, but the effect is clear of the plot of the asymmetry itself
Acp{At) = (1 - 2w)t]fsm2l3s\n(AmdAt). We obtain sin2/? =
0.59 ± O.U(stat) ± O.Gb(syst). If there were no CP violation, ie
(3 = 0, the probability of such a measurement would be 3. 10~5,
so that we have here a 4.1 standard deviation observation of CP
violation [4].
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Figure 1: a) Distribution of rngs for B candidates having a K
in the final state; b) distribution of AE for J/tf> K% candidates.

Table 1: Number of tagged events, signal purity and CP content
of the CP and flavor samples.

CP sample

non CP sample'

Channel

J/i> K°s (*
+ *-)

Jft K°s (n° n°)
t^(25) K°s (7T+ 7T-)

Xcl K* (7T+ IT')

j/V> A : * 0 {K°S TT0)

Flavor

Ntqs

316
64
67
33
50
273
7591

Purity (%)
98.
94.
98.
97.
74.
51.
86

(Vf)
- 1
- 1
- 1
- 1

0.65 ±0.07
+1

The impact of the present measurement on the knowledge of
the CKM matrix is shown in fig. 3. The set of measurements
is clearly consistent within the standard model, while the present
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Figure 2: Left: Time distribution of rjf = —1 candidates with a
5° tag Ngo and with a B° tag Ngo, and the asymmetry (-/V̂ o —
yVgo)/(iVBo + ATgt,). The solid curves represent the result of the
combined fit to all selected CP events; the shaded regions represent
the background contributions. Right: Corresponding information
for the r\5 - +1 mode (J/ipK°L).

measurement significantly decreases the size of the 2<r allowed re-
gion.

We have also searched for direct CP violation in the decay. Re-
leasing the constraint l \X/\ = 1, the evolution equation becomes:

Jbut still assuming that there is no CP violation in mixing.
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Figure 3: Allowed region (light (dark) grey: two (one) standard
deviation) in the CKM parameters />, f] plane. Left: the present
sin2/? measurement is overlaid on preceding fit. Right: the present
sin2/? measurement is included in the fit. The fit method is de-
scribed in ref. [5].

Fitting for |A/|,XmA//|A/| on the rjf = —1 sample, we obtain[4]
| = 0.93±0.09±0.03, showing the absence of direct CP violation

at the 10% level.

3 Charmless two body B decays

uThe Vub term that appears in the amplitude of the decay b
carries a 7 phase: this makes the measurement of sin2o in B —>
7r+7r~ decay-mixing interference attractive, by a time distribution
analysis similar to that for sin2/3. But the decay envisaged here
suffers a strong CKM suppression (Kfc oc A3), so that the higher
order, so called penguins, diagrams contribute at the same level as
the tree diagram. This leads to a complication of the measurement
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of sin2a, but also to a sensitivity to the contribution of new heavy
objects (Higgs, SUSY) in the penguin, detectable in direct CP
violation via tree-penguin interference in B —> K+n~ decays.

On the experimental side, ttye difficulty is background rejec-
tion. The decaying S's are aljn6st at rest in the T(4S) rest frame,
and their 2 body decay products are approximately back-to-back
in that frame, while continuum (e+e~ —̂  qq) events have a two-
jet topology that provides a lot of back-to-back track pairs. BB
decay products are roughly isotropically distributed in the T{AS)
frame and we use this behaviour to separate signal from noise.

Preselection cuts on global event shape parameters (Fox-Wolfram
moment, sphericity), on the angle between the sphericity axes of
the B and that of the rest of event, and on a Fisher discriminant
T that optimizes the use of the energy flow wrt the decay axis
[6]. Kaon/pion separation is achieved using the Cerenkov angle 0c

measured in the DIRC and the value of AE (computed with the
pion hypothesis for both tracks).

The branching fractions are obtained by an unbinned maxi-
mum likelihood fit on the 4 variables: mgS) AE, 3°, 6C and are
given in table 2. The corresponding TUES and AE spectra, after

Table 2: Detection efficiencies (s), fitted signal yields (Ns), statis-
tical significances (£'), branching fractions (B), and charge asym-
metries of the charmless two body decays (20.7 fb"1).

Mode

£>• J . —
I\ 71

K + A -
*+*•»

A'+ir°
A'°7r+
Ar°A"+
A " 0 * "

i (%)
45
45
43
32
31
14
14
10

Ns

41 ± 10±7
169±17±13
Q O^7 8 1 o E
"•*—ft 4 ^ ^ ' ^

37 ±14 ±6
75 ±14 ±7
59t}J ± 6

- 4 . l l 3 | ±2.3
17 9i* I ±1.9

S(<r)
4.7
15.8
1.3
3.4
8.0
9.8
—

4 5

s/io-6

4.1 ± 1.0 ±0.7
16.7 ± 1.6 ± 1.3

< 2.5 (90% C.L.)
< 9.6 (90% C.L.)

10.8i*g± 1.0
18.2^ I ± 2 0

< 2.4 (90% C.L.)
8.2^ £ ± 1.2

Acp

-0.19 ±0.10 ±0.03

0.00 ±0.18 ±0.04
-0.21 ±0.18 ±0.03

proper cut on the likelihood ratio, are given in fig. 4. Self tag-
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Figure 4: The mgs and AE distributions of charmless two body
decays, after a likelihood ratio cut. The solid curves represent
the fit predictions for both signal and background; the dashed
curve represents the given signal mode only and the dotted curve
represents other modes of the same topology (20.7 fb"1).

ging modes are used to search for direct CP violation in the charge
asymmetry ACp = (8{E -> f)-B{B -> f))/{B(B -> f) + B(B ->

36



A vigorous effort is under way to control the shift in sin2a due
to the presence of the penguins[7]. The quantity that is actually
measured is denoted sin2ae//.

An unbinned maximum likelihood fit similar to that used for
the branching fractions is used to measure sin2ae//: the variable
At is added in the likelihood. The vertexing and tagging are sim-
ilar to that used for sin2/3. There is here a (strong) probability of
direct CP violation so that the evolution equation used is:

e-|A<|/TB

9±[t) = —-A X [ 1 T {-Cfcos{Amdt) + 5 /sin(Amdr))]

Fitting for the coefficients Cs = (1 - |A,|2)/(1 + |A/|2) and
Sf = 2ImA//(l + |A,|2) we get [8], on 30.4 fb"1, Sf = 0.03lg;g ±
0.11 and Cj = —0.25lg;J? ±0.14 (preliminary), where Sf would be
equal to sin2ae// if |Ay [ = 1 (No direct CP violation).

4 Radiative penguin decays

b —>• sf decays like B —• A'*7 are of particular interest, because
flavor changing neutral currents (FCNC) are forbidden in the stan-
dard model. Effective FCNC are induced by one-loop penguins in
which the top quark dominates. Again, unknown heavy objects
like charged Higgses or SUSY partners can contribute in the loop,
and the interference with the SM diagram can induce CP violat-
ing charge asymmetries as large as 20 %, while the SM predicts
Acp < 1 % [9].

Monochromatic photons are selected (2.30 < E* < 2.85 GeV).
As already noticed before, a large background from continuum
events is present in this two body decay mode. The direction of
the photon and the thrust of the rest of the event, in the T{4S)
rest frame, are uncorrelated for B —>• A'*7 events, and strongly
correlated for background, and a cut on their respective angle
is the most powerfull rejection mean used here. The branching
fractions are measured with an unbinned maximum likelihood fit
to mgs (fig. 5, table 3).
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Table 3: Number of events, significance, and branching fraction of
B -4 K*-y decays (20.7 ftT1).

Mode B(B -» A'«7)/lQ-?

A'+ v- 4.39 ± 0.41 ± 0.27
tf?7r° 4.10 ±1.71 ±0.42
K°s 7T+ 3.12 ±0.76 ±0.21
A'+ a-0 5.52 ±1.07 ±0 .33

Figure 5: rriES distributions of the four A'*7 channels (20.7 fb )

Charge asymmetry is measured on self tagging modes (ie not
'57T°) and is found compatible with zero, ACP — —0.035 ±

0.076 ± 0.012: we are already constraining the possible physics
beyond the SM.
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Table 4: B —» <j)K^ fitted number of signal event n s j g , statistical
significance 5, and measured branching ratio B. The subscripts
in the cf>I\*+ modes refer to the kaon daughter of the 4>K"+ (20.7
fb"1).

Mode

4>K*°

"sie

7 1+4.3

44+2-7

20.8!;?;?

S
10.5
6.4
4.5
2.7
3.6
7.5

B(K

9^7l|1

8.03?

±

±
' ±
±
±

)
0.8
0.8
1.7
3.2
1.3
1.1

5 Gluonic penguins

The B —>• <f>K**' decays present several interesting peculiarities:
the decay is dominated by a gluonic penguin contribution, mak-
ing this decay a smoking gun for the observation of this process;
the CP final eigenstate and the real decay amplitude make the
measurement of sin2/J possible, in a system that has a different
sensitivity to physics beyond the SM than b —> ccs decays [11].

Branching fractions are measured (table 4) with an unbinned
maximum likelihood fit to mss? A£\ T, m(K+K~) (and Kir mass
and K* helicity angle for 4>K* modes). The decays B+ -+ 4>K"+

and B° —»• 4>K° are first observations.

6 Summary

We have presented a sample of recent results of the BABAR experi-
ment. CP violation is observed in the B sector with a significance
of 4.1 standard deviations. The observation of several rare B de-
cays is reported, several of which allowed a search for direct CP
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violation in charge asymmetries.
The measurements presented here are statistically limited. The

increase in integrated luminosity that is expected in the next fu-
ture - 500 fb"1 in year 2005 - will allow a significant improvment
in the precision of these results.
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oS PION A N D KAON RARE DECAYS.
(NJ

| ° V.N. BOLOTOV
; < Institute for Nuclear Research ofRAS, Moscow 117312, Russia
! —}

1 The short review of the programs of the pion and kaon rare decays
on the setups ISTRA, OKA at U-70 IHEP accelerator and CKM at
Main Injector Fermilab has been done.

The study of the pion and kaon decays can give a very important
and interesting information about many problems of the modern
physics: elements of the CKM matrix, CP-violation, Trrc-strong
interaction, Maiorana mass neutrino, new interactions and particles
beyond Standard Model.
In this report a short review about some experiments and setups for
studying rare decay is given. The programs of these experiments are
include last experimental results and main theoretical interests
connected with rare decays. At present there are several setups for rare
decay study in the world. They results will be discussed. In this note
pare given three experiments which will be performed at nearest
future. The programs of these experiments include almost all modern
problems of rare decays physics.

The main characteristics of the beams which will be used by these
set ups are given in the table 1. Three regarding experiments have the
same structure of the setups. The main features are shown in fig. 1.
There is the schematic drawing of the existing setup ISTRA. It
consists of three main parts: 1. The beam part defines momentum,
trajectory and the kind of primary particles by Cherenkov ( C ^ ) and
scintillate counters (Si,2,3,4); spectrometer magnet (SM) and beam
proportional counters (BPC 1,2,3,4). 2. The decay volume (DV)
surrounded by lead glass guard system (GS) for registration secondary
particles fly under big angles and 3. The main part for registration
momentum, trajectories and kinds of secondary particles. It consists of
trajectories detectors: proportional chambers (PC), drift chambers
(DC 1,2,3,4), drift tubes (DT), Cherenkov counter (Ce), spectrometer
magnet (SM), matrix scintillate hodoscope (MH), scintillate veto
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Table 1. Beams for rare decays study experiments.

Momentum
rGeV/cl

Flutes (max)
[particles/spill]
Number
spills /hour
Flux nmesons/
Spill
Flux Kaons /
Spill

IHEP-ISTRA
(4a-beam)

17+25

107

400

9.7 10 6

3.0 10 5

IHEP-OKA
(21-beam)

12.5

10 7

400

*4.010 6 +10"

4.0 10 6

Fermilab-CKM
(Main Injector)

22

10 7

1200

*6.0 106

3.0 10 7

• - at switch off the separator.

C, S, BPC,,2 BPC3.4 DC1.5DC3,4 MH S5 HC

ECAL1 DTU MD
SM ECAL2

Fig.l. Schematic drawing of the ISTRA setup.

(DT), Cherenkov counter (Ce), spectrometer magnet (SM), matrix
scintillate hodoscope (MH), scintillate veto counter (S5 ), muon
detector (MD) and electromagnetic (ECAL1,2) and hadron (HC)
calorimeters. The main differences between setups are in decay
volume length (10 m in ISTRA and OKA, 45 m in CKM) and
geometry location of some detectors. OKA and CKM will have more
hermetical structure of guard system.
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Table 2. Charged pion rare decays.
ih
ft

l

2

3

4

5

Decays

»->e v y

JC-»JI v y

«-»eve*e'

w-» eVX°
X°-» e*e"
x°-> y y

Branching
ratio

U.$l±0.23)10"7

(2.0±0.24)104

(2.0±0.24)10*

(3.2±0.5)109

< 1.3-10"8

Existing
inform.

+0.52±0.06
-2.48±0.06

(LAMPF,86)
+0.25±0.12
e^>135A[2]
(SIN,86)
+0.41±0.23

(INRT90)[3 |
Three works
with low
stat.
[4]

Well studied.
Total
stat.£1500
events [5]

Fv -0.023
±0.014

FA -0.021
±0.012

R - 0.059
±0.008

98 ev. [6]
wlOlg stopped
pions [7]
10<tt.<L10 MeV

Expect,
inform.&
phys.
problem
LMeasur.o
fyandFv
2.Study of

tensor
term
existence.

Problem
in the y
low-
energy
region.
Validity
of CVC
hypoth.
Check of
Stand.M.
Study of
form
factors
F and R

Search
axions
and
light
boson
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6 < 1.6 10* wlO1' stopped
pions [8]

Decay
with
viol.

»u»b.

In table 2 charged pion rare decays are enumerated. Part of them
are studied rather well but most of themdemand further investigations.

The rare decay modes of the pion, in particular n-*e v y decay,
constitutes a powerful instrumental tool to study the properties of
elementary particles and their interactions [9]. The n->e v y decay has
been studied in several experiments, with the stopped pions [1],[2]
only in a narrow kinematical region 0.6 < x,y < 1.0 and in one
experiment in flight in a large kinematical. region 0.2 <x,y < 1.0.
There were rateractions [9]. The re->e v y decay has been studied in
several experiments, with the stopped pions [lj,[2] only in a narrow
kinematical region 0.6 < x,y < 1.0 and factors ratio-y. Nonetheless,
the experimental study of the n—>e v y decay could not considered
completed since there is an important discrepancy (more than two
standard deviations) in the determination of y obtained from
experiments done at SIN (0.52±0.06) and LAMPF (0.2510.12). Also
the absolute probability of the decay in the large kinematical region
[3] was found to be 30% (3.5 standard deviation) less than the
expectation from the Standard Model. Naturally the study it—>e v y
decay includes in all regarding programs.

Many theoretical models going beyond the Standard Model predict
massless particles: "familon", "axion",.majorons and so on. All
experimental searches for such particles are negative so far [10]. If
these particles have low mass close to pion mass it should have been
seen in searches for decay jr-»evX°, X° -> 2y, eV.

The radiative pion decay n->eveV can give information about the
weak form factors F v . FA and R. The PC AC hypothesis relates R to
the electromagnetic radius of the pion, R=(l/3) m* fK (r*2) [9]. At
present time mere is single work with low statistic (98 events) and
the study of this process will be continued. As it is shown from table
2 there are other processes could be studied on regarding setups.

As concern kaon program is concerned it could be seen from table
3 there are a lot very interesting decays. There is no possibility to
include all kaon decays in this report. So only one decay is presetted
here. It's connected with very important physics and very low level of
registration of probability decay «10'12. The ultra-rare charged kaon
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decay K+ -> n+ v v has been proposed to study with small
background in flight in 22 GeV/C RF separated kaon beam from Main
Injector Fermilab. The main physics goal is to measure the magnitude
of the Cabibbo, Kobayashi, Maskawa matrix element Vtd with a
statistical precision of about 5% based a » 100 event sample with total
backgrounds of less than 10 events.
Table 3. Charged kaon rare decays.

Jft Decays Branching ratio
R-rvr.,, Existing

statist.

Expected stat.
(THEP-OKA)

phys.
problems

JU+ % <5.59±0.05)10-2 1.0-1010

CP-violat
(1.73±0.04)10 -2 9108

CP-violat
*° y (2.75±0.15)10 -4 1.5107

CP-violat
K+->w°e v y (2.75±0.15)l(T* «250 1.0107

CP-violat
ce=Pm(P.xPT)
T-violat.
correlat.

K -> n° e v (4.82±0.06)10~3 •2-10*

K-> K° \L V (3.18±0.08)10 -2 «110* 1.0-10*
Search* of
tensor &
•oal.inter-
action

K -» e v y (3.8±0.6)10-5 Unstud. 3.510*
y-v/A,
Big backgr.
from
X ->e v »°.

(5.5*0.28)10 -3 2.5-10
3

3.510'
Y-V/A.

K->e V it**" (3.91±0.17)10 -5 w4-10s

nV-strong
interact.
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10

11

12

13

14

15

16

K-»e VJlV

K->H v*+w

K->n VJIV

K-*Jt y y

K - > n e+ e~

K ""• Jl ll+ li"

K+ -41C+ V V

<2.1±0.4)10-5

(1.4±0,9)10s

»0.710 *

6.0±0.22)107

(2.74±0.23)107

(5.0±1.0)10"

(1.5^*1.2) 10""

• 3 5

7

3 1

«104

»400

lev**
(0.08)

510s

Jt°Jl° strong
interact.

3-10'
7t*n~ strong
interact.

3-10s

7l°Jt° strong
interact.

1-10*
Chiral
models
check
103.Chir.
models
check.
103.Chiral
models
check.
100 (CKM
Fermilab) .
Vtd of CKM
matrix

* -Because ratio m^ARg,^ 0.25 (m^Aog, «10"3) last
decays give different possibility to divide matrix
elements.
** - In exp.787(BNL) was found 1.0 event with

background (0.08±0.02).

Figure 2 shows a possible outcome on the p—ff plane pre-LHC B
meson and kaon experiments. The dash line shows Unitary Triangle.
The detail review of kaon program can be found in [11].
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0.5

-0.5

K°
Fig.2. A possible outcome from measurements of K+

K+ V V,

it v v and B ->yK . The hashed annulus indicates the
statistical precision of a 100 event measurement, and the total band
indicates the combined statistical and theoretical errors.
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Abstract

Associated charm production in charged-current neu-
trino interactions has never been observed so far, although
repeatedly invoked to account for dimuon and trimuon pro-
duction rates. We report here on a search for this process
in the CHORUS experiment. One event consistent with
associated charm production has been observed with an es-
timated background of (20 ± 4) x 10~3 events. This would
correspond to a rate relative to charged-current interac-
tions as large as:

x 10~4

at the average neutrino beam energy of 27 GeV.

1 Physics motivation

In the seventies, measurements of trimuons [l] and like-sign di-
rnuons [2] in high energy neutrino-nucleon interactions gave higher
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rates than expected. The most favoured explanation was the asso-
ciated charm production process in charged-current (CC) neutrino
interactions with subsequent muonic decay of the charmed parti-
cle (s):

i/pJV -> \TccX. (1)

The charm-anticharm pair is produced by a gluon emitted via the
bremsstrahlung from a light parton. However, the predicted value
of the cross-section was not sufficient to account for the rate of
like-sign dimuons [3], by more than one order of magnitude. Nev-
ertheless, a comprehensive study of the various factors entering
the calculation [4] led to the conclusion that it was affected by
large uncertainties and the hypothesis of the charmed quark pair
generation was therefore not excluded. Further experimental con-
firmation of same-sign dimuon rates came later from the CCFR
analysis [5].

No direct evidence for associated charm production in neutrino
CC interactions has been produced. In this work we describe
the observation of one event which is compatible with associated
charm production.

2 The principle of the search
The CHORUS experiment was designed to search for u^ —• vT os-
cillations in the SPS Wide Band Neutrino Beam at CERN through
the direct observation of the r decay in nuclear emulsions. Since
charmed particles have a flight length comparable to that of the r
lepton, the experiment is also suitable for studying charm physics.
The experiment has a hybrid design [6]. Nuclear emulsions are used
as active targets. They have the appropriate spatial resolution
(less than 1 /xm) and granularity to detect short lived particles.
They also allow momentum measurement through Coulomb mul-
tiple scattering. Electronic detectors locate tracks to be searched
in emulsion and contribute to the reconstruction of the event kine-
matics.
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During the automatic scanning devoted to the r search, several
algorithms are applied in order to find r decays. These algorithms,
even if optimised for the r, have proved to be efficient also in the
search for other short lived particles, such as charmed hadrons.

Therefore the event selection for the associated charm produc-
tion search started with single charmed events located in the emul-
sions by the decay finding algorithms of the automatic scanning
procedure and validated by a manual scanning.

The simulation of the process has been performed by using the
Herwig event generator [7]. The hadronization fractions, evaluated
using the Herwig event generator and given in Table 1, show that
more than 70% of the associated charm events will have at least
one neutral charmed meson. Therefore it is efficient to start with
already located D°-like events. In so doing the associated charm
search is actually the search for the charmed partner of the D°,
both in neutral and in charged hadronization mode.

Table 1: Hadronization fractions for the associated charm pro-
duction. The error represents the statistical uncertainty of the
simulation.

/(%)
D~
D°

D7
Ac"

D+

7.8 ±0.3
15.1 a: 0.4
3.4 ±0.2
1.6 ±0.1

23°

11.9 ±0.3
24.310.4
5.2 ± 0.2
2.3 ±0.2

0.9 ±0.1
1.810.1
0.4 ±0.1
0.3 ±0.1

A+ I)
7.5 ±0.3 1
13.310.3
2.9 ±0.2
1.3 ±0.1

3 Location of the neutral D meson
The D° detection has been obtained as a by-product of the r decay
search in the same emulsion sheet where the neutrino interaction
vertex is located. Decays further downstream are not considered
in this D° search, which results in a relatively low decay finding
efficiency.
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After the vertex reconstruction, an impact parameter analysis
is applied so that events with at least one track with large impact
parameter with the vertex are selected for the manual scanning as
candidates either for secondary decay of the r lepton into a muon
or for charm, production in i>M interactions. This analysis has been
applied to 1/x and multi-ft neutrino interactions from the 1996 and
1997 exposure, corresponding to 68068 1/i located events.

98 £>°-like events selected in the above sample by the very short
kink search were confirmed by manual scanning. These events have
been visually re-scanned in order to measure precisely the track
angles and event topology.

4 The search for the D° partner
The charged charmed hadron search is carried out by a visual
follow-down of all the tracks attached to the primary vertex and
not matching any track reconstructed by the target tracker system
(TT), provided that they are emitted at an angle of less than
400 mrad with respect to the perpendicular to the emulsion plates.
An angular tolerance of 20 mrad in both projections is taken for
the matching. The charged particle trajectory is followed through
five double layers of emulsion corresponding to about 4 mm.

78 tracks in the sample of 98 events satisfy the above criteria.
A total length of about 31 cm of emulsion have been manually
scanned while following these tracks. One event with a clear decay
topology (kink) has been found.

No event has been found in the neutral charmed partner search
which has been carried out by an automatic scanning technique.

5 Background evaluation
The background to associated charm production comes mostly
from events in which a single charmed particle is produced and



another secondary topology mimics the decay of a charmed part-
ner- This background topology is due to the decay or interaction
of one of the (non-charmed) hadrons in the final state. All possi-
ble background sources of this type have been evaluated through
MonteCarlo simulations. The relevant contributions, after apply-
ing the geometrical and kinematical selection criteria of section 4
are listed in table 2, for the charged + neutral channel while it was
found that the background is negligible in the neutral + neutral
channel.

We define the acoplanarity angle as the one between the par-
ent particle and the plane formed by the daughter particles. We
observe that a cut on this angle strongly reduce the background
from decays of K° and A emitted at the primary vertex. The cut
is less effective if the strange particle is produced at the charm
decay vertex. For this reason, in the neutral+neutral channel, the
acoplanarity cut on the downstream decay was applied by consid-
ering either the primary vertex or the upstream neutral decay as
possible origins.

Moreover, with the cut P± > 250 MeV/c, the background from
K° and A interactions, evaluated using FLUKA [8], becomes neg-
ligible. For the same reason, the background from charged pion
and kaon decays is practically eliminated.

The most important residual background comes from the white
kink interactions. With the applied cut Pj_ > 250 MeV/c, the
mean interaction length for this process evaluated using FLUKA
[8] is found to be 50 ± 10 m. Applying this estimate to the sample
of 98 events for which a charged charm partner has been searched,
a background of (16 ± 3) x 10"3 events can be expected from this
source. An overall background of (20 ± 4) x 10~3 events is thus
expected.
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|| Process
v^N -+ fi-c+X
vuN -• tTc+X
VllN -+ n~c+X
vuN -+ n~c+X
v»N -> n-D°X

note
K? (from primary) in-plate decay
K% (from c+ decay) in-plate decay

A (from primary) in-plate decay
A (from c+ decay) in-plate decay

white kink
Overall

Event yield (xlO-a) j|
0.6
1.6
1.3
0.2
16

| _ 20 ±4

Table 2: The background processes and corresponding event yield
in the charged+neutral channel.

6 Conclusions
from the observation of one event in a sample of 68068 CC inter-
actions and taking into account the relative detection efficiencies,
the rate of associated charm production in CHORUS is found to
be

ff* x i<r4. (2)

The quoted statistical error is defined by the 68.27% confidence
interval as derived in the unified approach to the analysis of small
signals [9]. The probability that the observed event is due to a
background fluctuation is only 2%. This observation therefore
may be considered as evidence of associated charm production in
CC neutrino interaction.

It should be pointed out, however, that within the large errors
this result is more than one order of magnitude higher than the
rate expected from theoretical calculations for our experimental
conditions.

However, our result is consistent with the observed rates of
same-sign dimuons ([2] and [5]) and it is obtained in a topological
search without background subtraction, which supports the inter-
pretation of these events as due to associated charm production.

54



References
[1] A. Benvenuti et aJ., Phys. Rev. Lett. 38 (1977) 1110.

[2] A. Benvenuti et al., Phys. Rev. Lett. 35 (1975) 1199.

[3] See e.g. K. Hagiwara, Nucl. Phys. B173 (1980) 487.

[4] J.R. Cudell et al., Phys. Lett. B175 (1986) 227.

[5] P.H. Sandier et al., Z.Phys. C57 (1993) 1.

[6] E. Eskut et al., Nucl. Instr. and Meth. A401 (1997) 7.

[7] G. Marchesini et al., Computer Phys. Coraraun. 67 (1992)
465. HERWIG 6.2 Release note, hep-ph/0011363.

[8] A. Fasso, A. Ferrari, J. Ranft and P.R. Sala, SARE-3 Work-
shop, KEK-Tsukuba, KEK Report Proceedings 97-5, p. 32
(1997). http://fluka.web.cern.ch/fluka/

[9] G.J. Feldman, R.D. Cousins, Phys. Rev. D57 (1998) 3873.

http://www.physics.ucla.edu/~cousins/stats/expandedta-
bles_68J90_95.ps

55



THE FUTURE NA48 PROGRAMS AT CERN

Patrizia CENCI
UA0501299 Istituto Nazionale di Fisica Nuclear?., Perugia, Italy.

Two proposals have been approved at CERN to extend the NA48
physics program after the end of the Re(e 'ft) measurement. The first
one will study rare Ks and hyperon decays physics, using an intense Kg
beam. The second one will investigate direct CP violation in charged
kaon decay, using simultaneous K+/K~ beams.

1 The NA48 physics program

The NA48 experiment has been designed to measure the direct
CP violation parameter Re(e f/e) with a precision of ~ 2 x 10~4.
The new NA48 result based on the 1997-1999 data samples is1-2:

Re(c'/c) = (15.3 ± 2.6) x 10~4

This value clearly establishes the occurrence of direct CP vio-
lation in the neutral kaon system. The 2001 data taking of NA48
was devoted to complete the Re(e ;/e) physics program.

The quality of the simultaneous KL and Ks beams, the high
resolution detector, the high capability trigger and data acquisi-
tion systems allow NA48 to study, in parallel with Re(e '/e) , rare
neutral kaon decays and neutral hyperon decays.

Several results, based on the analysis of the data collected in
the e'/e runs in 1997-1999 and in dedicated runs with a single
intense Ks beam, have been published3"6. The typical fluxes avai-
lable in e'/f running mode were 2 x 107 KL and 3 x 102 Ks per SPS
pulse (see Tab. 1). Those values correspond to the SES (single-
event-sensitivity) of 3 x 10"10 for KL decays and of 1.5 x 10~T for
Ks decays in one year of data taking (120 days at 50% efficiency)
assuming an overall acceptance of 10% after the analysis cuts.

In 1999 a two days run was devoted to exploit the NA48 tech-
nique to make an intense Ks beam. The proton intensity on the
Ks target was increased by a factor ~ 200, and the KL beam was
switched off. The total number of Ks decays reconstructed in two
days was about 2.3 x 108, corresponding to a SES of 4 x 10~8 at a
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10% acceptance. This performance is equivalent to several years
of operation with the double beams of the e'/e mode. The data
collected during this short test run allow to substantially improve
measurements of rare Ks 4l 5 and neutral hyperon decays.

Following the above experience, a new experiment has been
proposed 7 for a high sensitivity investigation of Ks and neutral
hyperon decays, using an intense Ks beam and the existing NA48
detector, for an extension of the NA48 program after the end of
the e'/e measurement. This addendum to the NA48 proposal was
approved in 2000 as NA48/1.

In the year 2000 the NA48 experiment took data without mag-
netic spectrometer, which was seriously damaged by the implosion
of the carbon fiber beam pipe in 1999, and was restored only for
the 2001 run. For that reason, in the 2000 ran, only neutral de-
cays have been recorded. About 40 days were spent to run with
an intense Kg beam, at optimized beam conditions. The proton
momentum was reduced from 450 GeV/c to 400 GeV/cy and the
kaon production angle was decreased to compensate the beam mo-
mentum loss. The proton intensity on the Ks target was ~ 9 x 109

per SPS pulse, with a spill time of of 3.2 s every 14.4 s, longer
than the usual one in order to reduce the instantaneous rate in the
detector. About 1010 Ks decays have been collected in the fiducial
volume of the experiment, the data analysis is in progress.

A second addendum to the NA48 proposal was also approved in
2000 as NA48/2. It aims at the precision measurement of charged
kaon decay parameters 8. A new beam setup is proposed, with
simultaneous charged kaon beams and an upgraded detector, in
order to measure a possible direct CP violation signal in charged
kaon decays into three pions and study other K^ decays.

2 NA48/1: the high intensity Ks proposal

A data taking of about 120 days has been required to run NA48/1
in the year 2002. Minor modifications to the present Ks beam line
are foreseen to optimize the experimental conditions. The main
beam parameters of the Ks beam proposed" in 2002 are compared
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Table 1: Parameters of the intense Ks beam proposed for the 2002
run of NA48/1 compared to the Ks + KL beams of the e'/e mode

Beam
Year

SPS momentum (GeV/c)
Duty Cycle (s/s)
Protons per pulse on target
Production angle a (mrad)
Total beam flux K's/pulse
Mean momentum
< PK > (GeV/c)
Useful momentum range
APK (GeV/c)

K-decays/pulse in Apx
K-decays/year in Ap/f
(50% x 120 days)

KL + Ks
1999
450

2.5/14.4
1.5 x 1012

+2.4
3x 107

-4.2
~ 2 x 10y+ ~ 3 x 10*

~ 110

70-170

1.0 x 105 + 1.8 x 10*

3.6 x 1010 + 6.5 x 107

Ks beam
2002
400

5.0/19.2
1 x 1010

-2.5
~ 1.5 x 105

~ 115

40-240

1.1 x 105

3.0 x 1010

to the double beams of the e'/e mode in Tab. 1. The expected
rates are about two times higher than those of the e'/e mode.

The use of the longest possible SPS duty cycle is required, in
order to improve the efficiency of the experiment. An upgraded
Ks target station is proposed in order to reduce the accidental
activity measured in the drift chambres, which is mostly due to
electromagnetic showers produced in the collimator. Fig. 1 shows
the layout of the Ks target station. The proton steering magnet
just upstream of the target will be replaced by a stronger magnet
in order to reduce the production angle of the beam. The Ks veto
counter array at the exit of the Ks collimator will be dismounted,
and continuous vacuum will be established along the passage of
the beam. A 1.5 m long absorber plug made of bronze will be
introduced into the present KL beam aperture below the Ks beam
in the final collimator. In order to reduce the charged compo-
nent of the electromagnetic showers, the Ks sweeping magnet will
operate at the maximum strenght, and an additional magnet will
be installed downstream of the defining part of the collimator. A
removable platinum absorber will convert photons downstream of
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Figure 1: Detailed layout of the Ks target station and beam (vertical section)

the beryllium target. On the detector side, a new drift chamber
readout will be installed, which will be able to handle the high in-
tensity data flow of NA48/1 with no dead time. The optimization
of the present data acquisition and trigger systems is also foreseen.

Some decay modes and parameters accessible to the NA48/1
proposal are now described.

The Ks —» 7r°e+e~ decay: this CP conserving decay is domi-
nated by long distance dynamics through one-photon exchange.
Chiral Perturbation Theory xPT predicts the branching ratio:

BR(KS -* 7roe+e-) ~ 5.2 x a | x 10~9

where as is a parameter of 0(1) to be determined experimentally.
The measurement of BR(Ks —> 7r°e+e~) enables to bound the

indirect CP violating term in the KL —• 7r°e+e~ decay. There
are three contributions to the KL —»• 7r°e+e~ decay: direct CP
violating, indirect CP violating and CP conserving. The CP con-
serving contribution can be obtained through the study of the
KL —»7T°77 decay. The as parameter predicted by xPT describes
the strength of the indirect CP violating component, which is re-
lated to BR(KS -> 7r°e+e-) with the formula:

7r°e+e-) = 7r°e+e-)
The present best limit on BR(Ks —* 7r°e+e ) was recently pub-
lished by NA484. The NA48/1 proposal would yield about 7 events
at as = 1, with a negligible baoltgfotind contamination.

The Ks —> 7r°7r°7r0 decay: CP violation in this decay can be
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parametrized with the ratio 77000 = A(Ks —• 37T°)/A(KL —»• 3TT°)

of Ks to KL amplitudes. Under CPT invariance, Re (77000) is given
by CP violation in the K° — K° mixing, while Im(rjooo) is sen-
sitive to direct CP-'violation. A better limit on 77000 also allows
an improved test of CPT based on the Bell-Steinberger unitary
relation. NA48/1 aims improving the present limits on Re(7/ooo)
and Im(T7ooo), given by CPLEAR9 and SND10, by measuring the
Ks — KL interference near the production target. The NA48 data
collected in the 2000 run allow to reduce the error on Re(rTooo) and
IHI(7?OOO)

 a t a few percent level. An ultimate error within 1% is
expected after one year of NA48/1 data taking.

Neutral hyperon physics: the Ks target is source of neutral
hyperons which decays in the NA48 fiducial volume. The intense
Ks beam allows to improve NA48 results6 and to start new studies.

A precise measurement of M(E1°) and M(S~)—M(E°) has been
done in NA48. NA48/1 will reduce the experimental uncertainty
on M(E~) — M(E°) to 0.1 MeV/c2, which is the current error
on A/(E~). Hyperon radiative decays have been studied in NA48
in order to investigate SU(3) simmetry breaking effects. A total
uncertainty of 5% is expected in NA48/1 on the branching ratios
of E° —> A°7 and E° —> E°7 decays. About 25k beta decays
E° —* Ti+e~v should be collected in NA48/1. The present limit on
the branching ratio of the suppressed A51 = 2 process E° —> pn~
should be improved by about two order of magnitude.

3 NA48/2: the charged kaon proposal

The high precision study of charged kaon decays offers a new im-
portant possibility to search for direct CP violation, additional to
that of the neutral kaon sector without the complications induced
by flavour mixing. Since no mixing is possible for K*, any diffe-
rence in K*- decay matrix elements indicates direct CP violation.
The NA48 collaboration has proposed to measure a possible di-
rect CP violating signal in the Dalitz plot decay parameter of the
process K* —> 7r±7r+7r~. The matrix element is parametrized as:

\M(u, v)\2 ~ 1 + gu_+ hv? + kv2
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where: u = (s3 - So)fm%, v = {sx - s2)/ml, sQ = (si + s2 +
S3) A Si = (PK — Pt)

2,PK and P< are the four momenta of the
kaon and the pion (i=3 for the odd pion). If CP is conserved,
then the coefficients g, h and k are the same for K+ and K~. A
non-zero valfie of the asymmetry Ag = (g+ — g~)/(g+ + g~) of the
slope parameters g is an unequivocal signal of direct CP violation.

If the detector acceptance is independent from the kaon charge,
the ratio R(u) of the number of positive to negative charged kaon
decays can be used as observable quantity, sensitive uniquely to
A<?, and no MonteCarlo is needed to correct for acceptance.

In order to reduce differences in acceptance for the two de-
cays, which could induce a non-zero Ag value, the experiment will
use simultaneous K+ and K~ beams, produced from the same
target and overlapping in space and time. A narrow band beam
is proposed with a central momentum value of 60 GeV. Major
modifications to the present NA48 beam line are needed for the
K* beam system, which could be ready to run in 2003, after the
completion of the high intensity Ks physics program.

An alternate magnetic field will operate in the spectrometer
in order to average any residual acceptance difference for K* due
to detector inhomogeneities. The ratio R(u) will be evaluated
independently in each K* energy bin and averaged over different
magnetic field polarities. A precision on Ag of the order of 10~4

is expected in NA48/2, limited only by statistics. About 1010

K± —• 7r±7r+7r~ decays should be collected in one year of SPS
operation corresponding to a statistical accuracy of 0.7 x 10~4.
The systematic uncertainty, evaluated with a detailed MonteCarlo
simulation, could be kept at the level of a few parts in 10~5.

The upgrade of the NA48 detector is proposed in NA48/2. A
new transition radiation detector will be used for electron/pion
rejection. A new small beam spectrometer will be installed in dif-
ferent positions along the beam path to achieve a better measure-
ment of momentum and position of the incident charged kaon, and
constrain the kinematic reconstruction of the decays. Such a spec-
trometer would allow to recover useful statistics of K^ —> 7c±7r+ir~'
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Figure 2: Schematics layout of the NA48/2 beams and the detector.

decays, with one undetected pion. Both these new detectors will
improve the NA48 particle identification and background subtrac-
tion, and will allow NA48/2 to also study several other rare and
less rare interesting K* decays. The layout of the NA48/2 beams
and the detector are shown in Fig. 2.

The theoretical predictions for the Ag asymmetry in the frame-
work of the Standard Model "•1 2 vary in the O(10~6) - O(10"4)
range. In some supersymmetric models13 Ag is expected as high
as 10~4. The NA48/2 proposal is about 50 times better than the
present best Ag measurement14.
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Abstract

Several topics from the wide field of QCD studies in Deep-Inelastic
ep Scattering at HERA are addressed. They include QCD analyses of
the inclusive cross section with the determination of a, and the proton
gluon density from the Fj scaling violations, and the determination of
the longitudinal structure function FL- QCD analyses of inclusive jet
and dijet data are also presented. Finally jet substructure and three-jet
production are discussed.

1 Introduction

Studies of Deep-inelastic lepton-nucleon scattering (DIS) have played a fun-
damental role in establishing QCD as the strong interaction theory and in
exploring the parton structure of the nucleon. With the advent of HERA, in
which electrons or positrons of 27.5 GeV energy collide with protons of 820
GeV (in the last years 920 GeV), the teats of QCD have been extended by
several orders of magnitude with respect to the range in fijorken-x and in Q2,
the squared momentum transfer between lepton and nucleon. The early fixed
target experiments observed scaling violations, i.e. the variation of the struc-
ture functions with Q2. The scaling violations are well described by QCD, in
which they are related to the gluon density in the proton, and to the strong
interaction coupling constant, a,.
With the arrival of HERA the low x region was experimentally explored for
the first time, and the first measurements^] of the proton structure function
F2(x,Q2) revealed a steep rise of F2 towards low x values, indicating a high
gluon density in the proton at low x. A key question is then the validity
of the DGLAP evolution equations[2] at low x values, since in the DGLAP
evolution higher order terms proportional to a, • ln(\/x) are neglected. One
expects that at some value of x non-linear gluon interaction effects will become
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important, damping the rise of the cross section in accordance with unitarity
requirements. While this question cannot yet be answered, the low x region
remains a key area for future QCD studies at HERA.

©' At the same time as precision measurements of the
inclusive DIS cross section and the proton struc-
ture functions are being pursued, QCD tests of
processes of higher order in a, are also being in-
vestigated. These tests involve the study of jet
production in DIS, a field for which HERA is
well suited with its large ep CMS energy yfs =
3 0 0 - 3 2 0 GeV. This experimental work is inti-
mately connected with theory development, since

Figure 1: Diagram for tests of higher order jet production need the corre-
lowest order ep DIS sponding processes to be quantitatively estimated.

2 The Inclusive DIS Cross Section and the Pro-
ton Structure

Inclusive ep neutral current (NC) DIS is to lowest order, O(a°), described by
the diagram in Fig. 1, in which a virtual boson is emitted by the electron and
scatters off a parton in the proton. In the one-photon exchange approxima-
tion, the double differential cross section can be written as

a & = %g-(Y+F3(x,Q2) -y^F^Q2)) Y+ = 1 + (1-y)2.
The inelasticity y = Q2/xa represents the energy fraction transferred to the
proton in the scattering process. F? and Fi are the (unpolarized, electro-
magnetic) proton structure functions and contain the information about the
momentum distribution of partons in the proton. They are not calculable in
theory and have to be measured. However, when measured at a given Q2

value, their evolution in Q2 can be predicted in theory.
The NC DIS cross section can also be written as

where the ep scattering process is considered as the interaction of a flux of
virtual photons with the proton. Here T(y) = Y+a/(2nQ2x) is the flux factor
*°d t(y) = 2(1 — y)/Y+ defines the photon iHfriy*""1 ffy and GL •*«
the cross sections of the interaction of transverse and longitudinally polarized
photons with the proton. These cross sections are related to the structure
functions:
F2(x,Q2) = & ( • * • ( * , g a ) + aL (x ,g a ) ) and FL(x,Q2) = ^ A ( x , Q 2 ) .
Due to cross section positivity, the relation 0 < FL, < Fi is obeyed.
In the QPM world, without gluons, at, = 0, since longitudinally polarized
photons do not interact with massless spin 1/2 partons. Thus, in QPM also
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FL = 0(3]. In QCD quarks radiate gluons and interact through gluon ex-
change. Radiated gluons in turn can split into quark-antiquark pairs ("sea
quarks") or gluons. The gluon radiation results in a transverse momentum
component of the quarks, which can now also couple to longitudinally polar-
ized photons. Thus, ai and FL get non-zero values. Due to its origin, FL is
directly dependent on the gluon distribution in the proton and therefore the
measurement of FL provides a sensitive test of QCD at low x values. In fact,
the low x region cannot be understood without measuring FL precisely.

ZEUS The ep cross section is usually writ-
ten in the. "reduced" form, in which
the Q2 dependence due to the pho-
ton propagator is removed,

u » '

Since the contribution of the longi-
tudinal structure function FL to the
cross section can be sizeable only at
large values of J, in a large kinematic
range the relation <rr « F2 holds to
a very good approximation.
The HI and ZEUS collaborations
have recently presented^ 5, 6] high
statistics measurements of the NC
DIS cross section and extracted F2

in the kinematic range 1.5 — 2.7 <
Q2 < 30000 GeV2 and 3 - 6 - 1 0 " 5 <
x < 0.65. The ZEUS data are shown
in Pig. 2. The strong (positive) scal-
ing violations at low x values, due to
the increase of the gluon density (
gfjgfai ~ atxg at low x), are clearly
seen. At large x values the scaling
violations are negative (jnf|jjT ~
a,F2). The ZEUS and HI data are

in very good agreement, both with each other and, at the largest x values
where data overlap, with the earlier fixed target experiments.
Both collaborations have subjected their F2 data to extensive QCD analyses(5,
7] in next-to-leading-order (NLO), extracting the parton density functions
(PDFs) and as. While the general analysis and fit strategy is similar in
both collaborations, there are also many differences in the details, e.g. in the
density parametrizations and in the treatment of flavour' number and in the
use of the fixed target data. An extensive discussion can be found in [8].

Figure 2: F2 vs Q3, for fixed val-
ues of x. Data from ZEUS and
fixed target experiments. The
curves show the NLO QCD fit to
the data.
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As seen in Fig.2 the NLO QCD fits, which are based on the DGLAP evolution,
describe the data very well over no less than four orders of magnitude and
down to surprisingly low Q2 of a few GeV2. The gluon density extracted in
the NLO QCD fits is shown for both experiments in Fig.3 for three values
of Q2. Within the error bands there is reasonable agreement. Like F2, the
gluon density increases towards low x values, and the increase is steeper with
increasing Q7.

H1+ZBU9
NLO

HI
exper. uncertainty
ZEUSpret.

NNLO
Smtiigo-Yndurain

t-decays LEP
Y-dscays
r(Z-»had.) LEP

Bethke(2OOO)

0.11 0.12 0.13

Figure 3: Gluon density for three
different values of Q2. The error
bands show the experimental and
(for HI) also the total (including
theoretical) uncertainty.

Figure 4: a , values obtained in
the NLO QCD analyses of F2

data. Also shown are a, values
obtained in a recent NNLO anal-
ysis, as well as other a, values
obtained with at NNLO level.

The a, values obtained in the NLO fits of HI and ZEUS are shown in Fig.41.
In the HI case also the error due only to the experimental uncertainty is
shown. Thus, the theoretical uncertainty dominates the total error. The
major part of this error is due to the choice of renormalization scale, and to
a lesser extent, also to the choice of the factorization scale. This is expected
to change once next-to-next-to-leading-order (NNLO) QCD calculations are
available. Fig. 4 also shows the result of a recent NNLO analysis of ep DIS
data[9], in which the moments of F% are fitted to obtain an impressingly small
error on aa. Comparing the ep DIS a, result with the result obtained when
using the more imprecise vN scattering data, or with the at values obtained
in NNLO for r-decays, T-decays, or in analysis of T(Z), it is obvious that the
ep DIS data are very competitive in precision determinations of a,. Note that
the analysis in [9] used earlier data on i^flO], and not yet the most recent,
very precise data.
Both collaborations are working on further reduction of the experimental er-

1 Figure courtesy M. Erdmann, EPS2001, Budapest 2001.
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rors on the Fa data, errors which are completely dominated by systematics, in
particular the uncertainty on the calorimetric energy scale. Clearly, theoreti-
cal progress is essential in order to profit from future, still better experimental
precision in the Fa data.

3 The Longitudinal Structure Function FL

A fully independent measurement of FL, at HERA, in a wide range of x and
Q2, is only possible via a substantial variation of the beam energies; at any
given values of x and Q2 the difference of the reduced cross section, measured
at two values of the CMS energy 3 ~ Q2/xy, is a direct measure of FL'.
ffr,l - <Tr,2 = [tf/Y+h - tf/Y+)2\ • FL.

This measurement is not yet performed but is
part of the HERA II physics program [11]. While
waiting for this to happen, the HI collaboration
has performed several indirect extractions of FL .
The methods of extraction are based on the di-
rect measurement of the cross section in the high
y region, and on the extrapolation of the precise
knowledge of F2 at low values of y, into the re-
gion of high y. Cross section measurements of
the NC DIS process in the high y region pose a
challenge to the HERA experiments, since low
energy (down to 3 GeV is achieved) scattered
electrons have to be triggered, identified and well
measured. The detailed understanding of the de-
tector and of the photoproduction background
is essential and an important part of the mea-
surement is therefore the improvement of both
calorimetry and the detection of charged tracks
in the Hi central and backward regions. The
measurement of track charge and momentum at

1

Q*= UGeV1

nlr«m«a>B

s HlM»pnl

•• NMC

3 BCDMS

\

10" 10"
x

Figure 5: ar vs. x
for Q2 = 12 GeV3.
Curves are due to the
HI NLO QCD fit and
show Fa and the re-
duced cross section.

all scattering angles is particularly important in estimating the amount and
shape of the background from photon conversions (with photons from the
TT° —> 77 decay), through the identification of "wrong" charge electrons.
Two methods are used for the extraction of FL from the cross section mea-
surements, namely the "subtraction" method applied at Q2 > 10 GeV2, and
the "derivative" method, applied for Q2 < 10 GeV2. The subtraction method
is illustrated in Fig. 5, showing the reduced cross section as function of x at
fixed Q2 —• 12 GeV2. At the lowest x values (corresponding to high y values)
the cross section falls below the Fj curve, extrapolated via the HI NLO QCD

67



fit. Thus, FL, is obtained from the difference F^ — aT. This method was first
explored in [12] and in the recent analyses, using data from 1996-97(5] and
1998-2000(13], FL is extracted up to Q2 values of 700 GeV2. Fig 6 shows the
Q2 dependence of FL, separately for e+p and e~p data. As it should be, FL
is independent of the lepton beam. One also sees that FL is clearly differ-
ent from the extreme possibilities, FL — 0 or FL = Fj. Within the precent
precision of the data there is good agreement with the QCD expectation, as
projected using the HI NLO fit.
In the second method of extracting FL, the derivative of the reduced cross
section with respect to In y is formed:

• e"p HI preUmiwy 91/99

(HI 97 [OF Ht)
lHl97POFRt)

I I 4-1
Q'/OeV1

Figure 6: FL VS. Q2 (or, equiv-
alently, vs. x, upper scale), for
fixed y = 0.75, for e+p and e~p
data. The curves show the HI NLO
QCD fit, obtained for several as-
sumptions on FL- The shaded band
shows the expectation for FL and
its uncertainty from the QCD fit.

For y —* 1 the cross section derivative
tends to the limit (dF3/d\ny)Q2 - 2 •
•FL, neglecting the contribution from
the derivative of FL- At largest y the
FL contribution dominates the deriva-
tive of the reduced cross section cy.
This is in contrast to the influence of
FL on oy which is dominated by the
contribution of F3 for all y. A further
advantage of the derivative method is
that it can be applied down to very
low Q2 ~ 1 GeV3 where a QCD de-
scription of i*2(x, Q2) is complicated
due to higher order and possible non-
perturbative corrections The mea-
sured cross section derivative is shown
in Fig. 7 as function of y, in several
bins of Q2. Since for a given Q2 value,
F7 ~ x~x ~ exlny, and since A" is
small for low values of Q2, jr. * is

o in y
linear in In y to good approximation
This is clearly seen in Fig. 7.

In each Q2 bin straight line fits were made to the derivative data far y < 0.3.
The line fits describe the data very well and the extrapolation of the straight
line was taken to represent the contribution of F2 at high y. The small
contribution of dFtjd In y to the derivative was corrected for by using NLO
QCD and the correction was included in the overall error of the measured FL-
The derivative method was used in the analysis of the low Q2 data, both in
the 1996-97 data[5] and in the 1999-2000 data[13]. Since the latter data have
higher p beam energy, 920 Gev as compared to 820 GeV in the earlier data,



the accessible x range could be extended to even smaller valued. It is also
worthwhile to note that the HI NLO fit is based on the 1996-97 data; when
using this fit,in the analyses of the later data proper account was taken in
order to correct for the difference in p beam energy.
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Figure 8: Longitudinal Structure Function
Fi vs. x and in bins of Q2, obtained by
HI and fixed target experiments. Error
bands are due to experimental (inner) and
model (outer) uncertainties using the HI
NLO QCD fit to the HI 1996/97 data for
y < 0.35 and Q2 > 3.5 GeV2.

Figure 7: Measurement of
(dar/d\ny)qi vs. y, in bins
of Q2. The curves represent
the NLO QCD fit to the HI
1996/97 data for y < 0.35
and Q3 > 3.5 GeV2, calcu-
lated for several assumptions
on FL.

Fig.8 gives an overview of
the current HI data on
FL{X, Q*) in the Q? range
2J2 - 700 GeV3^, 13]. The
data extend the knowledge of
Fi, into the region of low x,
much beyond the range of
the fixed target experiments.
The increase of FL(X, Q2) to-
wards low z is consistent
with the NLO QCD calcu-
lation, reflecting the rise of
the gluon momentum distri-
bution in this region. The
values of Ft{x, Q2) are thus
severely constrained by the
present data, unless there are
deviations from the assumed
extrapolation of F2 into the
region of large y correspond-
ing to the1 smallest x.
FL has also been calculated
in the ZEUS NLO QCD
fit[7); the calculation is con-
sistent with the HI data.
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4 Inclusive Jets and Dijets in DIS
The fully inclusive DIS process, shown in Fig 1, is
of zero order in at. There is direct sensitivity only
to the quark PDF's, and the determination of a, and
gluon density is indirect, via the scaling violations of
Fa, measured over a large range of x and Q2.
The DIS processes shown in Fig. 9 a and b, QCD
Compton (QCDC) scattering and Boson Gluon Fusion
(BGF), are of order a, and due to the latter contribu-
tion there is direct Sensitivity to the gluon density of
the proton. At high enough energy, the involved final
state partons manifest as jets of hadrons. The multi-
jet final state can be characterized by the jet mass,
Afjj, and the variable £ = xBj(l + M2JQ2). The di-
jet mass M33 gives the CM energy of the boson-parton
reaction and the fractional momentum x (the longitu-
dinal momentum fraction of the proton carried by the
parton specified by the PDFs) is given by f, which is
much larger than x&3 if M33 is large.
Two hard scales enter in these diagrams, Q2 and
Er,jtt- Studies of the dynamics of multi-jet produc-
tion are usually performed in the Breit frame, where
the virtual boson and the proton interact head-on[14]

In lowest order, O(a°), the parton from the proton is backscattered into
opposite direction, and no transverse energy is produced. Thus, appearance
of jets with large Er can only be explained by hard QCD processes of at
leastC7(a,), and Er,3et is then the physical scale at which e g. hard gluon
radiation is resolved. Experimentally, jets are usually identified using a kr
algorithm[15j.
The HI and ZEUS collaborations have recently presented high statistics stud-
ies of inclusive jet and dijet production in NC DIS[16, 17, 18, 19]. The
data span the kinematic range 5 - 10 < Q2 < 10 - 15 • 103 GeV2 and
5 - 7 < Brjet < 60 GeV. NLO QCD calculations in general describe the
data very well, over almost the whole range of Q2 and B^jet- This is ex-
emplified in Fig. 10, showing the HI inclusive jet cross section as function
of Er,3et and Q2, and in Fig 11, showing the ZEUS dijet cross section as
function of Q2. The largest uncertainty in the QCD calculations stems from
the uncertainty in the choice of renormalization scale /ir, which is taken either
as Q or as mean jet transverse energy, Erjet • The uncertainty is largest for
low Q2 values (Fig.U b), and cuts are made at 150 (HI) and 470 (ZEUS)
GeV2 in the QCD analyses of the data. At large values of Q2 the exper-

Figure 9: Diagrams
for QCD Compton
and Boson Gluon
Fusion processes.
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imental uncertainties are smaller, and this is true as well for the hadronic
(parton-to-hadron) corrections to the NLO calculations (Figs. 10 and l i e ) .
Once the good agreement of the QGD calculation with the jet data has been
established, one can proceed to perform a QCD analysis, determining as and
the gluon density, The analysis strategy is as follows:

1 Fit the jet data to the NLO QCD predictions, using PDFs obtained
from global, external fits[20, 21]. With the PDFs externally fixed, there
is only one free parameter, namely at. Note that the PDFs themselves
implicitly depend on as, and that this complication was properly ac-
counted for in the fits.

2. After establishing that the fitted as value agrees well with other, ex-
ternal measurements, a, is fixed (e g to the world average) and the
jet data are then fitted in order to extract the PDFs, in particular the
gluon density of the proton.

3 Finally, a global, simultaneous fit of both as and the PDFs can be
performed. This would be a more independent test of QCD with the
data. However, although in this global fit the quark PDFs emerge as

ZEUS
inclusive jet cross section

• H1 data
NLO CTEQSM1
NLO « (1+8^)

• ZEUS 96 »7 ^ ^ \ ^
- D18EWT CTEO*M I|i4-O*)

• OHEWT CTEO4M |*ft-EfM>

tiVOI NLO (CAM uncart

- . . i . , . i

\

dNSCSSG

\

(c)

100

Tjal.Bralt

Figure 10- Inclusive jet cross sec-
tion vs. Er,3et, in several in-
tervals of Q2. Also shown are
NLO QCD calculations, with and
without hadronic corrections.

IOB10

Figure 11. Dijet cross section
vs. Q2, The shaded band repre-
sents the calorimeter energy scale
uncertainty. The curves show
NLO QCD calculations for sev-
eral choices of n? and proton
PDF sets b) Ratio data/theory
showing in addition the effect of
the theoretical scale uncertainty
c) Parton-to-hadron correction.
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identical to those resulting from the fit in step (2), the simultaneous fit
fails to produce meaningful results for a, and the gluon density. The
reason is the strong anti-correlation between a, and the gluon density,
which can be understood from the fact that in the phase space region
considered, jet production is dominated by the gluon contribution, which
enters in the cross section as the product a, • xg{x). ZEUS

C^ 026

0.24

022

02

0.18

0 16

0 14

0 12

01

a , from inclusive Jot crora (action
•orCTEOnnpanaiOMM

150<Q*«5000a«V*

10
ET /G«V

10 i
O(O»V)

Figure 12: a, running in 2 scales, Er,}et and Q Uncertainties due to
calorimeter energy scale and to theory are indicated in the ZEUS plot
Upper curves show the RGE prediction.

Both HI and ZEUS have performed
step (1) in this strategy, and the re-
sulting a, measurements are shown in
Fig. 12. The as "running" is clearly seen
in both scales, Q and Ert}et, consistent
with the renormalization group equation
(RGE) Moreover, the running is seen
within each single experiment The com-
parison of the measurements with other
HERA measurements, and with the world
average values is given in Fig. 15. The
fact that the a, values obtained from the
DIS jet data agree very well with other
measurements, in particular with mea-
surements from processes which do not
involve hadrons in the initial state, like
e+e~ annihilation to hadrons, is proof of
the validity of perturbative QCD at NLO
in jet production in DIS.
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Figure 13: Proton gluon density,
determined in a QCD fit using
inclusive DIS , inclusive jet and
dijet cross sections. The error
band includes all experimental
and theoretical uncertainty, also
that of as(Mz)-

72



Step (2) in the strategy was performed by HI, and the gluon density extracted
from the data is shown in Fig. 13. The fit included the combined cross sections
of inclusive jet data, dijet data and inclusive DIS. As seen, the result is in good
agreement with recent global analyses[20, 21, 22]. For a detailed comparison
of this result with the gluon densities obtained from the F2 scaling violations,
see [23].

5 Jet Substructure
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d
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ifiESia.^ - ~ j — LO OCP (CTE04L)
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EftGeV]

Figure 14: Integrated jet shape and mean subjet multiplicity as functions
of Er,3et • NLO QCD calculations are shown for three different as values.

At sufficiently high transverse jet energy, Er^et-, fragmentation effects become
negligible and both the shape and other features of the internal jet structure
are expected to be calculable in perturbative QCD. The ZEUS collaboration
has recently presented[24] several results based on studies of jet substructure,
using the variables [25, 26] "integrated jet shape" $(r) and "mean subjet mul-
tiplicity" {nsubjet):

The radius r is defined in <f> — r\ space, where the jet search is performed.
The subjets within a given jet are found by repeating the jet algorithm with
smaller resolution scale.
Among the results presented in [24] are

• The average subjet multiplicity in jets in Charged Current (CC) and
NC events is found to be similar. Since the jets in CC and NC DIS are
predominatly quark initiated, the similarity in jet substructure indicates
that the pattern of parton radiation within a quark jet is independent
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of the specific hard scattering process.

• In a dijet event sample, c-quark jets were tagged through the identifica-
tion of a D* meson. The internal structure of the charm induced jets is
found to be similar to that of the quark jets in NC DIS. Since the latter
are dominantly light quark initiated, one can conclude that the evolu-
tion of the outgoing par tons, which determines the internal structure of
the jet, is independent of the hard subprocess from which the outgoing
partons originate.

• Using the internal jet structure of the tagged, charm induced jets in the
dijet event sample, and comparing with the internal jet structure of the
total dijet sample, it was possible to extract the internal jet structure
of gluon jets. The prediction of QCD, that gluon jets are broader, and
contain more subjets, is nicely confirmed.

HERA a. Measurements
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Figure 15: Summary of a, mea-
surements at HERA (given at
the Z mass), using inclusive DIS
data and NLO QCD fits, inclu-
sive jets and dijets, and jet shape
and subjet multiplicity. Also
shown are the world average val-
ues (PDG 2000, S. Bethke).

The internal jet structure is sensitive to
a, beyond leading order. This sensitivity
is demonstrated in Fig. 14, where the in-
tegrated jet shape (for r = 0.5) and mean
subjet multiplicity is shown as functions
of Er,jet • Note that the jets become nar-
rower, and that the mean subjet multi-
plicity decreases as ET>jet increases. The
NLO QCD calculation describes both jet-
shape and mean subjet multiplicity well,
but varies strongly with different values
of as. It is thus clear that jet substruc-
ture data can be used to determine aa.
The method is similar to the one used in
the QCD analysis of the inclusive and di-
jet data described above. External sets of
PDFs are used, and the implicit depen-
dence on a, in these sets is properly taken
into account in the fitting.
The a, results from jet substructure are
shown in Fig. 15, together with other
a, measurements from HERA. These new
measurements agree well with the others,
which is proof of the consistency of the
NLO QCD calculations also in the case of
internal jet structure.
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A general remark about the measurements in Fig. 15 can be made* The
experimental errors are small and comparable to the error on the world
averages[27, 28]. The total errors on the ae measurements at HERA are in fact
everywhere dominated by the theoretical uncertainty. As already noted, this
situation is expected to change when NNLO calculations become available.

The Three-Jet Final State in DIS
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Figure 16: a) Inclusive three-jet
cross section and ratio of data to
theory, vs. Q2. b) Ratio of inclusive
three-jet and dijet cross sections vs.
Q2. LO and NLO QCD calcula-
tions are also shown, including the
effects of variation in the latter of
as(Mz), renormalization scale fir

and proton gluon density.

While the inclusive jet and dijet cross
sections are directly sensitive to QCD
effects of order O(as), the three-jet
cross section in DIS is already propor-
tional to a2, in leading order in per-
turbative QCD. The higher sensitiv-
ity to a, and the greater number of
degrees of freedom of the three-jet fi-
nal state allow the QCD predictions
to be tested in more detail in three-
jet production The HI collaboration
has recently presented[29] a study of
DIS three-jet events, covering the kine-
m a t i c r a n g e 5 < Q2 < 5 0 0 0

and three-jet masses 25 < 3

140 GeV. The Q2 dependence of the
cross section is shown in Fig. 16a, to-
gether with QCD LO and NLO cal-
culations, the latter with and with-
out hadronic corrections. The NLO
calculation, due to the recently avail-
able program NLOJET[30], describes
the data well over the whole kinematic
range, as is also seen in the ratio of
data to theory. In the latter plot is also
shown the uncertainty due to variation
of gluon density, renormalization scale
fxr = ET and aa. At large Q2 > 50
GeV2 the as variation gives the largest
uncertainty.
Since both dijet and three-jet produc-
tion is dominated by gluon induced
processes, the uncertainty of the gluon
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density can be minimized by taking the ratio Ry2 of three-jet and dijet cross
sections, at the same values of x and Mn-3et- It can be shown, using the QCD
calculations, that dijet and three-jet production involves the same gluon frac-
tion, at similar Q7 values. Furthermore, many experimental and systematic
errors cancel in the ratio. As is evident in Fig. 16b, R3/3, which is directly
proportional too,, is experimentally measured and theoretically calculated
with small uncertainties over the whole Q2 range. Thus, given better statis-
tics, a very sensitive test of QCD will be possible with the three-jet data,
including a precision measurement of a,.

The topology of the
three-jet final state offers
a test of QCD through
the distributions of the
angles 03 and V3, where
d3 is the angle between
the highest energy jet
and the proton beam,
and V3 is the angle
between the two planes
formed by the highest
energy jet and the pro-
ton beam, and by the
three jets, respectively
These angles are shown
in Fig. 17, for two Q2

ranges. Both LO and
NLO QCD calculations
describe these normalized
distributions reasonably
well, while a phase space
model fails the descrip-
tion. The distributions
show that the jets tend

eo. a, co«e,

Figure 17: Normalized distributions of cos 9$
and angle Va in the three-jet CMS at low Q7

and high Q3. Solid and dashed curves show
NLO and LO QCD calculations, dotted curves
show a three-jet phase space model.

to be aligned with either the photon or the proton, i.e. the Bremsstrahlung
nature of the process (coherence property of QCD) is confirmed. Similar dis-
tributions were previously also observed by the ZEUS collaboration in three-
jet photoproduction[31].
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Conclusions
The NC DIS data are well described by NLO QCD and the DGLAP evolution,
over a large range of Q2 and Bjorken-z. This is true for the inclusive cross
section, with the structure functions F3 and /•£,, as well as for the inclusive
jet production and the exclusive dijet and three-jet production and for the
internal structure of jets.
In many areas the data have reached a high experimental precision, and
progress in the tests of perturbative QCD depends crucially on further progress
in the theory, where the NNLO calculations for the DIS processes are awaited.
This is particularly true for the precision determination of a, at HERA, using
inclusive NC DIS data, where the experimental precision is already at level
with the error on the world average, and is expected to improve even further.
The running of as in accordance with the RGE is seen within each single
experiment, and in both hard scales, Q and J&rjet-
Some areas, like jets at highest Q2 and Erjet, and the three-jet final state,
are still statistically limited. The HERA II running period will bring a huge
improvement of statistics in the coming years. However, in the analyses de-
scribed in this report, the experiments have in many cases so far only used the
data taken in 1995-97, which constitute only about 1/3 of the total HERA I
data. The remaining 2/3 of the HERA I data, from the years 1998-2000, is
currently being recalibrated and reprocessed, and will soon be available.
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Abstract

Odderon induced contributions to exclusive photoproduction of w°,
/a(1270) and a2(1320) have been searched for at HERA, using the
multiphoton decays of these mesons. No indication for such contribu-
tions was found, in a kinematic region defined by the average photon-
proton centre-of-mass energy (W) = 200 — 215 GeV, photon virtual-
ities Q3 < 0.01 GeV2 and 0.02 GeV3 < |i| < 0.3 GeV3, where t
is the squared momentum transfer at the proton vertex. The mea-
sured upper limits for the cross sections, <r{yp ^* ir°N*) < 39 nb,
o-(7p »» f2(l270)X) < 16 nb and <r(*fp £ aa(1320)X) < 96 nb, all at
95 % CL, are lower than the predictions by a theoretical model. Exclu-
sive photoproduction of u> and tjir", in the 37 and 57 decay modes, is
observed with the expected cross sections.

1 Introduction

The discussion about the possible contribution of an odd-under-crossing am-
plitude in high energy hadron-hadron scattering goes back to the early 1970's.
The seminal papers[l, 2] established the Odderon1 as the C = P = - 1 part-
ner of the Pomeron trajectory, with an intercept ao(0) « 1. In the Regge
picture the presence of the Odderon amplitude would lead to a difference in
the total cross sections for hh and hh scattering at high energies, and thus to
a violation of Pomeranchuk's theorem[3]. This and other predictions based on
the differences in cross sections of hh and hh scattering could however not be
satisfactorily tested, due to the scarcity of precise measurements at high en-
ergies. Indeed, global fits (see e.g. [4]) of the available hh and hh data seemed
to establish the conventional Regge picture, with the high energy scattering

1 Odd-under-croBsing- Pomeron [2].
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dominated by exchange of the C — P = +1 Pomeron, and with the odd am-
plitudes dominated by (Reggeon) trajectories with intercepts QR(0) « 1/2;
Reggeon exchange then contributes only at low scattering energies.
In the parton picture, the quantum numbers of the Pomeron and Odderon
make it natural to view their exchange as exchange of 2 and 3 gluons, re-
spectively. With the development of perturbative QGD (pQCD) the interest
in the Odderon has in recent years intensified, since in the investigations of
multigluon compound states, exact solutions to the Odderon equations have
been found[5]. pQCD based predictions, for exclusive reactions specific to
Odderon exchange, like tr(yp Q* rjep) = 50 pb at Q2 = 0[6], as well as for
several asymmetry effects due to the interference of Pomeron and Odderon
exchange [7], now pose a challenge to experiments at HERA and elsewhere.

Exclusive photoproduction and electroproduc-
tion of pseudoscalar and tensor mesons via
Odderon-photon fusion are reactions where
Pomeron exchange cannot contribute, and their
detection and measurement would therefore be
a clear proof of the existence of the Odderon.
Such reactions are accessible at the ep collider
HERA The corresponding diagram is shown
in Fig.l, for the particular case of exclusive TT°
photoproduction,

Figure 1: Diagram for
exclusive v° photopro-
duction, via Odderon-
photon fusion. The pro-
ton is excited into an / =
1/2 isobar

The cross section of process (1) has been calculated by E.R. Berger et al.[8]
and is of special interest to the HERA experiments, since the predicted cross
section is sizable and within reach of experimental confirmation. The calcula-
tion is based on non-perturbative QCD, applying functional methods[9] in the
framework of the "Model of the Stochastic Vacuum" (MSV)[10]. In the model
the proton is viewed as a diquark-quark system in transverse space; through
symmetry arguments the suppression of Odderon exchange in the elastic case
(as well as in pp and pp scattering) can be explained. This suppression is not
present when the proton is excited into an N* state with negative parity. Thus
the predicted cross section is <T(TP ^ n°N*) = 294 nb at Wv = 20 GeV.
Using the relation a = <ro{W%pf2!P)a°W>-'i, the same2 large cross section is
predicted for HERA energies, (Ww) = 200-215 GeV.

2 In [8] <*o(0) = 1.15 ia estimated, leading to an even larger predicted cross section at
HERA energies. The use of <*o(0) = 1 Is however strongly reconunendedfl 1].



2 Monte Carlo Simulation

A characteristic feature of the MSV calculation is the t dependence of the
cross section, shown as der/dpr in Fig. 2 (pr is the transverse momentum of
the produced 7r°, and jt| ~ p ^ is a good approximation in photoproduction).
As seen, the cross section is large in the region of experimental acceptance,
0.02 < |t| < 0.3 GeV3, in contrast to the case of the 77 reaction.

In order to simulate events of the Odd-
eron exchange reaction (1), the Monte
Carlo simulation program DIFFVM[12]
was modified to include this characteris-
tic t dependence. Further modifications
concern the inclusion of the N* states
N(1520), N(1535), N(1650) and N(1700);
42% of their decays result in a leading
neutron.
Trivial background was simulated using
the PYTfflA program[13]. Such back-
ground is expected from several diffrac-
tive processes with incompletely recon-
structed final states, like exclusive vec-
tor meson production (yp —> uN*, u> —•
77r°; 7p -* p°N*, p° —» 77r°) or inclusive
TT° production, yp —> ir°XN*. Exclusive
TT° production via 77 interactions (Pri-
makoff effect) or Reggeon (w) exchange,
yp *** ir°N*, is negligible.

J
• HI U U CL4 M M « M •» I

Pr/(GeV)

Figure 2: The ^-transverse mo-
mentum distribution for Odd-
eron exchange (solid line), com-
pared to the corresponding dis-
tribution for photon exchange
(dashed line).

3 Experimental procedure

A comprehensive description of the HI detector is given in [14]. The de-
tector components of importance for the present analysis are given by the
simple experimental signature of process (1): The two photons from the n°
decay are detected in the backward3 electromagnetic calorimeters of HI, the
SpaCal[15] and the VLQ[16], while the scattered electron is detected in the
Electron Tagger, located 33 m upstream of the interaction point. The N* is
identified through those decays in which a leading neutron is produced. The
latter is detected in the Forward Neutron Calorimeter (FNC), located 108 m
downstream of the interaction point. The other major components of HI,

3The z-axis of the HI coordinate system coincides with the HERA beamline, the proton
beam direction defining the positive direction.
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namely the tracking chambers and the Liquid Argon calorimeter, were only
used for the veto conditions, in the selection of exclusive events of process (1).
The data used in this analysis correspond to an integrated luminosity of
30 6 pb"1 and were obtained during the data taking period 1999-2000. The
e and p beam energies were 27.5 and 920 GeV, respectively. The trigger was
given by a combination of energy signals in the involved calorimeters, namely
VLQ, FNC and Electron tagger. For further details of the experimental setup
and the event selection, see [17].

In the first step of the analysis events
with exactly two "good" photons are
selected, where "good" photons are
defined as electromagnetic clusters
with energy above certain thresholds,
with cluster shapes compatible with
the photon hypothesis, and with po-
sitions within the fiducial volumes of
the calorimeters, avoiding energy loss
from shower leakage. At least one
photon had to be detected in the

• n • Tl VLQ (trigger condition). This selec-
f _£ _ aajj •_•.!•«... ^lon defines an inclusive event sam-

ple, for which the mass of the two
photons is shown in Fig. 3a, for the
topology VLQ-SpaCal photons.
A clear TT° signal is seen in Fig. 3a.
Since the events are not yet subjected
to an exclusive selection, this signal
can be taken as proof that 7r0>s in-
deed can be detected. In order to ar-
rive at a sample of exclusive events,
corresponding to reaction (1), fur-
ther selection cuts are applied No
charged track activity is allowed in
the event, and the longitudinal en-
ergy balance E — pz must be sat-
isfied by the energies of the scat-
tered electron and the two photons:
49 < (E - Pr)e'77 < 60 GeV
(the longitudinal energy balance of
all particles produced at the electron
vertex is expected to sum up to twice
the incident electron energy).
The invariant mass distribution of

mJOeV)

Figure 3' Two photon inv. mass,
a) Inclusive two photon event sam-
ple with one photon detected in
VLQ and one in SpaCal. The
curve shows the fitted sum of a
Gaussian and a polynomial back-
ground term. b) Final exclu-
sive two photon event sample.
One photon is detected in VLQ,
the other either in SpaCal or in
VLQ. Also shown are the expec-
tations from model (hatched his-
togram) and background (white
histogram) Vertical lines indicate
the mass region for TT° candidates.
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the two photons in the final two photon event sample, after all selection cuts,
is shown if Fig. 3b. Only a few events pass all cuts, and there is no indi-
cation of a 7r° signal; altogether 13 events are observed in the generous TT°
window, indicated by the dotted lines. These few events are consistent with
the background expectation from PYTHIA, namely 4 events. In contrast, the
expectation from the MSV model is 110 events.
An upper limit for the cross section of reaction (1) can be derived from the
data, using the prescription of [18]. This preliminary upper limit,

ain-p ^ n°N*) < 39 nb (95% CL)^
has to be compared with the predicted value of 200 nb at HERA energies; the
latter value is clearly incompatible with the observation even when considering
the warning given in [8], "uncertainty at least a factor 2".

4 Discussion
The upper limit for the cross section of the reaction ep -ft ew°N* is a fac-
tor 5 below the model prediction. Can this non-observation be understood?
Possible explanations are:

1. The energy dependence of the cross section is different from the assumed
one, implying that the Odderon intercept is considerably smaller than
unity. Indeed, predictions for the Odderon intercept in the literature
span a wide range. The HI non-observation result can also be inter-
preted as an upper limit on the intercept, a<j(0) < 0.65. Such a low
value is rather in the range of standard Reggeon intercepts, incompati-
ble with the expectation for the "classical" Odderon.

2. The coupling 7OTT° is much smaller than assumed in [8]. This could
be due to the Goldstone Boson nature of the 7T°[19]. More reliable
predictions for Odderon induced exclusive meson production can then
be expected for heavier mesons, like the tensor mesons /2(1270) and
02(1320). Predictions for such cross sections have also been made within
the MSV framework [20, 11] and their experimental investigation by the
HI collaboration [21, 22] is described below.

5 Photoproduction of /2(1270) and a2(1320)
In order to study the exclusive photoproduction of the tensor mesons /3(1270)
and a2(l320), their decays into four photons were utilized: ep —» e/2(1270)A",
/ a - • 2TT° and ep -> eaa(1320)Jf, a2 -» ir6Tf. The data set used in this
analysis was obtained in 1996 and corresponds to 4.5 pb - 1 . In contrast to the
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previous analysis, the four photons were all detected in the SpaCal, and the
trigger was based on a combination of energy deposits in the electron tagger
and the SpaCal, without special requirements on a detected neutron. The
average CMS energy is (Wyp) = 200 GeV, corresponding to the lower proton
beam energy in this data taking period, 820 GeV.
HiOddaranSaarah - 4T«amp*» HI Oddaron Saareh - 4<r i

Figure 4: Four photon invariant mass, for n°no and n"^ event candidates.
Also shown are the expectations from model (hatched histograms) and
background (white histograms). Vertical lines indicate the /a and 02 mass
bands, used for the upper limits derivation.

Exclusive events with exactly four good photons were selected, satisfying the
restrictions of longitudinal energy balance and no charged track activity. The
two photon mass distribution, with 6 entries per event, has a ciear n° peak.
However, the recoil mass spectrum, obtained for the remaining two photons
for each n° candidate, has only a weak n° signal, and no rj signal. Selecting
nevertheless those events with two photon combinations in massbands corre-
sponding to 7r°7r° and n°T] final states, the four photon mass distributions in
Fig. 4 are obtained. They agree well with the expected, trivial background, as
given by PYTHIA. Since no signals of /a or 03 are seen in Fig.4, preliminary
upper limits for the cross sections are derived, again using [18]:

<r(TP * /3(1270)Ar) < 16 nb and a(<yp ^ aa(l320);e) < 96 nb.
These limits, both at 95 % CL, can be compared with the model predictions[20,
11], 21 and 190 nb, respectively.

6 Exclusive photoproduction of OJ and u>7r°

Multiphoton final states induced by Odderon exchange have C-parity +1 and
thus even number of photons. In contrast, final states induced by Pomeron
exchange have C-parity - 1 and consequently an odd number of photons. Ex-
clusive final states of three and five photons were therefore studied, searching
for exclusive vector meson production, a process which is conventionally de-
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scribed by Pomeron exchange. The same data set was used as in case of the
four photon final state investigation described above.
In the exclusive three photon event sample, the two photon mass distribution,
with 3 entries per event, shows a clear jr° peak. The three photon mass
distribution for events having at least one candidate for the 7ft0 final state

Y
• «

It*
W(Q«V)

Figure 6: Synopsis of elastic vec-
tor meson photoproduction cross
sections vs. W ,̂,, from fixed tar-
get to HERA experiments.

yiro.

Figure 5: Three photon invariant
mass, for yir° event candidates.
Model prediction and expected
background (hatched and white
histograms) are also shown.

is shown in Fig. 5. A prominent w peak is seen, cue to the decay w
The corresponding4 preliminary cross section is

<r(7P ~» wj>) = (1-25 ± 0.17 ± 0.22) jib,
which agrees very well with the expectation from other measurements, Fig. 6.

Also the exclusive final state of five
photons shows a prominent ir° peak in
the two photon mass distribution (10
entries per event). Many events are
candidates for the final state 7ir°ir°
and the three photon mass recoiling
against a n° candidate shows a clear
ui peak. Selected events with mass
combinations in the corresponding n°
and u mass bands have the five pho-
ton mass distribution in Fig. 7. The
axial vector meson 61 (1235) —• un",
earlier observed in photoproduction at
lower energies(23], is a candidate for
the broad resonant structure observed
above the PYTHIA background.

4Note that feed-down background from the exclusive photoproduction at tint0 -* 57 has
been taken into account.

Figure 7: Five photon invari-
ant mass for u»(7iro)ir° event can-
didates. Also shown are the
model prediction (hatched his-
togram) and the expected back-
ground (white histogram).
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The preliminary cross section is
cr(yp -> urn°X) = (980 ± 200 ± 200) nb,

with a background of 190 nb. The difference, i.e. the cross section which
possibly may be attributed to exclusive resonant um° production, is compat-
ible with the cross section measured in [23] for 61(1235) photoproduction.
Extrapolated to HERA energies8, it is o{~tp ~* 6i(1235)p) = (660 ± 250) nb.

7 Summary
A search for exclusive photoproduction of w°, /2(1270) and 02(1320), induced
by Odderoa exchange, was performed using multi-photon final states. No
signal was found. Upper limits for the cross sections are below the predictions
of a model based on non-perturbative QCD.
Exclusive u» and urn" photoproduction is observed in three and five photon
final states, at levels consistent with the expectations from Pomeron exchange
and consistent with other observations of exclusive vector and axial vector
meson photoproduction.
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Abstract

Using data obtained by upgraded SPHINX spectrom-
eter at IHEP accelerator the preliminary results on the
reaction p + N -> [S°K+] + N at the energy of 70 GeV
are presented. The existence of state X(2000) observed in
our previous data is confirmed with the increased statistic
for this state by a (actor of ~ 5. We also observed radia-
tive decay of A(1520) -+ A + 7. The significant increase
of statistics for many diffractive production reactions will
allow to study them in great detail.

The cryptoexotic pentaquark baryons B+ with hidden strangeness
{B4, = \qqqss~ >, here q = «,rf quarks) could not exhibit ex-
otic quantum numbers and their "cryptoexotic" nature of inter-
nal valence quark structure can be established only indirectly, by
studying of their dynamic properties which can be quite differ-
ent from those for ordinary \qqq >baryons (see [1,2] for more
details). Extensive studies of the diffractive baryon production
and search for these cryptoexotic pentaquark baryons are being
carried out by the SPHINX Collaboration at IHEP accelerator



providing the proton beam with the energy Ep = 70 GeV and
_ T i l lC! T*kT»/*fclT*»O n

spill
intensity / ~ (2 - 3) • 106E^jjp. This program was described in
detail in reviews [1,2].
The most interesting information was obtained in the study of the
reaction

p + N{C) -> \E°K+] + N{C) (1)

(here C corresponds to the coherent reaction on carbon nuclei).
These studies resulted in the observation of two new baryonic
states [3]:

a) the state X(2000)+-+£°i<:+

M = 1989 ± 6 MeV and T = 91 ± 20 MeV;
o\p + 7V->X(2OOO)+ + N] • BR[X{2000)+->i:0K+] =

9 5 ±20^^(asS}iminS ^ a ^ 3 , C n u c l e O M = 5.24) (2)
a\p + C^X(2000)+ + Coherent • BR[X (2000)+^S°i(r+] =

260 ± 60 nb/C nuclei (3)

b) the state ATClSlOj+^E0^"1-
M = 1807± 7 MeV and T = 62 ± 19 MeV.
a\p + C->A-(1810)+ + C]P2<omGeV3 • BR[X(lS10)+-^i:0K+]

215 ± 44 nb (4)

Two unusual properties of X(2000) state were found:
• Anomalously large branching ratios for decay channels with

strange particle emission. At the same time for ordinary
isobars these branching ratios equal to a few percents.

• Small enough decay width of heavy X(2000) state. For well
established isobars in this mass region F > 300 — 400 MeV.

To explain the production of X(1810) state only at a very small
Pr, the hypothesis of the electromagnetic production of this state
in the Coulomb field of carbon nucleus was proposed [4] and it
seems to be in no contradiction with the experimental data.
In 1966 -T-1999 years new data (about 109 triggers) had been ob-
tained. Some preliminary distributions are presented in Fig. 1 and
Fig. 2
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SPHINX PRELIMINARY

1 15 12 1 25
M(A>). GeV

Figure 1: a) M(pir-) for p + N -> (A + Jf+
b) M(A-r) for p + N -* (A + K+
events, shaded - soft photon cut [4]
bat in the E°(1102) and A(1520) regions (soft photon cut)

+ r>7) + W, A - t p + f ,
+ 7) + N- unshaded - all
c) and d). the same as b)

Figure 2- M(£°if+) in the diffractive reaction p + N -+ [E°if+] + N (with

soft photon cut): a) all />f- b) all P%, c) ¥% < 0 75 GeVa,

P K + < 25 GeV, d) P\ < 0 01 GeV2, /»*« < 25 GeV;
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Radiative decay of A(1520) —> A+7 is observed in a new statistics.
There is also a hope that we can see the decay A(1520) —> E° +
7. The data about these decays can be very important for the
investigation of the~mechanisms of the SU(3) symmetry breaking
(see [5] for a review).

Conclusions
In the experiments with "old" SPHINX we investigated the reac-
tion p + N —v [E0A"+] + N and observed the new baryon state
X(2000) —> \T?K+] with anomalous dynamical properties. This
X(2000) state is a serious candidate for pentaquark baryon with
hidden strangeness \uudss).
In the new runs with completely upgraded SPHINX facility (prac-
tically new setup) a large statistics for many proton induced re-
actions was obtained. First preliminary results for the reaction
p + N —>• [X̂ A""1"] + N based on a new statistics are in a good
agreement with our previous data and strongly supports the exis-
tence of X(2000) state.
Radiative decay of A(1520) —> A+7 is observed in a new statistics.
We have a large program for further analysis of a new statistics
and first of all for quantitative data on several interesting objects
which were indicated in our old measurements.
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If nature realism TeV scale gravity, « • an uttering a very exciting period In which we
could be able to addraa, experimeataUy, some qoasHfiBS on quantum gravity, string*,
bniiMandotharaxotteatpeetsaftberandanuntaitbeofyofgravity. TUtartidereviews
recent development in models with Lai** Bate* DtmenaiQDe and Black bole production at
future colnder*. Experimental reeultalrcincuriwit experiments M well M the expectation
for the future coUden are aununarbed.

1 Introduction

The Standard Model (SM) has proved to be enormously successful In providing
a description of particle physics up to energy scabs of several hundred OeV as
probed by current experimentsl. In the SM, however, one Mtnimnn that effects of
gravity can be neglected, because the scale where such effects become large is the
Planck Scale. The question of why the 4-<timwudonal Planck Scale, Gp1/* ~ 1 0 "
GeV, is much larger than the etectroweak (EWK) scale, G^1/a ~ 10s GeV, is an
outstanding problem in contemporary physics. The hierarchy problem is in the
essence the difficulty to explain the large disparity between then two numbers *.
Motivated in part by naturalness issues, numerous scenarios have emerged recently,
that address the hierarchy problem within the context of the old idea that some part
of the physical world (Le. the SM-world) is confined to a brane in a higher dimen-
sional space3. Although supergrayity theories were fbcmulated up to 11 dimensions
and Superstring theories in 10 <Mm«>nff»«n» were known since the 70's, the idea to
extend this extra spatial «tJ«ffti«toii paradigm {BSD) to other contexts, received a
new impulse only recently4. As we don't experience in our everyday world, more
then 3 spatial dimensions, we have to assume that any possible BSD Is hidden.
There is a simple and elegant way to hide possible extra spatial ^""nrninnr the
eompaetificatkm. The remit is achieved by assuming, for example, that the extra

fbnn, at each point of the 4—dimensional space, a torus of volume
In this way it is possible to allow the gravity to live in the

large extra dimensions, the bulk, while the SM fields will lie on a 3-27 surface, the
brant.
In presence of a compactfied extra spatial dimension y, a field vK*|>,y) °* m a s s "*<>
is periodic over y and can be Fourier developed as follow:

• = - 0 0

•Invited Talk given at the International Conference: New Tm4$ m High Bn*m Physics, Yalta
(September 33-38, 3001).
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where i t is the radius of the compact ESD. The 4V terms <f>W (a;,,) are the Kaluza-
Klein states (KK), also called mode* or excitation*. The mass of each KK mode
is then expressed by the formula:

(2)

If M? is the actual fundamental scale of gravitational interactions and if
is the volume of the extra Himn^airm*! 27—fold, then, by Gauss's law, at ^'"tanmi
larger than the inverse mass of the lightest KK mode in the theory, the gravitational
force will follow an inverse square law with an effective coupling o£

— i f (

We see indeed that gravity becomes strong in the full 4 + ©-dimensional space at
a scale Mr of few TeV which is far below the conventional Planck Scale (M%, =

?+2

At the present there are many models which assume the existence of extra spatial
dimensions predicting the appearance of new physics signatures that can be probed
at energy scale above 1 TeV. Most of the models fall into one of the three following

1.1 The Large Extra Dimensions Scenario

The large extra dimension scenario (LED) started with the works of Arkani-Hamed,
Dimopoulos and Dvali (ADD) 4>*. In this model the SM particles live on a 3 +
1-dlmeaskmal space (3-brane) while the gravity is free to propagate in higher-
<HnnmAm»l space, extra dimensions. This model predicts essentially the emission
and exchange of large Kaluza-KMn towers of gravitons that are finely-spaced in
mass. The ADD Model was first proposed to solve the hierarchy problem by re-
quiring the compactifled dimensions to be of very large size.

1.2 KK gauge boaont

A second possibility comes from all those models where the extra spatial dimensions
are of TeV scale size. In these class of models there are KK excitations of the
SM gauge fields with masses of the order a TeV which can show up in collider

riments as resonances.

l.S Warped Extra Spatial dimension

Another approach for extra spatial dimensions has been proposed by L. Randall
and R. Sundrum (RS models or WED) ' . In this scenario two 4Z7 branes with
tension V and V are situated in the position, y = 0 and y ?= *re> of a 5X> bulk
with cosmobglcal constant A, where the gravitation lives. One of the interesting
consequence of this assumptions is the fact that the fundamental mass scale on the
brane at y = 0 is then red-shifted by a factor e~2*'*' (warp factor) on the other
brane at y = irre. In this way the EWK scale (0(1 TeV)) can be produced from
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Observation it Object Tjjjjp Af1111 fleV]
n=2 n=3 n = 2 n=3

Neutrino signal
SN 1987A7'8-9-10

EGRET 7-ray limits
Cosmic SNe11

CasA
PSR J0953+0755
RX J185635-3754

0.5
0.8
2.2
0.5

0.5

x l O - 2

xlO" a

xlO" 8

xlO" 8

0.5

0.5 x 10"J

0.3 x 10"a

0.9 x 10-5

1.8 x 10-«

31

84
87

360
540

2.75

7
8
22
31

Neutron star excess heat
PSR J0953+0755 0.5 x 10~T 0.5 xlO" 7 1680 60

GLAST 7-ray sensitivity
RX J185635-37S4 1 x 1Q~7 0.5 x 10~7 1300 60

Tfcble 1: Constraints OD the fundamental scale M? coming from SN and neutron stara.

the Planck Scale. In the AS model the 41? Planck mass is then expressed by the
formula:

Jfc =,*k[l-e-»"-] (4)

2 Experimental Astrophysical Constrain! on LEO

Various astrophyskal and cosmological processes can be used to set limits on the
model with extra dinwmrinna The phenomenology of the Supernova SN1Q87A
places strong constrains on the energy loss mechanism, allowing to derive a bound
on the fundamental Planck Scab. In bet if LED exist, then the usual 4D gravi-
ton is complemented by a tower of Kaluza-Klein states, corresponding to the new
available phase apace in the bulk. These KK gravitona would be emitted from
the Supernova core after collapse, complete with neutrino cooling, and shorten the
observable signal. This argument has led to the following bounds that require that
the fundamental scale be as high as M > 84 TeV assuming N = 2 or M > 7 TeV
for N = 3 " . The limits on the fundamental scale Mr coming from SN and neutron
star data are summarized in Table 1.
Other effects are the possible distortion of the cosmic diffuse gw"»»»* background
because of the new accessible production mechanism: GKK - t 77 decays. Using
the COMPTEL date in the &, range [800 KeV - 30 MeV], Hall and Smith set a
lower limit on effective Planck scale M? as function of the number of LED (V):
JM> > 100 TeV (V = 2) and MT > 5 TeV (O = 3 ) " . Analogous analysis
performed by Hannestad and Ra£Eelt on EGRET date (Ey ~ [3 - 200) MeV) set
a limit on JU> as function of the number of LED: MF > 84 TeV (V = 2) and

7TeV(V = 3)".
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Xfrneters)

Figure 1: a) Scale drawing of the torsion pendulum and rotating aUractor; the active components
are shaded and the distance between these too ports ham ban enhanced for daritg. b) 95% C.L.
upper limits on the violation of the l/R* Newton law as described in equation 5. The regions
excluded fry previous works tie* O6OM the Hne$ labeled Irvine, Moscow and Lamoreavs, respectively.

3 Direct Gravity Experiments

Until the middle of 1970 years a number of Cavendish-type experiments, searching
also for the so called "fifth forth", have been performed in order to test possible
deviation of Newton's gravitational interaction. This kind of experiments tested
with good precision the Newton's law for a mass separation greater than 1 cm. As
a matter of feet, in such experiments, the sensitivity vanishes quickly for distances
below 1 mm because of the effects due to the Casimir and Van der Waals forces.
Short-range regime of gravitation was not explored further because it was generally
assumed that non-relativistic gravity obey an l/R law for all R » Rpi - ,/GKJc?.
The higher-dimensional theories described above suggest nowadays that new effect
may show up at short distances. The string theory in particular predict scalar
particles as moduli or dilatons that generate Yukawa interactions which could modify
the Newton Gravitational Potential:

(5)

In the simplest scenario, with a number of extra spatial dimensions equal to 2, we
obtain the following values for A and a: X = R*, a = 3 for a compactification on
an 2-sphere and A = R*, a = 4 for a compactification on an 2-torus, where R* is
the extra dimension radii:

and M* is the unification scale (usually taken as M$u). Recently sub-millimeter
test of the gravitational inverse-square law have been performed by CD. Hoyle et
al.l* using a 10-fold symmetric torsion pendulum and a rotating 10-fold symmetric
attractor. A schematic description of the experimental setup is given in Fig. l.a.
The results obtained, if interpreted in the simplest unification scenario with 2 equal
large extra dimensions, imply a unification scale of M* > 3.5 TeV (see Fig. l.b).
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4 LED at present collider Experiments

Most of the —^" îfff pei famed until now far large extra ««imm«i«».« have been don*
assuming the ADD phenomenology- We summariu here signatures and results of
such searches.
As Kaluza-Kleln gravitona couple to the momentum tensor, they therefore con-
tribute to most of the SM processes. Depending on whether the GKK leave* our
world or remains virtual, the collider signatures change. For graviton that propa-
gate in the bulk, in particular, from the point of view of our 3+1 space-time, energy
and Tnrt"lAn*lltyi are not conserved in tf"* OKK emission. Gravitons, on the other
hand, interacting weakly with detectors, escape detection causing a typical missing
transverse energy (Prj signal. We wffl summarise in the next two paragraphs the
different classes of signatures that correspond experimentally to the real and to
virtual graviton emissions.

4.1 Real Grmiton Emitsitm

Direct emission of gravitons leads to the presence of missing energy in the final
state. At e+e~ colliders the best signal Is the associated production of gravhons
with a Z boaon, a photon, or a fermlon pair. In the hadron colliders the prominent
and most studied signature is the production of one Jet (mono jet) associated with
large transverse energy in the final state.
The effects of direct graviton production, including single photon or Z's production,
have been studied at LEPII1*'1'. The following final states haw been considered in
the analysis: 7-kPr, Z(-+ jj)*th (*w Fig. 2). With no excess apparent beyond the
SM expectations, a lower limit on the graviton contribution have been calculated
at 95% Confidence Level The limits, expressed in terms of effective Planck Scale,
are summerhed In Table 2.
The CDF and DO Collaborations at the Eennilab Thvatron Collider aim looked
for direct gravtton emission. From an experimental point of view the mono-Jet plus
missing- &r signature is quite complex to study because of the large instrumental
background from jet mismeasurament and the presence of cosmic rays background.
Results on this channel will be available soon.

4.S Virtual Gravtim emiision

The virtual «""*hangf of graviton towers either leads to modifications in SM cross
sections and asymmetries or to new processes not allowed in the SM at the tree
level. Collider signatures with virtual exchanges of KK-grsvitans are several and
include diphoton, dlboson and fermion-pair production. In the case of virtual GKK
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ALti'd
DELPHI
L3

N=a
MD{TeV)

1.28
1.38
1.45

R(an)
2.9 -W~'4

2.5 10-*
2.3 lO"8

MD(TeV)
0.78
0.84
0.87

R{an)
1.4 -lO""
1.3 10-»
1.2 -10"9

N = 8
MD{TcV)

0.57
0.58
0.61

R(cm)
5.6 -10 lS

5.4 1 0 - "
5.2 -10"13

Thbic 2: tS% C.I. lover timitt on the gravitational tadt MD and on the tut oftstn dimauiom
R, dented from Aa Mnet gnniton ttmrcket in the e+e~ -t 7<7 eternal

emission, gravitons lead to apparent violation of 4-momentum as well as of the

Then are several piuuMBM that can be studied at lepton colliders17: e+e~ -+ TT>
+«- , W+W~, 2°Z° (see Fig. 2). Among many farmlon and bo*XB-pair final states, ( g ) g y

studied at LEP, the most sensitive channels involve Bhabha scattering ^e+e" -»•
e+e") and the photon-pair production (t+e~ -¥ yy). The lower Iknit* at 9S% C.L.
on Mf obtained using the e+e~ and 77 channel are given in Table 3 andia4&ble 4.
The combined limit, as obtained by assuming log likelihood curves from different
channels, is Mr > 1.03 TeV for A = +1 and Mr > 1.17 TeV for A = - 1 .

A
A = + l
A = - l

L3
1.06
0.98

OPAL
1.00
1.15

lUite S: 96% C.L. lower limit* on M> obtaintd by L9 tni OPAL wnf Ike SkaUs mattering
proeem: «+e~ -» e + « - ; ramrfto «ra tkewn in HcwoU noMiim.

The impact of virtual gravitons in hadron collider experiments can be observed
in processes such as: tf -* G -t yy or gg -¥ G -¥ e+e~ where the ADD model
introduces production murhanfam that canincrewwi the crow section of diphoton
and dlelectron production at high invariant mass over the SM. The diphoton and
dielectron cross-section considering the LED contributions take the form5:

where coafi* is the scattering angle of the photon or electron in the center of mass
frame of the incoming parton. The first term in the expression 7 is the pure SM
contribution to the cross section; the second and the third part are the interference
term and the direct GKK contribution. The characteristic signatures far contribu-
tions from virtual GKK correspond to the formation of massive systems abnormally
beyond the SM expectations. Figure 3 shows a comparison of the two-dimensional
distributions in di-EM mass and \ooa8* \ for data, SM background processes and for
background plus LED contribution as obtained by D 0 Collaboration: With no ex-
cess apparent beyond expectations of the SM, DO proceeds to calculate a lower limit
on the graviton contribution to the dk-EM cross section. Hence there are three main
formulation on the effective lagrangtan the Giudice, Rattaazi and Wells (GRW) ",
the Han, Lykken and Zhang (HLZ)" notation and the Hewett30 one the limits in
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A
A = + l
A = - l

ALEPH
0.81
0.82

n HI .PHI

0.82
0.91

L3
0.83
0.99

OPAL
0.83
0.89

Ihbla 4: 95% C.L. lower UmiU on MF obtained twin* rr
HeweU/ormuUMon.

duumei; the rarattr are given in the

the Table 5 are translated in all this notations as well as function of the number of
extra dimensions for the HLZ approach21.
The CDF Collaboration performed a similar search using the dielectron and dipho-
ton fiiyinnla The combined results expressed in the Hewett convention for A = +1
is MT > 0.814 TeV and for A = - 1 a n MT > 0.9 TeVn.
More studies are forthcoming from CDF and D0on real graviton emission (mono-jet
events), as well as on virtual graviton exchange, which by the end of Run-II, should
be sensitive to scales of 2 - 3 TeV. Beyond that lkt LHC which sensitivity should
cover a maw region up to A4> ~ 10 TeV*8. The sensitivity of Tevatroa and LHC
experiments on Mjr for O = 4 is summatiBed in Table 6.

5 LED Searches at Future Colliders

Different signatures for several extra riimraimonal models have been studied recently
in order to understand which results will be possible to obtain at future lepton col-
liders such as CLIC or hadron colliders as the Very Large Hadron Collider (VLHC)
(see Table 6).
CLIC is an tfreT collider with an expected center of mass of energy ranging between
3 and 5 TeV. With and integrated luminosity of 1 ob'1 for many of the extra
dimensional models the experimental reach is found to be in the interval of "- 15-80
TeV M .
The VLHC is a hadron collider thought to be build in 2 steps: a stage I in which
the avaible center of mass energy will be 40 TeV and a stage II when, by using
new magnets, the center of mass energy could reach a value of 175 or 200 TeV. In
particular, as have been shown by T. Rizao" a 200 TeV VLHC with 1 ab~l of an
integrated luminosity will be able to observe the first RS KK excitation for masses
as large as 15 - 30 TeV and values of JW> ~ 50 - 60 TeV, in the ADD model, will
be directly probed in the DreU-Yan processes.

8 Black Hole Production at Hadron Colliders

Since long ago, black holes [BE) have been objects of interest in theoretical physics
and astrophysics, and more recently also in experimental high energy physics. As
a matter of fact, BH can be produced in a particle collisions if the center of mass
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proceuei (EM — 7 or e); b) lame at in a) including alto the LED contribute).

energy is above the Planck Scale {y/s > Mpi). In LED models the Planck Scale
can be effectively £7(1 TeV), opening up the interesting possibility of producing,and
studying BH using collider experiments3*. The observability of such BH at future
colliders will depend on the value of the fundamental Planck Scale. At Hadron
colliders, where it is possible to reach the highest center of mass energies, compared
to other machines, the BH production cross section can be written as follow:

fl f1 dx
= Y, *•/ —

ij JT^ IT X
(8)

where i and j are the two colliding partons, x and r/x are the momentum fractions
of t and j and F are the parton distribution functions. If we assume the Thome's
hoop conjecture, that states that horizons form when and only when a mass M
is compacted into a region whose circumference in every directions is less than
2ITRBH{M), we obtain the important result that the black hole production cross
section is :

Oij-*BH(*) ~ *RBH ( \ / S ) (9)

The precise mass of the BH formed in a collision depends on the amount of energy
and matter which becomes trapped behind the event horizon. If the scale of gravity
is the TeV scale, BH production could be a dominant process at hadron colliders
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GRW18

1.2
n=2
1.4

n=3
1.4

HLZ
n=4
1.2

i s

n=5
1.1

n=fi
1.0

n=7
1.0

A
Hewett™

= +1 A = - l
1.1 1.0

Table 6: Lower limits at 96% CL on the effective Planck Scale, Ms, in TeV.

beyond LHC. For example for tin *= 1 TeV and V = 10, at the Very Large Hadron
Collider (VLHC) considering V? = 1 0 ° r«V (something in the middle between the
stage I and the stage II) assuming a»Integrated luminoslty-per yeaj of 100 fb~lyr~l,
BH of man around 10 TeV should be produced with a rate of 1 Kx.

6.1 Black Hale decays and signatures

Once produced black holes decay. The decay process is rather complex and occurs
in several stages":

1. Balding Phase: in which there is emission of gauge and gravitational radiation
that will settle down the BH to a symmetrical rotating object with a growing
horizon;

2. Spin-down Phase: in which the BH Hawking radiates, emitting quanta having
angular moment I ~ 1;

3. Schwaruchild-Hawkmg Evaporation Phase: The Spin-down phase leaves a
Schwarzachild BH that continues to radiate Hawking Radiation; instant quanta
are emitted with a thermal spectrum around Hawking temperature (TV);

4. Planck Phase Once the BH reach the Planck Mass M ~ Mv the BH com-
pletely decays emitting few quanta with energies O(MV)\

Because of the large cross section, multiplicity and visible energy, BH, at hadron
colliders, give rise to very spectacular events. The BH production and decay is
characterized by the following specific signatures38:

• suppression of hard perturbative scattering processes at energy in which the
BH production start to dominate;

• very large production cross sections that grows with the energy;

• high multiplicity events (for MBH ~ 10 TeV, T> = \0 the expected multiplicity
is ~ 50) with visible transverse energy of the order of ~ 1/3 of the total energy;

• high sphericity events because of the small BH boost ((7^} < 1);

• a ratio of ~ 1/5 between leptonic and hadronic activity because of the Schwaxzschild-
Hawking Evaporation Phase.
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100
9.9
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SO 100
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1.5 TeV
100 200
12.0 13.0
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The BESS Model in CMS UA0501304
Mario A. Spezziga

Texas Tech University
In collab. with A. Caner, CERN

Abtract - The detection of vector bound states predicted by a model of
Dynamical breaking of the Electroweak symmetry is simulated in the CMS
detector.

Introduction - The BESS model [1, 2] (BESS stands for "Breaking Elec-
troweak Symmetry Strongly") is a specific framework among theories of Dy-
namical Symmetry Breaking [3], where the mass of particles are generated
through effects of QCD-like interactions in a strongly interacting electroweak
sector, and not through a coupling to the Higgs field. These interactions may
also produce several bound states with large masses, and observability of such
states is expected in the TeV mass range.

The Degenerate BESS model [4] as a particular case foresees two triplets of
vector bound states, R*, R°, L*, L° with nearly equal values of their respec-
tive masses. Charged "right" bosons ( i i ± ) do not couple directly to fermions,
though a coupling term can in principle be introduced in the phenomeno
logical Lagrangian, neither do L bosons couple directly to fermions in this
model. However, they mix with the Standard Model vector bosons W, Z, 7.
The charged physical eigenstates are given by

where x = g?/g", 92 is the SU(2)i Standard Model coupling and g" is the
"new" BESS coupling. From this mixing we have a phenomenological coupling

aw

where J" is the fermion current. In usual searches for heavy vector bosons
(W) , it is assumed that their couplings to fermions are the same as those of
the Standard Model Ws [5]. From the above formulae it turns out that such
models are equivalent to BESS with x — 0.5.

The masses of the BESS bosons can be parametrized in terms of one
constant M = MR± . In the limit of large M (Mz/M « 1) and small x, the
different boson masses differ only by terms of order x2:

Af£o = M2( l + 2x2tan0w)
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Figure 1: 90% confidence level limits on the parameter space (M,x) of the degen-
erate BBSS model from electroweak precision tests (solid line) and direct search of
heavy vector bosons at the Tevatron (dashed line). The performance of the Tevatron
takes into account the expected luminosity during RUN II [6j. The excluded areas
are above the lines.

M and x define the BESS parameter space. There are constraints for the
possible values of (A/, x), given by both Electroweak precision measurements
and by direct searches for W at Fermilab. These are summarized in figure 1
[6].

The LHC is expected [6] either to discover resonances in the unexplored
area or to widen the excluded region towards larger values of M. Possible
signals are i?°, L° -* r + + r~, ji+ + /i~, e+ + e~, L* —» n^ 4- v, e* + u. Decays
into quarks are not considered because of the QCD background. Processes
involving three vector bosons (e.g. L° —* W+ + W~) are suppressed when
compared to fermion decays.

We have chosen to study the detectability of the £,* boson in CMS through
its decay into muon and neutrino. Generation of signal and backgrounds has
been performed with PYTHIA 6.1 [7] and the detector response simulation
has been performed using CMSIM [3]. No pile up has been considered; but
the expected event signatures are so "hard" that pile-up should affect it in a
negligible way even at 1034cm~2s~1. This work is extensively reported in [9].

Backgrounds - The main background to the process under study

PP
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Figure 2: Distribution of total irreducible background from W (solid line) and re-
ducible background from muons m jets. The cross sections are integrated over the
muon direction range \n\ < 2.5.

is production of the Standard Model W, in particular the tails of the W
resonance at high transverse masses or transverse momenta.

Figure 2 shows the differential cross section for production of a high Pp
muon by W decay. In addition to the W background, the background of
muons produced by decay of hadrons in jets (largely fr-jets) has been studied.
These muons (QCD muons) have typically a very different signature being
embedded in jets, i.e. not isolated like muons deriving from a W or L boson.
Furthermore, they are usually associated with little missing energy. The rate
of QCD events is however very large (with a cross section of more than 50
mb), so that a very stringent and effective lepton isolation requirement is
needed. This channel thus represents a good benchmark to gauge the Tracker
capability to reconstruct tracks and the overall CMS ability to reconstruct and
match tracks from Tracker and Muon Stations, and to match these to energy
cluster from the calorimeters to test lepton isolation. The plot in figure 2
compares this background to that of isolated (W decay) muons. For details
about the generation of this distribution, see [9].

Event samples - To have a reasonable sampling of the whole Pp domain
four samples of W background around four different values of muon transverse
momentum have been generated and simulated by CMSTM, as well as four
samples, about the same four PT values, of QCD background. The samples
are selected on basis of the muon transverse momentum Pp and will be called
from now on with the following notation:

105



wl : 90 GeV < Pp < 120 GeV (average PT » 100 GeV)

w2 : 180 GeV < PT < 240 GeV (average iV w 200 GeV)

w5 : 470 GeV < PT < 550 GeV (average Pr « 500 GeV)

w8 : 750 GeV < PT < 900 GeV (average PT « 800 GeV)

for the W —> (iv events, and

ql : 90 GeV < PT < 120 GeV (average iV « 100 GeV)

q2 : 180 GeV < PT < 240 GeV (average PT « 200 GeV)

q5 : 470 GeV < Pr < 550 GeV (average PT « 500 GeV)

q8 : 750 GeV < Pr < 900 GeV (average Pr « 800 GeV)

for the bb,cc —* [i + X events. Each of these samples contains 2000 events,
In addition to the Pr cut, a condition on the direction of the outgoing muon,
|r?| < 2.5, that is the coverage of the Tracker, is imposed. Furthermore, two
more samples at low Pp are generated for specific purpose to be seen later:

qO : 10 GeV < Pr < 110 GeV (average Pr « 13 GeV), \r)\ < 0.8

wO : 10 GeV < PT < 110 GeV (average PT « 32 GeV), \q\ < 0.8

Muons reconstruction - In figures 3 and 4 we see, in the upper plot,
the reconstruction of the transverse momentum of the four samples of muons
from W and QCD. The resolution deteriorates as expected with the muon Pr
(6PT/PT ~ PT)-

The efficiency of reconstruction of the muon tracks is around 99.9% for
all W samples, while for muons in jets it decreases from 98.8% to 64.9%
with increasing ET- The momentum resolution is significantly worse for non-
isolated muons than for isolated muons as the PT increases.

Table 1 shows some statistics about the efficiency of reconstruction of
tracks in the Muon Stations and matching to tracks in the Tracker. Two
more samples of low PT muons, qO and wO mentioned at the end of last
section, have also been considered.

Computation of the smearing functions - two scenarios - In de-
scribing the muon transverse momenta after measurement, the tail of the
residual distribution towards high Pp values is crucial for a background which
falls down by several orders of magnitude, which is our case. If only few events,
out of a million of low PT muons, were reconstructed with a PT shifted some
hundreds of GeV towards higher values, it would be enough to completely
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Figure 3: Distribution of the reed, ("generated" - solid line) and reconstructed muon
transverse momentum (dashed line) of the muons belonging to the four samples of
W decays as described m the ext. Lower plots: Gaussian fit of the difference between
the reconstructed and the real PT , for the four samples.
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Figure 4: The same as the previous figure, but for QCD muons.
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erated) transverse momentum) for the muons from QCD jets. The fit is done with
the conservative smearing function, as described in the text.
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Samples
wO
w l
w2
w5
w8
qO
q l
q2
q5
q8

Track reconstructed
in the Tracker

Good
match
0.994
0.997
0.991
0.981
0.983
0.988
0.933
0.835
0.592
0.416

No
match
0.005
0.003
0.001
0.004
0.004
0.005
0.002
0.000
0.002
0.004

Wrong
match
0.001
0.000
0.008
0.015
0.014
0.006
0.053
0.131
0.213
0.255

Track not reconstructed
in the Tracker

No match
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.001

Wrong
match
0.000
0.000
0.000
0.000
0.000
0.001
0.012
0.034
0.193
0.324

Events
24863

646
111
1075
1322

48776
930
1153
1513
1568

Table 1: Reconstruction efficiencies for Tracker and Muon Stations

Worst scenario

muons

200 400 600 800 1000

Muon PT(GeV)
200 •00 600 800 1000

Muon PT(GeV)

Figure 6: Smearing of the W and QCD backgrounds by the optimistic smearing
function (left) and by the pessimistic function (right). The smooth solid line is the
true (generated) QCD background and the rough solid line the real W background.
Dashed lines are the smeared distributions (in the left plot they are almost indistin-
guishable from the true distribution). The smeared distributions start at Pr = 50
GeV.
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change the shape of the distributions at higher values of the transverse mo-
mentum. Because of our low statistics we cannot precisely evaluate this effect,
and we decided to introduce a two-scenarios concept, as follows: in the first
scenario, an optimistic one, we assume that the effect of badly reconstructed
events is not important. Hence we can parametrize the residual distribution
with a sum of two Gaussians. In addition, we can consider a conservative
scenario, fitting the residual distribution with a non Gaussian function, which
has reasonable but larger tails, in which the effect of badly reconstructed
events is not negligible. A function of the kind 1/(const + P%) represents a
conservative estimate. The fits with the "pessimistic" function are shown in
figure 5 for the QCD background. An analogue series of fits is also performed
for the W background.

In figure 6 we show the reconstruction of the background in both scenarios.
In the optimistic case, the smearing of the W background is really just a
formality: the difference between the real and the measured cross sections is
undetectable. In the pessimistic scenario both distributions are dominated at
high PT by the fraction of low P? events being reconstructed as muons with
high transverse momenta.

Background suppression - The cuts used to reject the QCD background
are on the impact point of the track, isolation in the Tracker, a cut on addi-
tional high energy jets in the event, and calorimeter isolation.

We concluded that there is no problem to suppress the QCD background
by three orders of magnitude, well below the irreducible background, at the
price of less than 5% signal loss.

In the next section, besides the signal sensitivity in the optimistic scenario,
we will also consider the very worst case: the conservative scenario in which
no rejection cut is applied on the QCD background: the background to our
resonance will therefore be the QCD reconstructed line of right-hand plot of
figure 6.

Limits on the BESS parameter space - "Exploration" of the BESS
parameter space is performed sampling the space with several values of the
two variables x and M. For each chosen value pair a number of signal events
(100000) are generated. The sample of muons is then distributed according the
muon PT , smeared as defined in the previous sections and normalized, using
the cross section computed by PYTHIA, to the number of events produced
in 3 x 107 seconds of LHC running at a luminosity of 1033 cm"2 s"1 (three
years at low luminosity). For a chosen point (i, M), the signal visibility is
given by the ratio S/y/S + B between the number S of signal events and the
square root of the sum of S and the number B of background events in a
suitable interval in the muon PT distribution, around the signal peak. The
small inefficiency introduced by the rejection cuts is taken into account.

Each plot of figure 7 shows the lines of constant S/\/S + B ratio in the
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Figure 7: Contour plot of the ratio S/VS + B in the BESS parameter space, after
3 x 107 seconds at luminosity 1033 cm~2 s~2, for the optimistic scenario (first plot)
the "intermediate scenario" (second plot) and the worst case scenario (third plot).
The thick line represents the value 2.15, which corresponds to a 90% confidence level.
The dashed line ts the limit from LEP electroweak precision tests, as in figure 1.
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Figure 8: The same as the previous figure, after 107 more seconds at luminosity
cm-2 sa
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BESS parameter space. What changes in the three plots is the background
being considered the first plot is calculated in the optimistic scenario. We
see that the confidence level of 90%, which corresponds to S/VS + B - 2.15
excludes a large part of the space. We conclude from this plot that up to
masses of 2000 GeV CMS is able to find or exclude a BESS resonance for
values of the coupling constants ratio x = gz/g" as low as ~ 0.01 -=- 0.06.
This only includes the channel L* —* fi^v, and not, for example L* —+ e±v
which could be used as well, or the neutral channels L3,R3 -* //+/x~,e+e~.
The inclusion of these channels will lead to additional discovery potential for
BESS in CMS. The second plot corresponds to the scenario described by the
pessimistic smearing functions, and the third plot represents the worst case
scenario: not only muons are mismeasured, but no rejection cuts are applied.
The background considered is the smeared distribution of muons in jets, in the
right-hand plot of figure 6. This is of course a very pessimistic and unrealistic
scenario and represents the worst possible case. Any of the numerous physics
channels related to high Pp muons, either standard or non standard ones,
would be affected by such a bad behaviour of muon reconstruction. We report
it here because our low statistics does not allow to exclude this case.

The same three scenarios are extrapolated in figure 8 to a larger integrated
luminosity, corresponding to one more year (107 seconds) of LHC operation
at high luminosity (1034 s - 1 cm"2), in addition to the three years at low
luminosity.

Conclusion - The process L* —* /i* + v, where L* is one of the BESS
vector bosons, has been studied, with full simulation of its production and
detection in CMS. The conclusion is that CMS should be able to explore a
wide part of the BESS parameter space, discovering or excluding the presence
of a resonance up to masses of 2 TeV for most values of the coupling constant
g". Also, the reconstruction capabilities of CMS for both isolated and non
isolated muons are tested, in a wide range of muon transverse momenta.

It has not been possible to simulate the reconstruction of muons to a pre-
cision sufficient to exclude the presence of large background at high transverse
momenta, due to mis-reconstructed muon PT • The detection reach in a very
conservative scenario has been estimated. In that scenario, resonances to up
to 2 TeV may still be detected with slightly larger coupling values, provided
the QCD background is efficiently rejected.

Acknowledgements -1 would like to thank the organizers of the confer-
ence and all the people who worked for setting up this wonderful event. I had
a very pleasant time thanks to their kindness and carefulness.
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Abstract

The differences between quark and gluon jets are stud-
ied using LEP results on jet widths, scale dependent multi-
plicities, ratios of multiplicities, slopes and curvatures and
fragmentation functions. It is emphasized that the ob-
served differences stem primarily from the different quark
and gluon colour factors.

1 Introduction
The physics of the differences between quark and gluonjets contin-
uously attracts an interest of both, theorists and experimentalists.
Hadron production can be described by parton showers (successive
gluon emissions and splittings) followed by formation of hadrons
which cannot be described perturbatively. The gluon emission,
being dominant process in the parton showers, is proportional to
the colour factor associated with the coupling of the emitted gluon
to the emitter. These colour factors are CA = 3 when the emit-
ter is a gluon and Cp = 4/3 when it is a quark. Consequently,
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the multiplicity from a gluon source is (asymptotically) 9/4 higher
than from a quark source.

In QCD calculations, the jet properties are usually defined in-
clusively, by the particles in hemispheres of quark-antiquark (qq)
or gluon-gluon (gg) systems in an overall colour singlet rather than
by a jet algorithm. In contrast to the experimental results which
often depend on a jet finder employed (biased jets), the inclusive
jets do not depend on any jet finder (unbiased jets).

2 Results
2.1 Jet Widths

As a consequence of the greater radiation of soft gluons in a gluon
jet compared to a quark jet, gluon jets are predicted to be broader.
An experimental confirmation of this effect is shown in Fig.l where
the fraction of a jet's visible energy close to the jet axis is larger for
quark jets than for gluon jets. All the QCD-based models describe
the data very well.

A 0.1 M «J

Figure 1: The differential energy profile of gluon and quark jets defined
using a cone jet algorithm [1].
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2.2 Multiplicity Distributions and Ratios
The predicted larger soft gluon emission in gluon jets compared to
quark jets has been confirmed by an observed difference between
the hadron multiplicity in quark and gluon jets where the latter
are found to be higher, as can be seen for example in Fig.2 [2].
Only unbiased jets (here gxnci.) defined by particles found in the
event hemispheres were used. The hemispheres are defined by the
plane perpendicular to the principal event axis. There is a large

I
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0.M

0.02

A '

L / / ^
\

. . . i .

OPAL (1998) i

9 udsjets

Herwig 5.9-

Jetsct 7.4 :

10 15 3J

"ch.

Figure 2: Charged particle multiplicity of unbiased gluon and uds
flavoured jets [2].

theoretical interest in the ratio of the mean multiplicity of gluon
and quark jets, r = {Ng)/(Nq). This is predicted to be equal to
the ratio CA/CF = 2-25 if the asymptotic condition -Eparticfe ^
Ejet is fulfilled. In real experimental conditions (Ejet finite), the
satisfaction of this condition is approached by taking only soft
particles into account [3]. In [4] soft particles in unbiased gluon and
quark jets (£ j e t ~40 GeV) were defined by momenta p <2.0 GeV.
In order to reduce the hadronization effects, transverse momenta
of particles relative to the jet axes were required to be higher than
0.8 GeV, yielding r = 2.32±0.X8 which agrees with the asymptotic
value. The corresponding HERWIG results for Ec.m. = 91 GeV
were found to be in a good agreement with the measurement.
Moreover, for asymptotic £ c m . = 10 TeV, HERWIG yielded r =
2.25, while JETSET set to have CA = CF = A/3 gave r = 1.00.
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Exploiting all the particles from finite energy jets leads to a re-
duced value of r compared to the asymptotic one. The measured
value 1.51±0.04 from [2] is in excellent agreement with QCD cal-
culations of this quantity [5, 6].

2.3 Scale Dependent Multiplicities and Ratios
Adopting a recently proposed method for obtaining the scale de-
pendent unbiased gluon jet multiplicity, Ng(Q) [6, 71, the ratios
of multiplicities, r, of slopes, r^ and of curvatures, r&\ defined as

m _ V y m _
r ~dNAv r -

were recently measured [8, 9] and compared to recent QCD calcu-
lations [5, 6, 10]. The method is based on a NLO expression for

* — IV^t T If r W O\
\qg iyqq (*->> ^i.,Lu)\ \^)
1 _ N^fT h. , W C\\
g ly

qq\-
L/qq~in'±,Lu)] {&)

where Ngg is the inclusive multiplicity in 2-jet gg system and Nqq

is the exclusive multiplicity in 2-jet qq events with no gluon ra-
diation harder than k±iLu- Nqqg is the multiplicity of e+e~ 3-jet
events. The two expressions for Ngg reflect the ambiguity in the
definition of the gluon jet p± with respect to the qq system when
the gluon radiation is hard. The scales fcx,Lu and k_i,Le are pro-
portional to

I Q9 Q9 i 99^99 i A \

With S = E%m, Sqq = PqPg, Sqg = pqpg, Sqg = PqPg and pq,pq

and pg the 4-momenta of the q, q and g. L specifies the e+e~
cm. energy (Ec,m) and Lqq the energy of the qq system in the
qq rest frame. Note that the gluon jet terms depend on a single
scale which corresponds to the unbiased jets, whereas the quark
jet terms depend on two scales accounting for the bias in quark
jet multiplicity due to the jet finder criteria used to select the qqg
events.
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In order to obtain Ngg, two event samples with jets found by
Durham, Cambridge and Lucius jet finders were used. In the first
sample, 3-jet light quark (uds) events1 from Z° —• qq decays were
kept. After energy ordering, the jet 3, having the lowest energy,
is taken to be the gluon jet. This fact together with the condition
62 ̂ #3 (the angles between the jet 1 and the other two are roughly
the same, so called "Y events") leads to a low sensitivity to gluon
jet mis-identification. For Y events, the quantities depend only
on Ecmm and one inter-jet angle, which was conveniently chosen to
be 0i. The measurement of N^g, L^, kj_tLu and kx,u is shown in
Fig.3.
In the second sample, N£Jj(L, fcj.,^) from Eq.2 was directly mea-
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, i . . . i . . . i . . . i . . . :

Figure 3: (a) The mean charged particle multiplicity of 3-jet uds
flavour Y events horn Z° decays, selected using the Durham, Cam-
bridge and Lucius jet finders as a function of the opening angle d\. (b)
The corresponding scales defined in Eq.4.

1 Theoretical expressions are based on massless quarks
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sured as a mean multiplicity of 2-jet uds flavour events from Z°
decays (L = ln(M|/A2) fixed). Note that N*(LqQ, k±iLu) cannot
be directly measured since Lqq, unlike L, is variable, so a direct
measurement relevant for this analysis would require cm. energies
below the Z°. Instead, the biased Nfjjj is determined from mea-
surements of the unbiased Nfy, using a NLO expression from [6].
Fig.4 shows that the results for Ngg using the directly measured
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Figure 4: The mean multiplicity of unbiased gg events as a function
of scale, (a) Results from Eq.2 using the measured N^(L,kx,Lu)- (b)
The corresponding results from eqs.2 and 3 using the NLO expression
for the biased N^ [6]. The triangles show CLEO [11] and OPAL [4]
measurements of inclusive unbiased multiplicity.

biased 2-quark jet multiplicity at Lund definition of kx are found
consistent with the direct CLEO [11] and OPAL [4] measurements
and with MC predictions (Fig.4(a)) as well as with the result us-
ing the calculated N$(L, kx,Lu) (Fig.4(b)). On the other hand,
using the Leningrad definition of kx, the results (Fig.4(b)) are in-
consistent with MC predictions (found to have been accurate for
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NQq and Ngg in many other studies) and also with direct CLEO
(and possibly OPAL) measurements. These observations show a
clear preference of the results based on Eq.2 using &X,LU over those
based on k±tu- In Fig.5 the data are compared to various QCD

C .IC..U*

" Q (GeV) "

Figure 5: The ratios of the mean multiplicity r, of slopes r^ and of
curvatures r ^ between unbiased gluon and uds quark jets as a function
of scale.
calculations [5, 6, 10]. For the predictions of [10] we observe that
at 30 GeV, r and r ^ exceed the data by about 20 and 6%, while
r(2) agrees with the data. This suggests that higher order correc-
tions are smaller for r^ than for r^ and for r ^ than for r. The
data also confirm the prediction r < r(1) < r(2) < CAJCF = 2.25. For
the predictions of [5] we observe a better agreement than [10] for
r and a similar agreement for r^x\ The predictions of [6] are in
good overall agreement with the data, however, it should be noted
that these predictions are not entirely independent of the data.

2.4 Fragmentation Functions
The differences between quark and gluon jets manifest themselves
also in the fragmentation functions, defined as
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Figure 6: Quark and gluon jet fragmentation functions of Y events,
#2. #3 € [150°± 15*], compared to the predictions of various fragmenta-
tion models (Durham alg.)-

D{xE,Q) = _ Epart

dxE E.
(5)

'jet

In [12] the quark and gluon fragmentation functions have been
measured in udsc flavour general as well as in Y 3-jet events using
Durham and Cambridge jet finders. The scale in these cases is not
unambiguously defined but it should depend on Ejet and the event
topology. Studies of hadron production in events with a general
topology have shown that the characteristics of the parton cascade
depend mainly on the hardness of the process producing jets [13]

KH = Ejet sin 0/2, 6 — angle to the closest jet (6)

and accordingly, the scale in this analysis was put Q = KH- In
Fig. 6 the inclusive quark fragmentation function is compared to
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Figure 7: Scale dependence of quark and gluon jet fragmentation func-
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0.5, since these refer to the multiplicities in qq events rather than in a
single quark jet; Q = Ec.mJ2.
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the gluon one. The latter is observed to be softer which can be
explained by the fact that the radiation of soft gluons is larger for
gluon jets and that gluon cannot be present as a valence parton
inside a produced hadron (first splitting g —> qq has to occur).
The scale dependence of the quark and gluon fragmentation func-
tions is presented in Fig.7. The figure on the left contains a sum-
mary of quark jet fragmentation function measurements. A good
correspondence between the biased and unbiased measurements
suggests that KH is a meaningful choice of scale for a general 3-jet
topology. The figure on the right shows the scaling violations of
the biased gluon jets which are stronger than for quark jets. This
is due to the fact that the scale dependence of the fragmentation
functions for gluons is dominated by the splitting Pg->gg ~ CA,
while that for quarks is dominated by the splitting P9_>qg ~ Cp-

3 Conclusions
Shown examples of differences between quark and gluon jets un-
derline the key role of the inequality C A > Cp. Its consequences,
namely larger widths and multiplicities as well as softer fragmen-
tation function with stronger scaling violations of gluon jets with
respect to quark jets have been confirmed experimentally.

A new method for the indirect measurement of unbiased Ngg

from biased Ngqg and Nqq was described and its usefulness proven.
The results for Ngg based on &X,LU agree significantly better with
previous measurements and MC predictions than the results based
on k±tLe- An overall conclusion is that the theory is in general
agreement with the experimental results.
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Abstract

Precision tests of the Standard Model of Electroweak Interactions are
reviewed, with emphasis on recent developments at LEP. The global fit of
electroweak data yields an upper bound for the Higgs mass of 196 GeV at
93% confidence level. Direct searches for the Standard Model Higgs boson
at LEP are briefly described. The combination of LEP data shows a
preference for a Higgs boson mass around 115 GeV, the probability for the
background to generate such an effect being about 2a. A lower bound of
114.1 GeV at 95% confidence level has been obtained from direct
searches.

1 Introduction.

In the past ten years the precision of electroweak tests has increased
considerably, thanks to many accurate measurements performed at
LEP and SLC. Tests of the Standard Model [1] are possible because
relations among experimentally measurable quantities can be
predicted within the model, i.e. observables can be written in terms of
other experimentally measurable quantities. When a new
measurement is available these relations can be used either to test the
theory or to constraint the less well known quantities. Many relations
can be combined together in "electroweak fits" [2], Before the
discovery of the top quark at the Tevatron the measurements were
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used to constraint the mass of the top [3]., Once the top was
discovered [4] the measured mass resulted in agreement with the
range allowed by electroweak fits. This successful test of the Standard
Model opened the possibility to constraint the other most unknown
parameter, the Higgs mass. Since then the indications of a relatively
light Higgs have been steadily increasing [5] even if, due to the
logarithmic dependence on the Higgs mass of the electroweak
radiative corrections, a precise prediction of this parameter from
electroweak fits only is not feasible. The hunting of the Higgs boson
has been one of the main motivations of the LEP programme. The
extraordinary performance of the LEP machine has allowed to
investigate, by means of direct searches, a sizeable fraction of the
mass region preferred by electroweak fits [6].

2 The Z lineshape.

The four LEP Collaborations have recently published their final
analysis of the Z lineshape (Fig. 1) from the data collected at LEP1 in
the years 1989-1995 [7]. The Z mass is measured with a relative

precision of 2 10 ~5 , limited by the common uncertainty of 1.5
MeV on the beam energy. The values of the Z mass and width are

Mz= 91.1675±0.0021 GeV
Tz = 2.495210.0023 GeV

From the lineshape analysis, mainly from the hadronic cross
section at peak, the number of light neutrinos is measured as
2.984 ± 0.008 in agreement with the existence of three neutrinos
lighter than Mz/2.

3 The measurement of the W mass.

At LEP the most precise determination of the W mass is coming from
direct reconstruction of the W's produced in e+e~ —> W+W~. The two
main channels are the semileptonic channel and the fully hadronic
channel.
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Fig. 1. The Z lineshape measurement from me combination of me results of the four
LEP Collaborations [8]
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Fig. 2. The measurements of the W mass at LEP from the fully hadronic (left) and
semileptonic (right) channels.

129



The first is characterized by two jets, one lepton and missing energy
carried away by the neutrino, while the latter shows four jets in the
final state. The mass resolution is considerably improved by imposing
energy-momentum conservation (the beam energy at LEP2 is known
with a typical error of 25 MeV). The mass measurement in the
hadronic channel can be affected by final state hadronic interactions
which increase the uncertainty from this channel. The LEP results are
shown in Fig. 2. The larger error of the measurement in the hadronic
channel is due to the effect of final state interactions. From the two
channels the combined LEP value of Mw=80.450±0.039 GeV is
computed. This result, combined with the measurement from high pt
leptons in pp collisions at the Tevatron, gives the present W mass
world average [9]

Mw=80.451±0.033GeV.
At tree level the W mass can be computed from the Z mass, the

fine structure constant, a, and the Fermi constant, Gp, giving 80.937
GeV, which is inconsistent with the world average. The tree level
relation has to be modified by including radiative corrections as

net 1

where Ar includes the dependence from the top and Higgs masses. As
already mentioned, this relation can be used to constraint the unknown
parameters of the theory and, in particular, the mass of the Higgs
boson.

4 Asymmetries at the Z pole.

At the Z pole several asymmetries sensitive to the weak mixing angle
can be measured [2]. It is useful to define the weak mixing angle and
the combination of couplings (Af) as

8Al
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Fig. 3. The measurements of the weak mixing angle. The average is shown, together
with the dependence on the Higgs mass.

where gvf and gAf are the fermion vector and axial couplings,
respectively. The weak mixing angle is defined in terms of the lepton
couplings and depends upon the parameters of the theory, as the Higgs
mass. The most recent results [10] are summarized in Fig. 3. The left-
right asymmetry (A|(SLD), measured at SLC with polarized beams),
and the Z ->bb forward-backward asymmetry (Aft,°'b, measured at
LEP) yield the two most precise measurements and ate about 3a
apart. The first measurement is the relative difference of total
hadronic cross section when the longitudinal polarization of one of the
two beams is reversed. It is directly proportional to Ae and its
uncertainty depends on the knowledge of the beam polarization. The b
forward-backward asymmetry is the relative difference of cross
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section between events where the b quark is scattered in the
hemisphere containing the electron beam and vice-versa. Its present
LEP average is dominated by the statistical error, the main uncertainty
common to the four experiments, originating from the QCD
corrections, is a factor 5 lower than the total error. The b asymmetry is
proportional to the product AeAb and its sensitivity to the weak
mixing angle is coming from the Ae factor, as Ab is basically constant
within the Standard Model (Ab=0.935) and does not dependent on the
top or Higgs mass. The direct measurement of Ab from the b polarized
forward-backward asymmetry [11] gives 0.922±0.020 in agreement
with the Standard Model prediction. The measurement obtained from
the tau polarization, the third most precise, stays in the middle with a
central value very close to the average.

5 The electroweak global fit.

The Z lineshape parameters, the W mass and the weak mixing angle
are combined with other electroweak observables [2] in a global fit
which sets bounds on the Higgs boson mass. The most recent update
[10] includes the final measurement of the tau polarization at LEP1
[12], the preliminary measurement of the W mass using the full
statistics collected at LEP2 [9] and improved measurements of the b
forward-backward asymmetry [13]. The measurement of atomic parity
violation from cesium data is included in the analysis [14]. An
important ingredient to electroweak fits is the value of the fine
structure constant at the Z mass, a(Mz). The evaluation of this
parameter requires the knowledge of the hadron vacuum polarization
that is computed through dispersion integrals from

_ G(e+e~ ->hadrons) , . + . . . .
R = —i — - , measured at low energy e e machines. A

o(e e~ -»/i ' ju )
new evaluation, that includes data collected at BES at a centre-of-
mass energy between 2 and 5 GeV [15], is available [16]. The
variation of the %2 of the fit versus the Higgs mass is shown in Fig. 4
(a). The minimum is found for a mass of 88 GeV and an upper bound
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of 196 GeV is set at 95% confidence level. In Fig. 4(b) the direct
measurements of the W and top mass are compared to the indirect
determinations of the fit (in this case the W and top masses are not
used in me fit) and to the Standard Model predictions. It can be seen
that a low Higgs mass is preferred by both sets of measurements. The
X2 of the fit is 22.9 for 15 degrees of freedom (all data). The largest
discrepancy that is found in the data is related to the 3a difference
between Ai(SLD) and Afb°'b discussed in section 4.
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Fig. 4. (a) Variation of the %2 of the global electroweak fit in function of the Higgs
mass (solid line). The region excluded by direct searches is indicated. The band
around the solid line indicates die uncertainty due to missing higher orders. The
dotted line gives the result for a different value of the hadron vacuum polarization,
(b) Mass of the W versus mass of the top quark. The solid line gives the 68%
confidence level contour for the global electroweak fit when the W and top masses
are not used in the fit The dotted line gives the result for direct measurements. The
band shows the SM prediction for different values of the Higgs mass.
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6 The direct search for the Standard Model Higgs boson.

The main production mechanism for the Standard Model Higgs boson
at LEP is the Higgsstrahlung process eve~ —> ZH ; the contribution of
WW and ZZ fusion is small at LEP energies. The Higgsstrahlung
production is limited at MH=Vs-Mz by kinematics. The LEP
experiments have collected 2465 pb-1 at centre-of-mass energies up to
209 GeV. All LEP experiments have published their results
[17,18,19,20] and the most recent combination can be found in [21]
The mam decay channel for a 115 GeV Higgs is H —>bb with a
branching ratio of about 74%. Another channel used in the LEP
searches is H —> tt (BR~7%) The decay topologies can be classified
in terms of the Higgs and Z decays :

• Four jets channel. The Higgs is decaying to bb and the Z to a pair
of quarks. This is the dominant channel, the expected rate is about
51%.

• Missing energy channel. The Z is decaying to a pair of neutrinos.
At threshold this channel has a contributions from WW and ZZ
fusion. Expected rate about 15%.

• Leptonic channel. The Z is decaying to a pair of electrons or
muons. In principle a very clean channel, but the rate is rather
poor (=5%).

• Tau channel. Both cases (H->bb ,Z-*Tf) and
(H ->TT ,H -^bb) are considered, the total expected rate is
=7%.

The Higgs search is based on sophisticated techniques where the b-
tagging plays an important role. The results of the four LEP
Collaborations are combined with a likelihood ratio method where the
events are described by weights giving information on the event purity
for different mass hypothesis. The combined LEP log-likelihood ratio
is shown in Fig. 5. A minimum at mH=115.6 GeV is found. Masses
lower than 141.1 GeV are excluded at 95% confidence level. The
probability that the excess of Higgs candidates originates from a
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fluctuation of the background can be studied with gedanken
experiments (Fig. 6) yielding a 3.5% probability. The analysis of the
event weights shows that half of the excess is coming from three high
purity events in the four jets channel. One of these events is shown in
Fig. 7.

Fig. 7. Higgs candidate in the four jets channel collected by ALEPH.

7 Conclusions

The Standard Model of electroweak interactions is tested at one loop
level by precision measurements. The global fit of electroweak data
yields an upper bound for the Higgs mass of 196 GeV at 95%
confidence level. The direct search for the Higgs boson has been
extended to masses above 115 GeV. The data show a preference for a
Higgs boson mass of 115.6 GeV, the probability that such an excess-is
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coming from a fluctuation of the background is about 2c. Higgs
masses lower that 141.1 GeV are excluded at 95% confidence level.
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Status of the CMS Experiment

P. Vanlaer1, for the CMS collaboration

1 IIHE-ULB Bruxelles

October 11, 2001

An overview of the status of the activities ongoing in the CMS col-
laboration was presented. The general schedule of the experiment con-
struction was discussed in light of the most recent estimate of the LHC
startup date (first collisions in April 2006). For each subdetector, the
layout and the status of the construction was reviewed. The physics
potential of the experiment evaluated with simulation studies was pre-
sented. The focus was put on searches for the Standard Model Higgs
boson in the mass domain favoured by LEP and on searches for the Hig-
gses of the Minimal SuperSymmetric Model. The discovery reach for
supersymmetric particles was also mentioned, as well as the Heavy Ion
physics programme.

The presentation is based on recently published papers and CMS
notes. The interested reader is kindly invited to refer to the documents
listed below.
Detector layout:

1. CMS Collaboration, The Tracker Project, CERN/LHCC 98-6, 1998.

2. CMS Collaboration, Addendum to The Tracker TDR,
CERN/LHCC 2000-016, 2000.

3. CMS Collaboration, The Electromagnetic Calorimeter Project,
CERN/LHCC 97-33, 1997.

4. CMS Collaboration, The Hadron Calorimeter Project,
CERN/LHCC 97-31, 1997.
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5. CMS Collaboration, The Magnet Project, CERN/LHCC 97-10,
1997.

6. CMS Collaboration, The Muon Project, CERN/LHCC 97-32,1997.

7. CMS Collaboration, The TriDAS Project Vol.1, CERN/LHCC
2000-38, 2000.

Construction schedule:
See CMS LHCC comprehensive review at the following address:
http://cmsdoc.cern.ch/cms/archi ves/01/Comprehensive_
Review/cmslhccOl.htm - Schedule and Integration

Searches for the Standard Model Higgs boson:

1. V. Drollinger, Finding H° -» bb at the LHC, CERN preprint hep-
ex/0105017, 2001.

2. D. Green et al., Search for the SM Higgs boson with MJJ =* 170 Ge V/c2

in W+W~ decay mode, CMS NOTE-1998/089, 1998.

Searches for the MSSM Higgs bosons:

1. R. Kinnunen, D. Denegri, The HSUSY —* TT —* h^h^+X channel,
its advantages and potential instrumental drawbacks, CMS NOTE-
1999/037, 1999, and references therein.

2. R. Kinnunen, Study of heavy charged Higgs in pp —* tH* with
H± -+ TV m CMS, CMS NOTE-2000/045, 2000.

3. F. Moor t gat, Study of heavy charged Higgs bosons decaying to spar-
tides at the LHC, CMS CR-2001/005, proceedings of the 36 th Ren-
contres de Moriond, 2001.

Searches for SUSY particles:

1. S. Abdullin et al., Discovery potential for supersymmetry in CMS,
CMS NOTE-1998/006, 1998.

2. S. Abdullin, D. Denegri, On b- and r-Multiplicities per Event in
SUSY (mSUGRA) and Instrumental Implications, CMS NOTE-
1999/035, 1999.

Heavy Ion Physics programme:
G. Baur et al., Heavy Ion Physics in CMS, CMS NOTE-2000/060, 2000.
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NA48: Results on Rare Decays

Slawomir Wronka
Soltan Institute for Nuclear Studies, Warsaw

On behalf of the NA48 Collaboration

October 30, 2001

Abstract

The latest results from NA48 collaboration rare neutral
kaon decays are presented both in Ki, and Ks modes using
data from the 1998-1999 sample.

1 Introduction
The data using in the rare decays program in NA48 were collected
in two different modes:

- the Re(e'/e) mode (1997-1999) implies 1.2 x 1012 proton of
momentum 450 GeV/c onto the so-called KL berillium tar-
get located » 120 m upstream the decay region with a duty
cycle of 17%. Ks particles are produced in the second beril-
lium target located just before the decay region. The proton
producing the Ks particle is tagged by the time coincidence
between an array of staggered scintillator and the detector.
In this set-up the fluxes are of 3.2 x I010 KL and 6.5 x 107

Ks particles per spill;

- the HIKS mode (1999-2000) uses 6.0 x 109 protons directly
onto the Ks target allowing for a flux of 2.3 x 108 Ks particles
per spill.
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The detailed description of the NA48 detector can be found in [1].

2 CP violation asymmetry in Ki de-
cays

2 .1 KL -* 7r+7r~e+e~

The main contributions to this decay are the internal bremsstrahlung
CP-violating process (CP=+1) and the direct M1CP conserving
emission (CP=-1). The interference of the two processes leads to
a large CP-violation asymmetry, visible in the distribution of the
angle (f> between the normals to the 7r+7r~ and e+e~ planes in the
center of mass system of the kaon.
Data from 1998 and 1999 have been analyzed. The dominant back-
ground comes from the Ki —• •jr+ir~Tr% decays which is also the
normalization channel. The background is suppressed mainly by
the kinematical cut on P^2 variable1 which turns out to be mainly
negative for the signal decay, but positive for the background. In
the signal region, defined as 482.7 < Mnnee < 507.7 MeV/c2, we
get 1337 candidates with a background smaller by a factor 38.
With these events we compute the asymmetry as shown in figure
1 and find:

i4^e e = 13.9 ± 2.73tat±2.0SV8t% (acceptance corrected) (1)

in very good agreement with the theory [2] and the KTeV result [3].

2 .2 Ks -> 7r+7r-e+e~

The Ks decay is dominated by the CP conserving IB process.
Therefore this channel is an important cross check for the asym-
metry seen in the Ki decay, which is not expected in this case.
The first observation of this decay has been reported by NA48 with

of the longitudinal momentum of the 7r°, calculated in the frame
in which ir+ir~ momentum is orthogonal to the Kaon direction
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56 events found in the 98 data[5j. Presented results are based on
data from 1998,1999 and the two days of HIKS. The preliminary
results are:

BR(KS -> 7r+Tr-e+e-) = (4.3±0.2stat±0.3sl,st) x l (T 5 and (2)

As^ = (-0.2 ± 3Astat ± 1.4^)% (3)

compatible with no asymmetry observed.

3 CP violation in kaon rare decays:
7r°e+e-

The Kg —• 7r°e+e~ decay bounds the indirect CP violation com-
ponent of Ki —> n°e+e~ decay. For this last interesting decay,
experimentally there is only an upper limit from KTeV[4]. In the
Standard Model:

BR(KS -+ 7r°e+e-) = 5.2 x l(T9a§ (4)

where as is the strength of the indirect CP violation component
in the KL:
BR{KL -»7r°e+e-) x 1012 =

15.3a| - 6.8asIm(Xt) x 104 + 2.8(Im{\t) x 104)2 (5)

where A( = V^VJ* from the CKM matrix.
The BR(Ks —* ft°e+e~) cannot be reliably predicted and so far
we have only one published search by NA31 at the level of <
1.1 x 1(T6.
Our search used data from the two days of HIKS run and as
normalization channel the sample of 8 x 104 Ks —* T T 0 ^ decays,
reconstructed with an efficiency » 4.2%. The Monte Carlo data
(6 x 107 generated Ks —> ^0^%) well reproduce the experimental
rriee mass distribution. The Ks —• T T 0 ^ channel is also the main
source of background when a photon is lost from the 7r° Dalitz
decay. Since, as shown in figure 2, no events are found in the
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signal region requiring mee > 0.165 GeV/c2, and the estimated
background is < 0.15 events, assuming the xPT f ° r m factor we
get the following upper limit:

BR{KS -> TrVe") < 1.4 x 10"7 90%CL (6)

This measurement improves by almost one order of magnitude the
previous upper limit.

4 Tests of Chiral Perturbation Theory

4.1 Ks -> 77
This decay is interesting because it is calculable in xPT with no
counter-terms and therefore it is sensitive to loops. The theory
predicts the decay rate with 10% uncertainty : BR(Ks —• 77) =

(2.3 ± 0.2) x 10"6.
Our measurement is based on data from two days of HIKS run
with a very high efficient dedicated trigger. As the same number
of KL and Ks are produced at the target the KL -* 77 component
must be subtracted. Ks —* 2TT° and KL —* 3TT° decays are used to
measure the fluxes.
The main source of background comes from Ks —* 2TT0 decays, but
we can observe that the vertex for 7r°7r° decay reconstructed under
the 77 hypothesis, is shifted downstream by at least 9 m. The
overlap of showers reduces the background free region to about
5 m, as shown in figure 3. We extract 450 K -» 77 events, of
which 149 ± 21 are Ks, as derived from the maximum likelihood
analysis done in bins of energy and Vertex- The published result[6]
is:

BR(KS -> 77) = (2.58 ± 0.36(stat) ± Q.22(stat)) x 10~6 (7)

and it will improve soon including the 40 days run of HIKS data
taken during the year 2000, which increase the statistics by a factor
« 50. The ratio T(KS -> JJ)/T(KL -> 77) is equal to 2.53 ±
0.35gto ± 0.22^.
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4.2 KL -> 7

This decay is finite at one loop in xPT> but at O(p4) only 1/3
of the measured rate is predicted. At O(p6) the rate can be re-
produced including vector mesons exchange (VMD) and a tail at
low m77 is predicted. The VMD contribution is parametrized by
the coupling constant ay [7], which has to be experimentally de-
termined.
This rare decay is experimentally difficult to measure because of
not clear signature and very high background. In particular, in or-
der to reject the 2TT° background, a cut on the x2 of the best 2TT°

combination, distinguishes between 7r°7r° and 7r°77 events. A cut
on the transverse momentum of the lowest energy gamma of the
unpaired photons and the spectrometer used to veto both con-
versions and Dalitz decays reduce the residual background to a
negligible level. The 27r° background has been estimated from the
data based on a sample of tagged Ks —» 7r°7r° events. However,
the highest source of background comes from KL —• 3TT0 decays
with several possible topologies and combinations due to missing,
missing and overlapping or completely overlapping photons. We
cut on the zvertex < 3000 cm and on the center of gravity of the
energy at the calorimeter front-face which are overestimate for
background. We also reject events if 2 (or 3) clusters reconstruct
1 (or 2) 7T° more than 6 m upstream of the K decay vertex which
is obviously wrong in case of 3TT° event. This cut strongly reduces
the background but also the 49% of the signal. We are finally left
in the signal region, defined as 132 < m ^ < 138 MeV/c2, with
2558 candidates affected by the 3.2% of background, where mi i2

is defined as the invariant mass of the photons from the 7r° decay.
The un-paired photons invariant mass (m3t4) distribution is shown
in figure 4. The BR is equal to:

BR{KL -> 7r°77) = (1.36±0.038(at±0.03avst±0.03norm) x 10"6 and
(8)

av = -0.46 ± 0.0Satat ± 0.03syg( ± 0.02t/lco. (9)

where the systematic error comes mainly from the acceptance eval-
uation. The theoretical error in the ay determination is due to the
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uncertainty on Ki —>• 3n quadratic slopes.
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KL->7iVeV

Visible asymmetry = (25.2 ± 2.6{stat))%
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Figure 1: Asymmetry in the $ distribution before and after accep-
tance correction.
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Figure 4: m3>4 invariant mass distribution for the 2558 candidate
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Determining the Mass of W
Boson at LEP

Ambreesh K. Gupta
University of Chicago

November 5, 2001

Abstract

The precise measurement of W mass is one of the pri-
mary goals of LEP2. In this review, combined results from
the four LBP experiments, ALEPH, DELPHI, L3 and OPAL,

are presented. Their measurement techniques and the as-
sociated systematic uncertainties are also discussed.

1 Introduction
In the Standard Model, at the tree level, the mass of the W boson
can be determined with the help of three precise measurements -
electromagnetic coupling constant a, determined from electron g-2
experiments, Fermi coupling constant Gp, determined from muon
life time experiments and the mass of the Z boson Mz, determined
from L E P I .

It turns out, the precision on the W mass from direct experi-
mental measurements is such that, this simple tree level calcula-
tion needs to be included with higher order radiative corrections.
The corrections are predominantly through loop corrections in-
volving Top quark and Higgs boson. A higher precision on the W
mass can thus be used to constraint the mass of Higgs boson.
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2 WW Production and Decay
The collision of electrons and positrons at LEP2, produces pairs of
W boson via the diagrams shown in fig 1. These diagrams, provide
a natural definition of resonant W-pair production, are called the
CC03 diagrams. There are other non-CC03 diagrams that have the
similar four fermion final states with contributions less than 5% to
the total four fennion production rate. To take account of these
non-CC03 diagrams LEPexperiments use Monte Carlo generators
based on complete four fermion calculations [1, 2, 3].

Figure 1: The CC03 diagrams for W-pair production.

In Standard Model, W+W events decay into fully leptonic
lutv, semi leptonic <\q£v, and fully hadronic qqqq final states with
branching fractions of 10.6%, 43.9% and 45.6% respectively. The
fully hadronic events are characterized by 4 hadronic jets in an
event with little or no missing energy. These events, although have
the highest branching fraction, also have significant backgrounds
from two fermion Z° -> qq~ events and combinatorial background,
explained later. The semi leptonic events form the most important
channel for W mass measurement. They are characterized by two
distinct hadronic jets, a high-momentum lepton (electron, muon
or tau) and missing momentum due to the neutrino. They have
high efficiency and low background, except for the tau events.
The tau leptons are identified with low multiplicity jets and do
not have a very high efficiency. The fully leptonic channel with
two unobserved neutrino have limited mass information.
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3 Measurement of W mass
There are two main methods for measuring Mw at LEP2. In the
first method one utilizes the fact that W+W~ production cross
section at center of mass energies, y/s ~ 2Mw is particularly sen-
sitive to Mw- In this threshold region, assuming standard model
couplings and productions mechanisms, by measuring the W+W~
production cross section one can measure Mw. The four LEP ex-
periments collected a data set of about 10 pb~x each at, </s = 161
GeV, resulting in a combined measurement of Mw = 80.40 ± 0.22
GeV with this method [4].

At center of mass energies above the threshold, the second
method uses the reconstructed shape of the mass distribution to
extract Mw- Since most of the LEP data is at higher center of
mass energies, this is the dominant method to extract Mw from
LEP and rest of the article will concentrate on the details of this
method.

3.1 Invariant Mass Reconstruction
The invariant mass of the two W bosons is kinematically recon-
structed from the measured energy and direction of jets and lep-
tons in an event. Experimentally the jet energy measurement
has a large uncertainly associated with them which translates in
poor mass resolution. In contrast, the jet direction is measured
to higher accuracy. Also, the LEP beam energy is very precisely
measured quantity. In the clean e+e~ collision enviorement, these
information can be used to better estimate the kinematics of jets
and leptons by imposing the constraints of energy and momentum
conservation and performing a constrained kinematic fit (4C fit).
These fits significantly improve the mass resoultion (by a factor of
2 to 3). Small additional gains can be made by imposing an addi-
tional constraint that the masses of the two W bosons are equal
in each event (5C fit).

For semileptonic events, the effective number of constriants
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are reduced to 2C (1C) for a 5C (4C) fit due to the three missing
degree of freedom corresponding to the unmeasured neutrino mo-
mentum. For tau events, most of the mass information is given
by the hadronically decaying W. A frequent assumption in con-
structing kinematic fits of these events is that the tau direction
coincides with the observed decay products, while tau energy is
unknown, further removing a constraint.

For fully hadronic events where four jets are reconstructed,
there are three possible pairweise combinations leading to a com-
binatorial background. ALEPH and OPAL use an additional jet
pairing algorithm to choose the pairing with highest likelihood.
L3 uses the pairing that yields the best kinematic fit probability.
DELPHI uses all three combination with appropriate weights. In
addition, since quarks may radiate energetic gluons leading to a
distinct five-jet topology, several analyses seperate events in four
and five jet categories to be treated seperately, leading to an over-
all improvement in the mass resolution.

3.2 Mass Extraction Techniques
From the reconstructed invariant mass spectrum, there are three
main techniques to extract My/. The most widely used (ALEPH,
L3, OPAL) invloves re-weighting the Monte Carlo events including
detector simulation to an arbitrary value of Mw using the ratio
of 4 fermion or CC03 matrix elements. A likellihood fit to the
re-wighted mass spectrum determines the value of Myf which best
resembles data. The fit can be either 1 diemnsional fit to the
5C fit mass or a 2 dimensional fit to the 4C fit masses. In this
method effects such as initial state radiation and detector effects
are implicitly taken into account.

The second method (DELPHI, OPAL) constructs an event like-
lihood from convolution of a Breit-Wigner, a radiator function to
take account of ISR and a resolution function to take account of
detector effects. The probability of an event being a WW event
is also included in the likelihood. An explicit bias correction has
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to be applied to the fitted Mw, based on events including detector
simulation.

The third method (OPAL) fits an analytic function, an asym-
metric Breit-Wigner to the reconstructed mass spectrum. Simi-
larly, an explicit bias correction is made. All the methods yield
comparable precision on the measured Mw.

4 Systematic Uncertainities
The combined LEP MW measurement has a statistical uncertain-
ity of 26 MeV. Therefore a clear understanding of the systematic
uncertainities is a very important part of the measurement. The
four LEP collaborations combine their results taking into account
systematic uncertainities which are correlated between channels,
experiments and years of LEP running. The combination proce-
dueres are still evolving as better information on the nature of
these correlations become available. A summary of the uncer-
tainities, without giving the detail decomposition into the various
correlated sources is given in table 1.

Table 1: Uncertainties on
Uncertainty
ISR/FSR
Hadronization
Detector
Beam Energy
Color Recon.
Bose-Einstein
Other
Total Syst.
Statistical
Total

qqtv (MeV)
8
19
11
17
-
_
4
29
33

44

the LEP combined W mass.
qqqq (MeV)

8
17
8
17
40
25
5
54
31
62

Combined (MeV)
7
18
10
17
11
7
3
30
26

40

The most important uncertainly in the LEP W mass measure-
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meats are related to the the LEP beam energy, detector response
and modelling of hadronization and final state interaction (FSI).

4.1 LEP beam energy and Detector Response
LEP beam energy is critically important as it sets the overall scale
for the W mass measurement through the kinematic fit procedure.
The uncertainly of the LEP beam energy is completely corre-
lated within experiments. Uncertainities in the beam energy are
estimated from detailed studies of resonant deploarisation, NMR
probes and flux loop measurements and the LEP spectrometer
project [5].

Each year, the LEP collider was run at Z° resonance peak to
accumulate large samples of Z° -> £+£~ and Z° -+ qq events.
These samples and similar samples at high energy are used to
study and calibrate the detector response to leptons and jets and
limit the deficiencies in the detector modelling.

4.2 Hadronization and Final State Interaction

Most of the uncertainities related with hadronization of W bo-
son are estimated by comparing different Monte Carlo models, e.g
JETSET, HERWIG, and ARIADNE [6, 7, 8], that are tuned with
LEP1 Z° data. DELPHI also uses the so called Mixed Lorentz
Boosted Z° (MLBZ) technique, where two Z° events (around 91
GeV) are boosted and combined to make a WW event at a higher
energy. The mixed Z° events are used to set hadronization uncer-
tainity in WW decay.

In the fully hadronic channel there can be another source of un-
certainity related with the fact that the products of two W decays
can overlap in space-time. The seperation of W decay vertices
at LEP2 is of the order 0.1 fin, while the typical hadronization
scale is about 1 fm. This gives sufficient time for the particles in
the final state to interact. Two such effects, Color Reconnection
(CR) and Bose-Einstein Correlations (BEC), can lead to siginifi-
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cant bias in the estimated W mass. At present they are estimated
with the help of phenomenological models. A consequence of the
large systematic uncertainity related with FSI effects is that the
fully hadronic channel, inspite of having the largest branching frac-
tion gets a small weight when all the channels are combined. In
the case that both the channels, semi leptonic and fully hadronic,
had equal systematic uncertainity, the statistical uncertainity on
the W mass would have been reduced by about 15%.

A comparision of W mass measured in the fully hadronic chan-
nel to the W mass in the semi leptonic channel can be used to
check whether large FSI effects are present in the data. Including
all uncertainties with their correlations aside from those related
to FSI directly, the LEP experiments find

Mw(qqqq) - A/w(qq&0 = +18 ± 46 MeV

which is consistent with no final state interaction.
Color reconnection involves the rearrangement of the color

strings in the hadronizing system, essentially gluon exchange, in
the non-perturbative phase of hadronization process. The few
models that exist, tend to have limited predictive power [9]. These
effects tend to enhance or suppress particle production in the re-
gions between the main jets. The LEP experiments are pursuing
analyses aimed at measuring the particle flow distribution in qqqq
final states with the hope of discriminating between CR models.
With the combined statistics of LEP experiments, it is likely that
the uncertainty from CR can be significantly reduced.

Bose Einstein correlations between identical particles are well
established in the hadronic Z°decays at LEPl. It is possible that
there can be BEC effects between the particles originating from
different W bosons [10]. The LEP experiments are currently using
an event mixing method where the data from two semi-leptonic
qqiu events are mixed (without the lepton) and compared to data
from genuine qqqq events [11]. If there is no BEC effect present
in the decay products of W boson, these two samples should look
identical. In order to limit the possible size of the effect allowed,
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Figure 2: World results on the mass of the W boson.

however, a similar analysis must be performed on different MC
models of BEC. At present, the LEP experiments do not see evi-
dence for inter-W BEC effects.

5 Combined LEP Results and Summary
The LEP experiments, based on the analysis of 2.8 fb"1 (about
82% of the total) data measure the mass of the W boson to be

Mw (LEP ) = 80.446 ± 0.026 (stat) ± 0-030 (syst) GeV

The present world knowledge of W mass from LEP2 and other
sources are shown in fig 2 [12].

For both direct and indirect measurement of Afw fig 3 shows
Mw vs. Mt as a function of Higgs mass which clearly supports
that the electroweak data prefers a light Higgs.
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Figure 3: World combined electroweak results.
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The rdle of time reversal invariance in the phenomenology of transverse spin is
briefly reviewed.

1 Introduction

Time Reversal (TR) invariance is a fundamental constraint on many physical
processes. It limits the admissible forms of structure functions, form factors,
decay observables, etc. Acting on a momentum and spin eigenstate \p, a), the
TR operator T gives

T|p,«,) = (-1)—-I-P.-O, (1)

where a is the particle's spin, az its third component, and an irrelevant phase
has been omitted. An important point, with far-reaching consequences, is that
T maps "in" states into "out" states: T : |in) -y |out>.

In what follows, we shall discuss the role that TR plays in the transverse
spin structure of hadrons 1. Before entering into the subject, it is worth re-
calling that the implementation and the implications of TR invariance are
sometimes rather subtle, as we are now going to show by a simple example2.

2 A pedagogical example

Consider the decay of a particle of spin a and zero momentum into a state of
spin a' and momentum p'. Let O(pt; a, a1) be an observable. The expectation
value of O is

<O)~ £ O(p';a,a')\(out;p\s'\H\s)\\ (2)

where H is the interaction Hamiltonian responsible for the decay. Inserting a
complete set of "out" states, labelled by the total angular momentum J and
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its third component m, the matrix element in (2) becomes

(out; p', a'\H\a) = ^(out;p', *'|out, Jm) (out, Jm\H\s) . (3)
Jm

It is easy to check, using the TR invariance of H, that the phase of (out, J m\H\ a)
is the phase shift for the channel with angular momentum J, that we call nj.
Thus eq. (3) becomes

(out;p',a'\H\a) = 52(out;pV|out , J m j e 1 " |(out, Jm\H\a)\
Jm

s£ef»M(J;p';«,«'). (4)
j

In terms of M, eq. (2) reads

P'.a.v J.J1

TR invariance and the unitarity of the 5-matrix, 5*5 = 1, imply (for the
derivation of this result see the book by Gasiorowicz2)

M*(J;p'; a, a') = M(J; -p'\ -a, -a') . (6)

Suppose now that O is odd under TR, that is

0(p';«,*') = -O( -p ' ; -a,-a'). (7)

Then, with the help of (6), eq. (5) gives

<°>~ E £8W»./-'?./')0(P';S.'')
p>,a,a'j,r

rf;.,«»)M(J'; -p1; - « , ~a'). (8)

This shows that, in spite of the fact that O is T-odd, its expectation value does
not vanish if sin(fjj — T)J> ) ^ 0, which may happen in presence of final state
interactions that generate non-trivial phase differences between the various
reaction channels.

Thus, the important lesson is that when final-state (or initial-state) non-
trivial effects are at work, observables which are naively T-odd according to
their structure in terms of spins and momenta, may give rise to non-zero mea-
surable quantities, without really violating TR invariance.
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A noteworthy example is provided by pion-nucleon scattering. Although
the correlation

( P . x PN) • SN , (9)

is T-odd in the sense of (7), its vacuum expectation value is known to be non
zero.

3 Semi-inclusive leptoproduction

Our prototype process will be semi-inclusive deep inelastic scattering off a
transversely polarised target,

id)

whose cross section reads

2Q*z
(11)

Here L^v is the usual leptonic tensor of DIS, whereas W" is the hadronic
tensor, which is given by, in leading order QCD and leading twist (see Fig. 1
for notations)

f
J

- xP+) 6{k~ - P^/z) 52(kT + qT~ «r) Tr [#-f SV], (12)

with z = P-Ph/P • q-
The quark structure of hadrons is incorporated into the correlation matrix

$ and the decay matrix E. These matrices are defined as (i, j are Dirac indices)

(13)

,X)(PhSh,X^miQ). (14)

$ contains the distribution functions; H contains the fragmentation functions.
The T-odd correlations we shall be interested in are similar to (9), but

involve the transverse momenta of quarks. They are

( f c x x P ) - S , ( * i x P ) . | , (15)

Ph) • «'. (16)
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Figure 1: Diagram contributing to semi-inclusive DIS in leading order QCD and leading
twist.

Note that, while the first two correlations involve the momentum and/or the
spin of the quark inside the target hadron, the third correlation involves the
momentum and the spin of the fragmenting quark. According to the general
discussion of Sect. (2), the correlations (15) may give rise to observable effects
due to some initial-state interactions, whereas (16) may be observable due to
final-state interactions.

4 TR invariance and quark distribution functions

Time reversal invariance translates into the following condition3 on $,

where C = i7a7° and the tilde four-vectors are denned as
relation is obtained by using

= (fc°, -k). This

(18)

If we ignore (or integrate over) the transverse motion of quarks, the TR
constraint (17) has no effect on the structure of $ at leading twist. In this
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case, the integrated quark-quark correlation matrix $

reads
*(*) = ^ {/(*) P + AJV A/(z) 75 /»+ AT/(x) />7s £ x } , (20)

where f(x), A/(x) and Arf(x) are the unpolarised, the helicity and the
transversity distributions, respectively.

At twist 3, on the contrary, the TR property (17) does play a role. It
forbids, for instance, a pseudoscalar term (which does not contribute to leading
twist as it is suppressed by a factor 1/P+ in the infinite momentum frame). If
we relax the condition (17) - for a justification, see below -, we get a T-odd
twist-3 correlation matrix, which contains three distribution functions 4

*(*)lrR_odd = f {/T(s)erSu,7,-iAW*)75 + 5 M*) &*,«}. (21)

where e f = E»ve°PpqafP • q.
As shown by Boer, Mulders and Teryaev8, there is no need to invoke initial-

state interactions to justify the existence of fr(x), e/,(x) and h(x). These arise
as effective distributions related to the multiparton densities which contribute
to higher twists. The point is that the twist-3 hadronic tensor contains, besides
$, a quark-quark-gluon correlation matrix which may have no definite behavior
under TR. The condition (17) does not apply to it and T-odd distributions are
allowed. We emphasize that this mechanism only works at higher twists.

4.1 T-odd couple: A j / and A° /

Let us return to leading twist. When the transverse motion of quarks inside
the target is taken into account, the structure of $ is more complicated than
(20), and the condition (17) becomes truly restrictive. In particular, it forbids
terms in $ of the form

(22)

(23)

which give rise to two fcj_-dependent TR-odd distribution functions, that we
call Ajf / and A^/ . The former is related to the number density of unpolarised
quarks in a transversely polarised nudeon; the latter measures the transverse
polarisation of quarks in an unpolarised hadron. If we call Va/P(x,kx) the
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probability to find a quark a with momentum fraction x and transverse mo-
mentum k± in the target proton, we have1 (\P, ±) are the momentum-helicity
eigenstates of the proton)

= ( f c i x P ) - S i A T / , _ f e ^ ( 2 4 )

and

(The transverse polarisation of the quarks and of the proton is denoted by
arrows and assumed to be directed along the y-axis.)

In the literature4 one often finds two other functions, fff and ft]1, related
to A j / and A° / by

^/ iV(* , fc i ) , (26)

^(x,fel). (27)

The distribution A ^ / was first introduced by Sivers* and its phenomeno-
logical applications were investigated by several authors7'4'8. The distribution
A°p/ was studied by Boer and Mulders 4>*. Their T-odd character can be
checked by direct inspection. Using the standard action of TR on quark fields,
i.e. eq. (18), it is easy to show that the matrix elements in (24,25) change sign
under T, and therefore the corresponding distributions must vanish (this was
first pointed out by Collins10).

Let us now comment on the physical meaning of the distributions we have
just introduced. One may legitimately wonder whether T-odd quantities, such
as AJ7 and A } / , make any sense at all. In order to justify the existence of
these quantities, their proponents7 advocate initial-state hadronic interactions,
which prevent implementation of time-reversal invariance via the condition
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(17). The idea is that the colliding particles interact strongly with non-trivial
relative phases. If this is correct, A<f/ and A j . / should only be observable in
reactions involving two initial hadrons (Drell-Yan processes, hadron production
in proton-proton collisions, etc.), not in leptoproduction.

The Sivers function A ^ / may account for the observed single-spin asymme-
try in transversely polarised pion hadroproduction (the so-called Sivers effect,
see Sect. 6). The distribution A§*/ has been used by Boer 9- to explain, at
leading-twist level, an anomalously large cos 2$ term in the unpolarised Drell-
Yan cross section. Introducing initial-state T-odd effects, the unpolarised
Drell-Yan cross section acquires indeed a cos 2^ contribution proportional to
the product A§-/ x A§7-

The real difficulty about the J-odd distributions is that no initial-state
interaction mechanism is known which can produce such things as Ag*/ and
AiJ*/. Therefore their existence is - to say the least - highly questionable.

A different way of looking at the T-odd distributions is presently under
investigation11. It is based on a "non-standard" time reversal for particle
multiplets13, which turns out to be a good symmetry in chiral quark models
of the nucleon. Equation (18) is replaced by

TMO T f = -i(T2)a»76C^(-0, (28)

where r is the isospin operator. The time inversion in (28) relates different
components of the flavor multiplet and consequently (24) and (25) do not
vanish any longer once TR invariance is imposed (via (28)). If this mechanism
is correct, the T-odd distributions should also be observable in semi-inclusive
leptoproduction. A conclusive statement on the matter will only be made by
experiments.

5 T R invariance and quark fragmentation functions

In the fragmentation process one cannot naively impose a condition similar to
(17), that is

H* (is, ft, Sh) = 1hC E(K, ft, Sh) C V . (29)

In the derivation of (17) the simple transformation property of the nucleon
state \PS) under T is crucial. However, 5 contains | f tS*, X) which are "out"
states. Under time reversal they do not simply invert their momenta and spins
but transform into "in" states

T jft5fc,X;out) a IftSh, X; in). (30)
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These may differ non trivially from \PhSh,X; out), due to final-state interac-
tions, which can generate relative phases between the various channels of the
|in) -• |out) transition. As a consequence, a term in H of the form

errwrPpier. (31)

is not forbidden by time reversal invariance, and generates a T-odd fragmen-
tation function, A^D, given by

where K!J< = —ZKT. AjJ-D is responsible for the the so-called Collins
i.e., non-zero azimuthal asymmetries in single-inclusive production of unpo-
larised hadrons at leading twist. In Mulders' classification9, a function HIX is
introduced, which is related to A%D by

A°TD{z, K!T3) = I g i H1±(z, K'T
2) • (33)

The factor in front of A^D in (32) is the sine of the azimuthal angle between
the spin vector and the momentum of the fragmenting quark, the so-called
"Collins angle" $c-

Just to see in practice how the T-odd fragmentation function Aj.D may
arise from non trivial final-state interactions, let us assume that a quark frag-
ments into an unpolarised hadron, leaving, as a remnant, a pointlike scalar
diquark M . If we describe the hadron ft by a plane wave,

JV*, (34)

it is easy to show that the fragmentation matrix H is

where m is the quark mass and we have omitted some inessential factors. From
(35) we cannot extract a term of the type (31) (hence, producing Aj-D). Let
us now suppose that a residual interaction of h with the intermediate state
generates a phase in the hadron wave function. If, for instance, we make in
(35) the replacement (assuming only two fragmentation channels)

»u(PA) + e*yfcU(Pft), (36)
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by a little algebra one can show that 5 acquires a term

^ sinX e>""" l5a^Ppk±c. (37)5^j
K ~~ Tit

Therefore, if the interference between the fragmentation channels produces a
non-zero phase x> & T-odd contribution may appear.

Bacchetta et al. 1S have recently shown that in a chiral quark model with
pseudoscalar couplings the Collins fragmentation function is generated by one-
loop self-energy and vertex correction diagrams.

However, as argued by Jaffe, Jin and Tang ia, the proliferation of chan-
nels and the sum over X might ultimately lead to an overall cancellation of
the relative phases between the channels, and to the vanishing of the Collins
function. If this is true (and only experiments will provide a definite answer),
then, in order to observe a T-odd correlation in the fragmentation process,
one should rather consider correlated variables belonging to physical particles
with known interactions. This suggests to return to a quantity exactly like (9),
namely

(P , x P j ) - S , (38)

where Pi and Pa are the momenta of two final-state hadrons. Two-hadron
leptoproduction,

i(t) + NHP) -» i'(O + M ^ i ) + MP 2 ) + x(px). (39)

has been proposed16 and studied16'14 as a potential source of information about
transversity and T-odd correlations. In the decay matrix the term proportional
to (38) contains a fragmentation function ATJ(Z,£ , M£), where Mh = P% =
(Pi + P?)2 and £ = P • P\(P • Ph- In the specific case of it+ir~ production,
AT I arises from the interference between the a- and p-wave of the pion system,
which is known from the experiment to be non zero.

6 Single-spin asymmetries

As they involve transversely polarised quarks in unpolarised hadrons, or vtcev-
erso, the 7*-odd distribution and fragmentation functions may give rise to
single-spin transverse asymmetries in lepto- and hadroproduction.

In 1991, the E704 experiment at Fermilab17 discovered a sizeable single-
spin asymmetry in inclusive pion hadroproduction with a transversely polarised
proton (Fig. 2). This result, which cannot be explained by perturbative QCD in
leading twist, may be attributed either to the T-odd distribution function %
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Figure 2: Pit of the data on AJ, for the proem p*p -t %X assuming that only Colling effect
is active (Ref. 13); the upper, middle, and lower gets of data and curves refer to ir+, n° and
n~, respectively.

(Sivers effect) or to the T-odd fragmentation function A^D (Collins effect)".
In the former case one has

- da* ~ Y, f A** d*» d3feT Aj/afca, k\) Mxb) da Dc{z), (40)
ate

where da is a partonic cross section and D(z) is the familiar unpolarised frag-
mentation function. The Collins mechanism gives

da* - A T / O , (41)
ahe

where Arra is a partonic double-spin asymmetry.
Fig. 2 shows the asymmetry predicted by Ansehnino et al.I3 using eq. (41)

and a simple parametrisation of the Collins function. An equally good descrip-
tion is obtained by means of eq. (40). An alternative theoretical picture to
Collins and Sivers mechanisms is based on higher-twist, non T-odd, distribu-
tion and fragmentation functions18. The investigation of the pr dependence of
the process would clearly help to distinguish between leading-twist and higher-
twist effects.

The first (preliminary) measurements of single-spin transverse asymme-
tries in pion leptoproduction have been presented two years ago by HERMES

"An explanation in terms is also possible.
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Figure 3: The HERMES data on the transverse single-spin asymmetry in pion leptoproduc-
tion with the fits of De Sanctis et at (Ref. 21). The solid line corresponds to A T / = A / ,
the dashed line corresponds to saturation of the Soffer Inequality, | A T / | = (/ + A/) /2 .

19 and SMC20. The HERMES result is shown in Fig. 3. The sin 0 contribution
to the asymmetry (where <f> is the azimuthal angle of the produced pion) has
the form

AT ~ ATf{x) *°TD{z, P 2
 x ) sin 4>. (42)

A fitai of the data, based on (42) and on two different assumptions for the
transversity distribution A T / , is displayed in Fig. 3. As one can see, the
agreement is fairly good (the HERMES data are also well reproduced by a
light-cone quark model2a). From the result on AT one can derive a lower
bound for the quark analysing power A^-D/D, namely23

> 0.20, z>0.2. (43)

Concluding this phenomenological account, it is fair to say that the present
scarcity of data, their uncertainties and our ignorance of most of the quantities
involved in the process make the entire matter still rather vague. More, and
more precise, measurements are clearly needed to get a better understanding.

7 Perspectives

In the next few years, the upgraded HERMES experiment at HERA and the
COMPASS experiment at CERN (which upgrades SMC) will provide more ac-
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curate measurements of the single-spin transverse asymmetry in semi-inclusive
pion production and, hopefully, the first measurements of the transverse asym-
metry in two-hadron production. This should allow us to achieve two goals: t)
to extract for the first time the transversity distributions of the nucleon and
ii) to reveal in a clear way possible T-odd effects. In order to disentagle mech-
anisms of different nature giving rise to single-spin asymmetries, the study of
the Q2 dependence of the processes will be crucial.
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Abstract

Deep-inelastic scattering at low Bjorken x and elastic vec-
tor meson electroproduction are analyzed on the basis of the
off-shell 5-channel unitarity. We discuss behavior of the to-
tal cross-section of virtual photon-proton scattering and ob-
tain, in particular, that the exponent in the power-like depen-
dence of a*fep is related to the interaction radius of a constituent
quark. The explicit mass dependence of the exponent in the
power energy behavior of the vector meson electroproduction
has been obtained. Angular distributions at large momentum
transfers are considered. The energy dependence of the total
cross-section of 7*7*-interactions is also obtained.
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We considered limitations the unitarity provides for the 7*p-total
cross-sections and geometrical effects in the model dependence of a^p

[]]. In particular, it was shown that the Q2-dependent constituent
quark interaction radius can lead to a nontrivial, asymptotical result:
0% ~ ( W 2 ) A ( Q 2 ) , where A(Q2) will be saturated at large values of
Q2. This result is valid when the interaction radius of the virtual con-
stituent quark is rising with virtuality Q2. The data for the structure
functions at low values of x continue to demonstrate the rising total
cross-section of 7*j>-interactions and therefore we can consider it as a
reflection of the rising with virtuality interaction radius of a constituent
quark.

The steep energy increase of 7*7* total cross-section o^'7« ~
(\y2-j2\(Q2) w a s gigQ predicted. In elastic vector meson electropro-
duction processes the mass and Q2 dependencies of the integral cross-
section of vector meson production are related to the dependence of the
interaction radius of the constituent quark Q on the respective quark
mass mq and virtuality Q2. The behavior of the differential cross-
sections at large t is in the large extent determined by the off-shell
unitarity effects. The smooth power-like dependence on t is predicted
which is in agreement with the experimental data [2]. The new ex-
perimental data will be essential for the discrimination of the model
approaches and studies of the interplay between the non-perturbative
and perturbative QCD regimes (cf. e.g. [3, 4]). The results described
above rely on the off-shell unitarity and Q2-dependence of the con-
stituent quark interaction radius. It is useful to consider an impact
parameter picture to get insight into the physical origin of this Q2-
dependence. Impact parameter analysis of the experimental data is, in
particular, a tool for the detection of unitarity effects in hadronic reac-
tions [5] and diffractive DIS [6]. In the present study impact parameter
profile of the amplitude is peripheral when £(Q2) increases with Q2

(Fig. 1). The dependence on virtuality of constituent quark interaction
radius was assumed and this assumption has appeared to be consistent
with the experimental data. It was demonstrated then that the rising
dependence of the constituent quark interaction radius with virtuality
is in good agreement with the experimental data which indicate the
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risising Q2 -dependence of the exponent A(Q2). The relation between
£(Q2) and A(Q2) implies a saturation in the Q2-dependence of A(Q2)
at large values of Q2. The reason for increase of the constituent quark

R(w2,Q2)

Figure 1: The impact parameter profile of the scattering amplitude.

interaction radius with virtuality should have a dynamical nature and
it could originate from the emission of the additional qq-psdxs in the
nonperturbative structure of a constituent quark. In the present ap-
proach constituent quark consists of a current quark and the cloud of
quark-antiquark pairs of the different flavors [7]. It was shown that the
available experimental data imply a In Q2-dependence of the radius of
this cloud.

The peripheral profile of the amplitude in its turn can result from
the increasing role of the orbital angular momentum of the quark-
antiquark cloud when the virtual particles are considered. The genera-
tion of qq-psirs cloud could be considered in analogy with the theory
of superconductivity. It was proposed [8] to push further this analogy
and consider an anisotropic extension of the theory of superconductiv-
ity which seems to match well with the above nonperturbative picture
for a constituent quark. The studies [9] of that theory show that the
presence of anisotropy leads to axial symmetry of pairing correlations

around the anisotropy direction I and to the particle currents induced
by the pairing correlations. In another words it means that a particle
of the condensed fluid is surrounded by a cloud of correlated particles
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("hump") which rotate around It Hift Ad axis of rotation /. Calculation
of the orbital momentum shows that it is proportional to the density of
the correlated particles.
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Abstract

By using the concept of duality between direct channel
resonances and Regge exchanges we relate the small- and
large-x behavior of the structure functions. We show that
even a single resonaaoe exhibits Bjorken scaling at large

Inspired by recent experimental measurements of the nucleon
structure functions at the JLab (CEBAF), in a number of re-
cent papers [1, 2, 3, 4] we have suggested to apply the concept of
resonance-reggeon duality to study the relation between the small-
and large-a; behavior of the nucleon structure functions.

178



We use standard notations for the cross section and structure
function:

, . . 47r2a(l + 4mV/g 2 ) F2(x,Qi)
a Q2(l-x) l + R(x,Q2y l '

where a is the fine structure constant, Q2 is minus the squared four
momentum transfer, x is the Bjorken variable and s is the squared
center of mass energy of the 7*p system, obeying the relation

S = Q 2 ( l - z ) / x + m;, (2)

where mp is the proton mass and R(x, Q2) = oi{x, Q2)/<TT(X, Q2)-
For the sake of simplicity we set R — 0, which is a reasonable
approximation.

We use the norm where

4(s,t,Q2) = ImA(S,t,Q
2). (3)

According to the two-component duality picture both the scat-
tering amplitude A and the structure function F% are sums of a
diffractive and non-diffractive terms. At high energies both terms
are Regge-behaved. In 7*p scattering only positive signature ex-
change are allowed. The dominant ones are the Pomeron and the
/ Reggeon, respectively. The relevant scattering amplitude is (re-
member that here t = 0)

^r"*1 . (4)
where a and /? are the Regge trajectory and residue and fe stand
for the Pomeron or Reggeon. As usual, the residue will be chosen
such as to satisfy approximate Bjorken scaling for the structure
function.

The invariant dual on-shell scattering amplitude dual ampli-
tude with Mandelstam analyticity (DAMA) applicable both to
the diffractive and non-diffractive components reads

(V)
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where s' = s(l — z), if = tz, g is a parameter, p > 1, and s, £
are the Mandelstam variables.

For s —* oo and fixed £ it has the following Regge asymptotic
behavior

«>

where a = Re 0 ( 5 ^ - 5 ) and 6 = Im ( ^ $ )
The pole structure of DAMA is similar to that of the Veneziano

model except that multiple poles may appear at daughter levels
[5]. existence of such poles do not contradict to main requirements
of the theory. This trouble can be avoided by some mathemati-
cal tricks (see [5] for details). The pole term is a generalization
of the Breit-Wigner formula, comprising a whole sequence of res-
onances lying on a complex trajectory a(s). Such a "reggeized"
Breit-Wigner formula has little practical use in the case of linear
trajectories, resulting in an infinite sequence of poles, but it be-
comes a powerful tool if complex trajectories with a limited real
part and hence a restricted number of resonances are used. It ap-
pears that a small number of resonances is sufficient to saturate
the direct channel.

Contrary to the Veneziano model, DAMA does not only al-
low but rather requires the use of nonlinear complex trajectories
providing, in particular, for the imaginary part of the amplitude,
resonances widths and resulting in a finite number of those. More
specifically, the asymptotic rise of the trajectories in DAMA is
limited by the condition | %^a | < const, s —* oo.

Our main idea is the introduction of the Q2-dependence in the
dual model by matching its Regge asymptotic behavior and pole
structure to standard forms, known from the literature. The point
is that the correct identification of this Q2-dependence in a single
asymptotic limit of the dual amplitude will extend it to the rest of
the kinematical regions. We have two ways to do so: A) Combine
Regge behavior and Bjorken scaling limits of the structure func-
tions (or <52-dependent y*P cross sections); B) Introduce properly
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2 4 6 8
Q2, GeV2

Figure 1: g(Q2) - the solution of the transcendent equation (8) for A
and exotic trajectories.

Q2 dependence in the resonance region. They should match if the
procedure is correct and the dual amplitude should take care of
any further inter- or extrapolation.

It is obvious that asymptotic Regge and scaling behavior re-
quire the residue to fall like ~ (Q2)-afc(0)+i Actually, it could
be more involved if we require the correct Q2 —• 0 limit to be
respected and the observed scaling violation (the "HERA effect")
to be included. In combining Regge asymptotic behavior with
(approximate) Bjorken scaling, one can proceed basically in the
following way - keep explicitly a scaling factor xA (to be broken
by some Q2-dependence "properly" taken into account).

where A(Q2) = a t(0) — 1 may be a constant, in particular.
Note that since the Regge asymptotic of the Veneziano model

is ~ (—a's)01^"1, the only way to incorporate there Q2— depen-
dence is through the slope a', i.e. by making the trajectories Q2—
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dependent, thus violating Regge factorization. Although we do
not exclude this possibility [1, 2], we study here a different option,
that by introducing scaling violation in the residue rather than in
the trajectory.

From the explicit Regge asymptotic form of DAMA and ne-
glecting the logarithmic dependence of g we make the following
identification

One may notice that the above equation is, in fact, a transcendent
one with respect to g (a = a(g)). Another point to mention is
that this equation does Hot work in the whole range of Q2, since
for Q2 close to Q2

im g may get smaller than 1, which is unac-
ceptable in DAMA. For large Q2 the Q2-dependence of log g and
b = b(Q2) in eq.(6) can not be neglected; it might contribute to
scaling violation.

Let us now consider the extreme case of a single resonance
contribution. A resonance pole hi DAMA contributes with (if we
neglect daughter trajectories)

A(s,t)=g
v ' ' y n-a{s)

At a resonance s — SR one has Re a(sn) = n and
SR — m2, hence

As x —• 1 Q2 w ^ j — • 00 and using the approximate solution
a,(0)

g(Q2) « (Qum/Q2) at®>+a, where o is a slowly varying function of
g, we get for x near 1

F2(x,Q2) ~ (1 - x)
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Figure 2: *y*P ^otal cross section as a function of y/s and Q2. For
different values of Q2 we show the contributions from the A resonance
(dashed line), background, i.e. the contribution from the exotic trajec-
tory (dot-dashed line) and the sum of two (full line).

where the limits for x are defined by Q% < 8J|_™ < Q?im.
We recognize a typical large-rr scaling behavior (1 — x)N with

the power iV (counting the quarks in the reaction) depending ba-
sically on the intercept of the t-channel trajectory.

Having fixed the Q2-dependence of the dual model by matching
its Regge asymptotic behavior with that of the structure functions,
we now use this dual model to extrapolate down to the resonance
region, where its pole expansion is appropriate - now appended
with a Q2-dependence through g(Q2) [3].

As already said, we write the imaginary part of the scattering
amplitude as a sum of two terms - a diffractive (background) and
non-diffractive (resonance) one. Note that g(Q2) has the same
functional form (8) in both cases, only the values of the parameters
differ (they are fixed from the small-x fits [1] of the SF).
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At low, resonance energies 7*p scattering exhibits a rich reso-
nance structure, intensively studied in a number of papers. About
20 resonances overlap, their relative importance varying with Q2,
but only a few can be identified more or less unambiguously. These
are: A+(1236) with Jp = ^ , JV+(1520), Jp = ^ , JV*+(1688),
Jp = £• and W*+(1920) with Jp = £ . They lie on the A
and the exchange-degenerate N trajectories. In this work we
are mainly interested in introducing <22-dependence into the scat-
tering amplitude, therefore we will concentrate on a single reso-
nance (A+(1236)) at different values of Q2. We use trajectories
in which the lowest pion-nucleon threshold is included explicitly,
while higher thresholds are approximated by a linear term. Thus

aA{s) = 0.1 + 0.84s + 0.1331(^/50 - \/«o - s),

where s0 = (m^ + m2
N). The above values of the parameters are

chosen to fit the known mass and width of the A resonance and
are consistent with the known linear parameterizations.

In the interval of interest v ^ = 1.1 — 1.5 GeV, t = 0 we have
u = m2

N — s < 0, so, it is far from resonance region, therefore
we neglect the contribution from D(u, t) for both resonance and
background terms.

The smooth background is modeled in the same way, i.e. by a
single "pole" term with exotic trajectory

otE{s) = -0-25 + 0.25(vT21 - Vl.21 - a),

where SE = l . l2 GeV2 is an effective exotic threshold. Obviously
"pole" doesn't mean a resonance in this case.

The other parameters used in our calculations are:
(Qum, Ql) = (62, 0.01) GeV2 for A resonance; (120, 2.5) GeV2

for background
ocf(t) trajectory is dual to OIA(S); «/(0) = 0.9
aP(t) is dual to aE(s); aP(0) = 1 + 0.077(1 + Qa

2<fU7)
normalization coefficient c = 0.03.

Fig. 1 presents g as a function of Q2 for A and exotic trajecto-
ries. The resulting cross sections (imaginary part of the amplitude)
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in the resonance region is shown in Fig. 2 for different values of
Q2. It is in qualitative agreement with experiment data [3].

The main conclusions from our analysis are that: A) Q2-dependence
at low- and high-x (or high- and low-s) has the same origin; B)
a single low energy resonance can produce a smooth scaling-like
curve in the structure function (parton-hadron duality).
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Abstract

Chaos criterion for quantum field theory is proposed.
Its accordance with classical chaos criterion is demonstrated
in the semi-classical limit of quantum mechanics.

Originally phenomenon of chaos was associated with problems
of classical mechanics and statistical physics. Attempt of substan-
tiation of statistical mechanics initiated intensive study of chaos
and uncover its basic properties mainly in classical mechanics. One
of the main results in this direction is a creation of KAM theory
and understanding of the phase space structure of Hamiltonian
systems [1]. It was clarified that the root of chaos Is local insta-
bility of dynamical system [2j. Local instability leads to mixing of
trajectories in phase space and thus to non-regular behavior of the
system and chaos [3]. Significant property of chaos is its preva-
lence in various natural phenomena. It explains the importance
of study of chaos and a large number of works in this field.

Large progress is achieved in understanding of chaos in semi-
classical regime of quantum mechanics via analysis of the spectral
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properties of the system [3],[4]. Semi-classical restrictions axe im-
portant, because a large number of energy levels in small energy
interval is needed to provide a statistics [5].

Investigation of the stability of classical field solutions faces
difficulties caused by infinite number of degrees of freedom. That is
why authors often restrict their consideration by the investigation
of some model field configurations [6].

There are papers devoted chaos in quantum field theory [7].
But there is no generally recognized definition of chaos for pure
quantum systems [8]. This fact restricts use of chaos theory in
the field of elementary particle physics. At the same time it is
well known that the field equations of all four types of fundamen-
tal interactions have chaotic solutions [9] and high energy physics
reveals the phenomenon of intermittency [10].

To clear the role of chaos in particle physics one has to learn
how chaos affects on observable quantities. To reach it, it is nec-
essary to study chaos in quantum gauge field theories, modern
theories of particle interactions. But, as it was mentioned above,
it is still unclear what is chaos in quantum field theory and what
phenomena is it become apparent in? Thus additional chaos crite-
rion formulated for purposes of quantum field theory is needed. It
has to satisfy two general requirements. Primarily, it has to agree
with well known classical chaos criteria [3], [11]. Secondly, modern
language of particle physics has to be used in its formulation to
provide its direct application to quantum field systems. From our
point of view, path integrals formalism has to be used.

Now we give some qualitative arguments which bring us to
the formulation of the chaos criterion for quantum field theory.
The language of path integrals let us to achieve mathematical
description of both quantum mechanics and quantum field theory
in the framework of the same formalism. It lets us to monitor the
way from classical chaos through quantum mechanics to the chaos
in quantum field theory and thus to substantiate the agreement of
proposed chaos criterion with classical ones. Quantum mechanics
is needed to play the role of the bridge. From statistical mechanics

187



and ergodic theory it is known that chaos in classical systems
is a consequence of the property of mixing [3]. Mixing means
rapid (exponential) decreasing of correlation function with time
[3]. Thus rapid (exponential) decrease of correlation function is
the signature of chaos [11]. In other words, if correlation function
exponentially decreases than the corresponding motion is chaotic,
if it oscillates or is constant then the motion is regular [11]. We
expand criterion of this type for quantum field systems. All stated
bellow remains valid for quantum mechanics, since mathematical
description via path integrals is the same.

For field systems the analogue of the classical correlation func-
tion is two-point connected Green function

Here W[jf\ is generating functional of connected Green functions.
J are the sources of the fields, x, y are 4-vectors of space-time
coordinates.

Thus we formulate chaos criterion for quantum mechanics and
quantum field theory in the following form:

a) If two-point Green function (1) exponentially goes to zero
when the distance between its arguments goes to infinity then the
system is chaotic.

b) If it oscillates or remains constant in this limit then we have
regular behavior of the quantum system.

Before to check the agreement with classical chaos criteria we
need to make a step aside. All classical chaos criteria in some
way are based on the condition of the local instability of classical
trajectories [3]. We need to represent these conditions in the form
convenient for our purposes. In order to do it we generalize Toda
criterion of local instability [12], [13].

Toda criterion of chaos for classical mechanical systems was
at first formulated in [12]. It was reformulated for Hamiltonian
systems with two degrees of freedom by Salasnich [14]. Agreement
between Toda criterion and criterion of classical chaos based on



KAM theory and conceptidrj|ojfj nonlinear resonance was checked
on the particular example in [15].

Consider classical Hamiltonian system with any finite number
of degrees of freedom

H = -f + V(q), p= (pi,...,pN) ; q = (<Zi qN) (2)

Behavior of the classical system is locally unstable if distance be-
tween two neighboring trajectories grows exponentially with time
in some region of the phase space.

Linearized Hamilton equations are

(3)

Here / is the N x N identity matrix, G is a stability matrix and
matrix E is

Matrix S and stability matrix G are functions of the point q0 of
configuration space of the system. Solution of the equations (3)
valid in ft has the following form

(v
Here A, = Ai(<f0) are eigenvalues of the stability matrix G. And
{C,} is a full set of projectors. From (5) it is seen:

a) If there is i such as ReXt ^ 0 then the distance between
neighboring trajectories grows exponentially with time and the
motion is locally unstable.

b) If for any i = l,2iV ReXt = 0 then there is no local
instability and the motion is regular.

It is easy to see that G2 = diag(—'£f —E).Therefore if (—£,) , i =
1, N are eigenvalues of the matrix (—E) then

(-&) = A,2 , * = U V , A? = Xf+N , * = IJV (6)
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Thus without loss of generality we can imply that ReXi > 0. No-
tice that

£ = -At
2 = {ImXif - {ReXif - 2iImXiReXi (7)

Since matrix E is real and symmetric its eigenvalues {£»}, i =
1,JV are real. Therefore (7) leads to the condition Im\Re\i =
0, V7 = 1, N Thus any eigenvalue of the stability matrix G is
real or pure imaginary or equals zero. Therefore the generalized
Toda criterion for classical Hamiltonian systems with any finite
number of freedoms can be formulated as follows:

a) If & > 0 , Vi = 1, N then behavior of the system is
regular near the point q0.

b) If 3i = 1, N : & < 0 then behavior of the system is locally
unstable near the point %.

If one of these conditions holds in some region of the configura-
tion space then the motion is stable or chaotic respectively in this
region. These results in the case of the system with two degrees
of freedom coincide with ones obtained in [14].

To check the agreement between generalized Toda criterion and
formulated quantum chaos criterion in semi-classical limit we shall
calculate two-point Green function in semi-classical approximation
of quantum mechanics. Generating functional is

Z[J\ = I Dqexp {i j T ° dt [ ^ - V(q) + Jq]} (8)

Consider certain solution of classical equations of motion qo(t). In-
troduce new variable describing the deviations from the classical
trajectory 5q\t) = q — qb(t), then under semi-classical approxima-
tion

Z[J] = exp {iS0[J\} f D6qexp{i /+°°dt \]r8q -

(9)
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Here classical action

So[ j) = J+°° dt \^% - V (qo(t)) + /&] (10)

and matrix E is defined by (4). Here for simplicity we suppose that
E does not depend on time and remains constant on the classical
trajectory. Matrix E is real and symmetric, therefore diagonalizing
orthogonal matrix does exist. Thus after the orthogonal transfor-
mation we get Gaussian path integrals. Calculation in this case
gives following Green function

(11)

From the expression (11) it is seen
a) If classical motion is locally unstable (chaotic) then accord-

ing Toda criterion there is real eigenvalue A< and therefore Green
function (11) exponentially goes to zero for some i. Opposite is
also true. If Green function (11) exponentially goes to zero under
the condition |ix — ̂ | —* oo for some i, then there exists real eigen-
value of the stability matrix and thus classical motion is locally
unstable.

b) If all eigenvalues of the stability matrix G are pure imagi-
nary, that corresponds classically stable motion, then in the limit
|*i — ̂ | —• co Green function (11) oscillates as a sine. Opposite
is also true. If for any i Green functions oscillate in the limit
|*i — ti\ —> co then {A,} are pure imaginary for any i and classical
motion is stable and regular.

Thus we have demonstrated that proposed quantum chaos cri-
terion coincides with Toda criterion in the semi-classical limit (cor-
responding principle).

We have generalized Toda criterion for the Hamiltonian sys-
tems with any finite number of degrees of freedom. Basing on the
formal analogy between statistical mechanics and quantum field
theory we proposed chaos criterion for quantum mechanical and
quantum field systems. Consideration of quantum mechanics is
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needed to provide a bridge from classical chaos to chaos in quan-
tum field theory. We have demonstrated that proposed chaos cri-
terion corresponds to generalized Toda criterion in semi-classical
limit of quantum mechanics in the case when Lyapunov exponents
do not depend on time.

References
[1] A.N. Kolmogorov, Reports AS USSR, 98 (1954), p.527 (in

Russian);V.I. Arnold , Proceed. AS USSR, 25 (1961), p.25
(in Russian).

[2] N.S. Krylov , Works on substantiation of statistical physics,
Moscow-Leningrad, 1950 (in Russian).

[3] G.M. Zaslavskii, Stochasticity of dynamical systems.-
Moscow, 1984 (in Russian);G.M. Zaslavskii, R.Z. Sagdeev,
Introduction in nonlinear physics.-Moscow, 1988 (in Russian).

[4] T. Prosen, M. Robnik, J. Phys. A, 27 (1994), p.8059; B.V.
Chirikov, proceed, of II Int. Workshop on Squeezed States and
Uncertainty Relations, P.N. Lebedev Phys. Inst., Moscow,
May 25-29 (1992), NASA Conf. Publ. 3219, p. 317.

[5] B. Li, M. Robnik, J. Phys. A, 28 (1995), p.4843.

[6] T. Kawabe , S. Ohta, Phys. Rev. 44D (1991), p.1274.

[7] T.S. Biro, B. Muller, S.G. Matinyan, hep-th/0010134, 2000.

[8] V.E. Bunakov, proceed, of the XXXII Winter School of PNPI,
Feb. 22-28 (1998).

[9] G. Mandelbaum, proceed, of Int. Conf. "Chaos and
Complexity".- Edition Prontieres (1995) p. 193.

[10] E.A. De Wolf, I.M. Dremin, W. Kittel, Phys. Rep. 270 (1996),
p.l.

192



UA0501314

Multi Module Model for
Ultra-Relativistic Heavy Ion

Collisions

V. Magas1'2'3, L.P. Csernai3'4 and D. Strottman5

1 CFIF, Instituto Superior Tecnico
Av. Rovisco Pais, 1049-001 Lisbon, Portugal
2 Bogolyubov Institute for Theoretical Physics
Metrolohichna str. 14b, 01143 Kiev, Ukraine

3 Section for Theoretical and Computational Physics
University of Bergen, Allegaten 55, 5007 Bergen, Norway

4 KFKI Research Institute for Particle and Nuclear Physics
P.O.Box 49, 1525 Budapest, Hungary

5 Theoretical Division, Los Alamos National Laboratory
Los Alamos, NM, 87454, USA

October 26, 2001

Abstract

The Multi Module Model for UltrarRelativistic Heavy
Ion Collisions at RHIC and LHC energies is presented. It
uses the Effective String Rope Model for the calculation of
the initial stages of the reaction; the output of this model
is used as the initial state for the subsequent one-fluid cal-
culations. It is shown that such an initial state leads to
the creation of the third flow component. The hydrody-
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namical evolution of the energy density distribution is also
presented.

A realistic and detailed description of an energetic heavy ion re-
action requires a Multi Module Model, wherein the different stages
of the reaction are each described with a suitable theoretical ap-
proach. It is important that these Modules are coupled to each
other correctly: on the interface, which is a three dimensional
hyper-surface in space-time, all conservation laws should be satis-
fied and entropy should not decrease. These matching conditions
were worked out and studied for the correct matching at FO in
detail in Refs. [1].

Fluid dynamical models are widely used to describe ultra-
relativistic heavy ion collisions. Their advantage is that one can
vary flexibly the Equation of State (EoS) of the matter and test its
consequences on the reaction dynamics and the outcome. For ex-
ample, the only models which may handle the supercooled QGP
are hydrodynamical models with a corresponding EoS. In ener-
getic collisions of large heavy ions, especially if a Quark-Gluon
Plasma (QGP) is formed in the collision, one-fluid dynamics is a
valid and good description for the intermediate stages of the re-
action. Here, interactions are strong and frequent, so that other
models, (e.g. transport models, string models, etc., that assume
binary collisions, with free propagation of constituents between
collisions) have limited validity.

On the other hand, the initial and final, Freeze-Out (FO),
stages of the reaction are outside the domain of applicability of
the fluid dynamical model. After hadronization and FO, the mat-
ter is already dilute and can be described well with kinetic models.
The initial stages are the most problematic. Non of the theoreti-
cal models on the physics market can unambiguously describe the
initial stages (dee for example [2, 3] for discussion).

Thus, since we can not unambiguously describe the initial
stages of relativistic heavy ion collisions in microscopic models, we
have to use some phenomenological models. There are two phe-
nomenological models, which are most frequently discussed in the
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literature - the Landau and the Bjorken scenarios. These models
describe two extreme cases - complete stopping or complete trans-
parency, respectively. Nowadays, experiments have entered the
region where the Bjorken model is expected to be applicable, but
there is no clear and unambiguous confirmation that experiments
follow this scenario. The preliminary experimental results from
RHIC do not show transparency - most particle multiplicities (ex-
cept maybe the most central collisions) do not show a dip in the
rapidity spectra, but rather a plateau around mid rapidity [6, 7],
which is a sign of strong stopping. Furthermore, very strong ellip-
tic flow has been measured, which shows a clear peak around mid
rapidity [6, 8]. To build such a strong elliptic flow, strong stopping
and momentum equilibration are required. Also the p/p ratio at
mid rapidity measured at RHIC [9, 10] (preliminary) is still far
from 1, which tells us that the middle region is not baryonfree.

Our goal is to build a Multi Module Model for ultra-relativistic
heavy ion collisions valid for RHIC and LHC energies, and maybe
for the most energetic SPS collisions. In the present work only
the first step is done - a Two Module Model [3, 4] - but a very
important one, since the Effective String Rope Model (ESRM)
[2, 3] has been developed for the most problematic module - the
module describing the initial stages of collisions.

We describe the initial state with the ESRM; then the hydro-
dynamical evolution with a QGP EoS is used for the intermediate
state. The hydrodymanical calculations are performed with the
Los Alamos Particle-in-Cell (PIC) one fluid code [12, 13]. The hy-
dro evolution stops at the FO hypersurface. We present a version
of the code assuming that FO (simultaneous chemical and ther-
mal) happens on the simplified toothed hypersurface, where it's
normal vector, da1*, is parallel to the flow velocity for every cell.
On average this hypersurface approximates the constant time hy-
persurface. Therefore the flow velocity does not change during the
FO process, and the calculations can be done in local rest frame
of the matter. Such a surface is also completely timelike; this al-
lows us to avoid the problems discussed in Refs. [1]. The more
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advanced description of the FO process is planned to be separated
into the Third Module. The statistical production model will be
applied for production of the all hadronic species.

The EoS presently used in the code was used and presented in
Ref. [12]. This phenomenological phase transition model A) takes
the phenomenological EoS for hadronic matter in a simple form,
which nevertheless allows one to check different parameterizations
discussed in the literature; B) uses the Bag model EoS to describe
QGP; C) creates a complete EoS, containing pure phases and a
region where they coexist, by the Maxwell construction.

The reader may notice that the model is still in a formative
stage and a lot of further work remains necessary. We are not yet
ready to present the quantitative calculations to be compared with
data. Nevertheless we present some preliminary results. First of
all, the flow component, Vi, as a function of rapidity, y, is pre-
sented in Fig. 1, to show that our expectation that the model will
generate a third flow component (Refs. {2]) is reasonable [3, 4].
Our initial state generated by the ESRM indeed produces a strong
antiflow in semi-central collisions. The directed v\ component ap-
pears to be very small, as expected for RHIC energies. The peaks
in V\ (actually v3) around y = ±0.3 look very high, but this is
typical for calculations without thermal smearing [14]. Including
thermal smearing will lead to smaller and wider peaks.

We also present in Fig. 2 the evolution of the energy density
distribution, e(r, £), during the hydrodynamic expansion (notice
that t = 0 corresponds to the moment then we start the hydro
description, i.e. 3.5 fm/c after the collision). We can see the
development of the small but very dense, shock-like domains at
the intermediate stages. This effect, at least to some extent, is due
to numerical artifacts. The PIC method has a well-known defect
called 'ringing' or marker-clustering [15]. It is called this way
because early calculations in two dimensions resulted in density
distributions that looked similar to the vibration patterns in sound
vibrations - areas of higher and lower densities [15]. Advanced
algorithms that mitigate this effect are being implemented in the
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code.
Another reason which may cause the development of the nu-

merical artifacts is a step-like in beam direction initial energy den-
sity distribution (output of ESRM): it has a jump from e(x,y) —
const inside the matter to 0 in the outside vacuum. In order to
avoid (or at least to suppress) the effect of this we are planning to
smooth over initial energy density distribution, for example by a
Gaussian shape, as proposed in Ref. [16]. Thus it is plausible that
the development of the shock-like domains in the simulation is not
a physical effect, although we can not rule out other possibilities.
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Figure 1: Preliminary results of Two Module Model calculations
for vi vs rapidity, y. Au+Au collision at £0 = 65 GeV/nucl for
different impact parameters. Initial state was generated with A =
0.065, r = 3.5 fm/c (see [2, 3] for details).
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Abstract

A brief review of the modern QC'D theory of diffracthe
DIS it. given. The recent progress has been remarkably
rapid, all the principal predictions from the color dipole
approach to diffraction - the (Q2 + m\,) scaling, the pat-
tern of SCHNC. shrinkage of the diffraction cone in hatd
diffractive DIS, the strong impact of longitudinal gluons
in inclusive . / /# production at Tevatron -, have been ton-
finned experimentally.

1 Introduction: why diffractive DIS is
so fundamental

Let us dream of e-Uranium DIS at THERA at Q2 ~ 10 GeV2

and x ~ IO~^. Violent DIS is usually associated with complete
destruction of the target. As well known, deposition of a mere
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dozen MeV energy would break the uranium nucleus entirely, but
a paradoxical yet rigorous prediction from unitarity is that diffrac-
tive DIS eU —»• e'XU with the target nucleus emerging intact in
the ground state will make « 50% of total DIS [1]!

By the celebrated Glauber-Gribov theory of interactions with
nuclei, the abundance of diffraction is closely related to nuclear
shadowing (NS) in DIS. To this end we recall that inn 1974 Niko-
laev and V.I. Zakharov reinterpreted NS in terms of the saturation
of nuclear parton densities, caused by the spatial overlap of par-
tons from different nucleons of the Lorentz-contracted nuclei [2].
More recently, the NZ picture of saturation has been addressed
to within QCD by Me Lerran and his collaborators [3]. If cor-
rect, this QCD approach must inevitably lead to 50 % diffractive
DIS - whether that would be the case or not would serve as a
crucial cross-check of the whole approach. To summarize, diffrac-
tive DIS is a key to nuclear parton densities and QCD predictions
for the initial state in ultrarelativistic nuclear collisions. Because
at HERA the rate of diffractive DIS is mere 10% [4], saturation
effects are all but marginal, see [5].

In this talk I focus on the color dipole approach to diffraction, a
more phenomenological approach based on the Regge theory ideas
was discussed at the Conference by Kaidalov [6].

2 Color dipole link between inclusive
and diffractive DIS

Structure functions (SF's) of DIS are related by optical theorem to
the imaginary part of an amplitude of diagonal, Q) = Q]n = Q2,
forward virtual Compton scattering (CS) 7*(Q*n)p -» 7*(<2/)p',
which for the reason of vanishing (7*, 7*) momentum transfer hap-
pens to be diagonal in the photon helicities, v = /*. In the color
dipole (CD) factorization [7] the CS amplitude takes the form
Acs = * / ® Aqi <g> $,„ where */,,„ is the wave function (WF)
of the qq Fock state of the photon and the qq-j>roton scattering
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kernel Aqq is proportional to the color dipole cross section, which
for small dipoles is related to the gluon SF of the target,

where A « 10 by properties of the Bessel functions [8]. Taking for
$y the WF of the vector meson (VM) or the X = qq plane waves
gives the diffraction excitation of VM [5] or hadronic continuum,
7*p -> Xp'. The complete set of qq dipoles can be substituted for
by a dual complete set of vector meson states, for the discussion
of this relationship see Schildknecht's talk at this Conference [9].

Alternatively, diffractive VM production can be obtained form
CS keeping the virtuality of the initial photon, Q2 = Qfn, fixed,
while continuing analytically in the second photon's virtuality to
Q) = -m2

v, %{Q2)p -> K , (A) / / ( -A) . Diffractive VM produc-
tion is accessible experimentally also at finite (f*V) momentum
transfer A.

Generalization to excitation of the qqg or higher Fock states
of the photon is straightforward [10, 11], within the CD approach
inclusive cross section of diffractive DIS is simply a sum of differen-
tial cross sections of quasielastic scattering of different Fock states
of the virtual photon off the target nucleon or nucleus. To this end,
one may say that diffractive DIS probes the partonic structure of
the virtual photon [10, 11] in a manner closely related to how
the structure of the deuteron is probed in diffraction excitation
of the deuteron to the proton-neutron continuum states. With
certain reservations CD results can be reinterpreted in terms of
the parton structure of the pomeron. For virtual photons, higher
Fock states of the photon build up perturbatively starting from
the lowest qq state, which entails the solid result [10, 11, 4] that
gluons and charged partons carry about an equal fraction of the
momentum of the pomeron.

The formalism set in [10, 11] and especially in [4, 12, 13, 14]
is a basis of modern parameterizations of the diffractive structure
function [15]. Unfortunately the use of the discredited Ingelmann-
Schlein-Regge factorization and DGLAP evolution which is not
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wai ranted at large /i [11, 12, 13, 14]. Also, the intrinsic transverse
momentum of gluons [16] has not yet been incorporated correctly
into the diffractive jet analysis [17]. For the above reasons, the
still simplified foim of this analysis makes conclusions [15, 17, IS]
on the gluon content of the pomeron highly suspect.
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Figure 1: The test of the (Q2 + niy) scaling. The divergence of
the solid and dashed curves indicates the sensitivity to the WF of
the VM. The experimental data are from HERA [20].

204



3 The Q2 + m2/ scaling

While DIS probes CD a(x, r) in a broad range of ^4? <> r2 ^ 1
fm2, the difFractive VM production probes CT(X,T) at a scanning
radius [19, 5]

6
r ~ rs =

and the gluon SF of the target at the hard scale Zj « (0.1-
0.25)*(Q2+m^) and x = 0.5{Q2+m2

v)/(Q
2+W2). After factoring

out the charge-isospin factors, that entails the (Q2 + my) scaling
of the VM production cross section[5], see fig. 1. The same scal-
ing holds also for the effective intercept ctip(0) — 1 of the energy
dependence of the production amplitude and contribution to the
diffraction slope B from the 7* -> V transition vertex, which is
oc r | and exhibits the (Q2 + m2,) scaling [21, 22], see fig. 2. This
(Q2 + ml') scaling formulated in 1974, has recently become a pop-
ular way of presenting the experimental data [18]. The theoretical
calculations [23] are based on the differential glue in the proton
found in [24]

4 Shrinkage of the diffraction cone in
hard diffraction

Gribov's shrinkage of the diffraction cone B = Bo + 2a'ip log W2,
quantized in terms of the slope a'jp of the pomeron trajectory, is
the salient feature of hadronic scattering. By the unitarity rela-
tion, diffractive elastic scattering is driven by mutiproduction pro-
cesses, and in the unitarity context the shrinkage of the diffraction
cone is well known to derive from the Gribov-Feinberg-Chernavski
diffusion in the impact parameter space.

At this Conference, we heard from Whitmore of the ZEUS
finding [18] of the shrinkage of the diffraction cone in 7p -
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scaling of the effective intercept and

with the result

o'e// = 0.122 ±0. 0.018 - 0.0Z2(syst) - 2

Precisely such a shrinkage has been predicted in 1995 by Nikolaev,
Zakharov and Zoller [21] to persist within QCD even for hard
processes.

First, in the usual approximation as = const the BFKL pomeron
is the fixed cut in the complex-,7' plane [25]. Already in their first,
1975, publication on QCD pomeron, Kuraev, Lipatov and Fadin
commented that incorporation of the asymptotic freedom splits
the cut into a sequence of moving Regge poles [25], see Lipatov
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{26] for more details. Within the CP approach, the Regge trajec-
tories of these poles where calculated in [21, 27]. The CD cross
section satisfies the CD BFKL equation [28],

do(x, r)/d log - = K ® <T(X, r ) ,

which has the Regge solutions

The CD kernel K, is related to the flux of Weizsacker-Williams
gluons around the qq dipole.

The NZZ strategy was to evaluate a'n from the energy depen-
dence of A(x,r) = Ba(x,r), which satisfies the inhomogeneous
equation

d\{x, r)/d log - - K, ® \{x, r) = C ® rV(x, r),
x

and has solutions

Xn(x, r) = 2crn{x, r) • a'n log - ,
x

which correspond to the Regge rise of the diffraction slope with
energy. Because B — |(62) and the impact parameter b receives a
contribution from the g\non-qq separation p, the inhomogeneous
term C ® r2a(x, r) is driven by precisely the impact parameter
diffusion of WW gluons. Because a'n is driven by the inhomo-
geneous term, there is a manifest relationship between a'n and
the Gribov-Feinberg-Chernavski diffusion in the impact parame-
ter space. Evidently, the dimensionfull quantity a'n depends on
the infrared regularization of QCD, within the specific regulariza-
tion [28, 29] which has lead to an extremely successful description
of the proton structure function (see [30] and refeifences therein),
for the rightmost hard BFKL pole we found ajp « 0.07 GeV~2.
The contribution from subleasing BFKL poles was found to be
still substantial at subasymptotic energy of HERA with the result
a'eff « 0.15 - 0.17 GeV"2 [21], this prediction from 1995 agrees
perfectly with the ZEUS finding.
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5 Digression: Longinudinal photons and
gluons in DIS

In DIS incident leptons serve as a source of virtual photons and
experimentally one studies a virtual photoproduction of various
hadronic states. While real photons are transverse ones, i.e., have
only circular polarizations, // = ±1 , virtual photons radiated by
leptons have also the longitudinal polarization, which in the scaling
limit equals

2(1 - y)

where y is a fraction of the beam lepton energy taken away by the
photon, so that the photoabsorption cross section measured in the
inclusive DIS equals a = ax -j- e^ai. The effect of longitudinal
photons, quantified by RDIS — GLI^T ~ 0.2, is marginal, though.

The branching of gluons into gluons is a dominant feature of
QCD evolution at small x. In the conventional collinear approx-
imation one treats gluons as having only the physical transverse
polarizations. However, in close analogy to virtual photons, vir-
tual gluons have also a substantial longitudinal polarization. In
striking contrast to inclusive DIS, diffractive excitation of VM and
small mass continuum is that they are entirely dominated by ai
[5, 13]. As we shall see below, in inclusive production too in-
teraction of longitudinal virtual photons could be outstanding in
defiance of the collinear factorization [31].

6 Spin dependence of vector meson pro-
duction

Regarding the spin dependence of diffractive VM, the fundamen-
tal point is that the sum of quark and antiquark helicities equals
helicity of neither the photon nor vector meson. If for the nonrel-
ativistic massive quarks, rrij 3> Q2 the only allowed transition is
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7^ -* 9A + q\ with A + A = fi. In the relativistic case transitions of
transverse photons 7J into the qq state with A + A = 0, in which
the helicity of the photon is transferred to the qq orbital momen-
tum, are equally allowed. Consequently, in QCD the 5-channel
helicity non-conserving (SCHNC) transitions

and
7± - ^

are allowed [32, 33] and SCHNC persists at small x despite the ex-
act conservation of the helicity of quarks in qrg-target scattering.
This argument for SCHNC does not require the applicability of
pQCD. Furthermore, the leading contribution to the proton struc-
ture function comes entirely from SCHNC transitions of transverse
photons [24] - the fact never mentioned in textbooks.

We emphasize that SCHNC helicity flip only is possible due to
the transverse and/or longitudinal Fermi motion of quarks and is
extremely sensitive to spin-orbit coupling in the vector meson, I
refer for details to [33, 34]. The consistent analysis of production
of S-wave and £>-wave vector mesons is presented only in [34].
The dominant SCHNC effect in vector meson production is the
interference of SCHC 7^ -»• 14 and SCHNC 7J -> VL production,
i.e., the element r^ of the vector meson spin density matrix. The
overall agreement between our theoretical estimates [23] of the
spin density matrix r"k for diffractive p° assuming pure £'-wave in
the p°-meson and the ZEUS [35] and HI [36] experimental data is
very good, there is a clear evidence for r^, 7̂  0, see fig. 3.

7 Issues with R =
Still another fundamental point about spin properties of diffractive
DIS is that the vertex of the SCHC transition 7£ -»• (qq),\+\=o is
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Figure 3: Predictions for the spin density matrix in the p° pro-
duction vs. the experimental data from HERA [35, 36].

proptional to Q, which entails [5]

n _ "L(JiP -
it = •' " —

{

Q2

" • — - *-> — 5

<TT{1TP -*• VTP) rnp

for diffractive VM's. As was first noticed in [5], a numerical anal-
ysis with realistic soft WF gives values of R substantially smaller
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- rho system with 1S/D mixing

Figure 4: The sensitivity of R — crilaj for the p production to
the S-D-mixing [23], for the compilation of the experimental data
see [37].

than a crude estimate (??). still, the theoretical calculations [23]
seem to overpredict R — OLJOT at large Q2, see fig. 4, for the
compilation of the experimental data see [37].

As it was shown in [34], R = (XL/CFT is very different for the
S and Z?-wave states. As a result, an admissible S — D mixing
brings the theory to a better agreement with the data, see fig. 4.
Furthermore, the recent data from ZEUS [37] do indicate, the
experimental value of R tends to rise with the time. Here I would
like to raise the issue of sensitivity of R to the short distance
properties of vector mesons [38].

Consider Rei = CTL/VT for elastic CS y*p —»• y*p, which is
quadratic in the ratio of CS amplitudes. By optical theorem one
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finds
2

7TP)
= ( — I « 4 • 10

DIS

- 2

Here I used the prediction [29] for inclusive DIS RDIS =
0.2, which is consistent with the indirect experimental evaluations
of RDIS at HERA. Such a dramatic change from R.j < 1 to
R ~ Q2/my >> 1 suggests that predictions fir R in diffractive
VM production are extremely sensitive to the poorly known ad-
mixture of quasi-pointlike qq componets in VM.

8 Longitudinal gluons and polarization
of a direct J/W and #' at Tevatron

There is a long standing mystery of the predominant longitudinal
polarization of prompt J\& and ^ ' produced at large transverse
momentum p± as observed by the CDF collaboration in inclusive
pp interactions at Tevatron [39], see fig. 5, in which the polarization
parameter'

a? —
a =

is shown (the observed \J' are arguably the direct ones, the prompt
J / ^ ' s include the J/vFs both from the direct production and de-
cays of higher charmonium states) . Specifically, the color-octet
model [40] is able to parameterize the observed reaction cross sec-
tion (for a criticism of the standard formulation of the color-octet
model see [41]), but fails badly in its predictions [42, 43] for the
polarization parameter a, see fig. 5.

Arguably, production of charmonium states at mid-rapidity
is controlled by gluon-gluon collisions. Now recall that in the
standard collinear factorization the colliding gluons are regarded
as on-mass shell, and transversely polarized, ones. Which is the
principal reason, why one predicts the predominantly transverse
polarization of the produced J/^S and Vt'.
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The QCD subprocesses for direct production of C = — 1 vector
states of charmonium are shown in fig. 6. In order to emphasize
an impact of their virtuality of the colliding gluons, I indicate
explicitly the origin of the gluon g*. As I mentioned in section 5,
beside the familiar transverse polarization, highly virtual gluons
have also the hitherto ignored longitudinal polarization [31].

•or
a) ' b)

Figure 6: The diffractive QCD subprocesses for the production of
prompt vector states of charmonium in hadronic reactions.

In order to illustrate our principal point let me focus on the
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"diffractive" mechanism of fig. 6a. It dominates at large invari-
ant masses w of the Vg' system, w2 ^> Af£. The virtuality of
the gluon g* is controlled by the transverse momentum k\. of the
gluon g*, so that Q* « k\. The sub-process g* -f g -> J/tyg1 pro-
ceeds predominantly in the forward direction, which implies that
the transverse momentum of the g* is transferred to the J / $ , so
that px « k±. The difference between color octet two-gluon state
in the t-channel of fig. 6a and color-singlet two gluon state in
the diffractive pomeron exchange is completely irrelevant for spin
properties of the J / $ production, and for the diffractive mecha-
nism of fig. 6a we unequivocally predict R = (TL/CT ~ p\/m%,
i.e., o —> — 1 for very large p±. After some color algebra, one can
readily relate the total cross section of theMiffractive" mechanism
to the cross section of photoproduction of Jf^l on nucleons. We
found that " diffractive" mechanism is short of strength and could
explain only ~ 10 per cent of the observed yield of the direct J/$.

The diagrams of fig. 6b dominate for to ~ m». Arguably,
the above estimate for the px dependence of R applied to this
mechanism too. Crude estimates show that the contribution from
this mechanism is commensurate to, or larger than, that from the
"diffractive" large-ty mechanism.

Besides the predominantly "forward" production when the trans-
verse momentum of the g* is transferred predominantly to the di-
rect <//#, one must also consider the large angle reaction g*g —>
«//^ + g, which could affect the polarization parameter a. The
full numerical analysis has not been completed yet, still we be-
lieve that the so far neglected longitudinal gluons resolve a riddle
of the longitudinal polarization of direct Jty and $' .

9 Conclusions
The QCD theory of diffractive DIS is gradually coming of age.
The fundamental (Q2 + m^) scaling predicted in 1994 has finally
been recognized by experimentalists. The shrinkage of the diffrac-
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tion cone for hard photoproduction jp -> J/Wp discovered by
the ZEUS collaboration is the single most important result. It
shows that the BFKL pomeron is a (series of) moving pole(s) in
the complex-j plane. The slope of the pomeron trajectory and
the rate of shrinkage of the diffraction cone for hard photo- and
electroproduction predicted in 1995 has been confirmed experi-
mentally. So far neglected longitudinal gluons are predicted to
dominate production of direct vector mesons at large transverse
momentum in hadronic collisions and resolve the long-standing
riddle of the dominant longitudinal polarization of the J / $ and
* ' discovered by CDF.

Thanks are due to my collaborators Igor Ivanov and Wolfgang
Schafer for much insight and pleasure of joint work on the ideas
reported here. I'm grateful to Prof. L. Jenkovszky for the invi-
tation to Crimea-2001. This work was partly supported by the
INTAS grants 97-30494 and 00-00366.
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A correct description of both the ground and excited states of
scalar mesons encounters a variety of complex problems. Let us
point out some of them, i) For a long time, the experimental status
of the lightest scalar isoscalar singlet meson was unclear. In some
papers, the resonance /o(137O) was considered as the ground one
[1], and only in 1998 the state f0 (400-1200) was included into the
summary tables of PDG review[2]. ii) There is a problem with the
strange meson A"o(1430) that seems too heavy to be the ground
state as it is supposed by some authors [1]. We believe that there
is the state Kg (960) which is a member of the ground state nonet
(see also [3]). iii) Having quantum numbers of vacuum, the scalar
isoscalar states are most probably get mixed with scalar glueballs

[4, 5].
The description of the ground and excited states of the pion,

kaon, and vector meson nonets in the framework of a nonlocal
version of the Nambu-Jona-Lasinio (NJL) model has been done
in our papers [6, 7]. Here we discuss the ground and first radially
excited states of the scalar meson nonet and a scalar glueball.

'volkovGthsunl.j inr.ru
tyudichev<Othsunl. j inr. ru
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The form factors in the scalar channel of the quark current-
current interaction are chosen identical with those in the pseu-
doscalar channel. This is a requirement of the global chiral sym-
metry of quark interaction. Therefore, the masses of scalar mesons
can be immediately predicted after fixing the form factor param-
eters by the pseudoscalar meson masses from experiment. As a
result, we have found that the model masses of radial excitations
of scalar mesons are close to those of the experimentally observed
/o(137O), /o(1710), ao(145O), and #5(1430) mesons. This allows
us to interpret these states as the first radial excitations of the
mesons /0(400 - 1200), /0(980), Oo(980), and i^(960).

In papers [8, 9], we showed that /o(15OO) is rather a glueball
mixed with quarkonia. A similar result is obtained in [4].

Concerning the strange scalar KQ, we think that the state with
the mass 1430 MeV is much likely a radial excitation of a light
and wide resonance with the mass about 960 MeV (see also [3]).

Chiral Lagrangian for quarkonia. [7, 10]. We use a nonlocal
separable four-quark interaction of a current-current form which
admits nonlocal vertices (form factors) in the quark currents and
the pure local six-quark 't Hooft interaction [11]:

C(q,q) = fd*x q(x)(iQ - m*)q(x) + £%> + £ « , (1)

42 ELoEJLI f [&(*)&(*) + #>)#,(*)]. (2)
75)9] + det [q(l - 7 5 )<z]] . (3)

Here, m° is the current quark mass matrix (mJJ « mj}), and Js(p),t
denotes the scalar (pseudoscalar) quark currents

Js{P),i(x) = J#Xx<Px2 q(zi)F§{P)ii(x\ xux2)q{x2), (4)

where Fg^ 4(x; xi, X2) are the scalar (pseudoscalar) nonlocal quark
vertices. Here we discuss only the ground and first radially excited
states (N — 2). To describe the first radial excitations of mesons,
we take the form factors in the momentum space as follows (see
[6]):

- |fc±|), F^ = rysA"/; 0(A3 - \k±\), (5)
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i\)t 0 = 1,2), (6)

where Aa are Gell-Mann matrices, A0 = y f 1> w i t a 1 being the
unit matrix. Here, we consider the form factors in the rest frame
of mesons *. Ultra-violet regularization is introduced via A3 cutoff.

The part of Lagrangian (1) describing the ground states and
first radial excitations can be rewritten in the following form (see

[11]):

£ =

+G%}(q(x)il5Taq(x))(q(x)iKTbq(x))]},

where

Ta = ^o (a = 1> •••) 7), Tg = Au = (v2Ao -

T9 — As = (—Ao •+- v2X8)/v3,

z"r(±) /^(i) /̂ <(±) ft 1 AfCj-n T (m }

/^»(±) /o(±) /̂ «(±) /^t(i) / ^ _1_ /( fc'-K, r
C744 ^ "SS "66 *-T77 = v̂  ± 4/ \77luJi

Gg^G^l^l^m^K),
GQJ, = 0 , (a ̂  6; a, 6 < 7),

G&a = : Ga8 = Gga = Gag = 0, (fl ^ 7).

f AsJ/A

(m.),

(T)

(8)

(9)

Here mu and ma are the constituent quark masses and h{mq) is
the integral defined for an arbitrary n as follows

In(mq) = -iATc/(27r)4 /A3(mJ - k*)-"d*k. (10)

1The form factors depend on the transversal parts of the relative momen-
tum of quark-antiquark pairs k± = k-^-P, where k and P are the relative
and total momenta of a quark-antiquark pair, respectively. Then, in the rest
frame of a meson, Pmeson = 0J the transversal momentum is k± = (0, k), and
we can define the form factors as depending on the 3-dimensional momentum
k alone.
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The 3-dimensional cut-off A3 in (10) is implemented to regularize
divergent integrals.

The masses of isovector and strange mesons. After bosoniza-
tion of Lagrangian (7), which is in detail described in [7, 10], we
obtain the effective meson Lagrangian for scalar and pseudoscalar
mesons. The free part of this Lagrangian contains nondiagonal ki-
netic terms describing the mixing of ground and excited states of
mesons. After renormalization of meson fields and diagonalization
of the free part of this Lagrangian, we obtain the final form which
is expressed in terms of physical meson masses. In particular, we
have for the isovector scalar mesons (excited states are marked by
a hat over the field):

ff \ l \al (11)
where

IV =

and the integrals J/" contain form factors:

H"U K , mj) =
An analogous form is relevant for the strange mesons [6].

The masses of isoscalar guarkonia. Unlike the isovector and
strange mesons, where only the ground and excited states mix
with each other, among isoscalar mesons an additional singlet-
octet mixing of the ground states of mesons takes place. Indeed,
the 't Hooft interaction effectively gives rise to additional four-
quark vertices in the nondiagonal form in the isoscalar part of
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Lagrangian (7). As a result, for the isoscalar mesons, it is nec-
essary to take into account the mixing of four meson states: two
ground states (singlet and octet) and two excited states. There-
fore, we cannot obtain here the analytical expression for the masses
of isoscalar mesons and we have to use numerical methods to diag-
onalize the free part of the corresponding meson Lagrangian and
to define physical values of the isoscalar meson masses [7, 10].

The glueball. To introduce the scalar glueball state into our
meson Lagrangian, the dilaton model based on the scale invariance
is used. Insofar as in the limit m° —• 0 the QCD Lagrangian is
scale invariant, we suppose that our effective meson Lagrangian
should also be scale invariant in this limit. To reconstruct the scale
invariance, we introduce the dilaton field x into all dimensional
constants (except for the current quark mass and anomalous terms
that are contained in the 't Hooft interaction) in the model: G —>
GUM2, A -• A(x/Xc) and m -> mx/Xc where Xc = (x)o is the
vacuum expectation value of x (see [8, 9]). We also define the field
X1 = X ~ Xc that has zero vacuum expectation value. The effective
Lagrangian is then expanded in terms of x1- Besides this, the
self-interaction for x is also introduced. The current quark mass
nevertheless is not multiplied by the dilaton field as it explicitly
violates scale invariance.

Omitting the details and a lot of discussion, which a reader
can find in [8, 9], we come to the following Lagrangian:

X) = ^kinfo 4>) + LG((T, <t>, x) + Luxypia, (f>, x)

(<r,*,x). (17)

The term L^ represents the pure kinetic term (O(P2)). It is
already scale invariant and we leave it intact. Here, the term
LG(CT, 0, x) is obtained from the part of the meson Lagrangian
without dilatons that gives meson masses. An introduction of the
dilaton here requires a special care, and we redirect the reader
to [8, 9] for details, and say only that here the current quark
mass should be extracted explicitly everywhere it enters into the
constituent quark mass and should not be multiplied by the dila-
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ton field for the reason mentioned above. This concerns also the
anomalous terms which are contained in the 't Hooft interaction.

The sum of one-loop quark diagrams is denoted as L|ooP and
after introduction of the dilaton fields looks as follows:

X) = p p

$ , <j>). (18)

Here, the superscript in brackets stands for the dimension of the
term. Thus, L[^p(a) comes from tadpoles, L^p(a,4>) contains
square field terms: a1, 4?, o4>, and so on. Next, C(x) is the pure
dilaton Lagrangian

Ox) = 1/2 P2x2 - B (x/xo)4 [in (x/Xo)4 - l] (19)

where the potential (second term in (19)) has a minimum at x =
Xo, and the parameter B represents the vacuum energy when there
are no quarks.

Finally, the last term in (17), ALan(CT, 0, x), appears as a result
of anomalous scaling behavior of the 't Hooft term. It vanishes at
X = Xc-

After expanding the effective Lagrangian in terms of x', mixing
terms like ax' inevitably appear. This leads to an additional mix-
ing among the scalar isoscalar states which now includes besides
quarkonia also the dilaton.

Model parameters and meson masses. In our model, we have
five basic parameters: the masses of the constituent u(d) and s
quarks, m^1 ?= rrid and m8, the cut-off parameter A3, the four-
quark coupling constant G and the 't Hooft coupling constant K.
We have fixed these parameters from the input parameters: the
pion decay constant F* = 93 MeV, the p-meson decay constant
gp = 6.14 (decay p —> 27r)2, the masses of pion and kaon and the

2Here we do not consider vector and axial-vector mesons, however, we have
used the relation go — y/6ga together with the Goldberger-Treiman relation
gT = m/Fi, = Z~x'2ga to fix the parameters m u and A3.
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Mfo

Mgfaebail

MK£
M*
MK

Af,
Mr,.

Table
GR
400
1070
1550
830
960
140
490
520
910

1: The
EXC
1320
1670

-
1500
1500
1300
1300
1280
1470

model masses of mesons, MeV
GR(Exp.)[2]

400-1200
980 ± 10
1500 ± 10

983.4 ± 0.9
905 ± 50

139.56995 ± 0.00035
497.672 ± 0.031

547.30 ±0.12
957.78 ±0.14

EXC(Exp.)[2]
1200-1500
1712 ± 5

-
1474 ± 19
1429 ± 12

1300 ± 100
1460

1297.8 ± 2.8
1440-1470

mass difference of r\ and rf mesons (for details of these calcula-
tions, see [6, 11]). Here we give only numerical estimates of these
parameters: mu = 280 MeV, m8 = 417 MeV, A3 = 1.03 GeV,
G = 3.2 GeV~2, K = 4.4 GeV"5. We also have a set of addi-
tional parameters c j ° ^ and dqq in form factors /£. The parame-
ters Cg°^°) are defined by masses of excited pseudoscalar mesons,

c%£o = 1.44, c™''*'*0 = 1.45, CusK'° = 1.59, c™'^0 = 1.59. The
slope parameters dqq are fixed from the condition that the tadpole
quark loops connected with scalar isoscalar excited states vanish,
therefore the quark condensates and constituent quark masses mu

and ms do not change after including excited states into our non-
local version of NJL model. This leads to the following values:
duu = -1.78 GeV"2, 4 S = -1-76 GeV"2, d8S = -1.73 GeV"2.

Moreover, after the introduction of dilaton field, three new
parameters appear: XOXOJ and B. Two of them are fixed theoreti-
cally from the requirement of the dilatation current eonservation[12]
and that Xc should deliver the minimum to the effective potential.
Finally, the last constant is fixed from the condition that the glue-
ball has the mass about 1500 MeV (see [8, 9]). We obtain Xc = 219
MeV, xo = 203 MeV, and B = 0.007 GeV4. The obtained masses
of pseudoscalar and scalar mesons are listed in Table 1 together
with experimental values.
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Prom our calculations we suggest the following interpretation
of /0(1370), /o(171O), ao(1470) and #£(1500) mesons: we con-
sider them as the first radial excitations of the ground states
/o(400- 1200), /o(980), ao(980) and ^ (960) . The state /0(1500)
is understood as a scalar glueball. The calculation of strong decay
widths of these scalar states is also in satisfactory agreement with
experimental data and this fact also supports our interpretation
of the 19 experimental scalar states considered here.

This work has been supported by RFBR Grant N 00-02-17190.
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Abstract
A relation between hard diffraction at HERA and Teva-

tron is discussed. A model, which takes into account uni-
tarity effects is developed for interaction of high-energy
virtual photons with nucleons. It is shown that this model
gives a good description of HERA data on both total *y*P
total cross section and diffractive dissociation of virtual
photons in a broad region of Q2. Diffractive production
of jets in hadronic interactions is investigated and an im-
portant role of unitarization effects is emphasized. It is
shown how to describe the CDF data on diffractive jet
production at Tevatron using an information on distribu-
tion of partons in the Pomeron from HERA experiments.
Double-pomeron production of jets at Tevatron shows a
clear violation of factorization and is in a good agreement
with our prediction.

1 Introduction
Investigation of diffractive scattering of hadrons gives an impor-
tant information on structure of hadrons and mechanisms of their
interactions.
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There are two complementaxy points of view to these processes.
a) The s-channel view of diffraction.
It is well known that an absorption of an initial wave due to many
inelastic channels leads by unitarity to diffractive elastic scatter-
ing. At high energies lifetimes of hadronic fluctuations are large
r ~ E/m? and hadronic constituents can undergo elastic scatter-
ing . This process leads to diffraction dissociation of hadrons. An
elegant interpretation of diffraction dissociation in terms of eigen
states of diffractive part of S-matrix has been given by Good and
Walker [1]. They have shown that inelastic diffraction appears due
to a difference in the eigen values of diffractive scattering and for
strong absorption should have a peripheral form in the impact pa-
rameter space. Experimental data indicate that such a situation
takes place already at Tevatron energies. In QCD the diagonal
states correspond to partonic configurations with given transverse
separation
b) The t-channel point of view on diffraction.
The t-channel approach is based on the Regge model for diffrac-
tive processes. In this approach diffractive processes are mediated
by an exchange by the Pomeron (P) - the leading Regge pole
with vacuum quantum numbers. The Pomeron plays a role of an
exchanged "particle" and gives factorizable contributions to scat-
tering amplitudes. In impact parameter space Regge amplitude
has asymptotically gaussian form. This contradicts to a periph-
eral form for inelastic diffraction, which follows from unitarity in
the s-channel picture. However in the Regge theory it is neces-
sary to take into account not only Regge poles but also Regge
cuts, which corresspond to exchange by several Regge poles in
the t-channel. These contributions restore unitarity of the theory
and for inelastic diffraction they lead to a peripheral form of im-
pact parameter distributions and allow to understand an energy
dependence of the corresponding cross sections. The reggeon di-
agram techique [2] provides a regular approach to calculations of
multi-Pomeron contributions to diffractive scattering amplitudes
and Abramovsky,Gribov,Kahcheli (AGK) cutting rules [3] allow
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to determine multiparticle production processes.

2 Small-x physics
An interesting class of diffractive processes is studied in deep in-
elastic scattering (DIS) at small values of the Bjorken variable x .
They became especially actual due to recent experimental inves-
tigation of the small-x region at HERA accelerator.

Experiments at HERA have found two extremely important
properties of small-it physics : a fast increase of parton densities
as x decreases [4, 5] and the existence of substantial diffractive
production in deep inelastic scattering (DIS) [6, 7].

In the reggeon approach there are good reasons to believe that
the fast increase of the a^ with energy in the HERA energy range
will change to a milder increase at much higher energies. This is
due to multi-Pomeron effects, which are related to shadowing in
highly dense systems of partons - with eventual "saturation" of
densities. This problem was investigated recently in our paper [8],
where reggeon approach was applied to the processes of diffractive
7*j? interaction. In the reggeon calculus [2] the amount of rescat-
terings is closely related to diffractive production. AGK-cutting
rules [3] allow to calculate the cross-section of inelastic diffraction
if contributions of multi-Pomeron exchanges to the elastic scat-
tering amplitude are known. Thus, it is very important for self-
consistency of theoretical models to describe not only total cross
sections, but, simultaneously, inelastic diffraction. In particular
in the reggeon calculus the variation of A«// with Q2 is related to
the corresponding variation of the ratio of diffractive to total cross
sections. In the paper [8] an explicit model for the contribution of
rescatterings was constructed which leads to the pattern of energy
behavior of o$(W2, Q2) for different Q2 described above. More-
over, it allows to describe simultaneously diffraction production
by real and virtual photons. In this model it is possible to study
quantitatively a regime of "saturation" of parton densities.
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The model [8] uses the picture of diffraction dissociation of a
virtual photon into q — q pair, which ineracts with the proton tar-
get. Interaction of a large size component of this state is described
in a phenomenological way in reggeon approach, while the interac-
tion of the small size component in the wave function of a virtual
photon is calculated using QCD perturbation theory. The main
parameter of the model - intercept of the Pomeron was fixed from
a phenomenological study of hadronic interactions [9] (Ap = 0.2)
and was found to give a good description of 7*p-interactions in
a broad range of Q2 (0 < Q2 < 10 GeV2). Another important
parameter of the theory, the triple Pomeron vertex, obtained from
a fit to the data (TpPP/g^(0) « 0.1) is also in a reasonable agree-
ment with the analysis of soft hadronic interactions [9, 10]. The
model describes experimental data on the structure function F<i
and diffractive structure function F2£> quite well. It can be used
to predict structure functions and partonic distributions at higher
energies or smaller x.

Investigation of the (?2-dependence of diffraction dissociation
of a highly virtual photon gives a possibility to determine a dis-
tribution of gluons in the Pomeron [7, 10, 11]. It turns out that
contrary to the proton case both distributions of quarks and gluons
inside the Pomeron are rather hard. This indicates to an impor-
tant contrubution of "valence" gluons in the Pomeron. It should
be noted however that the form of the distribution of gluons in
the Pomeron is not well known at present. This is partly due to
systematic differences in Q2 dependence of diffractive structure
functions of HI and ZEUS (for recent discussion of these points
see [12]).

3 Hard diffraction in hadronic interac-
tions

Diffractive production of large mass states, which include hard
subprocesses, has been studied recently in high-energy hadronic
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interactions. Most of the results have been obtained at Tevatron
where diffractive production of jets, W-bosons, heavy quarks and
heavy quarkonia was observed [13, 14, 15].

The most interesting results were obtained for diffractive dijet
production. If we ignore rescattering corrections, for the moment,
then the cross section for diffractive dijet production , integrated
over t, may be written as

(1)

where a is the cross section to produce dijets from partons carry-
ing longitudinal momentum fractions X\ and P of the proton and
Pomeron respectively. It was found [13, 15] that calculation of
the cross section, based on this factorized formula with diffractive
structure functions obtained from HERA data, leads to a large
discrepancy with the CDF measurements both in the normalisa-
tion and in the shape of the observed distribution. Even taking
into account uncertainties in gluonic distribution of the Pomeron
discussed above the calculation lies about a factor of 10 above
the data. A fast increase of the cross section for /? —• 0 observed
at Tevatron differs strongly from predictions of models based on
HERA data. The last result is difficult to understand in the mod-
els which take into account an extra suppression in hadronic in-
teractions ("survival probability" [16]) due to rescatterings in the
eikonal approximation [17, 18].

This problem was considered in ref. [19]. It was assumed that
the sea quarks and gluons mainly occur in large size configurations
of the incident proton and thus have large cross sections, while
the valence quarks occupy predominantly small-size configurations
and are absorbed with substantially smaller cross sections.

In such a two-channel model the survival probability of the
gaps can be written as follows

2 _
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where Mv>aea are the probability amplitudes (in impact parameter
space) of the hard diffractive process corresponding to the valence
quark and to the sea quarks and gluons respectively. The functions
Qi has been written in Regge form and values of the parameters
were determined in a two-channel global description of the total,
elastic and soft diffraction cross sections [20].

In this model the soft rescattering effects modify the (3 distribu-
tion of the dijet process in a characteristic way. First note that the
CDF measurements cover a narrow £ interval, 0.035 < f < 0.095,
and hence that the invariant mass squared of the diffractively
produced state, M 2 = £s, remains close to the average value
2 x 105 GeV2. Also the mass squared of the produced dijet system
Af? = xi0M2 does not change much compared to its average
value of 1.2 x 103 GeV2. Thus xx0 ~ 0.006 and so for 0 > 0.3 we
have x\ < 0.02, whereas for 0 ~ 0.03 we have X\ ~ 0.2. Therefore
for large 0 (small x\) sea quarks and gluons will give the dom-
inant contribution, while for small 0 the valence quarks play an
important role. Hence the survival probability should increase as
X\ increases and 0 decreases. Results of calculations based on this
model are in a good agreement with CDF data both in magni-
tude and form of 0 distribution [19]. In particular an anomalously
strong increase of this distribution as 0 —> 0 is reasonably de-
scribed.

This calculation of diffractive dijet production illustrates a cru-
cial ingredient necessary in the description of rapidity gap pro-
cesses. Namely that the survival probability of a gap can depend
on X\ of the partons of the proton . This leads to many experi-
mental consequences for processes with rapidity gaps [19].

4 Double pomeron jet production
The process of particle production by double Pomeron exchange
(DPE) gives an important new information on mechanism of diffrac-
tion at high energies. Production of dijets with two large rapidity
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gaps gaps (xp and xp are close to 1) has been observed at Teva-
tron [15]. Comparison of cross section of this process (crj>P) with
cross section of jet production in the process of single diffraction
dissociation (crgD) and in ordinary inelastic events (o£() allows
to study factorization properties of inelastic diffractive processes.
The ratio O^D/0™

 ca:a De written as:

» _
1 =

where 5j is the "survival probability" for single diffraction dis-
sociation. For simplicity I consider only contribution of gluons.
Account of quarks is straightforward.

The ratio of jet production in double Pomeron process to those
for single one has the form

where 5f is the "survival" probability for DPE.
So the ratio R1/R2 for the situation when f = £1, /? = A

(x = Xi) is equal to
.Ri (Si)2 . ,

R=R~2- 5? (5)

For a single Regge pole exchange (Sf = 1) R = 1 and thus
deviations of R from unity signals a breakdown of the factorization.
With account of absorption Sf = 0.1, S| = 0.05 at Tevatron
energies [20], So from eq.(8) it follows that we can expect R « 0.2
at these energies. Recent results of CDF show that R = 0.19±0.07
in a good agreement with theoretical expectation [21]. This result
shows that factorization is strongly Violated in inelastic diffractive
processes.

This work was partially supported by grants : INTAS 00-
00366, NATO PSTCLG- 977275, RFBR 00-15-96786, 01-02-17383
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Abstract

The high energy spin properties of the elastic hadron-
hadron scattering are examined with the non-Gaussian
form of the hadron potential. It is shown that the in-
teraction of hadrons at large distances changes the form of
the differential cross sections and the analyzing power at
small transfer momenta.

The diffractive polarized experiments at HERA and RHIC al-
low one to study spin properties of quark-Pomeron and proton-
Pomeron vertices and to search for a possible odderon contribu-
tion. Several attempts to extract the spin-flip amplitude from the
experimental data show that the ratio of spin-flip to spin-nonflip
amplitudes can be non-negligible and may be independent of en-
ergy [1, 2, 3]. In all these cases, the pomeron exchange at large-
distance contributions is considered which leads to a more compli-
cated spin structure of the pomeron coupling. In the framework of
the perturbative QCD it was shown that the analyzing power of
the hadron-hadron scattering can be large and proportional to the
hadron mass [4]. Hence, one could expect a large analyzing power
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for moderate p2 where the spin-flip amplitudes are expected to be
important for diffractive processes.

The definition of the parameters of the separate parts of the
scattering amplitude is now, in fact, the model-dependent proce-
dure and requires either new methods or additional information.
Our model-dependent analysis based on all existing experimental
information on spin-correlation data above pi < 6 GeV allows us
to define the structure of the hadron spin-flip amplitude at high
energies and predict its behavior at superhigh energies [5, 6]. It
has been shown that this information can be obtained from the
precise measurement of the spin correlation parameter AN at very
small transfer momenta [7]. The dependence of the hadron spin-
flip amplitude on momentum transfer at small angles is closely
related to the basic structure of hadrons at large distances. We
show that the slope of the hadron spin-flip amplitude can be larger
than the slope of the hadron spin-non-flip amplitude. Its behav-
ior can be defined by small effects in the differential hadron cross
sections and the real part of hadron non-flip amplitude. In the
eikonal approximation the Born terms of spin-non-flip and spin-
flip amplitudes are

If we take
X(b,s) = He'ab,

then we obtain

Affat) = j b db e-a 6 J0(bq)

(a2 + 9
2 ) 3 / 2

with B = I/a2

M5(.M) = / b2 db e - b Ji{bq)
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In conclusion, we should note that all our consideration is based
on the standard supposition of the exponential behavior of the
imaginary part of the high energy scattering amplitude. The other
possibility, when the slope decreases with t —»• 0, requires a spe-
cial discussion to be made in a subsequent paper. Note that the
behavior of the scattering amplitude at small t is connected with
the hadron potential at large distances.

Such contribution we take into account in the peripheral dy-
namic model [8]. This model predict the significant magnitudes of
the AN and ANN- The predictions of the AN and ANN are shown
in Figs. 3 and 4.
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Abstract

In the scope of QED explicit formulas for the differ-
ential cross sections of scalar boson pair annihilation into
pairs of scalar and vector particles are obtained.

With the improvement of experimental technique it became
possible to obtain and detect new exotic elementary and com-
pound particles, predicted by the modern theories [1-3]. In anddi-
tion, the creation of extremely high energy particle colliders as well
as accelerators open the possibility to cary out new experiments in
the area of elementary particle and atomic nucleus physics, such as
the collision of particles and nuclei of different spins at relativistic
and ultra relativistic energies.

Therefore it is necessary to continue the theoretical research
of the scattering and annihilation of particles in the relativistic
region, where the processes can depend strongly on the number of
characteristics, which, however, often do not influence the nonrel-
ativistic particle and nucleus collisions. In particular, as will be
seen in this paper, cross sections of some processes in relativistic
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region can strongly depend on the spins of particles. Let us no-
tice that one can rigorously calculate the probabilities for different
relativistic processes only for electromagnetic interaction by us-
ing quantum electrodynamics (QED). But some characteristics of
cross sections, for instance, the spin dependence, are qualitatively
analogious for the other interactions. Here we are considering in
the scope of QED the annihilation of scalar boson pair into pairs
of different charged bosons, scalar as well as vector ones. If the
considered final particles are not stable, their properties can be
studied by detecting their decay products.

The differential cross sections of pair annihilation of scalar par-
ticles, having mass m and charges ±Ze ( Z > 0 ) and 4-momenta
p+(p+,ie+) , p-(pL,ieJ) , where indices -I- and - mean the signs of
particles' charges, into the pair of different scalar particles or into
the pair of vector charged particles with mass M , charges ±Qe (
Q > e ) and 4-momenta f+(f+,iE+) , /_(/_,iEJ) can be wrote
in a unique way, using the known QED technique [4,5]:

7Orv

do = ̂ y^\F\*5W(P++p- -U- f.)dfW-> (1)

where a = | j is the fine structure constant ( e - the charge of
positron ), J - is the density flow of input scalar particles

And F is the matrix element (amptitude) of the process (We
use the notations of [4,5]). The quantity of \F\2, which enters cross
section (1), implies summed over particles' polarizations squared
absolute value of amptitude and can be represented in the form
[4,5]:

\ - i



S = Splfinip-^p- - m)Pvip+(ip+ + m)}x

x SpifaUif- - M%ih{ih + M)} (4)
The first trace in (4) includes the 5-row beta-matrixes of Duffin-

Kemmer [6,7] and the second one includes the 5-row beta-matrixes
in case of the creation of scalar particles and 10-row [6,7] in case
of birth of vector particle pair. Traces of multiplications of several
beta-matrixes can be calculated by the method, described in the
paper [8]. The above formulas are independent of the reference
frame. However, the final results in this general case are quite
bulky, that is why we will state them only in one, but important,
case - in the center of inertia frame, where

P+ + pi = f+ + / - = 0, e+ = e_ = E+ = £_ = e,

J = 2yjl- m2/e2. (5)

Let us introduce the scattering angle for the particle with
charge Q by equation

—• —*

Then the angular distribution for the creation of scalar parti-
cles can be represented in the next general compact form:

da

The corresponding integred cross section is:

Cross sections of the inversed processes can be obtained from
(7) and (8) by interchanging m and M . If, as the result of scalar
particle and antiparticle collision, a pair of vector particles ap-
pears, then, as it can be seen from formulas (l)-(6), we get for
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angular distribution of final vector positively charged particle the
following

do _ (ZQa)2(m2 + M2) f _ rr^\~1/2f. _ M V / 2

dU ~ 32M2e2 \ e 2 ) \ e2 / X

To obtain the integrated cross section cos^O in (9) should be
replaced by 1/3 and the entire cross section should be multiplied
by 4?r . Differential cross section of inversed process of vector
particles' pair annihilation into the pair of scalar particles is being
obtained by multiplying (9) by 1/9 and the replacement m <—• M
. Let us stress here the difference between angular distributions
of cross sections (7) and (9). In particular, while the cross section
(7) for the 9 —• 0 is going to zero, the cross section (9) in this limit
does not vanish.

It is of particular interest to compare the cross sections (7) and
(9) with the cross sections of lepton (electro-positron) pair with
mass m annihilating into a pair of scalar particles [4] and into
a pair of vector particles with masses M [5]. The relevant cross
sections have the form

da a2 ( m 2 \ - V 2 / M 2 \ 3 / 2

dn 6 4 M 2 V e2' v e2 )

x 11 +
e2

Although there are some similar features in all this formulas for
cross sections, they are essentially different from each other, thus
one can clearly see that the cross sections of boson and fermion
pairs' annihilation into different bosons strongly depend on the
spins of the input as well as final particles.
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Abstract
The hottest subjects in high energy physics for the last couple of years are discussed
in some details. The contents of this talk include:
I. Introduction
II. Exotic Nuclei
III. Color Ball as Pomeron
IV. Neutrino Masses and Mixings
V. Higgs Scalar Mass
VI. Superparticles
VII. Substructure of Quarks and Leptons
VIII. Structure of the Universe
IX. Conclusion and Future Prospects

Preface

I would like to dedicate this talk to Professor Shuji Onto, the late chairman of High
Energy Committee of Japan, who has contributed so much to high energy physics for
the last more than three decades, in a variety of fields ranging from the first tnuon-
pair and multi-hadron productions by two-photon processes in the AOONE e-e-
storage ring at Frascati in 1974 (1) and the discovery of the new particles by the
DASP Collaboration in the DORIS e-e-storage ring at DESY in 1976 (2) up to the
recent measurement of cosmic ray antiproton spectrum by the BESS Collaboration
(3).

I. Introduction

I have been asked by Professor Jenkovszky, the chairman of the Organizing
Committee of this Conference, to give a talk on the Tecent results of my research, in
particular those connected with the substructure of quarks, predicted in our classical
papers. In this talk, I am going to discuss in some details the hottest subjects in high
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energy physics for the last couple of years, most of which may somehow be related
to the substructure of quarks of leptons and all of which have been predicted in our
classical papers. I will organize this talk in the following way. I will discuss Exotic
Nuclei in II, Color-Ball as Pomeron - in III, Neutrino Masses and Mixings - in IV,
Higgs Scalar Mass - in V, Superparticles - in VI, Substructure of Quarks and Leptons
- in VII, Structure of the Universe - in VIII, and present Conclusion and Future
Prospects - in IX. Some parts of the contents in this talk have already been published
either in the recent journals or in the proceedings of the recent international
conferences, to which I will refer wherever appropriate and in which you can find the
mathematical details.

II. Exotic Nuclei - See Refs. 4,35.
III. Color-Ball as Pomeron - See Refs. 36,49.
IV. Neutrino Masses and Mixings - See Rets.50,72.
V. Higgs Scalar Mass - See Rets. 73,83.
VI. Superparticles - See Refs. 84, 86.
VII. Substructure of Quarks and Leptons - See Refs. 87,99.
VIII. Structure of the Universe - See Rets. 100,108.
IX. Conclusion and Future Prospects

I have discussed the hottest subjects in high energy physics for the last couple of
years, ranging from nuclear, hadron and particle physics to cosmology. As for future
prospects of high energy physics, have recently presented many discussions in
various conferences including the last Crimean Conference. Instead of repeating
these discussions, I wish to present a new trend in high-energy physics, in the
following.
As emphasized in Section II. the stability of nuclei and, therefore, that of matter

depends on the small mass difference between the proton and neutron or that
between the up and down quarks due to the mass difference between the wl and w2
subquarks. As emphasized in Section III. the origin of the finite and non-vanishing
size of hadrons may be, closely related to the Pomeron. It must also be related to the
energy scale of QCD Lambdac ~100MeV, which may eventually be related to the
small but non-vanishing up and down quark masses. As dtsscussed in Sections IV
and VII, the non-vanishing but extremely small neutrino masses may be due to the
combination of spontaneous breakdown of supersymmetry between the wl and CO
subquarks, which are equal-mass and maybe massless, and breaking of iso-spin
symmetry between the wl and w2 subquarks, which is caused by the mass difference
between them. Very lately, the observations of CP violation in the neutral B meson
system have been reported both by the BABAR and Belle Collaborations (110). I
suppose that the CP violation, which may be described phenomenologically in, the
standard model of quarks, must also be originated from subquarks in quantum
subchromodynamics. I hope that we shall be able to say The truth is out there"
soon.
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Abstract

There are two basically independent ways to describe
the nucleon spin structure. One is related to quark and
gluon spins and another one to their total angular mo-
menta. The latter spin structure may be studied, in prin-
ciple, in hard exclusive processes. The extension of Ein-
stein equivalence principle results in the equipartition pic-
ture, when the total angular momenta are shared between
quarks and gluons equally to their .momenta. While this
picture is violated in perturbative QED, the hypothesis is
suggested, that it is restored in QCD due to the confine-
ment phenomenon.

The spin of the proton enters in its CjCD description in terms
of quark and gluon degrees of freedom in various ways. The
most familiar one is manifested in various wave functions (in par-
ticular, in light-cone distributions, appearing in hard exclusive
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processes) and consists of, definite restrictions for their compo-
nents. At the same time, in hard inclusive processes one is deal-
ing with the forward matrix elements of quark and gluon oper-
ators, which may be understood as density matrices, and allow
for more freedom. The first natural choice of such operators
is the use of quark and gluon spins. The orbital angular mo-
menta are necessary counterparts of the spin ones, required al-
ready by the leading QCD evolution [1]. It is convenient to use
instead total angular momenta related to the particular matrix
elements of Belinfante energy-momentum tensors: (p'|T££|p) =

{p)f where P» =
nucleon spinor.

The parton momenta and total angular momenta are: Pq,g =
Aq,g(fy, Jq,g = 5 K,s(0) + BqiS(0)]. Taking into account the con-
servation of momentum and angular momentum one can see that
the difference between partition of the momentum and orbital an-
gular momentum entirely comes from "anomalous" formfactors
{Bq(0) = — Bg(0)). The experimental investigation of this prob-
lem may, in principle, be performed by studying the hard exclusive
processes with the low momentum transfer between the initial and
final proton. This goal was the initial reason for the investigations
of Deeply Virtual Compton Scattering [1], although this connec-
tion was actually lost in the course of the rapid development of
this field. The main reasons are probably the huge experimental
difficulties. One should first separate electric and magnetic contri-
butions and afterwards integrate them over quark momentum frac-
tion x to extract the second moment related to energy-momentum
tensors. One may therefore think about the suitable parameter-
izations of Generalized Parton Distributions whose moments are
related to A, B% instead of direct extraction of J, and comparison
with the precise date provided by JLAB and HERA. One may also
think about possible use of the crossing process 7*7 —»pp, where
separation of electric and magnetic terms may be performed by
considering the angular distribution of hadron pair, although the
problem of continuation to the point 3 = 0 is very complicated.
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Despite the importance of these experimental studies, their essen-
tial outcome is known in advance. Namely, one should have the
"equipartition" picture, so that the partition of angular momen-
tum is close to the partition of momentum, due to the smallness
of anomalous contributions. The latter comes from quark models
[2], QCD sum rules calculations [3] and chiral soliton models [4].
A careful analysis and rederivation [5] of the leading QCD evolu-
tion were used to make a statement about the identical zero of the
anomalous formfactor B. Moreover, just this general property was
suggested in [5] as a reason for the smallness of the singlet anoma-
lous magnetic moment (AMM), resulting from the approximate
cancellation between proton (+1.79) and neutron (—1.91) values.
To prove this picture, one should either study higher orders and
(especially) nonperturbative QCD contributions, or to look for a
more general reason. The latter approach is represented by the
famous Equivalence Principle (EP)[6]. Namely, making use of the
fact that the matrix element of energy-momentum tensor describes
the interaction of a nucleon with a classical external gravitational
field, one arrives at the interpretation of B as an "Anomalous
Gravitomagnetic Moment" (AGM), being a straightforward ana-
log of its electromagnetic counterpart. Its zero value, which for
the whole proton is a consequence of the conservation laws, may
be also interpreted as Post-Newtonian manifestation of EP. In-
deed, the zero AGM ensures the equal frequency of precession of
orbital momentum ( or classical rotator) and spin momentum (or
quantum rotator) in gravitomagnetic field, produced, say, by mas-
sive rotating bodies. This allows to eliminate all the effect of such
a field by the choice of the rotated coordinate system, which is
just the EP. Another manifestation of EP is the absence of the
helicity flip of the scattered particle by gravitomagnetic field. One
may also consider zero AGM property from the point of view of
gravitational gauge invariance. The gauge invariant quantity is
the curvature W which corresponds to the second derivatives in
coordinates and may be therefore coupled to the quadratic in A
terms of the energy-momentum tensor. Consequently, all the lin-
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ear terms may be eliminated by the gauge (i.e. coordinate) trans-
formation, which is just guaranteed by the zero AGM and EP.
One may expect, that gauge-invariant coupling to i?M" and zero
AGM should be valid for the separate contribution of each quan-
tum field, explaining the equipartition. rtowever, this statement
must be taken with some care, due to fields interaction. Say, AGM
is definitely not zero for each quark flavor, and this is clear both
from experiment (only isoscalar AMM is small) and perturbative
calculation: the leading order (LO) evolution is compatible with
equipartition, only if the singlet combination of all the quarks is
taken. Moreover, even in that case the NLO term, which is similar
to the one calculated in QED [7] is non-zero.

We make the following hypothesis: The equipartition prop-
erty is violated in perturbation theory, but is restored in
full QCD due to confinement property. It may be supported
by both formal and physical arguments, although detailed inves-
tigations are required to either prove or disprove it.
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Abstract

The scaling in G1-P(W2,Q2) cross sections (for
Q2/W2 « 1) in terms of the scaling variable 77 = (Q2 +
mj))/A2(W2) is interpreted in the generalized vector domi-
nance/color-dipole picture (GVD/CDP). The quantity
A2(W2) is identified as the average gluon transverse mo-
mentum absorbed by the qq state, < if >= (1/6)A2(W2).
At any Q2, for W2 —• oo, the cross sections for virtual and
real photons become universal, (ry'P(W2

1Q
2)/alp(W

2) -*
1. The gluon density corresponding to the color-dipole
cross section ill the appropriate limit' is found to be con-
sistent with the results from QCD fits.

Two important observations [1] were made on deep inelas-
tic scattering (DIS) at low values of the Bjorken scaling variable
xbj ~ Q2/W2 « 1, since HERA started running in 1993:
i) The diffractive production of high-mass states (of masses Mx ^
30GeV) at an appreciable rate relative to the total virtual-photon-
proton cross section, o^p(W

2,Q2). The sphericity and thrust

•Supported by BMBF under Contract 05HT9PBA2
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analysis [1, 2] of the diffractively produced states revealed (ap-
proximate) agreement in shape with the final state found in e+e~
annihilation at ^/s = Mx- This observation of high-mass diffrac-
tive production confirms the conceptual basis of generalized vector
dominance (GVD) [3, 4] that extends the role of the low-lying vec-
tor mesons in photoproduction [5] to DIS at arbitrary Q2, provided
Xbj « 1.

ii) An increase of <T-,*P(W2, Q2) with increasing energy considerably
stronger [6] than the smooth "soft-pomeron" behavior known from
photoproduction and hadron-hadron scattering.
We have recently shown [7] that the data for total photon-proton
cross sections, including virtual as well as real photons, show a
scaling behavior. In good approximation,

with

A2(W2)' K '

Compare Fig. 1. The scale A2(W2), of dimension GeV2, turned
out to be an increasing function of the 7*p energy, W2, and may
be represented by a power law or a logarithmic function of W2,

In a model-independent fit to the experimental data, the threshold
mass, ml < m2, and the two parameters c2{d^) and W$(WQ)

were found to be given by mg = 0.125 ± 0.027GeV2, c2 = 0.28 ±
0.06, W$ = 439 ± 94GeV2 with X

2/naJ = 1.15, and mg = 0.12 ±
OMGeV2, dt - 3.5 ±0.6, Wg = 1535±582GeF2, with x*/n4f =
1.18. The overall normabzation, Ci^) in (3) is irrelevant for the
scaling behavior.

For the interpretation of the scaling law (1) , we turn to the
generalized vector dominance/color-dipole picture (GVD/CDP)
[8, 7], of deep-inelastic scattering at low x « 1. It rests on
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Figure 1: The experimental
data for ayp{W2,Q2) for x c*
Q2/W2 < 0.1, including Q2 =
0, vs. the scaling variable TJ =

7* (QQ) transitions from e+e~ annihilation, forward scattering of
the (qq) states of mass M^ via (the generic structure of) two-
gluon exchange [9] and transition to spacelike Q2 via propagators
of the (qq) states of mass M^. In the transverse-position-space
representation [10], we have

We refer to ref. [10] for the explicit representation of the square of
the photon wave function, \tp\2. The ansatz (4) for the total cross
section must be read in conjunction with the Fourier representa-
tion of the color-dipole cross section,

(5)
The function 0^ , (^ ,2 (1 — z)^W2) describes the gluon-gluon-
proton-proton vertex function. Upon insertion of (5) into (4),
together with the Fourier representation of the photon wave func-
tion, one indeed recovers [8] the expression for oyp that displays
the x —* 0 generic structure of two-gluon exchange1: The resulting

:I t is precisely the identical structure |8] that justifies the GVD/CDP (4),
(5) from QCD.
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expression for oyp is characterized by the difference of a diagonal
and an off-diagonal term with respect to the transverse momenta
(or masses) of the qq states the incoming and outgoing photon
virtually dissociates into.

From (5), >the oolor-dipole cross section, in the two limiting
cases of vanishing and infinite interquark separation, becomes, re-
spectively,

, for r j -• 0,
, for r\ -7* 00.

(6)
The proportionality to r\ for small interquark separation is known
as "color transparency" [10]. For large interquark separation, the
color-dipole cross section should behave as an ordinary hadronic
one. Accordingly,

V2) (7)

must be independent of the configuration variable z and has to
fulfill the restrictions from unitarity on its energy dependence. The
average gluon transverse momentum {l±}w*^ in (6), is defined by

J ± t o p )
Replacing the integration variable r\ in (4) by the dimensionless
variable

u = rlA2(W2)z{l-z), (9)

the photon wave function becomes a function |^|a(«^r, %, z). The
requirement of scaling (1), in particular for Q2 » ml, then im-
plies that the color-dipole cross section in (4) be a function of

Taking into account (6), with (10), we find
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and upon averaging over z,

Q I 2 > . (12)

The quantity A2(W2) in the scaling variable (2) is accordingly
identified as the average gluon transverse momentum, apart from
the factor 1/6 due to the averaging over z.

Inserting (I 2)w2,z from (11) into (6), we have

- ~(°°) J in.J\-yw-)z{l - z) , for A2 • r]_ -> 0,
fl9P \ 1 , for A2 • r\ —• oo.

The dependence of the photon wave function in (4) on r\ • Q2

requires small r\ at large Q2 in order to develop appreciable
strength; for large Q2, the r\ —* 0 behavior in (13), with its
associated strong W dependence, becomes relevant until, finally,
for sufficiently large W, the soft W dependence of a^ will be
reached.

Thus, by interpreting the empirically established scaling, <r7*p =
<77*P(T/), in the GVD/CDP, we have obtained the dependence of
the color-dipole cross section on the dimensionless variable u in
(10) and, consequently, with (13), qualitatively, the dependence
on r\ shown in fig. 1. Conversely, assuming a functional form for
the color-dipole cross section according to (10), one recovers the
scaling behavior (1).

In [7], we have shown that approximating the distribution in
the gluon momentum transfer by its average value, (11),

*(««P = <P*\&$1 - A2(W2M1 - z)), (14)

allows one to analytically evaluate the expression for <r7»p in (4)
in momentum space. The threshold mass TUQ < mp enters via the
lower limit of the integration over the masses appearing in the
propagators of the ingoing and outgoing qq states. For details we
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refer to [7], and only note the approximate result

, for r? -

, for,»L
(15)

Note that for any fixed value of Q2, with W2 —> oo, the soft
logarithmic dependence as a function of rf* is reached. We arrive
at the important conclusion that in the W2 —* oo limit virtual and
real photons become equivalent [11]

(16)

Figure 2:
photon-proton

~" *v

The virtual-
cross section,

including
Q2 — 0 photoproduction, as
a function of W2 for fixed
Q2. The figure demonstrates
the asymptotic behavior,
arp{W2, Q2)/a^p(W

2) ->• 1
for W2 —> oo, that follows
from the scaling in 77 contained
in the GVD/CDP.

Even though convergence towards unity is extremely slow (com-
pare Fig. 2), such that it may be difficult to ever be verified
experimentally, the universality of real and virtual photons con-
tained in (16) is remarkable. It is an outgrowth of the HERA
results which are consistent with the scaling law (1) with r\ from
(2) and A2{W2) from (3). Note that the alternative of A2 = canst
that implies Bjorken scaling of the structure function F2 ~ Q2<TTP

for sufficiently large Q2, leads to a result entirely different from
(16),

a v (W2 Q2) A2

lim 7 p ,.„,» = ———77, (assuming A = const), (17)
2Q2lnA,
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i.e. a suppression of the virtual-photon cross section by a power
ofQ2.

! :
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Figure 3: The dependence of
A2 on W2, as determined by
a fit of the GVD/CDP predic-
tions for <T7»P to the experimen-
tal data.

Figure 4: The GVD/CDP scal-
ing curve for ay*p compared
with the experimental data for
x < 0.01.

In Fig. 3, we show A2(W2) as obtained from the fit [7J of «r7.p
to the experimental data. The figure shows the result of fits based
on the power law and the logarithm in (3), as well as the results
of a pointlike fit, A2(W?). Using (12), one finds that the average
gluon transverse momentum increases from < f± >cz 0.5GeV2 to
< f,2 > ~ \.25GeV2 for W from W a* 30GeV to W ~ 300GeV.
In Fig. 4, we show the agreement between theory and experiment
for cry*p as a function of r\. For further details we refer to ref. [7].
So far we have exclusively concentrated on a representation of <r7«p

in terms of the color-dipole cross section, o-(^)p(fJ
2, W2, z{\ - z)).

For sufficiently large Q2 and non-asymptotic W*, such that the
A2(W2) • fj2 -*• 0 limit in (13) is valid, one may alternatively
parameterize the gluon interaction with the proton target in terms
of the gluon density of the proton. The corresponding formula has



Figure 5: The gluon den-
sity corresponding to the color-
dipole cross section of the
GVD/CDP.

MMl MSI

indeed been worked out in [12]. It reads

Identifying (18) with the A2{W2) • r\ -» 0 form of
upon averaging over z(l — z) as in (12),

)~

we deduce

(18)

from (13),

(19)

(20)

The functional behavior of A2(W2) = A2 (£•) responsible for the
f2 —> 0 dependence of the color-dipole cross section thus deter-
mines (or provides a model for) the gluon density. We note that
the result (18) is also obtained [11] by assuming gluon dominance
at low x in DGLAP evolution [13], thus extracting the gluon dis-
tribution by taking the logarithmic derivative of the expression for
the structure function F% corresponding to a7*p for T) » 1 in (15).
This explicitly demonstrates the consistency of the interpretation
of the GVD/CDP in terms of the gluon density.
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In Fig. 5, we show the gluon density obtained from (20) upon
inserting the appropriate values of as(Q

2) from the PDG [14].
There is a remarkable consistency between our results in Fig. 5
and the results for the gluon density obtained in QCD fits by the
Hi and ZEUS collaborations. More specifically, it is gratifying
that the results in Fig. 5 are consistent with the ones of the Hi and
ZEUS collaborations [15] based on the LO analysis [13] also used in
our extraction of the gluon density. A comparison with the results
of the more sophisticated NLO-QCD fit [16] reveals consistency
with Fig. 5 for x =* 10~4. For x = NT2, the NLO-QCD fit lies
below the LO analysis and, consequently, it lies somewhat below
our results in Fig. 5.

The essential differences between the GVD/CDP presented
here and related approaches [17,18] were briefly touched in [7]. As
additional distinctive feature, we note our aforementioned straight-
forward connection between the GVD/CDP and the gluon density
of the proton. A further remark concerns the scaling behavior
of <77.p. From the above discussion, it is clear that scaling in
Q2/A2(W2), assuming Q2 » m2, for simplicity, is intimately con-
nected with the color-dipole approach. It is a consequence of the
rI • A2(W2) dependence of the color-dipole cross section in (9). A
different ansatz for the color-dipole cross section, such as the one
in ref.[18] that contains an r2/B%(x) dependence, accordingly, is
bound to also imply a scaling behavior for oyp , which is expected
to be based on a different scaling variable. In [18] the scaling vari-
able r was found. For Q2 ^ 0, the data in the presently explored
kinematic domain do not discriminate between scaling in r\ and
scaling in r. It is the very existence of scaling that supports the
color-dipole ansatz for DIS at low x. The variable r , however, does
not allow one to consistently include Q2 = 0 photoproduction.

In summary, we have shown that the HERA data on DIS in the
\ow-x diffraction region, including Q2 = 0 photoproduction, find a
natural interpretation in the GVD/CDP that rests on the generic
structure of two-gluon exchange from QCD. The gluon density
that in the appropriate limit corresponds to the color-dipole cross
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section is consistent with the results from QCD fits. The cross
sections for real and virtual photons on protons become identical
in the limit of infinite energy.
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Abstract
A renormalization scheme for theories with nontrivial

internal symmetry is proposed. This scheme respects auto-
matically symmetry of renormalized theory independently
on a regularization used. The general scheme is illustrated
by the example of QED.

1 Introduction
Renormalization procedure is complicated considerably in theories
with nontrivial internal symmetry, like gauge theories. Symmetry
of renormalized theory is the necessary condition of consistency
of such models. In gauge theories the consistency is provided by
the relations between Green functions which are the quantum ana-
logue of a classical symmetry. In the case of Quantum Electro-

*E-mail: slavaov@mi.ras.ru
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dynamics (QED) these relations are Ward-Takahashi identities
(WTI) [1], [2], which connect three- and two-point Green func-
tions. For non-Abelian gauge theories corresponding relations
(STI)were obtained in the papers [3], [4].

According to the R-operation ([7], [8], [9]) ultraviolet divergen-
cies are removed by recursive subtractions of local counterterms
(polynomials in momentum space), which may be identified with
the values of the vertex functions at some (infrared safe) external
momenta. Making these subtractions one firstly introduces some
intermediate regularization which makes the integral as a whole
convergent by power counting. Intermediate regularization may
violate gauge invariance and in this case 6ne has to tune finite
counterterms to provide the relevant identities for renormalized
correlators.

To avoid this painful procedure I propose the following method.
Ultraviolet divergencies of the vertices with three and four external
lines may be removed not necessarily by subtracting the vertex at
some fixed external momenta but also by subtracting the values
of the corresponding vertices with only one external momentum
fixed, in particular the fixed momentum may be equal to zero. In
case of linear divergencies one has to use a properly symmetrized
subtraction.

Such subtractions make vertex functions finite but obviously
violate locality. To restore the locality one can use the fact that in
gauge theories the value of a vertex function at zero momentum of
one of the external gauge fields is related to the values of other cor-
relators having at least one external gauge field less. In QED this
relation is given by WTI and expresses the electron photon vertex
at zero photon momentum in terms of electron polarization. In
non-Abelian models the corresponding relations express the ver-
tex functions with three and four external gauge fields in terms
of polarization operators and ghost-gauge field vertices. Having
this in mind one can define a logarithmically divergent one loop
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renormalized proper vertex functions as follows:

H P , 9, *) = Km rA(p, ?, fc) - rA(p, g, 0) + jFJ(p, g) (1)
A—>oo

The index A indicates that some ultraviolet regularization is intro-
duced. Here F(p, q, k) denotes a proper vertex function with in-
dices suppressed and F r is a combination of renormalized correla-
tors, such that for a proper choice of renormalization freedom in
the limit when regularization is removed

Tr(p,q,0)-Fr(p,q) = 0 (2)

by virtue of gauge invariance. In other words the equation (2) is
the renormalized differential WTI in QED or differential STI in
non-Abelian models.

In the following we shall always assume that some ultraviolet
regularization is introduced and will not write explicitely the index
A. The regularization is removed after calculations of all integrals.

The subtraction (1) involves the value of three or four point
vertex functions at one of the external momenta equal to zero.
If the remaining external momenta are different from zero, they
serve as the infrared regulator and this function is infrared finite.
So our procedure does not meet any infrared problems.

The renormalization procedure works loopwise. One firstly
makes local (infrared safe) subtractions of one loop polarization
operators and (in non-Abelian models) ghost-gauge field vertices.
Then one defines the renormalized three and four gauge field one
loop correlators by the relations of the type (1), where F* depends
only on finite renormalized correlators. The renormalized vertex
function defined by the eq.(l) is ultraviolet finite, both for a finite
A and in the limit A —• oo. The WTI and STI are obviously
satisfied by the functions (1).

Finally, the difference

r(p, 3 ,0 ) -*" (? ,* ) (3)

in any anomaly free model in the limit of an intermediate regulari-
zation removed is a polynomial in p, q (with coefficients divergent
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in the limit A —> oo). It follows from the fact that F^p, <7,0) is
obtained from F(p, q, 0) by subtracting a polynomial. It proves
the locality of our procedure.

After defining renormalized one loop correlation functions one
proceeds defining multiloop correlators according to the standard
R-operation. It is convinient to rewrite the eq.(l) in the form

,<7, k) = r A (p , g , k) -zK- [rA(p,<7,0) - zK - Fr
A(p,q)] (4)

Here z\ denotes a counterterm which is defined by the equation

lira [TA(p, q, 0) - zA - Fl{p, q)} = 0 (5)[
A—»oo

As the eq.(5) is just a renormalized WTI, in anomaly free models
the counterterm zA always exists.

The eq.(5) shows that the difference (3) for a finite A is in
fact a nonlocal counterterm which coincides with the usual local
counterterm in the limit A —» oo. In this language the subtraction
(1) is equivalent to introducing to the Lagrangian the nonlocal
counterterms defined by the eq.(3)

Now let us consider some two-loop diagram which includes as
a subgraph the vertex (1). As usual the introduction of one-loop
counterterms makes the integrals corresponding to the internal
momenta of the subgraph finite in the limit A —> oo and the only
remaining divergency to be removed is the superficial divergency
of the two-loop diagram. To remove this divergency one makes the
last subtraction according to the eq.(l), where FA(p, q, k) now de-
notes the integral corresponding to the two-loop diagram with the
one-loop counterterms included. In the case of two-point functions
or ghost-gauge vertices in non-Abelian models the last subtraction
is just the usual local subtraction.

Generalization to higher loops is absolutely straightforward.
There is nothing specific in our method at this point and we refer
for further details to textbooks (e.g.[12]).

It is instructive to compare our renormalization procedure with
the standard one in the case of non gauge invariant intermediate
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regulaxization. The standard method is the two step procedure.
At the first step one defines the renormalized correlators breaking
gauge invariance. At the second step finite counterterms are tuned
to provide WTI for renormalized correlators.

Our renormalized vertices satisfy WTI by construction and
non gauge invariant renormalized Green functions do not appear
at all. Instead of solving the equations for finite counterterms
restoring gauge invariance we present the closed expression for
renormalized vertices which provides automatically the necessary
symmetry. The problem of invariant renormalization is reduced
to the solution of differential WTI. Note that if one interprets
our procedure in the language of local subtractions, in the limit
A —+ oo it corresponds to choosing different subtraction points for
different diagrams.

In comparison with the standard R-operation the new feathure
is the unusual choice of the subtracting operator. All combina-
torics of multiloop diagrams remains the same. As in the limit
when regularization is removed our regularization is equivalent to
the standard R-operation with a special choice of counterterms, all
theorems concerning the properties of renormalized theory remain
valid.

The last remark concerns the application of our procedure to
anomalous models. In this case we also get a finite renormalized
theory, satisfying WTI, but the difference(3) is not local any more.
It makes anomalous models inconsistent.

In the next section I illustrate the method by applying it to
QED.

2 Invariant renormalization of QED.
In Quantum Electrodynamics formal WT identities for proper
Green functions may be written in the form:

(6)
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where T^ is the proper photon-electron vertex and E is the elec-
tron self energy. We shall define the renorrnalized Green functions
which satisfy automatically this identity.

The renormalization procedure works loopwise. We start by
defining the renormalized one-loop electron self energy. The most
general structure of £ is

(p-m)E1(p2) + E2(p
2) (7)

Renormalized electron self energy is given by the eq.

Er(p) = (p - n O P x ^ ) - E^a2)] + E2(p
2) - £2(m2) (8)

Here a is some arbitrary (infrared finite) normalization point. Eq.
(8) guarantees that the electron propagator has a pole at p2 = m2.

The renormalized vertex function is defined by the equation:

I>, q) = I>, q) - r>, 0) + ed^ip) (9)

Here Er is the finite renormalized function defined by the eq.(8).
The vertex function diverges logarithmically, so F^ is obviously
finite both for a finite A and in the limit A —> oo. By construction
it satisfies WTI:

r(i(p,0) = ed^r(p) (10)

For a finite A the subtraction (9) may seem to be nonlocal. How-
ever in the limit when regularization is removed, the difference

r / i (p ,0 ) -e^E r (p ) (11)

is a polynomial, so locality is restored.
Gauge invariant renormalization of the vacuum polariza-

tion makes no problem. The polarization tensor has the structure:

I W P ) = {g^p2 - PuPv^i (P2) + 9^MP2) (12)

The renormalized polarization tensor is defined by the equation

n^ = p^pucp) - nw(o)i - jfip^iP) (13)



Here b is again some arbitrary normalization point and P^ —
9tiv—PtiPi>P~2 is the transversal projection operator. With the same
conventions as above concerning the subtraction procedure the
function IT^ is finite and regularization independent. It obviously
satisfies the transversality condition

p^ip) = 0 (14)

required by gauge invariance.
To complete the one-loop renormalization we have to consider

the diagram with four photon external lines. The differential WTI
for the function 1 1 ^ ^ (p, q, k) reads:

IW(p,<7,0) = 0 (15)

This equation is preserved in any gauge invariant regularization
scheme. As was discussed above the result obtained in any other
scheme after removing a regularization may differ by a polynomial.
As Hn^ is presented by a logarithmically divergent integral in
arbitrary scheme after removal of an intermediate regularization
n î/paO?, 9,0) is a zero order polynomial (constant tensor).

We define the renormalized four-point function by the equa-
tion:

n^p(7(p, q, k) = IW(p , q, k) - I W f r , 0,0) (16)

As the function 11^,,^ diverges logarithmically, the renormalized
function defined by the eq.(16) is obviously finite. The external
momentum p serves as the infrared regulator, so infrared problems
do not arise. It also satisfies WTI (15). Locality of the procedure
holds for the same reasons as above.

Renormalization of the Green functions according to eqs (8, 9,
13, 16) is equivalent to introducing the one-loop counterterms to
the QED Lagrangian.

Generalization to higher loops was described in the Introduc-
tion and is absolutely straightforward.
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3 Discussion
The renormalization procedure presented above is regularization
independent and may be applied to any anomaly free model. At
the same time it preserves gauge invariance at all stages and does
not require additional fine tuning of counterterms to restore the
symmetry. It also avoids the problem of infrared singularities in
renormalization of Green functions.

It is important to emphasise that our renormalization pro-
cedure may be applied directly to the models including chiral
fermions, where a straightforward application of dimensional reg-
ularization is impossible ([5], [6]). Construction of renormalized
correlators reduces to the explicit solution of differential WTI, so
I see no obstacles for application it to any gauge invariant model.
At present the explicit construction has been done for the Yang-
Mills theory ([10],[11]). Construction of invariant renormalization
procedure for supersymmetric models is in progress.
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THE INERTIA SYSTEM COORDINATE
TRANSFORMATION BASED ON THE
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UA0501324 N.G. Fadeev
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Based on the interpretation of the Lobachevsky function
cosll{p/k) = thp/k as the function which expresses the constant
light velocity principle at k = c (fc is the Lobachevsky constant,
c is the light velocity), the inertia system coordinate transforma-
tion of two kinds (one of them known as Lorentz transformation)
have been obtained.

It has been found that:
1) the 'primed' coordinates conserve the interval s'2 ~ a2, but

they don't belong to the moving system which is under consid-
eration and in the common case (x' / 0) they are coordinates of
some different and infinite number of systems which are bound
with the considered one;

2) the desired coordinate transformation (for the moving sys-
tem) is:

x, ~ x -Vt, t, = t - xV/c2, y, - y/y, ze = z/7, (7 =

The obtained coordinates lead to the reduced interval s^72 =
s2 (i.e. to the light sphere with the reduced radius) but they
don't contradict to the velocity relativistic summation law.

Since the energy-momentum transformation is a straight con-
sequence of the velocity summation law, then the Lorentz energy-
momentum transformation is valid in this approach.

It has been also shown that the relativistic effects exist due to
the time delay (time shifts) in the starting point of time counting
at different x-points and due to the x-coordinate shifts (relative
to Vt) in the required moments of time.

The law of the light beam rectilinear propagation can be ex-
plained on the base of the scale transformation of the transverse
coordinates.

The investigation has been performed at the Laboratory of
Particle Physics, JINR.
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1 Introduction

It is well known that the constant light velocity principle has been ac-
cepted to be expressed through the invariance of an inertia coordinate
system interval [1]. Due to the relativity principle the Lorentz coordi-
nate transformation, or Lorentz invariance, has acquired a fundamental
and universal role in physics as, for instance, a causality conception.
But, up to now the unknown nature of the so called relativistic effects -
the length and time Lorentz reductions - are the main reason to search
for a new way to get an inertia system coordinate transformation.

An affine coordinate system with the angle defined by a parallel
angle [2] has been used in [3] to get Lorentz transformation. Develop-
ing results of [3] the idea of physical interpretation of the Lobachevsky
function, as the function which expresses the constant light velocity
principle at k = c, has been found (k is the Lobachevsky constant,
c is the light velocity in vacuum). Some physical motivation for this
consideration has also been found on the base of the conception of si-
multaneous events. Based on these ideas the inertia system coordinate
transformations of two kinds have been obtained: 1) as the usual one -
Lorentz transformation, and 2) in the form of shifts (for the longitudi-
nal x— coordinate and time t) and in the scale form (for the transverse
y— and z— coordinates) and presented in this paper.

2 Lobachevsky function and simultaneous events.
Lorentz coordinate transformation

Present consideration is based on a statement that Lobachevsky func-
tion

(1)

at k = c is a mathematical tool to express the constant light velocity
principle (here /? is a velocity v in units of c, p/k is a rapidity in units
of k = c, U(p/k) = $iis& parallel angle corresponding to the rapidity
p/c and, consequently, to the velocity /?).

The first equality in (1) is known from Beltrami model [2] and it is
used in physics at present time to define rapidity. The second equality
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in (1) can be rewritten as follows:

0L = 2arctge-p/k. (2)

in the form which is known as the Lobachevsky function.
The value k = c in (1) and (2) is constant for any rapidity (or

velocity). It is seen from (1) that for any rapidity (velocity) there is a
definite angle &i. For negative argument of the Lobachevsky function
(for negative rapidity) the parallel angle is IT —81 [2].

To the relation (1) one can come on the base of the conception of
simultaneous events. Indeed, let us see two inertia systems and one is
moving relative the other with some velocity V. All space arises of the
both systems are parallel and the motion goes along X-axis. As usual,
let us assume that when the origins of the both systems coincide, then
a light flash appears in this point and a light sphere starts to spread
at all sides (see fig.l). Then for any moment of time t the origin of the
moving system together with those light beams will intersect a plane
perpendicular to A"—axis in the same time (or simultaneously), if they
belong to a light cone with the angle defined by equation:

Vt = ctcose,cos9 = V/c = /3 = co8eL, (3)

i.e. the moving system way Vt is a projection of light beams ct emitted
from the origin O under the parallel angle $L and these beams are
forming a light cone. The point x = Vt and intersected points (a circle
of the cone) are simultaneous events. So, to find the x— coordinate of
the moving system, one should put a perpendicular from the cone light
beam ct on the X— axis.

Let us measure a time moment t in the rest frame through the
distance of the light beam ct emitted under parallel angle cosOi = V/c.
Then for any event x, ct one can find the Lorentz coordinate x', ct' for
the moving system. To find them, one should put two perpendiculars:
the first one as was mentioned above - from some chosen (on the cone)
light beam ct (emitted under the parallel angle) on the X— axis, and
the second one - from the point x on the chosen light beam ct (see
fig.l and fig.2). If it is necessary, one should continue them in that side
up to the crossing point (in figures each crossing point is inside of the
cone). This crossing point corresponds to the origin & of the primed
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coordinates: the length of the side from O1 up to x corresponds to x':

x' = (x- ctcos$L)/sin8L = (x - Vt)/y/l - V2/c* , (4)

and the length of the side from O' up to ct corresponds to ct7:

ct' = (ct- xcosO^/sindL = {ct- xV/c)/y/l - V*/c* . (5)

Now, let us see the length of the side between the given points x
and ct (dashed line in fig.2). It can be obviously written through the
primed and unprimed values:

I2 = c2t2 + x2 - 2ctx cos 0L = (?tn + xt2± 2ct'x' cos 9L , (6)

or as a sum of two terms:

I2 = s2 + s l , ( 7 )

s? = <?t2-x2 = cH^-x12 , s\ = 2x(x-ctoosOL) = 2x'\x'±ct'cos6L) .
(8)

The first term s\ is known as an invariant interval and it is seen that
it is only a part of the full length I2. The second one S2 may differ by
sign: (-+-) corresponds to the case when for the given event x, ct the
point O' is inside of the cone, and (—) when it is outside of the cone.
For the case when x — ctcosdi, = Vt the origin O' coincides with the
origin of the moving system x' = 0 and s\ = 0. Just for this case the
Lorentz coordinate transformation has been found.

So, the point O' (which is always accepted as origin of the moving
system) for any event given in the rest system (except the one x = Vt,
ct) does not coincide in space with the origin of the moving system.
Any point taken on the circle (with the radius r = (x — Vt)/tg6i, see
fig.2) in the plain perpendicular to the X— axis, can be accepted as the
origin O\ It is also seen from fig.2 that x'— coordinate is not parallel
to the X— axis. It seems obvious that the primed coordinates can't be
accepted as coordinates of the moving system.

3 An inertia system coordinate transformation
and time delay

Let us remind that the x— position of the moving system is the 1—
projection of the light cone beam ct emitted under the parallel angle
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61- Then for any event x, ct in the rest system one can find at the
moment of time t:

xs = x — ctcosOi = x — Vt = x'sin&L , (9)

where x9 is the x— coordinate for the moving system and it looks as a
simple x— shift. It is also seen that xs is a projection of xr~ coordinate
on the X— axis.

Now let us see that x/c is the time needed for the light to reach
the given x— point. For that time the moving system displays on the
distance xV/c = xcosOi. This distance is just the projection of the x—
coordinate on the chosen light cone beam ct. Then

tF = XCOSOL/C = xV/c2 (10)

is the time needed for that light cone beam to cover this distance. On
the other hand this time tp is the time when the front of the chosen
light cone beam reaches the given x— point (see fig.l). One can assume
that at this moment of time <F a new light sphere starts to spread out
from the given i— point (Huygens principle). By the given moment of
time t the new light sphere (or half of the sphere) spreads up to the
distance (or radius) cts:

cta = ct — dtp = ct — XCOSBL — ct'sin$L . (11)

If x = Vt, then by the moment of time t the radius cts will be emitted
from the origin of the moving system xs = 0 and a moving observer
will see this new light sphere (with the reduced radius cts). So, the
time ts seems reasonable to be called as the proper time of the moving
system, and the time tf as a delay time for the given x— point (and
for the given velocity V").

This consideration does not contradict to the Huygens principle.
More over, this is the way the Huygens principle accepts some more
physical meaning: the moment of time, when the front of a (light) wave
reaches some space point, can be considered as the zero moment of the
time counting for this point because this moment of time coincides with
the beginning of a new light sphere (or half of sphere) to spread out
from that space point.

The proper time ts looks also as a simple time shift and the (11)
shows that cts is a projection of ct'— coordinate on the chosen light
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cone beam ct. Thus, for the given x and t, one has formulas (9) and
(11) to transform them to coordinates xa and t8 of the moving system.

The last step is as follows. It is well known that one can obtain
formulas for relative velocity and its components through the rapidi-
ties. For that purpose one should use the relation (1) and Lobachevsky
hyperbolic trigonometry [2]. On the other hand the relative velocity
components were found through the Lorentz coordinate transforma-
tion. But the primed coordinates can't be accepted as coordinates for
the moving system as it has been shown in the previous section. So, at
this point there is some contradiction. To overcome it, let us use the
relations (9) and (11) between the primed coordinates and shifts.

FVom these relations ((9) and (11)) one can find:

i cdtB = cdt- dxV/c = cdt''sin0£, (12)

that these shifts also lead to the same longitudinal velocity summation
law. For the transverse components v'y v'z one can find:

, _ dy _ % sinflz, _ d(ysm.eL) _ dy,
Vy ~ df ~ dts dt9 dts

, _ dz _ d(zsmOL) _ dza
V* ~ dt> " dte ~ dts '

where

, zs = z sin0L = z y/l - V2/c2 . (15)

In the (14) the constant value sinBi is inserted into the derivative
symbol and this operation leads to the scale transformation (15) of the
transverse coordinates.

It is seen from (15) that for V — c the transverse coordinates for
the moving system are equal to zero. This case corresponds to the
rectilinear propagation of the light beam. So, the light beam rectilinear
propagation can be explained on the base of the scale transformation
(15) of the transverse coordinates.

Thus, for the given coordinates x, y, z, t in the rest frame one can
find coordinates xa,y8,zSits for the same event in the moving system
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by the formulas (9), (11), (15). To find backward coordinate trans-
formation from the moving to the rest frame, one should to solve this
system relatively x, y,z,t:

x = (x, + cta cos 6L)l sin2 BL = (x, + Vts)/(1 - V2/c2) , (16)

t = (t3 + xa cos 6L/c)/ sin2 6L = (tB + Vxs/c
2)/(l - V2/<?) , (17)

y = y,/ sin 0L = y,/J\ - V*/<? , z = za/ sin 6L =
(18)

Prom the geometry point of view the first two equations ((16) and (17))
express x and ct through the corresponding lengths of two perpendic-
ulars mentioned above.

A new coordinate transformation makes the interval noninvariant:

- x2 - y\ - z2) , (19)

7 = 1/ sin 6L = 1/0T- V^/c2 , (20)

and a sphere with radius ct (in the rest frame) transforms to the sphere
with the reduced radius cta (in the moving frame). So, the relativity
principle is realized through the scale invariance of the interval (19).

Since the relativistic velocity (rapidity) summation law is the same
in this consideration, then the Lorentz particle energy-momentum trans-
formation is also valid in a framework of this consideration. Indeed,
the additive rapidity law is expressed via:

pa/c = p/c-p0/c, p/c = pa/c + p0/c, (21)

p/c, pa/c are rapidities of the particle in the rest and moving frames in
units of c, po/c is the rapidity for velocity (30 = V/c. Then taking into
account the particle momentum and energy definition:

P/c = m/3/^/l - Z?2 = m sh(p/c), Ej<? = m/y/l - /J2 = m ch(p/c),
(22)

where m is the particle mass, 0— its velocity) it is possible to obtain
the momentum energy transformation for the moving system:

y/ (23)
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and for the rest system as well:

J (24)

There is c = 1 in (23) and (24). So, the Lorentz particle energy-
momentum transformation is a direct consequence of the relativistic
rapidity (velocity) summation law.

A new coordinate transformation is helpful to understand the na-
ture of the length and time Lorentz reductions.

4 Length and time reductions in a moving sys-
tem

By a definition the length of a moving stick is a distance between two
coordinates xa\, xs-z (corresponding to the beginning and to the final
points of the stick) measured simultaneously in the same moment of
time ta. Let us have Ax = X2 - %\ as the length of a stick in the rest
frame (see fig.3), then from (16) one can find:

Ax = X2 - x\ = 72(xS2 - Xsi) = 7 ( 4 - x'i) = 72Azs = 7 ^ ' > (25)

that the stick length Axa in the moving system is 72 less than Ax.
It is seen from fig.3 that this effect happens due to the change of the
reference points as for the space (in the x— direction), as for the time
counting (or due to the space and time shifts): in the moving system the
moment of time tt (for simplicity ta is chosen to be equal to 0 in fig.3)
is the same as for xi,t\ and for £21*2 events. Fig.3 also demonstrates
that primed coordinates x[ and x2 are impossible to be accepted as the
moving system coordinates.

Now let us have two events in the same place of the moving system
separated by an interval of time Ata = ta2 — ta\. Let us find the interval
of time between these events in the rest coordinate system. PVom (17)
one can find (see fig.4):

At = t2 - tx = 72(*s2 - *.i) = 7(<2 - *i) = 72Aifi = jAt' , (26)

that the interval of time Ata in the moving system is 72 less than the
corresponding interval of time At in the rest frame. Again, this effect
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occurs due to space and time shifts: in the moving system the same
coordinate x9 (for simplicity xa is chosen to be equal to 0 in fig.4) is
the same as for X\,t\ and for X2,<2 events.

Thus, the nature of relativistic effects is not in changing the x—
coordinate scale and time current scale for the moving system, but it is
in the change of reference points as for the space (in the x— direction),
as for the time counting. The value of time tp — xVj(? should be
considered as a delay time (or time shift) for the moving system like
the value x0 = Vt is considered to be as usual coordinate shift.

5 Conclusion

• The constant light velocity principle can be expressed through
the Lobachevsky function: coaU.(p/c) = th(p/c) = v/c. The
Lobachevsky function can be introduced in relativistic mechanics
via the conception of simultaneous events. Lobachevsky geome-
try can be considered as the geometry of simultaneous events, it
includes the relativistic rapidity (velocity) summation law.

• The relativity principle is realized through the scale invariance of
the interval s2 = j2s2 due to the coordinate transformations:

U = t-xV/<?, xa = x-Vt, ya = yy/l-r'/c*, z3 = Zy/l

as the consequence of the rapidity (velocity) summation law.

• The law of the light beam rectilinear propagation can be ex-
plained on the base of the scale transformation of the transverse
coordinates.

• The Lorentz energy-momentum transformation is a direct conse-
quence of the rapidity (velocity) summation law.

• The nature of relativistic effects (Lorentz reductions) is in the
time and the z-coordinate shifts.

The author expresses his gratitude to S.V. Tchubakova for helphul
discussions of the English version of the paper.
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Fig.l A diagram to define the time shift for the moving system.
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Fig.2 A diagram to define the inertia system coordinate transfor-
mations (including the Lorentz transformation).

Vt, x, Vt, x2

Fig. 3 A diagram to explain the length reduction: two simultaneous
events at moment of time t§ = 0 in the space points xa\ and x»a of the
moving system.

Fig.4 A diagram to explain the time reduction: two events in the
same place xs = 0 of the moving system at the moments of time ta\
and tB2.
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1 Introduction
After the seminal paper by Maldacena [2], many efforts have been devoted to
extend the gauge/gravity correspondence to less supersymmetric and non-
conformal cases. In this context considerable attention was recently directed
to the study of fractional branes [3]-[16], These are the natural elementary
D-branes occurring whenever string theory is reduced on a (not necessarily
compact) orbifold [17], [18]-[21]. Because of their nature they cannot move
away from the orbifold apex and thus the dual gauge theory on their world-
volume lacks the relevant moduli fields. Generically, this leads to both
reduced supersymmetry and non-vanishing /3-functions. Most interesting
are the fractional D3-branes, namely the case when the world-volume theory
is four-dimensional. In this respect the two most appealing situations are
provided by the Af = 1 case emerging from singular limits of CY spaces and
the Af = 2 case arising from the singular limit of ALE spaces. Much work
was devoted to both.

A common feature of many supergravity solutions representing non-
conformal situations is the presence of naked singularities of repulson type
[22]. These correspond to IR singularities at the gauge theory level and one
expects that they should be resolved or explained by some stringy effect.
Although a general recipe does not seem to exist, progress in understanding
such an issue was made both for the Af = 1 and the Jsf — 2 case.

In the present talk I review recent work done in collaboration with other
authors [1] where it was found that the bulk solution of type IIB supergravity
corresponding to fractional D3 can be generalized to the situation where
the transverse space to the brane has a smooth regular geometry and the
topology of R2 x ALE the last factor in this product denoting a resolved
Asymptotically Locally Euclidean 4-manifold. In our solution that is shown
to be supersymmetric and hence describe a BPS state of string theory there
is a non zero value of the complex type IIB supergravity 3-form in the
transverse directions. Note that this is the distinctive feature of fractional D-
branes in the singular orbifold theories. Our bulk supergravity solution is a
warped solution, but differently from the case of usual branes the warp factor
depends on two rather than one radial variables and obeys a complicated
partial differential equation. Actually the whole set of IIB equations can
be reduced to the solution of such an equation for the warp factor, whose
source is essentially dictated by supersymmetry up to an arbitrary analytic
function 7(2).

Supergravity alone is not sufficient to determine 7(2) or the boundary
conditions. This arbitrariness implies that our solution describes various



deformation or various vacua of Af = 2 theories. The case 7(2) = const,
describes a vanishing three-form flux and corresponds to the well known
conformal N = 2 theory with product gauge group U(N) x U(N), hyper-
multiplets in the bi-fundamental representation and Ffeyet-Iliopoulos terms
describing the ALE moduli. The new ingredient in the construction of [1]
is the following. It was shown how, at the supergravity level, a three-form
flux can be turned on consistently with supersymmetry. Consequences of
this for the dual gauge theory are the goal of a new investigation that is still
ongoing.

2 Bosonic action and field equations of type IIB
supergravity

As it is well known, type IIB supergravity does not have any conventional
supersymmetric action. However, as it happens for all on-shell supergravity
theories, the complete set of field equations can be obtained as consistency
conditions from the closure of the supersymmetry transformation algebra
[32]. In the case of type IIB supergravity, one was also able^ [33] to obtain a
complete, manifestly SU(1, l)-covariant formulation of the theory based on
the rheonomic approach to supergravity theory [34].

The bosonic part of the equations can be formally obtained through
variation of the following action lm.

SUB = ^

where:

F** = dC[0] ; F»f = dB[7]

F{f = dC[2]-C[0]dB[2] ; F™ = dC[4]-^(B[2]AdC[2] (2-2)

; -C[2]AdB[2])
1Nabe that our R is equal to -^Ra'li, H** being the normalization of the scalar cur-

vature usually adopted in General Relativity textbooks. The difference arises because
in the traditional literature the Riemann tensor is not defined as the components of the
curvature 2-form R"6 rather as —2 times such components.
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It is important to stress though that the action (2.1) is to be considered
only a book keeping device since the 4-form C^ is not free, its field strength
Ffi,R being subject to the on-shell self-duality constraint:

Prom the above action the corresponding equations of motion can be ob-
tained:

d * &p - <?* Fff A *JP,3« = - i (e-*Fffi A +F$S - e*F{f
(2.4)

* (2.5)

= -Fff A jfl« (2.6)

(2.7)

(2-8)

1 e
-2RMN = ^dM<pdNip + -ydMC[0]dNC[0] + 15OF[5]M ...

-\gMN (tr*F$F$- + #F$..F$lF-) (2.9)

It is not difficult to show, upon suitable identification of the massless super-
string fields, that this is the correct set of equations which can be consis-
tently obtained from the manifestly SU(1,1) covariant formulation of type
IIB supergravity [33].

3 D3-brane solution with ALE flux

In this section we provide the BPS solution corresponding to a 3-brane trans-
verse to a smooth ALE space, namely we construct type IIB supergravity
solutions describing 3 branes on a vacuum R1'3 x R2 x ALE. This will be
achieved without an analysis of the specific form of the world-volume action
of the brane, i.e. of the source term. Our physical assumption will just be
that, together with the usual RR 5-form flux, the 3-brane solution has a non-
trivial flux of the supergravity 2-form potentials along (one of) the compact
two cycle(s) of the blown-up orbifold (this translates into a non-vanishing
value of the complex 3-form field strength).
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3.1 Solution of the bosonic field equations

We separate the ten coordinates of space-time into the following subsets:

xM p. = 0,1,2,3 coordinates of the 3-brane world volume

xM = { z = x4 + ix5 complex coordinate of R2 ~ C

yT T = 6,7,8,9 real coordinates of the ALE 4-space
(3.1)

and we make the following ansatz for the metric:

da2 = H~h {-q^dbf dxv) + H^dzdz + H5ds2
ALE (3.2)

where the warp factor H = H(z,z,y) depends in principle on all the trans-
verse variables and dsALE = gfoEdyTdy" is the metric of any ALE space
and we denote M$ = R2 x ALE the six-manifold spanned by z, z and yT.
Defining U± = ±2 e-^2F^s+i2 e^2 Fffl, eq. (2.8) for the 5-form becomes:

d*F[X]
R = ilH+AH- (3.3)

Besides assuming the structure (3.2) we also assume that the two scalar
fields, namely the dilaton tp and the Ramond-Ramond 0-form C[0j are con-
stant and vanishing ip — 0; C[Oj = 0. This assumption simplifies consider-
ably the equations of motion.

The basic ansatz characterizing our solution and providing its interpre-
tation as a 3-brane with a flux through a homology 2-cycle of the ALE space
is given by the following:

H+ = 2d-yI(z,z) A UJ1 ; U- = -2d^{z,z) A w7 (3.4)

where 7/ (z, z) is a complex field depending only on the coordinates z, z of K2,
while LJ1 (I = 1, . . . , k) constitute a basis for the space of square integrable,
anti-self-dual, harmonic forms on the ALE manifold.

As it is well known 2 a smooth ALE manifold, arising from the resolution
of a C?/r singularity, where T C SU(2) is a discrete Kleinian group, has
Hirzebruch signature:

T = (#of conjugacy classes of T) - 1 = rank of G(r) (3.5)
2See for instance [17] for an early summary of ALB geometry in relation with super-

strings and conformal field theories. This relation was developed in [18, 19] and is of
primary relevance in connection with D-branes.
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In the above formula G(F) is the simply laced Lie algebra corresponding
to T in the ADE classification of Kleinian groups, based on the Mac Kay
correspondence [36]. As a result of eq.(3.5) the ALE manifold that is Hy-
perKahler admits a triplet of self-dual 2-forms that are non-integrable and
exactly r integrable anti-self-dual harmonic 2-forms. For these latter one
can choose a basis u1 that is dual to the integral homology basis of 2-cycles
£/ whose intersection matrix is the Cartan matrix C of G{r). Explicitly we
can write:

where CIJ is the Cartan matrix of the corresponding (non-extended) ADE
Dynkin diagram and AIJ(y) is a positive definite matrix whose entries are
functions of the ALE space coordinates j/'s. The anti-self-duality of the ul

guarantees that / u1 A *u>J is positive definite. If we insert our ansatze
into the scalar field equations (2.4, 2.5) we obtain H+ A *"H+ = 0 which in
turn implies that dzy/ Bgyj = 0. This equation is solved by choosing 7/ to
be holomorphic: dj[ = 0 where d = dz-g^, B = dz^. Next we consider
the self-dual 5-form F&P which, because of its definition, must satisfy the
following Bianchi identity: dJjjj" = i\"H+ A H-. Our ansatz for FjS" is
the following: ( fi are the volume forms)

; U = d {H~x fiRi.,) (3.7)

where a is a constant to be determined later. By construction F&P- is self-
dual and its equation of motion is trivially satisfied. What is not guaranteed
is that also the 5-form Bianchi identity is fulfilled. Imposing it, results into
a differential equation for the function H(z,z,y):

(DR2 + UALB) H = - ±dtll drfj AIJ(y) (3.8)

This is the main differential equation the entire construction of our sought
for 3-brane solution can be reduced to. The parameter a is determined by
Einstein's equation and fixed to a = 1.

The field equation for the complex three-form, namely eq.s (2.6) and (2.7)
reduces to: dfrdfi = 0 => CIR»7/ = 0. This equation has to be appropriately
interpreted. It says that 7/ are harmonic functions in two-dimensions as the
real and imaginary parts of any holomorphic function 71 (z) certainly are.
The bulk equations do not impose any additional constraint besides this
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condition of holomorphicity. However, in presence of a boundary action for
the 3 brane, the equation will be modified into:

aK*7/=J/(z) (3.9)

ji(z) being a source term, typically a delta function. In this case 7/ is fixed
as: 7/(2) = / GRa(z,«')i77(«')dz/ where G^{z,z!) is the Green function of
the K2 Laplacian in complex coordinates and turns out to be proportional
to log z.

3.2 Proof of bulk supersymmetry

As usual, in order to investigate the supersymmetry properties of the bosonic
solution we have found it suffices to consider the supersymmetry transfor-
mation of the fermionic fields (the gravitino and the dilatino) and impose
that, for a Killing spinor, they vanish identically on the chosen background.
By using the formulation of [33], one easily gets:

n+lAlAiAix*
SX = -i^A'A3%+]AlA2AiX (3-10)

where the supersymmetry parameter \ \a a complex ten-dimensional Weyl
spinor, Tux = X aa^ where we have already used the information that
on our background the dilaton and the Ramond scalar vanish. To analyze
supersymmetry on such a background the appropriate gamma matrix basis
({rA, FB} = T)AB) is the following:

1* = ( r° - ^ ° 0 1 (3.11)
\ P = 75 ® r«

where {7°, 7*} = 2^°* , 75 = -i7°717273, {r*. r'} = 2rf> = - ,
T. = —T4T5T8T7r8r9 are the gamma matrices in Lorentzian four space and
on the six dimensional manifold M& respectively. Then the T1 matrices are
further decomposed with respect to the submanifolds K2 and ALE as it
follows: _

(3.12)
[ TU = ic

where o° = a1'2 and cr3 are the standard Pauli matrices while {fu, %} =
5UV are 4 x 4 hermitian matrices forming an Euclidean realization of the
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four-dimensional Clifford algebra. Writing the 32-component spinor x as a
tensor product:

X = £ ® V (3-13)

of a 4-component spinor e, related to the 3-brane world volume with an
8-component spinor r) related to the transverse manifold M&, the transfor-
mations of the gravitino and dilatino (3.10) vanish if:

dae = 0 ; j S ; q

7s£- = - £ - 5 cr39 = -0 ; 0 = 0,0 ; 0 = 8,6
(3.14)

The specific geometric properties of the ALE manifold play at this point an
essential role. The integrability condition for covariantly constant spinors £
is, as usual given by - \ iP"17UB £ = 0 where fl""700 U the curvature 2-form
of the ALE manifold. This latter is HyperKahler and as such it has a triplet
of covariantly constant self-dual 2-forms fl1, (a; = 1,2,3) whose intrinsic
components satisfy the quaternionic algebra. This implies that the holonomy
of the manifold is SU(2)L rather than SO(4) = SU(2)L x SU(2)R and that
the curvature 2-form is anti-seif-duai. This follows from the integrability
condition for the covariant constancy of the self-dual HyperKahler 2-forms.
On the other hand, from the Hirzebruch signature r of the ALE manifold it
follows that there are exactly r normalizable anti-self-dual forms u)j. From
the trivial gamma matrix identity 757UU = —^fuvatj"* follows that the
two chirality eigenspaces: ys£± = ±£t aie respectively annihilated by the
contraction of 7UV with any self-dual or anti self-dual 2-form. Therefore
antichiral spinors £ = £_ satisfy the integrability condition automatically
. Once this condition is fulfilled, the equation Do£ = 0 can be integrated
yielding two linear independent solutions £i'2 that span the irreducible rep-
resentation (0,1/2) of SO(4). The other irreducible representation (1/2,0)
corresponds to spinors that are not Killing and do not generate supersymme-
tries preserved by the background. In conclusion we have 2 Killing spinors
generating an «/V = 2 supersymmetry on the world volume. In other words
the bosonic background we have constructed corresponds to a BPS state
preserving a total of 2 x 4 = 8 supercharges.

4 The Eguchi-Hanson case
As showed above, the complete integration of the supergravity field equa-
tions is reduced to the solution of a single differential equation, namely eq.
(3.8). It is worth to investigate the properties of such an equation, choosing
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the simplest instance of an ALE manifold, namely the Eguchi-Hanson space
[37], which in the ADE classification corresponds to Ax ~ Z2. In paper [1]
a complete and detailed mathematical analysis of such a case was given.
In this talk I summarize the main results of such an analysis. It should be
stressed that, whereas the results of the previous sections were entirely based
on type IEB supergravity, in what follows we have to make some reasonable
assumptions on the nature of the microscopic theory, namely the structure
of the source terms needed to fix the boundary conditions.

The Eguchi-Hanson metric has the form:

+ r 2
5 ( r ) 2 ^ ; g(rf = 1 - ( ? ) ' (4.1)

where r > a, 9 e [0, n[ and ip, <j> £ [0, 2n[. The 1-forms tr1 = {ax, <x», az)
satisfy, by definition the Maurer Cartan equations of 5O(3) and are defined
on the three sphere.

This space has a unique homology 2-cycle £ located at r = a and spanned
by the coordinates 9, <f>. The anti-self dual form w fulfilling eqs. (3.6) is:

The function A(y) defined in (3.6) is explicitly evaluated to be:

(4-3)

The equation for H in the Eguchi-Hanson case can then be easily ob-
tained from the general expression in eq.(3.8). As it is usually the case, we
make a spherically symmetric ansatz, compatible with the background at
hand: for the case we shall be interested in, the coefficients of the equation
for H depend only on the radial coordinates p = y/zi and r on R2 and on
the Eguchi-Hanson space respectively, and we can then assume the same
property for H to hold and write it as H(p, r)3. The equation for H can
then be written as:

^ 4 ^ , r) (4.4)

where S(p, r) is a source term for the 3-brane charge for which we also
make a spherical ansatz. Differently from the first term on the right hand

3We shall consider the case in which 7(2) = log (z). In a more general situation \df(z)\2

could also depend on the angular coordinate on ft2. In this case the function H would
have an wigfll"1 dependence in R2 as well.
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side, S(p, r) is not deduced from the dynamics in the bulk. In the present
analysis its presence should be intended only for the sake of fixing boundary
conditions near the cycle.

The best technique to study eq.(4.4) is that of performing a Bessel-
Fourier transform. For convenience we choose to study the equation in the
Fourier transform H(fi,r) of H(p,r) - 1 instead of H{p,r). In this way the
boundary conditions at infinity: H(p, r) -* 1 is automatically implemented
if H(fi,r) -¥ 0. The relation,between H(p,r) and H(p,r) is given by:
H(fi,r) = ^J£°dppJo(np) (H{p,r) - 1). The equation for H(n, r) has
the following form:

h i (r3 9{r)2 s ) ~ "2 ]'S{* r ) = J^r)
( 4 5 )

where we have defined the source function: J(p, r) = - ^ r r J{l*) + S{p, r).
The symbol j(ft) denotes the Fourier transform of |£y(z)|^ while S(fi, r) is
the transform of the source term S(p, r) for the 3-brane charge.

It is known from the standard theory of differential equations that the
general integral H(n, r) of eq. (4.5) has the form:

H(p, r) = p\ uidt, r) + ft u2(/i, r) + un-h{n, r) (4.6)

where ui,2(/*, r) are two independent solutions of the homogeneous equation
associated with (4.5).

4.1 The 3-brane charge and the physical boundary condi-
tions

The physical boundary conditions for the D3-brane solution are imposed
by selecting the asymptotic behaviour of the warp factor H near infinity
r -> co and near the cycle at r -f o. In order to perform such an analysis
we just need to consider the two asymptotic limits r -f oo and r -* a of
the Eguchi Hanson metric. As for the limit r -> oo the limit is clear, the
Eguchi Hanson metric approaches the flat metric and this is just what ALE
means, namely asymptotically locally Euclidean. The near cycle limit of the
same metric metric (4.1) is exposed by performing the following change of
variable: r -> v = ^ %~a*. By expanding the metric (4.1) in power series of
v at v = 0 which corresponds to \r -»• a), we obtain:

ds\H ~ ^ 0 d«2 + t> 2# 2 + j ( d 0 2 + d ^ s i n 2 0 ) + 0 ( t ; 2 ) (4.7)s\H j
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showing that near the homology cycle the Eguchi-Hanson metric approxi-
mates that of a manifold K2 x S2.

Equipped these results, let us now consider the case of a 3-brane with
vanishing 3-form placed either at the origin of K6 in the orbifold case where
the transverse space is Me = R2 x R4/!1 or at the homology cycle r = a in
the case where the transverse space is M6 = R2 x ALEEH- Naming Q the
charge of such a brane, the expected behavior of the H function near the
brane is, in the two cases, the following one:

H~ , 2^ 2? _,_ 2>2
 fo rR6; H~ t

<H^2\ forR2xALE{xi+x£ + . . + xl)2 (p? + v2)
(4.8)

The first of eq.s (4.8) is obvious. The second is due to the discussion of
the previous section. Near the cycle the Laplacian on M$ becomes O\fs ~
OR* + nsi and since S2 is a compact, positive curvature manifold there are
no zero modes of Osi except the constant. Therefore the non trivial part of
H behaves as a harmonic function on R4, namely the second of eq.s (4.8).
The scale factor l/(o2) appearing there is understood as follows. If Q is
the total charge perceived at infinity, the density of charge on the homology
2-sphere of radius § is: q = ^ . Hence what appears as charge in the near
cycle K4 plane is q rather than Q. Finally the TT/2 factor that is needed
to match the second with the first of equations (4.8) is just a matter of
convenient normalization. Let us now perform the Fourier-Bessel transform
of eq.s (4.8). We obtain

- r
2* Jo

The important conclusion implied by the above analysis is that we have
obtained the physically appropriate boundary conditions for the function
H(fi,r). In both the orbifold or smooth ALE case, in the limits r —• 0 and
r -> a respectively, we have: H(p,r) ~ ^ufv(fx, r) + reg where Q is the
3-brane charge and uf"'(//, r) denotes the divergent part of that of the two
solutions ui,2(a, fi, r) of the homogeneous Laplacian equation that is diver-
gent in the limit. This condition, together with the boundary condition at
infinity, fixes the coefficients /?i, fo in eq. (4.6) to be: /?i = f^ ; 02 = 0. The
appropriate source for such boundary conditions is: S(/i, r) = — ̂  .̂3 .
From the physical viewpoint this source term comes from the world-volume
action of the D3-brane.

303



4.2 Reduction to the confluent Heun equation
As we have seen in previous sections a convenient approach to the solution of
equation (4.4) relies on the partial Fourier transform leading to the new eq.
(4.5), for the function H(p,r). In [1] it was shown that complete equation
reduces to a confluent form of the Heun equation. This is obtained by
parameterizing the radial direction in the Eguchi-Hanson space through the
new variable w = (a2 -r2)/(2a2) so that the main differential equation (4.5)
can be rewritten in the following form:

) w^° 0 (4.10)

where

(4.11)

In the source term we omit the part proportional to S(fx, r) since, as just
explained its effect amounts to a determination of the relative coefficients of
the two independent solutions ui,2 of the homogeneous equation.

The power series solution of eq.(4.10) explicitly discussed in [1] is a
smooth interpolation between the two asymptotic behaviours of the warp
factor that we recall here in complete form. Far away from the cycle we
have:

(p,r>a): H(p, r) ~ ^ ^ 2 ) 2 (1 + log terms) (4.12)

while in the region near the cycle, combining the asymptotic behaviors of
the homogeneous and inhomogeneous solutions, we find

where if is a constant, completely free at the level of the bulk supergrav-
ity analysis. The corrections to the above behavior can be systematically
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deduced from the power series expansion of the solution described in [1].
Looking at eq.(4.13), it is clear that there could be a value of r,p for which
H = 0, this being an indication for the presence of a naked singularity of the
repulson type [22]. This singularity should be removed, somehow. In most
non-conformal AT = 2 versions of the gauge/gravity correspondence this sin-
gularity has been shown to be excised by the so-called enhancpn mechanism
[24]. This is the case, for instance, of fractional branes on orbifolds, [8],
[17]. The value of the enhancpn corresponds to p — pe, the scale where
the scalar field 7 vanishes. This in general turns out to be the scale where
the dual gauge theory becomes strongly coupled and new light degrees of
freedom are expected to become relevant, both at the gauge theory (where
instanton effects become important) and at the supergravity level (where
tensionless strings occur). For all this analysis to work, it is important that
pe is bigger than the scale at which the repulson occurs. In fact, when this
is the case, the region where supergravity is reliable, namely p > pe, is free
of any singularity. In order to see if this happens also in our case and if
the cut-off pe has in fact the expected meaning, one should have a full con-
trol on the world-volume action of the source. However the solution I have
presented differs from that of fractional branes on singular space because of
the improved behaviour of the warp factor H on the plane B? where it is
non-singular, while the solution of the field 7, which is responsible for the
enhancpn mechanism, has essentially the same structure. Hence this bulk
solution is reliable, well-defined and singularity free for p > pe where the
leading order near cycle behaviour is well described by the first term in eq
(4.13).

5 Considerations on the metric and open prob-
lems

Introducing the variable R = y/lp2 + v2) that measures the radial coordi-
nate of R* in units of q we find that near the cycle we have H ~ q/R2,
yielding

j 2 / J U J I / \ V " j r»2 /— r» j 2 i V * j 2 / e i \

y/q R R 4

where d«|2 is the metric of the two cycle of Eguchi-Hanson and da|3 is the
metric of the three-sphere at fixed R in K4. An interesting point is that the
above result holds even in the absence of the three-form flux and shows that
conformal invariance of the dual theory is always broken since the metric
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in R and %** is no longer of anti de Sitter type. Obviously we cannot take
the limit R -> 0 since this would imply going to large curvatures, and in
particular crossing the enhangon radius. However, the result suggests that
a possible interpretation for the parameter a in the Eguchi-Hanson metric
is that of a Fayet Iliopoulos term, breaking conformal invariance in the
infrared, in accord with previous work on the subject.

The situation can be summarized as follows. In the absence of flux the
exact supersymmetric J93-brane solution that we have found interpolates
between a standard ten dimensional D3-brane solution at the singularity
of the metric cone on 55 , i.e. the standard R6 manifold, and a £>3-brane
solution of an effective 8-dimensional supergravity. The interpolation mech-
anism is described in fig. 1. As explained in the literature [39] (for a review
see [40]) we can always consider sphere reductions of all supergravity theo-
ries and in particular an 52-reduction of type IIB supergravity. This yields
an effective 8-dimensional supergravity that has 3-brane solutions. In this
case however, there is a coupling to an effective dilaton that emerges as
the conformal factor of the metric in the dimensional reduction. Hence the
Z>3-brane solution of the 8-dimensional supergravity is no longer conformal
and we can follow the prescription of Townsend et al [41] by making the
transition to a dual frame where the metric factorizes into the product of a
3-sphere metric times a domain wall solution of an effective five-dimensional
supergravity theory.

Investigating the relation with the effective 8-dimensional supergravity
and the properties of the dual gauge theory on the world volume are the
challenging open problems posed by the type IIB solution I have described
in this talk.

Acknowledgments It is my pleasure to thank my collaborator and friend
Mario Trigiante for help in preparing this talk and all the coauthors of paper
[1] on which what I told is entirely based.
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Abstract

The role and the present status of the next-to-leading
order impact factors in the BFKL theory is discussed.

The BFKL approach [1] is widely known as the most general
basis for theoretical description of semi-hard processes in the per-
turbative QCD (pQCD). Such processes are distinguished by a
presence of a fixed hard scale Q > I^QCD while a c.m.s. energy y/s
is supposed to grow. This approach allows us to sum up the lead-
ing order (LO) energy logarithms [1] (terms like (as In (s/Q2))n)
as well as the NLO ones [2] (terms like a, (a. In (s/Q2))") where
the argument of the running QCD coupling a, is governed by the
hard scale Q that justifies the applicability of pQCD. The BFKL

*Work supported in part by INTAS and in part by RFBR.
*The author thanks the organizers a lot for the very interesting, well or-

ganized and pleasant conference.

312



representation for the total cross section of particles A and B
collision up to the NLO accuracy is summarized as follows [2]

(1)
Here $'s are the impact factors of the colliding particles and Gw

is the Green's function for two interacting t- channel Reggeized
gluons, which is completely determined by the BFKL equation.
Throughout all this note the dimensional regularization with D —
4 + 2e and vector notations for momenta transverse to the ini-
tial-particles momenta plane are used. The BFKL equation is
presently known to the NLO accuracy [2j.

As for the colourless particles impact factors which are consid-
ered here as being of phenomenological interests, none of them is
known in the NLO. It is clear from the discussion above that they
are strictly necessary for consistent predictions in the NLO BFKL
approach and their evaluation became now a timely and very im-
portant problem. The definition of forward (forward scattering
is related to the cross section (1) by the unitarity) NLO impact
factor of a particle A is schematically (see Ref. [2] for the details)

j , s0) = &{q, s0, sA) + *cot"l'(g, so, sA) , (2)

where the substantial part $ r has a form

The integration here is over the standard phase space dp/ of an
intermediate state {/} as well as over its squared invariant mass «
and the sum is over all such states produced in the NLO at the par-
ticle A - Reggeon collision. re,j\A(q, so) is the effective amplitude
of such production and q and c are the Reggeon momentum and
colour index, respectively. The second term in (2) cancels properly
the large energy logarithm of the first one since it is already ac-
counted by the BFKL equation iterations, so that the artificial sA-
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dependence disappears in their sum. Two more remarks are in or-
der: first, the artificial s<j- dependence of the Eq. (1) is cancelled
to the NLO accuracy by a proper normalization of the effective
amplitudes F's in (3); second, the NLO colourless particles impact
factors are infrared finite [3].

The virtual photon NLO impact factor. All the neces-
sary effective amplitudes entering the relation (3) in this particular
case are presently known with the required accuracy [4], Namely,
here we need the amplitude F{W}7. to the NLO and the ampli-
tude for additional gluon emission F ^ ^ * to the LO accuracy. It
appears that the corresponding" results of Refs. [4] are very long
and complicated and the traditional approach to the NLO virtual
photon impact factor seems not to be acceptable because of huge
technical problems.

There is an alternative approach to this problem suggested
in Ref. [5]. Consider an effective amplitude for virtual photon -
Reggeon collision 7*{PA)R{<]) -* {/} with

Q2 K + Q 2 + ? 2 ^ 2 3 - 2
PA = Pi Pi , q = Pi + 9x , 9 = 01 = -q ,

S 3
Pi = P\ = 0 , 2pxp2 = s -> oo , (4)

(Piifo) being the light-cone basis of the initial particles momenta
plane. This effective amplitude can be calculated, by ordinary
QCD Feynman rules where the Reggeon acts as an usual external
gluon with the "nonsense" (-j>2/s) polarization except a minor
modification for its interaction with gluons, namely, for the vertex
of the Fig. 1(1) the following expression is to be used (see Refe. [3])

(9k ,

There are three remarks to the above prescription: first, the Feyn-
man gauge is used for internal gluons; second, it is invariant under
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(1) (2)

Figure 1: (1) gluon-gluon-Reggeon interaction vertex; (2) de-
scription of the analyticity use, uth = —%{q2 + Q2) > «A =

the final state gauge transformations; and third, the artificial A)
obeying fa —• 0, s0o —>• oo is then cancelled by a proper nor-
malization of the complete amplitude after all the Feynman di-
agrams are summed up. Schematically, the idea of [5] is to put
the amplitudes 7*J? —> {/} into the Eq. (3) in the form of Feyn-
man diagrams. This way leads naturally to the diagrams for the
7*/Z —y j*R forward amplitude (see Figs. 2 and 3) and the im-
pact factor is expressed through these diagrams cut according to
the Cutkosky rules and integrated over the 7*i£ squared invariant
mass K. The point is that, in spite of the compositeness of the
Reggeon (see Eq. (5)), the Cutkosky cuts still reproduce correctly
all the singularities of the diagrams of Figs. 2 and 3. The main
reason is that the interaction (5) is nonlocal only in one light-cone
direction. Let us consider, as an example, the diagram D3^) of the
Fig. 3(b). Using its analytic properties according to the Fig. 1(2)
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0) (*) (0
Figure 2: The diagrams contributing to the $^ •

one gets

f'A da L
(6)

The l.h.s. here is, just as we need for the D^y contribution to the
impact factor (3), the K- channel discontinuity integrated over K,
or, that is the same, the D3(b) itself integrated over the contour C+.
The first and the second terms of the r.h.s. are the contributions
of the contours C\ and C_ respectively, where for the later one
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Figure 3: The diagrams contributing to the $ A .

evident transformations were performed. The operation (6) can be
applied to any diagram contributing to the impact factor. The last
term of the r.h.s. is absent for those of them without singularities
in the crossing channel defined by u = {PA—Q)2 = — 2{<]2+Q2)—«
Obviously, the «- and u- channels here are just the same, so that
each diagram either is crossing self-symmetric or has a symmetric
partner. Indeed, for the diagram of our example, JD3(6), we find
that such partner is the diagram D2(i) of the Fig. 2(1)

D3(b)(-q) = D2(i){q) , and therefore j — AK (D2[l) +

Following this strategy, the impact factor (3) can be split into
the two parts, $ A and $A , where the first part consists of «-
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channel discontinuities of the diagrams of Fig. 2 integrated over
«, and the $A is built of diagrams integrated over the infinite
circle in the complex AC plane only. The NLO diagrams entering
the second part are shown in Fig. 3. If we worked in a simple
field theory like <j>z, the gain would be immediately clear since
there $A was just 0 due to a fast decrease of the diagrams at high
energies. In QCD, instead, the situation is more complicated,
but, nevertheless, analyticity helps also here thanks to the gauge
invariance requirement for the complete impact factor $ to vanish
at q = 0 . Using now the q- independence of $A observed in [5], one
can remove this part completely from the consideration: $(q) =

- * W = 0) = ($A + *CDim<) (fl)-(*A + $count) (<f = 0) • (8)

Unfortunately, the conclusion for the present status of the NLO
virtual photon impact factor is not so hopeful. This problem is
essentially a two-loop one and remains to be very complicated even
in the above simplified form.

The 7* ->• p NLO impact factor. Substantially, it is given
by the r.h.s. of Eq. (3) with the right amplitude T^f^. (q, s0)
replaced by the amplitude r ^ ^ , s<j) while the left amplitude
still remains Te,fyy.(q,sQ). This impact factor is essentially non-
forward and related to a scattering amplitude but not to a cross
section. The idea of Ref. [6] is to use the QCD factorization [7]
that is possible since the photon virtuality is supposed to make
the Reggeons virtualities to be large as well. Then, in the leading
twist approximation one has an usual factorized expression

/.a)«W(*) . (9)

Here the <t>\\ is the distribution amplitude for longitudinally polar-
ized fh meson fragmented by the collinear qq pair with momenta
fractions z and 1 - z and $(?) is the "hard coefficient" which is
expressed through the NLO impact factor for 7* transition to this
pair. The advantages with respect to the 7* -> 7* case are clear:
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first and main, the problem becomes a one-loop one since one of
loops is lost (gained) due to the factorization; and second, for zero
(or near zero) angle scattering the leading twist allows both the
photon and the p- meson to be polarized only longitudinally, that
also simplifies quite a lot the calculation. The price of this relative
simplicity is the presence of the phenomenological input 4>\\- This
problem is presently under consideration [6] and there are good
chances that the result will become available soon.
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Abstract

The theory of the systems for forming of electron bunches
with especially small energy spread (EH-coolers) is devel-
oped. Therein, real arrangement of the acted EH-undulative
fields (EH-fields) is taking into account in the considered
theoretical model. It is shown that this could be impor-
tant for accomplishing of quantitative analysis EH-coolers
of the discussed type.

INTRODUCTION
Theory of the effect of reducing of electron bunch energy spread

(effective cooling effect) in EH-undulative accelerative systems is
developed. A few system designs for forming of "cold" electron
bunches (EH-coolers) are proposed and studied.

As it is cleared, essence of the considered effect consists in
specific transformation (the turning, namely) of the bunch phase
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volume. Owing to this the electron momentum (and energy, cor-
respondingly) spread reduce, whereas the coordinate spread in-
creases. So, the fact of existing of such version of the cooling effect
does not contradict with the well-known Liouville's theorem.

The discussed effect could be realized during the electron beam
acceleration process in the transverse crossed magnetic and vortex
electric undulative fields (EH-fields) [1]. The main idea is that the
electrons with lower energy move along longer trajectories, and,
consequently, they get more energy due to acceleration. For other
electrons we have the opposite situation. As a result, a peculiar
physical mechanism of equalization of beam electron energy could
be realized here. We referred it to as the effective cooling effect.

PROBLEM STATEMENT
The following form for the EH-field acting within work bulk of

the EH-cooler is chosen:

( OO 00 \

&vll <kch{iky} s m (*kz) — ez^2 b^shfyky) cos (ikz) I
t=i »=i /

_ °°
E = exE0 (x, z) Yi a,ch{iky} sin (ikz), (1)

where

Bo(x,z) = Q(z)B(x); E*(x,z) = Q(z)E(x), (2)

B(x)ci and B(x)bt E(x)di are the amplitudes of adjusted har-
monics. The factors B(x) and E(x) describe the dependencies of
magnetic and electrical fields along the x-axis. The factor

Q(z) = \(th{Xz}-th{X(z-L)}), (3)

describes the fields in the system input and at output, respectively;
X is the parameter of the magnet shield. Specific feature of the
field representation (l)-(3) is that they describe rather precise the
real EH-field in the proposed EH-cooler.
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We describe the electron motion in the EH-fields (l)-(3) using
the Lorenz' system of equations. To solve this problem we use the
methods of theory of hierarchic oscillations and waves [2, 3]. The
system of averaged equations we obtain in the form:

dpx <

If = L\

i£. rlk ^. = L^-
dT ft' dT ft'

(b%Ci

dT

df

(4)
As analysis show, the results obtained can be generalized on the

case of elliptically and circularly polarized systems. It is cleared
that the circular-polarized systems could be interesting because
here we have cooling on momentum for three directions simul-
taneously, whereas this occurs on two spatial directions only in
the linear-polarized systems. The elliptically polarized EH-coolers
occupy an intermediate place between the linearly and circularly
polarized ones.
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RESULTS OF THE QUANTITATIVE ANALYSIS
The correlation of parameters that allows to obtain the mini-

mal bunch energy spread

A 1 -
- N{Hi~ < H > ) 2 / ( <

can be described by the following expression

\ ^lv?\ ' l '~ % " • - T / ^ 'i^-i'ti- ; —»min, (5)
z=L

EQ =

As the calculation shown on the base of this system we can
form the bunches with minimal energy spread (for example 10%
in the input and ~ 0,4% in the output of the system).

The analysis of phase ellipse dynamics shows that the decreas-
ing of energy spread takes place due to the transformation of elec-
tron velocity spread (or energy spread) into the coordinate one.

Thus, the possibility of principle to construct the real effective
EH-coolers on the basis of effect of effective cooling is demon-
strated by the accomplished physical analysis.
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Abstract

We consider interacting electromagnetic and electron-
positron fields as a nonmetrized space-time 4-manifold.
The Dirac and Maxwell equations is found to be a rela-
tionships expressing topological and metric proprieties of
this manifold. A new equation for the weak interaction
is proposed that explains geometrical mechanism of CP-
violation.

We had recently shown that the free Dirac field can be considered
as a curved nonorientable closed connected space-time 4-manifold
[1]. Its fundamental group consists of four gliding symmetries and
the Minkowski space appears as the manifold covering space. It
is shown now that interacting Dirac and Maxwell fields can be
considered as a single closed connected nonmetrized 4-manifold.
Electric and magnetic fields appear within such approach as com-
ponents of the curvature tensor of the manifold covering space and
the Dirac spinors appear as basic functions of the manifold funda-
mental group representation. Above concept differs from the one
of general theory of relativity by two main points: we geometrise
not only the field but the field sources also and we represent the
field and its sources not as a riemannian 4-space (object with difi-
nite shape) but as a nonmetrized 4-manifold (object without def-
inite shape).

We start with the known equations for interecting clasical elec-
tromagnetic and electron-positron fields [2]

*7i( o— + *eAi)i> - £ ha(^— + ieA^i' = ™>j>, (1)
ox o = 2 oxa

324



4 a jp.

Y, ~a^ = 3k, jk = exp* mrf. (3)

Here h = c = l,xi = t, x2 = 1,13 = y,Z4 = z,^w is the tensor
of electric and magnetic fielfs, j4jfcis£/ie4-potential, 7J. are Dirac
matrices, ip is the Dirac spinor, m and e are mass and charge of
an electron.

It is shown that in (1) the expression V* = d/dx/, + ieAk can
be considered as the translation group generator into a conformed
pseudoeuclidean 4-space and ieAk appear within such approach as
Ffc —the contraction of a riemannian connectivity FL of this space
(Ffc = r£p). Multiplied by the reflection operators 7̂  the S7jt gives
the representation of a local gliding symmetry group in this space
with the Dirac spinors as basic vecors of the represetation. All
this gives the opportunity to interpret (1) as the metric relation
for a closed connected nonorietable nonmetrized 4-manifold with
a conformal pseudoeuclidean space as its universal covering space.

Now we use a relation between a riemannian connection and a
riemannian curvature tenor i ^ , [3]

nq __ UL h ULki , p8 pP pg pP

After contraction over q and I we obtain

By comparison (2) and (4) we can write down the equations
(1-3) using only geometrical notations

4

ill Vi i> ~ H Ha Va i> - mi>i (5)
a=2

t=h, (6)
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where R?k has the form (4).
Finally, we have the following geometrical interpretation of

electromagnetic field.
1. Electromagnetic and electron-positron field can be considered
as a single closed connected nonmetrized 4-manifold.
2. Potentials A), is defined by the connectivity of the manifold
covering space Tk [ieAk = Tk).
3. Electric and magnetic field components are defined by the com-
ponents of the covering space curvature tensor iE,* (ieFtk = Rik)-
4. Dirac spinors appear as basic functions for the manifold funda-
mental group representation.

We now show that, in a one-particle approximation adopted in
this work, weak interaction can be represented as a manifestation
of the torsion in the covering space of a 4-manifold representing
field and its sources. Let us first consider the case where the elec-
tromagnetic field is absent, i.e., the curvature of covering space
is zero. A space with torsion but without curvature is called the
space with absolute parallelism [4]. Thus, the challenge is to de-
termine how does free-particle equation change if the interparticle
interaction is due only to the torsion, which transforms the pseudo-
Euclidean covering space into a space with absolute parallelism.
Let us denote the torsion tensor by 5 ^ ; then the problem can
be formulated as follows. It is necessary to "insert" the tensor
Sim or some of its components into free-particle equation so that
the resulting equation remains invariant about the Lorentz trans-
formations and adequately describes the experimental data (e.g.,
violation of spatial and time symmetry by weak interaction).

Among the spaces with torsion, there are so-called spaces with
semisymmetric parallel translation |4]. The torsion tensor S^m for
such spaces is defined by the antisymmetric part of connectivity
and can be represented in the form

Here, Si is a vector and Af is the matrix of rotation group
representation. The vector Si has the property that the infinitesi-
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mal parallelogram remains closed upon parallel translation in the
hyperplanes perpendicular to this vector. One may thus assume
that in the presence of vector Si the spatial isotropy breaks in such
a way that the isotropy is retained only in the indicated
hyperplanes. Assuming that the trarislational symmetry is re-
tained along Si, while the symmetry of free-particle equation is
retained in the hyperplanes perpendicular to this vector, one can
recast this equation as

Here, the Xx axis is aligned with the vector Si and Ok denotes
two-row matrices of 3-dimensional rotation group representation
with the spinor basis (here ip is a two-component spinor). Ev-
idently, Eq. (7) violates both spatial and time symmetry. The
question of how does Eq. (7) account for the other properties of
weak interaction and how does it relate to the results of the stan-
dard model of electroweak interaction will be considered in detail
elsewhere.

References
[1] O.A.Olkhov, Proceedings of the 7th Intern.Symposium on

Particles, Strings and Cosmology, Lake Tahoe, California, 10-
16 December 1999, p.160 (e-print quant-ph/0101137); Thesis-
es of the Intern.Seminar on Physics of Electronic and Atomic
Collisions, Moscow, Russia, 12-16 March 2001, p.28 (e-print
quant-ph/0103089).

[2] S.Schweber, An introduction to relativistic quantum field the-
ory, N.Y. 1961.

[3] P.A.M.Dirac, General theory of relativity, N.Y. 1975.

[4] J.A.Shouten, Tensor analisis for physicists, Oxford, 1952.

327



UA0501329

Higher Dimensional Model with Two Time Components
by

Afaf A. Sabry
Faculty of Women, Ain Shams University, Cairo.Egypt

Abstract:
A form of the free field Dirac equation (excluding an explicit
mass term) is suggested

dvt
iTM —— = 0, where T" are chosen to be the direct product of

four 2 by 2 matrices.Thus the number of such independent

matrices is eight; also the number of components x^. Therefore,
beside the usual observable four space and time components,
another four very big components are introduced. In momentum
space, the eigenvalue equation determines two different values
of the energy Ex in terms of the four introduced very big
components. This clarifies the appearance of very big mass in
the free field Dirac equation.
Introduction:
It is known that in a free field Dirac equation, the lepton bare
mass m should be taken infinite. Since higher order calculation
revealed that due to the interaction of an electon with the virtual
photons and electron-positron pairs, an infinite mass should be
added to the bare mass of the electon, resulting to its finite
experimental mass (Mass renormalisation)(1). It has already been
suggested(2), to include a very big mass in the free field
equation, by extending the free field Dirac equation to include,
beside the observable four components, another very big,
unobservable components. The extended free field equation in
that case contained 8 by 8 Gamma matrices instead of 4 by 4.
The purpose of the present work is to extend still the dimension
of the Gamma matrices to be 16 by 16. Expressing the 16 by 16



r -matrices as a direct product of four o k (k=l ,2,3*0) 2 by 2

matrices, where o, ,o2 ,o3 .are the Pauli spin matrices and o 0

the two dimensional unit matrix. It is known(3) that the number
of the independent such matrices is only eight. The extended
free field Dirac equation in this case contains eight components
x" (fi = 1 to 8) .It is natural to choose the extra four big
(unobservable) components to be three big space components,
x4 jc\x6, and one big time component x% = t2; while
x\x2, xiand x1 - f, stand four the usual four observable space
and time components. Due to the inclusion of these four
components, it will not be necessary to include a mass term in
the free field extended equation, as was done in previous
investigations*4* and can simply be expressed

ir"$V- = 0 (M runsfromltoS) (1)
dx"
if/ is now a 16 component spinor.

The upper and lower indices are transformed by an eight
dimensional tensor gMV such that

^ = ^ W i = + 1 f°r M = lto6 ; and = -\ for fj = 7,S

(2)

The Solution of the Free Field Equation:
As mentioned before, the eight independent 16 by 16 matrices
V in Eq.(l), can be chosen as a direct product of the fouro t

matrices
F* = KT2 x o2 x <T2 x ah k = 1,2,3

r 4 = CTQ X <J3 X GQ X aQ , T 5 = CT0 X <70 X CT, X <TQ ,
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r = <T3 X <T0 X <T3 X OQ

7 Q

F = i<7i X (TQ X <T0 X <TQ , F = <T3 X <T0 X <TQ X <T0 ( 3 )

All other combinations of the direct product of the four
ok(k = 0,1,2,3) can be expressed as products of the above
chosen eight matrices.
The above matrices can simply be expressed in terms of 4 by 4

matrix blocks, the Dirac yk,fi matrices, the y5 = iy°y[y2y3

matrix and the 4 by 4 unit matrix I

-Y

K-r • •
(I . . .

r5 =
Ys

Ys

Ys

Ys)

r7 =
. - / . .

k=l,2,3

• ft

-fi)

(i . .
. i .
. . -i

(4)

330



We notice that Fk (k = 1,2,3) and Y1 are antihermitian, while

r 4 , r 5 , r 6 and r8areheraiitian. Also r " {p = 1,2,..,8) satisfy
the anticommutation and commutation relations:

r 8 r / > _ r * > r 8 = 0 (^ = 4^6,8)

The adjoint of Eq.(l) then becomes

- odxk dx7

Defining the spinor adjoint by

V = ¥+T* (7)
we then deduce the adjoint of Eq.(l)

-/i£r"=o (8)
dx"

From Eqs.(l) and (8), it follows that

^ ^ = 0 (9)
dx»

where
/W = ̂ )r>w (10)
The solution of Eq.(l) can then be obtained on setting for a free
field
p(x) = u(p) e-{px) (11)
where (p,x) = pflx

tl . Eq.(l) then reduces to the algebraic
equation
(r>>(/>) = o (12)
Substituting for rM from Eq.(4), we obtain

£\i rkPk
-rkPk E\'

(13)
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Expressing the above equation in the 16 components of u
(«,,«2,..,«I(S), we can by successive reduction, obtain die following
eight equations in u,,u2,«„...,«,

A u, + B u3 + C(p3u5 + p~u6) + D(p3u7 + p~M8) = 0 ,

Au2+Bu4 + C(p+u5 - p3u6) + D(p+u7 - p3u%) = 0

A'ux + B'u3 +C'(p3us +p-u6)+D'(p3u7 +p~us) = 0 ,
(14)

A'u2 + B'uA + C'(/?+H5 - p3u6 ) + D'(p+«7 - ) 0

\ -p3u2) + fi (p+u3 -p3uA) + Yu6 + Zu% = 0

"l +P~"2) + /''(P3"3 +^"«4) + r "5 +^'"7 = 0 .
X'{p+ux -p3u2) +fi'(p+u3 -p3u4) + Y'u6 +Z'u8 = 0

where
p±=px±ip2 (16)
and the constants A,B,C,D,A',B?,C,& andx,n, Y,z,x',ti',r,z' need
not be expressed expliciry at present.
The Elgen-valuea of the Free Field Equation:
From now on, we shall consider the observable

P2 =P+P~+ Pi = Pi +Pl+ Pi (17)
much less man p\-,p\,p\,E\ or Ef. In such a case the
elimination of u7, w8 then u5, u6 firom Eqns.( 14),( 15) leads to
(ZY' - ZTKAuy + Bu3) = 0 , (ZY' - Z7)(A'u{ + Bfu3) = 0

(18)
and similar two equations, with the same coefficients for

u2,uA.
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Thus u,, «3 (or u2,u4)can be chosen arbitrary, and the dgea
values are obtained from the vanishing of the determinant of the
coefficients, or
(Zy - ZT)(AB' - A'B) = 0 (19)
To obtain the explicit expressions of the eigenvalues (the roots
of the first component (the observable) of energy El), we first
notice that the expressions of Y,Z.Y',Z' and A,B,A\B' , in the

same approximation, neglecting terms proportional to p are

-p4)E?, Z'-E?[Ef +pl+pl -(p6 +E2)
2]

(20)
A = E} +pl +pl -(p6 -E2)

2, B = 2p5(p4 -p6)

A' = -E?(p4+p6+E2) + (p4+p6-E2)[pl +pl -O»4 +E2)
2]

B' = ps[E? +pj +pl -(P4+E2)
2] (21)

We then find
YZ'-Y2 = E?P5[{El -El +pj -p\ +p})2 -4M4]

= E?(AB'-A'B) (22)
where
M* = p\E\ -pip} +plpi (23)
The eigenvalue Eq.(l 9) can then be expressed
(Ef-Ei+pl-p2+pl-2M2)2(E}-El+pi-pl+pl+2M2)2 = 0

(24)
This clearly shows that there are two different real eigen values
(very big) for the energy square E\, which after
renormalisation may correspond to leptonand the
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corresponding neutrino masses that are described by Dirac
equation.
The Covarianee of the Extended Equation:
On carrying out a linear transformation

y/'(x') = Sy/(x) , ys'(xr) = y/(x)S~] (25)
then the Dirac equation in the frame x' should have the same
form as in the frame x provided that S satisfies the relation

where

X — Lly X \L I)

defines an 8-dimensional Lorentz transformation between the
frames x' and x.

According to Eq.(lO), T^ (/i = 1,2,..,8) can be considered as an
8-dimensional vector. In order to define pseudoscalar and
pseudo vectors, we consider a special improper Lorentz
transformation, defining a parity transformation

L?=cSMV (28)

where c = ±1, the number of c = +1 in the diagonal being
equal to the number of space (or momentum
components).Applying Eq.(26) to this special choice,we find

where the plus sign in our case corresponds to
/i = 1,2,3,4,5,6 and the minus sign to /i = 7,8.

Defining a pseudoscalar matrix F 9 as a product of

the eight F'" matrices
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If this to represent a pseudoscalar, it must satisfy
5~ ' r 9 5 = - r 9 (31)
Thus according to Eqs.(29),(30), the number of momentum
components must be odd. This can be achieved on taking one of
the momentum components, say p9 to be an energy component

References:
1- Kallen,G., Dan.Mat.Fys.Medd.27, no.12 (1953).
2- Sabry.A.A., Application of a Lorentz Transformation in Six

Dimensions to an Extension of Dirac Equation, Crimean
Summer School-Seminar, New Trends in High Energy
Physics, Crimea, Ukraine, May 27-June 4, 2000.

3- Onsager L., Crystal Statistics, I- A Two Dimensional Model
with an Order -Disorder Transition, Phys.Rev., vol. 65,
no.3,4(1944),p.H7.
Kaufman, B., Crystal Statistics II-Partition Function
Evaluated by Spinor Analysis, Phys.Rev.,vol.76, no.8
(1949),p.l232.

4- Sabry,A.A., Lorenz Transformation in Six Dimensions,
Proceedings of DC annual Seminar on Nonlinear Phenomena
in Complex Systems, Minsk, Belarus, May 16-19,2000.
Sabry,A.A., On Lepton Masses, Proceedings of The Second
International Conference on Basic Sciences and Advanced
Technology, Assiut,Egypt, Nov.5-8,2000, pp.117-123.

335



Ill II Illill I: II I! 1:111 II

ii i l i um in ii
UA0501330

On the Canonical Treatment of
Lagrangian Constraints

B.M. Barbashov

Joint Institute for Nuclear Research
Dubna, U1980 Russia

Abstract
The canonical treatment of dynamic systems with man-

ifest Lagrangian constraints proposed by Berezin is applied
to concrete examples: a special Lagrangian linear in veloc-
ities, relativistic particles in proper time gauge, a relativis-
tic string in orthonormal gauge, and the Maxwell field in
the Lorentz gauge,

The conventional canonical treatment of constrained systems [1]
deals with the constraints which follow only from the intial sin-
gular Lagrangian- However, there are problems where the La-
grange constraints are introduced 'by hand' in addition to the
initial Lagrangian or when from the very beginning of the Hamil-
tonization procedure, some of the constraints that follow from the
Lagrange function, are taken into account manifestly. For exam-
ple, the Lorentz gauge in electrodynamics cannot be canonically
implemented [2]. The purpose of this note is to show that such
"noncanonicaT constraints can be implemented by the Berezin al-
gorithm [3]. The algorithm provides a unified consideration of the
singular Lagrangians and nonsingular ones with constraints that
depend on velocities and time:

Va(q,q,t)=0, 9 = (<?i,92,-.-,9n), o = l , 2 , . . . ,m , m<n. (1)
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Let us consider the Lagrangian L(q}q,t) and the set of the
Lagrangian constraints (1). The relevant extended (generalized)
Lagrangian reads

TO

C(q,q,t) = L(q,<?,*) + £ \a(t)ipa(qtq,t) (2)
a = l

where Ao are the Lagrange multipliers. All the constraints to be
considered depend explicitly on velocities ft. When among them,
there exists the equation (p(q, t) = 0, we replace it, after differen-
tiating with respect to time, by the equivalent equation

Now, let us introduce the extended momenta for the Lagrangian
function (2)

_ _dC _dL ™ d<pa ._ . .
P + | 1 n W

Berezin [3] has assumed that the velocities ft and the Lagrange
multipliers Xa(t) can be expressed uniquely in terms of ft and p,
by resolving the constraints (1) together with Eqs. (4). In this case,
the variational problem is said to be a nondegenerate (nonsingular)
one. On the contrary, the requirement of the initial Lagrangian
being nonsingular

d2L
det (5)

becomes superfluous. In the following, only the dynamic sys-
tems that satisfy the Berezin assumption will be considered. The
method does not lead to the reduction of degrees of freedom of
the systems in the phase space. However, the transition to the
canonical momenta p, corresponing to the initial Lagrangian L
takes place if

0. (6)
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It will lead to the primary Hamiltonian constraints in this ap-
proach. As an illustration, we apply the Berezin method to a
number of constrained Lagrangian systems.

1. The Lagrangian linear in velocities [3, 4, 5]

f « = (*,«,,...,&). (7)
Since the Lagrangian (7) is singular, and all the equations of mo-
tion

EM + g-o. A,-g-f*. detII/^O (8)
become first-order equations, the extended Lagrangian acquires
the form

n n ( dV\

£ = E/ . («)*-v(4 + E *\M + S- (9)
»=1 1,7=1 \ O<**/

and the extended momenta read
n

It is possible to resolve Eqs. (8) with respect to <&, because there
exists the inverse matrix /£* such that

(ID

Also, resolution of (10) with respect to \ gives us

\ =\

Taking into account that C in (9) on the surface of constraints has
the form
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we find that

« = 53 ft* - £ = £ ( / < - PiW^r + v(q). (13)

Going over to the canonical momenta p, from (6) and (12), we
obtain the primary Hamiltonian constraints (invariant relations)

\i\t=P = 0=*p% = /<(qr). (14)

The kinetic term in (13) is linear in p, thus, H is singular. There-
fore, again there is no Legendre transformation from H to C be-
cause the relations

do not contain p. However, with the help of the Berezin algo-
rithm, the system (13), (14) can be transformed into the initial
Lagrangian system. Indeed, we derive the extended Hamiltonian
in the form

next = n

Thus, we arrive at the system of equations

V « =
and can construct the Lagrangian

1=1 t = l

Going over to the generalized velocities q —* q via the equation

fjLi\^_q = 0, from (13) we once again obtain the Lagrangian con-

straints (11). 2. Relativistic point particle L = —m / yJx2(T)dr [6].
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If the parameter r is chosen as the proper time, the Lagrangian
constraint is x2 = c2 = constant. The density of the extended
Lagrangian for this system takes the form

itnr\

[i2(C = -mffiT) - Xj[i2(r) - c% (17)

dc XL AxJ. (18)

As before, we use equations (18) and the above constraint to find
A and xu

x, = A . (19)
cm

As a result, we arrive at the Hamiltonian in the following form
(taking into account that on the constraint shell, £ = —me):

(20)

Turning to the canonical momenta A|p-P = 0, from (19), we get
the Hamiltonian constraint

f^ (21)

The Hamiltonian equations for (20) coincide with the Lagrangian
ones:

The obtained Hamiltonian (20), as well as the Lagrangian, is sin-
gular, but applying the same algorithm, it is possible to restore
the initial Lagrangian system:

U = c(m -

Adding the constraint (21) to this system, we obtain

H = V ~x - c , ph
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Finally,

C = -p^ -H= -mVT, / 4 = I = 0 = > V±* = c.

3. Relativistic particle with the gauge x° = Vrfm.
Differentiating this gauge with respect to time z° = V/m and

substituting it into the extended Lagrangian, we obtain

C = -my/i&y - x2 - Xm(x° - V/m), (22)

dC ( XQ . \ dC x

( + Aj (23)

Applying once more the condition x° = V/m, we have

P mx

yJiVM* - x5

Hence, it follows that

+ Am, p =

?7l

The Hamiltonian reads

( 2 4 )

W = -poi° + px - £ = -Up2 + m? - po). (25)
TO Y

Going over to the canonical momentum po by means of A|po=Po = 0,
we derive the Hamiltonian constraint p0 = \ / p 2 + m 2- Then, the
Hamiltonian equations are as follows:

.0 on v . an v p
1° = - — = —; x = TO v'p2 + ml

4. Relativistic string in the orthonormal gauge [7]:

L = -lsj{xx'Y - x ^ , x2 + x'2 = 0, (xx') = 0. (26)
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The extended Lagrangian in this case reads

C = --yy/ixx'f - xW - ^ ( x 2 + x12) - A2(xx'),
it

and taking account of the constraints we get for extended momenta

(27)

Projecting this onto xj, and using the constraints, we find that
{fix') = A2x'2, and then,

Squaring (27), we obtain

. ( 2 9 )

Given Ai and A2, we can express xM in terms of x^ and pM as
follows:

. _ (px')^ -

which satisfies the constraints identically. As a result, the Hamil-
tonian for the string assumes the form

H = - p % - C = -yjipx'Y-px1*- 7 xn. (30)

Going over to the canonical momenta p^ according to formula (6),
we arrive at the Hamiltonian constraints

X^p = p = 0 = • (px') = 0 , p2 + ~?xn = 0. (31)

On the surface of these Hamiltonian constraints, H = 0, the canon-
ical equations are as follows:

-fix12
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Taking account of constraints (31), we can rewrite these equations
in the form

1

7 xM - x£ = 0.

The Hamiltonian (30) is singular det
Berezin algorithm, we can pass to
constraints (26). Indeed, the extended Hamiltonian is of the form

t g^g^r I = 0. But using the
the initial Lagrangian L and

~ 7*" - £ V +
*7

from which and the subsidiary conditions we find

dp-

— 2

and therefore, from (32), we get

v/(x'x)2 - x*x2

Finally, we obtain

5. Electromagnetic field with the Lorentz gauge d^A^ = 0 [8].
The extended Lagrangian with an external source j11 is of the

form
C = -IF
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= 0

This gives the time component of the extended momenta TT0 as
follows

*—a£-*- ( 3 3 >
For the space component rr, we derive the canonical expression

(34)

According to the Berezin algorithm, adding the Lorentz gauge

A0 = - (VA) (35)

to these equations, resolving the velocities Af and the multiplier
A in terms of A*1 and n1*, we obtain

(36)

Now, one can construct the Hamiltonian

H = TT°(VA) + \(«2 + (rot A)2) - (TTV A0) + j^A".

It gives the canonical equations

A° = - | ? = -(VA), A = ?£ = *-VA<>
into air

coinciding with (34) and (35). Also, for the momenta, we get

&H X d &H .
* J

g ^ ^ ' ^ - (37)

And for the components of ir* and J4M, we have

f j ° — 7f 1

J + VTT°J
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D7r° = 0. (38)

After the transition A^o^o = 0, from (36), we obtain TT° = 0, and
all the equations (37) and (38) are cast into the correct equations
of electrodynamics in the Lorentz gauge.

To conclude, we note that contrary to the Dirac approach,
the suggested algorithm allows unique construction of the Hamil-
ton formalism for constrained Lagrangian systems with constraints
that depend on velocities and, in the general case, do not depend
on the Lagrangian form.

Acknowledgments. A am grateful to Professor L.D. Fadeev
and Dr. V.V. Nesterenko for critical discussions of this work.

References
[1] P.A.M. Dirac, Lectures on Quantum Mechanics (Belfer Grad-

uate School of Science, Yeshiva University, New York, 1964).

[2] L. Yaffe, "Canonocal Treatment of 'NoncanonicaT Gauges for
costrained Hamiltonian Systems," Lett. Nuovo Cimento, 18,
No. 18, 561 (1977).

[3] F.A. Berezin, Usp. Math. Nauk, 29 183 (1973).

[4] E. Newman, G. Bergman, Phys. Rev. 99, 587 (1955).

[5] L.D. Faddeev R. Jackiw, Phys. Rev. Lett. 60, 1692 (1988).

[6] A. Ogielski, P.K. Townsend, Lett. Nuovo Cimento, 25, 43
(1979).

[7] B.M. Barbashov and V.V. Nesterenko, Introduction to the
Relahvistic String Theory (World Scientific, Singapore, 1990).

[8] G. Wentzel, Quantum Theory of Fielfs (Interscience Publ., N.
Y. 1949).

345



iiiiiiiiiii!
UAQ501331

Radiatively induced Chera-Simons term at high temperatures

O. Boriaenko

N.N.Bogolyubov Institute for Theoretical Physics, National Acaiemy of Sciences of
Ukratne, OS US Kiev, Ukraine

Abstract

We investigate the universality of the lattice fermion actions at Sotte temperatures. As
a quantity characterizing the universal features we tain the Caar^-Simou term and sum-
marize conditions under which this term 1* radlabvdy induced in toe quantum theory by
the fennionic determinant. Our main concruskm is that the generation of the topologlcally
nOQtrhrial contribuUona n«jdiw that the farmtonlc sector of QCD belongs to a special uni-
versality class. We establish the existence of such classes for the Wilson fermions.

As is well known naive lattice fannions lead to the problem of fermion doubling [1]. There
exist two widely used forms of the lattice fermion action - the Wilson, action and Jthe Kogut-
Sussldnd action - for which this problem is solved completely or partially. However, these
formulations lead to the breakdown of some symmetries of the Iiagrangiftn at the classical level.
Then symmetric are recovered In the naive continuum limit. In this paper we deal with the
Wilson action

. (1)

We have denoted here: T(i)(»(*)) - fermion field, V^x) - gauge field matrix, m - mass of the
fermion field, a - lattice spacing and r is the Wilson parameter introduced to avoid undesirable
degrees of freedom. This action was originally taken with r = I [2]. Then it has soon become
clear [3] that the more general choice r = sexpiv/r/i) with 0 < s < 1 is admissible. The naive
continuum limit takes place at any set of parameters and leads to the theory of Dime massive
fermions coupled to a smooth gauge field, but chiral symmetry '" explicitly broken at any <p
and s, and for <p ^ 0 or ir CP-symmetry is broken as well. The elimination of extra degrees of
freedom happens here as well as for r = 1. However, the ¥> dependence persists in the quantum
theory even after taking the continuum limit. In Ref.[4] the following result was obtained

^ , (2)
Zo(0) v

Thus, the fact that the classical limit is i/vlndependent and does not violate CP-symmetry is
not true for the quantum theory. We could, thus conclude that the Wilson parameter r plays an
important role, that of the quantity dividing the initial action into different universality classes.
These classes are characterized by the parameters of the nonuniversai terms of an effective
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action (8-term) and are defined by the parameter r Tbe calculations we provide here confirm
this assumption Prom now on we use for the parameter r the most general expression of Ref.(5]

r = «exp(noTB)r, 0 < s < 1, 0 < » » < * , (3)

where T is an arbitrary hermitian matrix acting in fermion space. We are interested here in
T = foTi ( T{ is acting, for example, in flavour space) as it leads to the GS term (of course,
the other possibilities are not excluded) Denoting lattice spacing in the spatial (temperature)
direction as aa (ag) and the space dimension as d, we obtain the following action:

(4)

We introduced here

V* = exp(±a<ra)[exp(»¥>7j)T±71,] , !# = exp(±a^)[exp(tvrT5)r±To]exp(TiA) , (5)

where 7^ represents the Euclidean version of the Dirac 7-matrices, a can be interpreted here as a
chemical potential if it is real or as an external constant abelian field if it is imaginary and ft is the
baryonic chemical potential. Then 2 = 1 if this chemical potential is conventionally introduced
on the lattice (6) or i = 75 if we introduce the chemical potential similarly to [7] having different
r-hnmiVal potentials for the left- and right-hand fermions, i.e. ftl is 4 x 4 diagonal matrix with
(POII = (f*0» = W a nd Ud)33 = Wu - Jia- K I = •» then m = - p 2 but one can study
the general case. Finally, A = (apgAo) is proportional to Ao condensate [8] We do not fix the
gauge here, and we assume periodic boundary conditions for the gauge field and antiperiodic
ones for the fermion field. We want to find conditions on all parameters entering the action
(4) at which the Chem-Simons [CS) tens can be induced by the formiocic determinant in the
quantum theory at a finite temperature. For a nonabelian gauge group the CS term is given in
3D theory by

LCS = -kJ^Ttfa^An + lA,AmAn] , (6)

where elmn is the totally antisymmetric tensor and the constant k has the dimension of mass.
Integrating out fermion fields leads to the following partition function

Z = j\dA^\exp(- jn\dx)LG - rt,,(A)) , T.It{A) = - bdetM(^) (7)

with ref/(A) being the logarithm of the Dirac operator determinant, where M[A) = D + m,
with covariant derivative D and rermion mass m The conventional method of studying CP-
OT P-odd effects is to consider the expansion of the effective action in powers of the gauge
field. Constructing a perturbative expansion of the fermionic determinant, we keep in mind
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only definition (6) as any such expansion for the smooth A,,(x) potentials brings us directly to
the continuum. In order to construct the necessary expansion for g ts 0 let us expand

*=0

(A^x) = A^(x)tc, where t' are the generators of SU(N) in the fundamental representation).
Then the effective action in (7) can easily be given as

(9)

Expanding, we obtain

t ^ l W \ TrlnG. (11)

It is clear now that only D\ contributes to Scs u I (A) is a third power polynomial in A(J(i)
and it includes various components of the potential A^z). It brings us to

y l9r3(A)} - tt}{(A) , Tk(A) = Ur|(l>1G-I)*| (12)

In Eq.(12) f e / ; (/I) includes the higher contributions of A together with contributions of Dk (k >
2) and probably exhibits universal behaviour. Fourier-transforming gauge potentials we have
for the Green function taking the fermion antiperiodicity into account

Summing up properly in Eq.{12) we find

The exact expression for tl^iq, n) is large. We drop it here, as we need only its reduced form
below. The reduction is quite standard [9, 10] and means that we keep Only the zero modes m
all of the summations over discrete frequences, as these modes provide dominant contribution at
high temperatures Moreover, we neglect the dynamical part of J4O, i e fluctuations around {AQ},
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which become massive [10]. This approximation does not conflict with the periodic boundary
conditions unlike in [7] where gauge fixing Ao = 0 is incompatible with boundary conditions.
The dominant contribution comes from the (Ao)-condensate which is reflected in the structure
of the Green functions. Afterwards the effective action becomes

f
-n/a.

where the bars mean three-dimensional quantities. The full expression for the reduced tensor
can be found in [llj. The reduced Green function can be utilized in the following form

<3(p) = S-1

(the G(p) are still diagonal matrices in colour space due to the presence of A). Similar, but
much more tiresome calculations can be made for r3(A). As a result we have

f " ^ ^ ^ l ( 9 i ) ^ , ( < f t ) A S ( - « i - 9 2 ) 5 ^ ( 9 , , ft). (17)

Now we are ready to calculate the coefficient in front of the CS term. Bringing the action Scs
into the momentum representation we have from Eq (6)

= f
J-

Scs = -*€"*& j ^ U,qmAls + ? j (18)

Introducing the definition gA~ -> ~& into the effective action and comparing T»(A) and {)
with (18) we recognize that the small momentum behaviour of n n m and 5^* is very important.
Since for m > 0 the Green functions (16) are regular for any p, we can construct their power
expansion in p. Due to finm(O) = 0 we have

__ (19)
* " * * f=o

Calculating
dnG[p) = »7ncosa(pn - ian) - rsinaijs, - ion) (20)

(no summation over n) we can prove that

[^kfinnfa)]!^ = flotnm* i (21)

where .

Performing similar manipulations with the tensor Bnmj, (see [11] for details) we finally get
substituting results into the definitions of Ti(A) and r3(A) (with 3 -* gA~)

Vi(A) - \r*(A) = Scs + Otf) , * = oo (23)
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using the definition Eq.(18). itFrom the structure of the colour traces in Eq.(22) it follows that
ao is not proportional to A and hence may be nonzero when the (^-condensate is absent. Hence,
the first conclusion from above ascertains the absence of a ample perturbative interrelation
between (Ao) and the generation of the CS term. Now let us take A = 0 and the Green function
to be proportional to the unit matrix in colour space. Keeping the spinor traces in the definition
of ao and redefining Sc3 -*aoScs we finally find for the effective action

T . / / W = jScs + 0(g») + f . , , ( A ) . (24)

Analyzing oo we consider three possibilities.
1) [ = 1;r = sexpftyrn). It is convenient to represent G~l in Eq.(16) in the form

G~l = -g- , (5- = G(-p, -a, -<p, -n) , Gh = <5(p, a, <f>, n)G(-p, -a, -<p, -p) . (25)

Go contains no 7-matrices. It is not difficult to demonstrate that

cosapncosapmcosapn A ^ ^^ _ ^ 05 G--imG-i 1 (26)

Taking the trace over the spinor indices in Eq.(26) we prove that 00 = 0 (for every combination
of 7D7n7m7» there exists the combination with an odd number of permutations resulting in a
cancellation of each other). In a sense, this result explains the one of Ref.[12]. If we were dealing
with left-hand fermions only, as in (12) it would lead in our notations to

AfimJk = tfunk^ [(j-fffU-ffmu-f^J (27)

and 70 = 0. Then OQ is expressed through the winding number of the free fcrmion propagator
and is still finite in the limit m —• 0. We understand in this case that the left-handed fermion
contribution annihilates implicitly the contribution of the right-handed fermions. Any nonzero
contribution in this case dwnvtndB that the symmetry be broken.

2) / = 75. In the continuum limit it corresponds to the term iji*-)c7s* in the Lagrangian
instead of t/i$-jo¥ [7|. The Eqs-(25)-(26) do not change and we have, up to an irrelevant constant

/" tfip cos api cos cipj cos a p j j

Further we drop the potentials aa as they are not important in generating ao and then

A as m - fcr^J-'ssina/j/iSin<p + 2tcoa<fi ^ ( c o e o p , - 1). (29)

Eq (28) and this definition mala the diflwence between the Uusa-dimensiDnal case, and the
left-hand fermion model fairly transparent (/ ~ ^ and ao -* 0 in the limit m -» 00 for the three
dimensional case). Moreover, / ~ 0 at 0 -* 0 which is in agreement wKh [12]. It is quite evident
that the CS term is always induced if one introduces different chemical potentials for the left-
and right-hand fermiona as explained after Eq.(5)

350



3) The most interesting case is /i = 0 and r = 3 exp(vp-fi)~fo. Ita classical limit results in the
continuum Dirac action with /1 = 0. However, the explicit calculation gives that

OQ^sinip v-£-zF(v) , v= (ma + 2cos<p)' , (30)
(TV

where

*+
In fact, Eq.(28) coincides with the expression for the 0-term coefficient (4) (in that refctwicri one
could also find its approximate calculation). Thus, in this case the breaking of CP-symmetry
at the quantum level is quite enough though it is unclear why one should take just this value of
the Wilson parameter r.

We thus conclude that the CS term can be perturbatively generated in the effective action
by the fermionic determinant if one uses generalized Wilson fermions on the lattice. This takes
place if the Wilson parameter r = 1, and one has a baryon chemical potential of the form
«M*707S*> which, corresponds to having different chemical potentials for left and right handed
fermions. This result, obtained in Ref.[7] by fixing Ao = 0, has been re-derived here in a
more rigorous calculation. One can then generalise to the situation with r = «exp(i^7s)-^> and
an arbitrary chemical potential, including the case when ft = 0. This choice of r breaks CP
symmetry, however a classical limit is going to the standard continuum theory. A nonuniveraal
contribution takes the form of the CS term.
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I have been asked by Professor Laszlo L. Jenkovszky, the co-chairman of

the Organizing Committee of this Conference, to give a conference summary

together with Professor A. B. Kaidarov. Since I had prepared my contributed

paper entitled, "A New Trend in High—Energy Physics", as a kind of review

on the hottest subjects in high energy physics for the last couple of years

[1], I have asked Professor Kaidarov to make a real summary on this Conference

by covering all the papers contributed to this Conference [2] and have determined

to make only some concluding remarks on this Conference as I had been

asked to do for the last four in this series of Conferences [3—6]- In what

follows, I shall present some concluding remarks that I have prepared but

that I have missed presenting because of the shortage of time.

This International Conference on New Trends in High—Energy Physics, Yalta,

Crimea, Ukraine, September 22—29, 2001 consists of six days of scientific programs

including six morning and four afternoon (or night) sessions to which forty

—two invited talks and two summary talks have been allocated. Let me remind

you of these forty—two contributed papers one by one in the following :

On Sunday, September 23, the first part of the morning session (chaired by

Professor P. N. Bogolyubov) consists of two talks. Professor L. D. Faddeev (St.

—Petersburg) has given a lecture entitled, "Use of Compact Variables in Condensed

Matter and Relativistic Field Theory", in which he has discussed his new way

of analyzing field theoretical models such as Yang—Mills gauge theories by

using the compact (gauge—like) variables [7]. I asked him, "Don' t you have

the Gribov ambiguities in your way of doing ?". His answer was "No. I personally

do not believe the ambiguities.", The second lecture has been given by Professor

P. Fre' (Torino) with the title, "Superaymmetric D3 Branes on Smooth ALE Manifolds

with Flux" [8]. The second part of the morning session (chaired by Professor

L. D. Faddeev) has only • lecture by Professor A. A. Slavnov (Moscow) with

the title, "Renormalization by Enforcing a Symmetry", in which he has advocated

his new way of regularization consistent with chiral fermions by demonstrating

how it works in QED [9]. In answering to my question. "Can you introduce

the renormalization group and Callan—Symanzik equation in your regularization?",

he said, "Yes, of course." I wonder if his regularization is related to what

I used in 1967 for deriving the low—energy theorem for the vacuum polarization

tensors of the n-th rank in QED [10].

In the afternoon session (chaired by H. Terazawa), which seems to be devoted

to field theories, five invited speakers has given their talks ' "Higher Dimensional
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Models with Two-Time Components' by Professor A. Sabry (Cairo) [11], "Radiatively

Induced Chern—Simons Term at Finite Temperature" by O. BoriMnko (Kiev)

[12], "About the Landau-Pomeranchuk-Migdal Effect Suppression of High

-Energy Electron' s Radiation in Matter" by Professor N. F. Shulga (Kharkov)

[13], "A New Canonical Treatment for a Constrained Lagrangean Systems with

'Noncanonical Gauges'" by Professor B. M. Barbashov (Dubna) [14], and 'Scalar

Mesons and the GluebaU in SU (3) I U (3) Quark Model" by Professor M.

K. Volkov (Dubna) [15].

On Monday, September 24, the first part of the morning session (chaired by

Professor N. N. Nikolaev) consists of two talks. Professor J. Whitmore (DESY)

has given a lecture entitled, "Elastic and Inelastic Diffiractive Scattering", in

which he has reviewed the HERA data on elastic and inelastic diffraction

scattering [16] and presented the results of detailed analyses based on the optical,

Regge, "dipole", and "resolved [17]" models. Then, Professor A. B. Kaidalov (Moscow)

has given a lecture entitled. "Hard Diffraction and HERA and Tevatron".

in which he has emphasized the importance of doable Pomeron exchange.

I have pointed out that the double Pomeron exchange would be double —

counting in my picture of Pomertn as a "color—ball* consisting of an arbitrary

number of gluons [18]. The second part of the morning sessk>n(chaired by Professor

A. A. Slavnov) has three speakers. Professor N. N. Nikolaev(Juelich, Moscow) has

given a lecture with the title, "Diffiractive DIS : Where We are?", in which

he has reviewed the history in details and concluded that diffraction do«B

not require Pomeron[19]. Professor D. Schildknecht(Bielefeld) has given a lecture

with the title, "Deep Inelastic Scattering at Low x", in which he advocated

their old idea of "generalised vector meson dominance(GVMD) model" applicable

to the deep inelastic scattering at low x[20]. I have pointed out that their

GVMD model in which the virtual photon is taken as a sum of an infinite

number of vector mesons and excited states seems to be equivalent to our

resolved photon model[17] in which it is taken as that of quark—antiquark

pair, quark—antiquark—gluon, quark—antiquark—two—gluons, and so on. Professor

L L. Jenkovsky(Kiev) has given a lecture with the title, "Duality Relation betwteen

Small— and Large—x Structure Functions", in which he has discussed the relation

between the Freund—Haran duality and the Bloom—Oilman duality and concluded

that the small—i and large—x are related, that the explicit models realizing

the 2—dimensional duality exist, and that the Qsquared—dependence of the structure

functions at small and large Qsquared are related[21].
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In the afternoon se88ion(chaired by Professor G. Abbiendi), four invited speakers

have given then talks : "Off-Shell Umtarity Effects in DIS and VM Ekctroproduction"

by Professor S. Troshin(Protvino)[22], "Spin Structure of Nucleon in QCD : Inclusive

and Exclusive Processes" by Professor O. Teryaev(Dubna)[23J, "Interactions at Large

Distances and Properties of the Hadron Spin-Flip Amplitude* by Professor O.

Selyugin(Dubna)[24], and "Search for Exotic Baryons with Hidden Strangeness

in Proton Diffiraetive Production Processes' by Professor D. I. Patakkha(Moaeow)[26].

Concerning the prediction for the cross section of gamma*gamma*->hadrons

by Professor TVoshin who claimed that it increases as Qaquared increases,

I have strongly argued that it not only disagrees with my prediction based

on the algebra of bilocal currenta[26] but also the experimental data from

TRISTAN[27}-

On Tuesday, September 26, the first part of the morning s6B8H>n(chaired by

J. Whitmore) consists of three talks. Professor J. Olsson(Hamburg) has given

a lecture entitled, "QCD Studies at HERA", in which he has presented the

detailed analysis of the HI and ZEUS data in QCD and concluded that the

NLO QCD and the DGLAP equation describe the data very well[28]. Professor

R. Tenchini(CERN) has given a lecture entitled, "Test of Standard Model",

in which be has reviewed in particular the tests of the gauge couplings of

W, Z, and gamma and stressed on the strong evidence for their triple gauge

couplings[29]. Professor V. Barone(Torino) has given a lecture entitled, "Transversity :

Present and Future" [30], which seems to be very relevant as the HERMES

experiment at HERA and the CIAS experiment at TJNAF are now runnmg[31].

The second part of the morning session(chaired by Professor J. SchUdknecht)

has four speakers. Professor F. Constantini(Pisa) has given a lecture with the

title, "New Results on Direct CP Violation", in which he has concluded that

there is now good agreement on the CP violation parameter between the NA48

experiment at CERN and the KTeV experiment at Fermilab[32]. Then. Professors

S. Wronka(Warsiawa), P. Cenci(Perugia), and V. N Bolotov(Moecow) have given

lectures with the titles, "Results on Rare Decays" [33], "The NA48 Future Programs"

[34], and "Pion and Kaon Rare Decays and the Search of a Tensor Interactions"

[36], respectively.

In the afternoon session(cliaired by Professor P. Cenci), two invited speakers

have given their talks : "Geometrisation of Electromagnetic Field and Topological

Interpretation of Quantum Mechanics Formalism" by Professor O. A. 01khov(moscow)[36]

and "EH-undulative System of 'Effective Cooling' of Electron Beams" by Professor
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I. V. Gubanov(Sumy)[37], which seem difficult to understand as the former is

too formal while the latter too technical.

On Wednesday, September 26, the first part of the morning seMk>n(chaired

by Professor S. Wronka) consists of three talks. Professor 6. DeLellis(Napoli8)

has given a lecture entitled, "Associated Charm Production in Neutrino Charged

—Current", in which he has reported an event which is takes as the first

evidence for the associated charm production in neutrino charged—current intoractk>n[S8].

Professor P. Vanlaer(BraxeUee) has given a lecture entitled, "Status Report of

the CMS Experiment", in which he has concluded that the CMS at LHC will

cover the whole mass range of the Higgs scalar[39]. Professor G. Abbiendi(Bologna)

has given a lecture entitled, "Tests of the Standard Model and Constraints

on New Physics from Fermion—Pair Production at LBPII", in which he has

concluded no evidence for new physics[40]. However, I wish to emphasize that

the CDF and HERA anomalies may still indicate the possible existence of

either leptoquark and/or excited positron whose mass is around 800—400OeV[l].

The second part of the morning session(ehaind by Professor P. \fenlaer) has

three speakers Professor D. Bailey (Bristol) has given a lecture with the title,

"Heavy Flavour Production at HERA", in which he has concluded that HERA

has produced a wealth of information on heavy quarks[41]. Professor R. Tfenchini(CERN)

has given a lecture with the title, "Search for the Higgs Boson", in which

he has concluded that the ALEPH sees the Higgs candidates at 115.6GeV

with the statistics of i.lsigma while the OPAL, L3, and' DELPHI have only

the statistics of l.isigma, l.laigma, and background level, respectivehr[42]. Professor

C. E Pagliarone(Cassino) has given a lecture with the title, "Beyond the Standard

Model: An Experimental Overview", in which he has discussed the possible virtwal

graviton effect, real graviton emission, and black hole production at LEP,

HERA, levatron, and future colliders[43]. I have pointed out that listening to

the noise in the LIOO and VIRGO interferometers for gravitational wave* may

already exclude the possible extra—dimensions as small aa a string length(~10A{—

32}cm) according to the recent suggestion by Amelino—Camelia[44].

In the afternoon session(chaired by Professor N. A. Russakovich), four invited

speakers have given their talks : "Exclusive and Inclusive Diffraction at HERA"

by Professor i. Whitmore(DESY)[46], "Odderon Search with HI Detector at HERA"

by Professor J. Olsson(Hamburg)[46], "The BESS Model in CMS" by Professor

M. Speiziga(Texas)[47], and "A New Trend in High—Energy physics—Current Topics

in Nuclear and Particle Physics" by
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On Thursday, September 27, the first part of the morning 8ession(chaired by

R. Tenchini) consists of three talks. Professor M. Koteky(Calabria) has given a

lecture entitled, "NLO Impact Factors" [48]. Professor V. I. Kuvshinov(Minak) has

given a lecture entitled. "Order to Chaos Transition in Yang—Mills—Higgs Field

System", in which he has concluded that the pure Yang—Mills system is totally

chaotic but that a Higgs field regularizes the system{49]. Then. Professor V

Magas(Bergen, Kiev) has given a lecture entitled. "Three Module Model for Ultra

—Relativistic Heavy Ion Collisions" [50]. The second part of the morning session (chaired

by G. DeLellis) has four speakers. Professor N. G. Fadeev(Dubna) has given

a lecture with the title, "On the Possibility of the Inertia Coordinate Transformation

Based on the Lobachevski Function" [51]. Professor M. Tasevaky(CERN) has given

a lecture with the title, "Results from LEP concerning Differences between Quarks

and Gluons" [52). Professor Yu. Shutanov(Kiev) has given a lecture with the

title, "Principles of the Brane -World Theory", in which he has discussed an

extension of the Einstein— Friedmann cosmologioal equation in the "brane—world

thery" [63]. I have simply pointed out that such extension is known in any

pregeometrie or induced gravity theories reproducing Einstein theory of gravity

at low energies[54]. Then, Professor D. Bernard(Palaiseau) has given a lecture

with the title, "On the Recent BaBar Results", which has reported the first

evidence for CP violation in the neutral B meson system [55] and which has

received a comment insisting that the Belle result shows an even clearer evidence

with five standard deviations[56]

To sum up, I wish to conclude that I have found this Conference the most

successful not only with so many fresh and intriguing experimental and theoretical

contributions but also with so many excursions almost every day. I hope that

the next Crimean Conference in this series to be held in late May, 2003

will be as successful as this. Concerning future prospects of high energy physics,

I have recently presented many discussions in various conferences including

the last Crimean Conference[6]. Instead of repeating these discussions, I wish

to present my personal small comment in the following : One of the latest

exciting news in Japan is that Professor Ryoji Noyori will eventually receive

Nobel Prize in chemistry this year for his invention of the method of producing

the left—handed or right—handed molecule separately which was made over

three decades ago However, the reason why only one of the left- and right

— handed one exists in living—things on Earth (or in the Universe) is still

unknown. Remember that the bite Professor A. Salam had been trying to explain
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it in the standard model[67]. It is a kind of "aatroparticfe biology". I expect

that high energy physks (or particle physics), which is now moving toward

aetroparticle physics, will eventually develop into astropartich biology in the

future. In any case, we can expect that sciences and technologies would survive

and/or revive through this century thanks to such discoveries and/or inventions

as long as we have curiosity.

In conclusion, let us remind you of the historical fact that the famous

"Yalta Conference", which waa held at the place close from here in IMS

for ending the World War II and for bringing peace to the world, had erroneously

brought the "Cold War' between the "Bast" aad the "West" due to the different

ideologies existing in the latter half of the last century. I hope that this

series of "Yalta Conferences" will bring us a "New Peace" in spite of the different

philosophies still existing in the world of the twenty—first century, instead of

the "New War" which all of us have been afraid of since the horrible terrors

happened in New York City aad Washington D. C. on September 11, 2001.

As the last speaker from outside of the countries organising this Conference,

Ukraine and Russia, on behalf of all the foreign participant*, I would like

to thank Professor P. N. Bogolyubov, Professor L. L. Jenkovszky, sad all the

other organizers for their inviting us to this Conference and for their perfect

organization. At last but not in the least, I also wish to thank not only

Dr. V. Magas, Dr. Yu. Shtanov, and the other scientific secretaries but also Ms.

Olga Ugruunova and the other secretaries for their many useful helps with

which we have enjoyed our one week stay at Kiev, Simferopol, and Yalta in

the beautiful country of Ukraine.
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Abstract

The modified Sturmian expansion method has proven to have
the power of describing exotic halo nuclei, "He, n L i and 14Be. Al-
though the starting point far treatment of "Li and 14Be is more
uncertain than for 6He, as information on the neutron-core inter-
action is still incomplete, good agreement of the results with avail-
able experimental data supports the assumption that a three-body
cluster model is suitable to these Borromean systems.

In 19851. Tanihata et al. performed an investigation of nuclear radii
with both radioactive and stable beams [1]. Among these nuclei, was
uLi which showed an abnormal spatial extension. Hie idea of halos,
clusterization into an ordinary core nucleus and a veil of halo nucleons,
first suggested by P.G. Hansen and B. Jonson [2], has subsequently been,,
developed and enriched.

The subject of this work is Borromean systems [3, 4], 6He, nLi and
uBe, which are treated as two interacting valence nucleons moving in
the field of a core. The Sturmian method originaly coined for calculation
of two - particle transfer, was initially developed by J.M. Bang et al. [5]
and applied for heavy and intermediate cores. Below we investigate how
well this Sturmian method is applicable to the clusterisation features
of exotic halo nuclei. Due to small mass numbers, big size and weak
binding of halo nuclei modifications of the old code were necessary. The

'After the deadline

362



main task was inclusion of a kinetic recoil correction for the core and an
optimal asymptotic form of the wave function.

Calculations of two valence nucleons in the spherical core poten-
tial are based on the well-depth-prescription method with coordinates
drawn from the core object. The method uses a product basis of Stur-
mian single particle functions, with nucleon separation energy e as an
input parameter. Since the Borromean nuclei are very weakly bound,
the region where the 3-body wave function is close to its asymptotic
form is very extended. Therefore, it is important to ensure an optimal
asymptotic behaviour when choosing basis functions, i.e. we try to come
as close to the true 3-body asymptotics as possible. The main problem
with the oscillator function expansion is that each of the functions out-
side the oscillating region goes too fast to zero, as the core - particle
distance increases. This insufficiency has motivated introduction of the
Sturm - Liouville functions, another discrete basis. The solution set
is infinite, but discrete and corresponds to the intuitive picture of in-

creasingly deeper wells, all able to support bound motion with energy e.
The "physical" solution is picked out using well-depth and node number
criteria.

The Pauli principle is in Sturm - Liouville expansion taken into ac-
count by projecting out basis states which have the same quantum num-
bers as those of occupied states.

Since light systems (small nucleon number A) are the subject of our
main interest, the recoil term must be added to the kinetic energy part of
the Hamiltonian. This term, of the order of ^ y in energy, arising due to
n^nseparability of kinetic energy operator in one - particle coordinates
refering to the core, is important for light systems.

The Sturmian method was coded for three-body systems containing
a heavy inert core and two loosely bound valence nucleons. Neglecting
internal degrees of freedom of the core becomes a worse approximation
when the core of the system under investigation is not tightly bound.
Not surprisingly, when applied to Borromean systems, the Sturmian
method works best for 6He. It is capable of describing the size of the
system, and the wave function is 90% dominated by (P3/2)2 state, as
expected.

Investigations on the input parameter for the Sturmian basis, earlier
taken as hah* the two neutron separation energy, were performed. Results
show that it should be somewhat bigger than the expected value of 0.5
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MeV, half the binding energy of the 6He. This could be explained by
influence of the 2+ resonance at 1.8MeV.

Contrary to 6He, where the a-n interaction is known quite well, the
9Li-n and 12Be-n binary channels and their interaction are insufficiently
known and are still the subject for investigations. Different potential
geometries were tried for the core-n interaction. The wave function of
J1Li is, as suggested by experiments [6,7], a superposition of comparable
{si/2)2 and (pi/2)2 states. Similarly to nLi, 14Be is strongly influenced
by low-lying s-wave strength [8,9]. Our calculations show dominance of

/ with about 15% admixture of (ds/2)2-
Preliminary results show a kinetic correction term for 6He of about

50-70 keV. The recoil of the core is however much more important for
nLi and 14Be [10]. This is not surprising, since the (P3/2)2 state is md§|
important in 6He, while wave functions of nLi and "Be have strong
mixing of different angular momenta.

To summarize, we have tried to argue that the modified Sturmian
method is applicable to aspects of exotic halo nuclei, within a three-body
cluster model for Borromean nuclei. Our results confirm the assumption,
that when working with light loosely bound systems it is important
to assure optimal asymptotic wave function behaviour and take into
account kinetic energy recoil correction.
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