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Foreword 

The Workshop on TRISTAN Physics at High Luminosities was held on 15-16 December, 
1992 at KEK, following the preliminary workshop in September. In these workshops, the 
three experimental groups at TRISTAN presented their new results obtained by the high 
luminosity operation of TRISTAN, and several theorists gave talks on their new ideas and 
suggestions to the experimental groups. Approximately 150 physicists participated in the 
discussions and exchange of ideas to explore new directions of physics at TRISTAN. 

We greatfully acknowledge the cooperation of the speakers and all the participants. 

Workshop organizers 

Kaoru Hagiwara 
Hiroyuki Sagawa 
Makoto Sakuda 
Masanori Yamauchi 



Preface 

The TRISTAN electron-positron collider was commissioned in late 1986, 
succeeding its younger brother PETRA, and reached 64GeV within a few years 
by a successive installation of superconducting RF cavities. As the first phase of 
research program at TRISTAN, exploratory experiment in this new energy 
region was carried out by four collaborations (AMY, SHIP, TOPAZ and 
VENUS). 

After big brothers (SLC and LEP) joined the race, experiment has entered 
upon a second phase seeking more precise information about quarks, leptons and 
gauge bosons. This stage of experiment is currently going on with upgraded 
detectors and at considerably improved luminosities. Accordingly, the amount 
of data collected with each of three large detectors (AMY, TOPAZ and VENUS) 
begins to be very significant and physics analyses are expanded to those subjects 
that require decent statistics. It also means that serious efforts are now required 
to minimize systematic uncerntainties in basic experimental quantities. 

This workshop is held, following the advise of the TRISTAN Physics 
Advisory Committee, to talk together about status and prospects of physics at 
TRISTAN. I expect lively discussions on such an occasion would lead us to 
wider and deeper studies. 

Finally, I would like to express my appreciation to the efforts of the 
workshop organizers. 

Seigi Iwata 
Director of Physics Department 
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Beyond 0{a) corrections to e+e —* / / ( / ^ e, t) 

Junpe i F U J I M O T O 

K E K 

Oho 1-1, Tsukuba , Ibaraki, 305 , J a p a n 

Abstract 

An effective Born cross section is introduced so that the corrections 

beyond O(a) can be taken into account. We report a comparison 

of existing programs, the effects of beyond 0(a) corrections in the 

TRISTAN energy region and a new program package QEDPS which 

is able to generate multi-photon emission similar to the parton shower 

model in QCD. 

Beyond 0(a) corrections 

Recently it was pointed out that beyond O(oc) corrections are not negligi

ble even in the TRISTAN energy region in a study of the /?-ratio[l ]. Once we 

go beyond 0(a) corrections, at least 0(a2) corrections must be calculated, 

hence the evaluation of 2-loop diagrams is necessary. Here we start with the 

status of 2-loop calculation. 

The QED 2-loop vertex corrections in the electron photon world(Fig.I) 

are well known[2, 3]. The results of calculations have been used in programs 

to estimate higher order effects, for example, in ZSHAPE[4] or ZT0T[5] . 

On the other hand, the analytic evaluation of 2-loop function with massive 

particles, such as self energy or vertex corrections shown in Fig.2, is very 

hard. What we know is only the analytic expression of 2-loop self energy, 

where a single mass scale appears in the diagram. Hence, new approaches 

based on the numeiical method have been proposed to investigate 2-loop 

integrals[6]. The success of these approaches was reported for some cases, 

but they are far from complete and still in the stage of R&iD. 
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(a) (b) 

(O (d) 

Figure 1: Feynman diagram of QED 2-loop vertex of electron. 

Figure 2: Feynman diagrams of self energy and vertex corrections with mas
sive particles in 2-loop. 

e- > J > 
Y 

( V W \ J 

e^ <e < »vrv/\/V 

-<— it e"—*-

-^— fi" e^—«-

• \ / w v — * — j ^ 

V/\AA 
\ ' w 

Y etc. 
->—n 

Figure 3: Box diagrams in 2-loop. 
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When we like to know the effects of the interference between initial and 
final state radiation in 0{a2}, box corrections at the 2-loop level are neces-
sary(Fig.3). But nobody knows how to calculate them. This means that a 
precise estimation of 0(a2) corrections to the forward-backward asymmetry 
is not possible at present. 

We have only very poor knowledge on 2-loop in spite of their necessity. 
Therefore, the problem is how to estimate beyond 0(a) effects without exact 
2-loop calculations. In the next section we introduce a formalism with the 
effective Born cross section in such a way that it can take into account the 
higher order effects by using only 0(a) corrections. We hope that this formu
lation is a good approximation to desirable leading part of 0(a2) corrections. 

Effective Born cross section 

First we consider the 0(a) corrections, 

a = <T0(1 + &SELF + SvTX + t>BOX + &BREXls)> (I ) 

where a is the corrected total cross section up to 0(a) and <To is the total 
cross section at the tree level. The various 6's mean radiative corrections; 
the subscript of 8 specifies the type of corrections, i.e., self-energy(SELF), 
vertex(VTX), box diagrams(BOX) or bremsstrahlung(BREMS), respectively. 
We rearrange of this formula, 

a = <70(1 +6SELF)(1 + &VTX +SBOx)(1 + &VTX + ^BOA'+ *Sfl£«5) (2) 

= <ro(l + 6SELF)(l + 6ffix + «f&)( 1 + SQBD), (3) 

The superscripts Z, W and 7 indicate pure weak and QED corrections, re
spectively. When the products of brackets are expanded we find cross terms of 
0(a) corrections. Hence the difference between Eq.(l) and Eq.(2) is O(o2). 
We can interpret these terms as shown in Fig.4. To tell the truth, we do 
not calculate the higher order terms, but we regard Eq.(2) as a more accu
rate cross section formula expecting that at least leading contributions are 
included. 

Using the formula, 

J. = 1 + &SELF + &SELF + SSELF + " ' " . ( 4 ) 
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Figure 4: Interpretation of the cross terms in Eq.(2). 

etc. 

Figure 5: Missing diagrams in Eq.(6). 
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we obtain the final expression, 

* = r-? (l+tffx + SZZcKl+SQED) (5) 
i —"SELF 

= o * " ( l 4 tfQED). (6) 

Here we call <r B ^ the effective Born cross section. 
There are two options for SQED as appeared in literature, 

1) 0(a2) corrections +exponentiation without interference between initial 
and final state radiation [2, 3, 4], 

2) 0(a) corrections with interference between initial and final state radiation[2]. 

In this way we get an approximate formula beyond 0(a) corrections, after 
rearrangement of the 0(a) corrections. We must remember, however, that 
such diagrams as depicted in Fig.5 are missed. 

Existing Programs 

In table 1, we summarize typical existing programs and their features. 
The MINAMITATEYA generator[2] is based on Eq.(l) and has been used in 
TRISTAN experiments. It is sometimes called the /^-generator. A Running 
a version of this generator was written to see the difference between this and 
the QED 0(a) corrections mode of ZSHAPE. Running coupling a(s'), wWe 
s' is the virtuality of s-channel photon, is used for the diagrams of initial 
radiation and initial vertex corrections in it. The formula written in the 
form corresponding to Eq.(6) is, 

_ ^0 li i cyjnit , cinit \ 
(1 +°VTX +0BREMS) 1 — "SELF 

+ (other 0(a) corrections) , (7) 

where S^SELF is the correction from photon self-energy and &yj?x and 6'BREMS 
are the initial radiation part of SyTX and (>'BREMS-> respectively. 

On the other hand, ZSHAPE, ZFITTER[7] and K0RALZ[8] are widely 
used at LEP experiments. ZSHAPE is regarded as the standard program. 
"Standard" means that any program should be checked to see if it agrees 
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with ZSHAPE on the Z° pole, because the latter is based on an exact matrix 
element calculation up to 0(a2) corrections in QED. These three programs 
use Eq.(6). ZSHAPE, however, is just a calculator of the total cross sections 
without experimental cuts in the sense that it can not generate events. ZFIT-
TER is also a calculator, but an acollinearity cut and scattering angle cut 
for final fermions can be applied. ZSHAPE does not treat the interference 
between initial and final state radiation at all, but ZFITTER treats it in 
0(a) corrections. KORALZ is the event generator with multi-photon emis
sion based on YFS(Yennie-Frautschi-Suura)[9] exponentiation. Interference 
between initial and final radiation is also included but in the mode of 0(a) 
corrections without exponentiation. 

MINAMI 
TATEYA 

MINAMI 
TATEYA 
running-or 

ZSHAPE ZFITTER KORALZ 

Electroweak 
Library 

Minami 
Tateya 

Minami 
Tateya 

Hollilt 
et.al. 

Bardin 
et.al. 

Hollik et.al. 
Bardin et.al 

Renormalizat i?n 
Scheme 

On-sliell 
Kyoto 

On-shell 
kyoto 

On-shell 
BShm-Hollik 

On-shell 
Bardin et.al. 

On-shel! 

Effective Born? ' NO NO YES YES YES 
QED 

corrections O(a ) O(o) 
-{-exponent. +exponent. 

O ( o 2 ) 
+exponenl. 

Generator? YES YES NO NO YES 
Kinematical cut? YES YES NO YES YES 

Interference of 
initial rad. 

and final rad. 
YES YES NO YES 

YES 
O(a)mode 

w/o exponent. 

Table 1 List of typical programs and features. 

We compare these programs for the process e + e —» ft~/t+ at ,/s = 58 
GeV. In this report the following parameters are used; 

Mz = 91.17GeV, miop = 150GeV and MHiggs = lOOGeV. (8) 

The light quark masses to calculate quark loops in self-energies of vector 
boson are 

ma = 0.04, mj = 0.04, ms = 0.1, 

mc = 1.5, mb - 4.7 in GeV. (9) 
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Under these conditions, the total cross section and the forward-backward 
asymmetry at the tree level are calculated as follows; 

(j0 = 27.26pb, AFB = -34.5%. (10) 

The corrected total cross sections up to 0(a) and O(a 2)+exponent. are 
listed in Table 2. Here we applied 0.01.S as the minimum of s'. 

QED corrections 
MINAMI 
TATEYA 

MINAMI 
TATEYA 
runniiig-a 

ZSIIAPE ZFITTER KORALZ 

up to 0(a) (pb) 37.16 38.03 38.03 — 38.22 
uptoO(or 2) 

(po) +exponent. — — 38.37 38.55 38.76 

Table 2 Comparison of total cross sections with s'min = 0.01s. 

We can see a 2.3% difference between 0(a) corrections mode of ZSHAPE 
(38.03pb) and MINAMITATEYA (37.16pb). The reason for this difference 
is that the former uses Eq.(6). To clarify this point further, we developed a 
running a generator because we expected the summation of the photon self 
energy to be dominant in the effective Born cross section in the TRISTAN 
energy region. The MINAMITATEYA running-ar generator gives a consis
tent result (38.03pb). When we turn on the 0 ( Q 2 ) corrections+exponentiate 
mode in ZSHAPE, we get a further 1% correction (38.37pl>). But ZFITTER 
and KORALZ give bigger values than ZSHAPE. These programs are not 
well checked in the TRISTAN energy region. We need more study to be sure 
that they are reliable away from the Z° pole. In summary, ZFITTER and 
KORALZ give 3 or 4% bigger values than the original MINAMITATEYA's 
for the total cross sections without experimental cuts. 

We summarize the total cross section(o-) and the forward-backward asym
metry in Table 3 to see the effects of experimental cuts. Here an acollinearity 
cut Cc = 10°, and a muon threshold energy cut E„± > i/s/6, were applied. 

Because no experimental cut can be applied to ZSHAPE, it's results are 
not listed in Table 3. All of MINAMITATEYA's results include O(o) inter
ference between initial and final state radiation. For ZFITTER the mode 
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of lO(a2) corrections+exponent.+O(or) interference' is used. The number in 

parenthesis of ZFITTER is the result with the mode of just '0(0*) correc

tions+exponent. ' to study effects of interference. For KORALZ, we use the 

0(a) corrections mode with interference but not exponentiation, since there 

is no such mode as 'O(or 2) corrections+exponent.+ 0(a) interference'. The 

numbers of KORALZ in the parenthesis are calculated with '0(0*) correc

t ions+exponent. ' mode. 

All total cross sections with experimental cuts are in agreement, which 

means experimental cuts reduce the higher order effects. On the other hand, 

APB with the interference differs by 3% from AFB without it. Therefore, 

interference can not be ignored in studying AFB of /** production. 

MINAMI 
TATEYA 

MINAMI 
TATEYA 

-running a 
ZFITTER KORALZ 

ff(pb) 
27.60 27.63 27.55 

(27.80) 
27.56 

(27.91) 

AFB (%) 
-30.6 -30.5 -30.8 

(-33.1) 
-30.0 

(-33.2) 

Table 3 Comparison of the total cross section(<r) and forward-backward 

asymmetry(,4 rB) witli acollinearity cut Q = 10° and E,,± > \/s/G. 

We studied the effects of interference to AFB °f charm-quark and bottom-

quark at y/s = 58 GeV using KORALZ. AFB at the tree level are, 

AfB = - 4 7 . 0 % and A% = - 5 8 . 8 % . 

In Table 4 the following cut is applied for 10 s generated events; J^jEy < 

0.1 v/J. 

e+e~ —»cc e+e~ —»bb 
with 

interference 
without 

interference 
with 

interference 
without, 

interference 
KORALZ -47.6 % -45.3 % -57.5 % -57.9 % 

Table 4 AFB °f charm and bottom quark with/without interference using 

KORALZ under the cut; £ Ey < 0.1y/s. 



This cut is more realistic than an acollinearity cut in the case of quark 

pair production. The results tell us that if we could make a cut to eliminate 

the hard photon, the prediction without the interference would make an over

correction for charm-pair production. But for bottom quark the interference 

effect is not so large. 

QEDPS 

It is obvious that the collinear photon summation has an exact corre

spondence to the collinear parton summation based on the Altarelli-Parisi 

equation in perturbative QCD. The parton shower model was originally pro

posed to deal with exclusive processes in QCD[10]. We apply this technique 

to QED and examine its validity for the radiative processes. We shall call 

this new model 'QED Parton Shower' (QEDPS). 

First, we consider the structure function, D(x,s), of the initial electron, 

which has been studied by many authors[ l l , 12]. This is the probability of 

finding an electron with momentum fraction x in the beam. This function 

obeys the following equation: 

sU{x>s) = flf*>PAv)D(X-,s). (11) 
as zir JX y y 

For simplicity we limit our discussion to the so-called non-singlet case, which 

implies an emitted photon does not branch into lepton pairs. Here 

Q ^ = 1 /-» "i i l IV < 1 2 ) 
1 - a jilt • log{s/m') 

Pc(x) = P(x)+, F(x) = i i f ! , (13) 
1 — x 

f dxf(x)+g(x) = fdxf{x)[g{x)-(j(l)], (14) 
Jo Jo 

f1 Pe(x)dx = 0. (15) 
Jo 

The total cross section is given by the convolution of this function with 

the non-radiative cross section o"o(s), 

atot(s) = / dxx ( dx20lQ1-sth)ffQ(Q2)D(xl,s)D(x2,s), (l(i) 
Jo Jo 
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= / dxff0(xs)D(x,s) \p^2/3, (17) 

where Q2 — (1 — i i ) ( l — i2)s and sth = 4m' are the ceiiter-of-mass energy 
squared and the threshold for the non-radiative process, respectively and 0(x) 
is the 0-function. The function H(x, s) = D(\—x, s)|/j_2/3 is sometimes called 
radiator in literature. QEDPS solves D(x, s) using a Monte Carlo method, 
and generates multi-photon events. After many events are generated, the 
resultant distribution of x should give D(x,s). The details are described in 
Ref.[13]. 

The tree level cross section is used in the present version of QEDPS. Since 
ZSHAPE and KORALZ have a mode to use this cross section instead of the 
effective Born cross section, we can compare them directly. The total cross 
section of e+e~ —> fi~n+ at \/s = 58 GeV is 

ZSHAPE :/r = 34.44pb, 

KORALZ :cr = 34.6±0.1pb. 

QEDPS : 0 = 34.3 ± 0.1 pb, 

QEDPS agrees well with ZSHAPE but is slightly different from KORALZ. 
The effort to enbed the effective cross section into QEDPS is under way now. 

Summary 

Since the analytic formulas of 2-loop diagrams are not well known yet, the 
idea of an 'effective Born cross section' is introduced to estimate the higher 
order effects. From experimental point of view, at this moment, KORALZ 
event generator seemes to be useful. But we must be careful when we use it 
because it is not checked well in the TRISTAN energy region. QEDPS will 
come soon, which can generate multi-photon events based on a completely 
different new algorithm. How to include the interference between initial and 
final state radiation for multi-photon events is an open question. 

Acknowledgement 

The author thanks his colleagues in the TOPAZ group for encourage-

- 10 -



ment. He also thanks to the members of the KEK TRISTAN theory working 
group (MINAMI-TATEYA) for various discussions. Particularly, he appre
ciates Prof. Y. Shimizu for carefully reading the manuscript. This work 
was supported in part by the Ministry of Education, Science and Culture, 
Japan under the Grant-in-Aid for International Scientific Research Program 
No.03041087 and 04044158. 

References 

[1] D.Haidt and K.Hagiwara, private communication. 

[2] J.Fujimoto, et.al. Progr. Theo. Phys. 100(1990)1. 

[3] R.Barbieri, et.al., Nuovo. Cim. 11A(1972)824; 
F.Berends, et.al., Nucl. Phys. B297( 1988)429. 

[4] F.Berends, in 'Z PHYSICS AT LEP V, ed. G.Altarelli, R.KIeiss and 
C.Verzegnassi , p.89,CERN 89-08 Vol. 1. 

[5] Y.Shimizu, unpublished. 

[6] J.Fujimoto, K.Kato, Y.Oyanagi, and Y.Shimizu 
in "New Computing techniques in Physics Research II", 
ed. D.Perret-Gallix, p.625, 1992, Editions du CNRS, World Scientific; 
D.Kreimer, Phys.Lett.B273(1992), 1277; 
J.Fujimoto, K.Kato, Y.Oyanagi, and Y.Shimizu, KEK preprint 92-213. 

[7] D.Bardin et.al, CERN-TII. 6443/92. 

[8] S.Jadach, B.F.L. Ward and Z.Was, Comp.Phys.Commun. 66(1991)276. 

[9] D.R. Yennie, S.C. Frautschi and H. Suura, Ann. of Phys. 13(1961)379; 
S.Jadach and B.F.Ward, Phys.Rev.D38( 1988)2837; 
ibidem, Comput.Phys.Commun.56(1990)351. 

[10] R.Odorico, Nucl.Phys. B172(1980)157; 
G.Marchesini and B.R.Webber, Nucl.Phys. B238(1984)l; 
K.Kato and T.Munehisa, Phys.Rev. D36(1987)61. 

- II -



[11] V.N.Gribov and L.N.Lipatov, Sov.J.Nucl.Phys. 15(1972)438; 
E.A. Kuraev and V.S. Fadin, Sov.J.Nucl.Phys. 41(19S5)466; 
0 . Nicrosini and L. Trentadue, Phys. Lett. 231B(1989)4S7; 
M. Skrzypek and S. Jadach, TPJU-4/90A(1990). 

[12] See chapter 11 in Ref.[2]. 

[13] J.Pujimoto,Y.shimizu and T.Munehisa, KEK preprint 92-193. 

- 12 -



Measurement of e+e" -> /i+/x~ and e+e~ — T*T~ Processes 

with the TOPAZ Detector 

BARRY L. HOWELL 
Dept. of Physics, Purdue University 

West Lafayette, IN 47901 U.S.A. 

ABSTRACT 

An analysis of data collected by the TOPAZ detector up to July 1992 re
sults in the following cross section and forward-backward asymmetry mea
surements, at an average energy of \/s = 57.9 GeV, for e+e~ — it*p~ and 
e*e~ —» r + T~: 

<V„ = 25.6 ± 0.7 ± 1.2 pb, A„„ = -31.2 ± 2.5 ± 1.1% 
<7rr = 27.4 ± 0.9 ± 1.2 pb, A„ = -31.3 ± 3.9 ± 1.0%. 

These measurements reflect no significant deviation from the Standard Model 
predictions, when statistical and systematic errors are combined. The present 
sensitivity of the asymmetry measurement at TRISTAN results in improved 
limits for Z' boson masses and compositeness scale parameters for leptons. 

1. Introduction 

In contrast to the results of e+e" experiments at PEP, PETRA, and 
LEP, experiments at TRISTAN observe a very large forward-backward asym
metry in lepton pair production[l]. In the Standard Model (SM), this is a 
consequence of the fact that when the interaction energy is below the Z" pole, 
interference between the Z" and photon is not masked by dominating contri
butions from either pure Z" or pure 7 exchange. In addition, the asymmetry 
occurs only because the right- and left-handed couplings of the final state lep
tons to the Z" are not equal. As a result, TRISTAN measurements provide 
a unique probe of the SM. It is possible that some new physics could exist, 
associated with boson interference or lepton couplings, that is detectable only 
off the Z" pole. For example, there may be Z' bosons or lepton compositeness. 
Precise asymmetry measurements at TRISTAN are therefore important, even 
if the data of other e+e~ colliders agrees precisely with the SM. 

This paper presents a summary of TOPAZ lepton pair measurements 
to date. We also discuss the sensitivity of these measurements to Z's and com
positeness scales. The results are derived from a total integrated luminosity 
of 112 pb - 1 , accumulated from 1987 through June 1992. 

2. D a t a Sample and Analysis 

Our event selection criteria remain unchanged from previous analy-
ses[l,2]. We rely primarily on information from the TOPAZ Time Projection 
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Table 1: Summary of candidate lepton pair events for this analysis. 

V«(GeV) /£<ft ( p b - ' ) J V N„ 
52-61.4 

58.0 

24.0 

88.5 

282 

1072 

198 

683 

Combined (57.9) 112.5 1354 881 

2.1 ±0.4% 6.5 ±1.0% 

0.292 0.193 

1.676 1.387 

1.02 1.03 

Table 2: Correction factors for TOPAZ n and T pair measurements. Detection efficiency and 
radiative corrections correspond to events distributed over the entire 4ir solid angle. 

Correction e+e~ —»(t+p~ 

Residual background A W t y ? " ' " " 1 

Detection efficiency '(detection 

Radiative correction (1 + S) {acollinearity < 180°) 

(1 + 6) (acolliuearity < 10") 

Chamber ( T P C ) , Barrel (BCL) and End Cap (ECL) Calorimeters, the Trigger 
Chamber (TCH) , and (4) Time of Flight system ( T O F ) for the identification 
of lepton pairs. Details of each detector 's operation a re given elsewhere[3]. 

Table 1 summarizes the samples of p and T pair candidate events col
lected. To determine the cross section, the event count is corrected for residual 
backgrounds, detection efficiency, and radiative corrections, which are listed 
in table 2. The asymmetry is determined from a fit of the event distribution 
over the angular coordinate cos 0 measured from the e~ beam line. 

We calculated radiative correction factors using the Fujimoto-Shimizu 
(FS) Monte Carlo scheme, with fixed a. The uncertainty of the hard photon 
contribution predicted by the FS program was checked by comparing it to an 
independent ZSHAPE calculation[l]. This uncertainty was determined to be 
of negligible effect on the event count, since almost all hard photon events are 
removed when acollinearity requirements of < 10" and < 15° are imposed on 
the da t a to select it and r pair samples respectively. 

In the ii pair analysis, additional corrections were made for the like
lihood of losing an event due to random noit.s hits in our T O F scintillator 
(~ 1%, depending on the experimental run)[ l ] , and for the inefficiency of the 
track trigger system (4.3±0.4%)[1]. A measurable trigger inefficiency is largely 
the result of small gaps between T O F scintillators, where high momentum 
muons coming from the interaction point can pass through and escape T O F 
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Table 3: Summary of TOPAZ lepton pair measurements at an average center-of-mass energy 
of 57.9 GeV. 

Observable e+e~ —* n*n~ e + e ~ —» T+T~ Standard Model 

Cross Section <r(pb) 25.6 ±0.7 ±1.2 27.4 ±0.9 ±1.2 27.25 

fl-Ratio R 0.99 ±0.03 ±0.05 1.06 ±0.03 ±0.05 1.053 

Asymmetry A{%) -31.2 ±2.5 ±1.1 -31.3 ±3.9 ±1.0 -33.4 

detection'. 

3. Cross Section and Asymmetry 

The cross sections and asymmetries derived for /i and r lepton pairs are 
summarized in table 3. When statistical and systematic errors are combined 
quadratically, the results are consistent with the SM predictions. 

The precision of our cross section measurement is primarily limited by 
a 4% systematic uncertainty associated with luminosity determination2. We 
also include contributions of 2.3% for /i pairs and 2.0% for T pairs in the sys
tematic errors quoted, to account for uncertainties in the detection efficiency, 
backgrounds, radiative corrections, and trigger efficiency. In the near future 
we expect a luminosity measurement of 2% or better, from the TOPAZ For
ward Calorimeter system. This will improve our overall systematic precision 
to better than 3%, for data accumulated since 1991. The asymmetry measure
ments of table 3 are still statistics limited, with uncertainty in the residual 
background distribution over cos 0 and the probability for wrong charge as
signments to high momentum TPC tracks contributing to small systematic 
errors. 

As a test of H-T universality in which we avoid a systematic limitation, 
we take the ratio 

^ • = 0.93 ±0.04 ±0.03. 

In this ratio, errors associated with the luminosity measurement cancel. This 
result is marginally consistent with the SM expectation of unity. At least a few 
hundred pb"1 of total integrated luminosity are needed to reduce statistical 
errors in this measurement sufficiently and observe a significant deviation, if 

! We expect no measurable trigger inefficiency for r pairs, since they produce sufficient electromagnetic 
showers in the BCL for an independent energy trigger, in addition to a track trigger. 

3Luminosity values are determined by counting Bhabha events in the ECL. 
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- r + r " at 57.9 GeV. Error Figure 1: Differential cross section for e+e~ —» n+p~ and e + e " —* 
bars are statistical only, and do not include overall normalization uncertainties. 

any is to be observed. 

4. Compositeness Scale Limits 

Compositeness of /i and r leptons was tested by a comparison of the 
angular distribution of lepton pair events, shown in figure 1, to theory. The 
data was fit to the prediction of the SM modified by the addition of a contact 
interaction, as specified by Eichten et al.[4], describing the compositeness. 
The fit adjusted the data for an overall normalization uncertainty associated 
with the luminosity measurement. We find no evidence for compositeness at 
an energy scale below a few TeV, and 95% confidence level limits for scale 
parameters are listed in table 4. Scale parameter limits are now improved 
over previous TRISTAN, PEP, and PETRA experiments[5]. 

5. Limits on Extra Z' Bosons 

We have also considered the sensitivity of e+e" —• fi+M~ and e+e~ -* T+T~ 
data to Z+,Zx,Zn, and Z„ bosons, associated with Ee extensions[6] of the SM, 
as well as to an additional Zi boson having couplings identical to those of the 
observed Z". This sensitivity is shown in figure 2, under the assumption that 
Z"-Z' mixing is effectively zero. In the zero-mixing case, LEP measurements[7] 
are rather insensitive to Z's, since their interference effects are negligible at 
the Za pole and no shift in the Z" mass or couplings would be observed. 

Each Z' hypothesis was tested by a x~ fit of the data with the prescrip-
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Table 4: Compositeness scale parameter (A*) limits derived from TOPAZ e + e~ —> /i +/i~ 
and e + e~ —* r + r ~ data, for the following contact interaction couplings: RR (right-right); LL 
(left-left); VV (vector-vector); AA (axial vector-axial vector) according to the prescription of 
Eichten et al.[4]. 

A+/A" (TeV) Limit (95% CX.) e+e" — it+tt~ e+e~ — T+r" e+e~ — /+/" 

RR Coupling 

LL 

VV 

AA 

Table 5: Mass limits for various Z's determined in this analysis, with a comparison to limits 
from pp data. 

> 2.1/3.1 > 1.8/2.7 > 2.2/4.1 

> 2.1/3.0 > 1.7/2.6 > 2.2/3.9 

> 11.2/3.4 > 3.5/4.3 > 7.1/4.2 

> 3.1/7.0 > 2.7/3.9 > 3.2/8.7 

Mz, (GeV) Limit (95% C.L.) 

TOPAZ (this analysis + [8]) > 290 > 146 > 134 > 100 > 164 

TRISTAN (this analysis + [8,11,12]) > 430 > 166 > 245 > 145 > 196 

CDF(pp[13]) >412 >320 > 340 > 340 — 

tion 
2 

2 - V A V - ' A (MZ° ~ 9 1 1 7 5 G e V V /Tga-2.487 GeVV / s i n 2 6 W -0.2290\ 
* ~K ' '' + v 0 0 2 1 G e V / V 0 0 1 ° G e V / + V 0 0 0 3 3 ) 
An error matrix K; was used to account for correlation between data points 
due to a common normalization uncertainty. Diagonal elements V« are deter
mined by summing the squares of all statistical, systematic point-to-point, and 
normalization errors. Off-diagonal elements Vj,-, where i £ j , are determined 
by the product of normalization errors i and j when they are correlated. The 
residuals A,- = jj i a t a -jf ' l , e ° r 1 ' include au, Au, and iJhadrcm measurements[8], and the 
X2 terms with Mz°, Vz«, and sin20n/ are added to constrain the SM parameters 
within a range consistent with the results of LEP experiments[9]. The fit pa
rameters were then Mz«, Tz°, sin20w, and Mz>- In calculating QCD corrections 
to .Rhadron, A-r/j- was fixed to the world average 175 MeV[10j. 

Table 5 summarizes the results of the fit when various Z's are postu
lated. Although low mass Z's are not ruled out by TOPAZ data alone (due in 
part to systematically high flhadmn measurements), the limits for Z's are im
proved when our data is combined with published data from VENUS[11] and 
AMY[12]. In all cases, large Mf, values were preferred (> 10 TeV), suggesting 
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no observable Z' effects. The consistency of TRISTAN data with the SM is 
also evidenced by a x^Jd.o.f. = 63.76/77 for all data fit with Mz< fixed at oo. 
Conservative systematic error estimates may be the source of the rather small 
Xmm value-

At present, we still find that pp annihilation data[13] gives the best 
limits for Z#, Zx, Zn, and Z„ from Eg models, however we have improved 
the sensitivity to an SM-like Z\ in the case of negligible mixing. Integrated 
luminosities of ~ 250 pb~' and precise luminosity measurements should extend 
TRISTAN sensitivity to Z's by > 100 GeV in the next year or two. 
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Abstract 

We have measured total hadronic cross section using 9647 multi hadron 

events taken by the TOPAZ detector. The luminosity measurement was 

improved by the Forward Calorimeter(FCL)[l] which gives less systematic 

error. In this report, we present the measured hadronic cross section oy, with 

only QED photonic correction is made, 

a f c =143.8±1.5(stat . )±5.4(syst .)pb. 

This value should be compared with the Standard Model effective Born 

cross section, and direct comparison with the LEP measurement is possible. 

The value of the electromagnetic running coupling constant d(58GeV) is 

determined from the obtained cross section. Other plans of physics studies 

based on this analysis are discussed. 

1 Introduction 
Total hadronic cross sections and forward-backward asymmetries in e + e ~ 

annihilation processes are fundamental variables in testing the Standard 

Model[2] predictions. In the lower energy region, e+e~ annihilation pro

cess is dominated virtual photon(7). On the other hand, the neutral weak-

boson (Z°) dominates in the LEP[3]/SLC[4] energy region(v<sss90GeV). At 

the TRISTAN energy, the contribution of 7 and Z° becomes comparable. 

Therefore, the contribution of Z° in the total cross sections clearly visible, 

and the interference between 7 and Z° are maximal [5][6]. The forward-

backward asymmetries become very large, especially in the case of down 
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type quark production[7]. In addition, the TRISTAN experiments have high 
sensitivity to the effects caused by the non-Standard Model processes. At 
LEP experiments, the Standard Model invariant amplitude which is almost 
pure imaginary because of the Z° pole, dominates, and swamps the contri
bution of the interference with other amplitudes. Therefore it is easier for 
the TRISTAN experiments to observe new signals due to the interference 
between "new physics" and the Standard Model processes, for instance, the 
compositeness of quarks and leptons, and the extra Z boson. 

Now, about ] 0 4 multi hadron events have been accumulated by the TOPAZ 
detector, and the statistical error is almost 1%. So, we should reduce system
atic errors to be comparable with the statistical error. In this report, I first 
try to evaluate the systematic error in the experiment. Two photon back
ground is estimated using the newly developed event generator. The data is 
presented in the new formula which correct QED photonic process calculable 
by O(a2)corrections+exponentiation. In this scheme, the theoretical ambi
guity from unknown parameters like the top-quark mass or the Higgs boson 
mass are negligibly small. 

2 The experimental sources of systematic er
ror 

The major experimental source of systematic error is the luminosity mea
surement. We have determined the luminosity using End Cap Calorimeter 
(ECL)[8] in the previous analysis. The ECL is a sampling type calorimeter 
with proportional tube counters sandwiched between Pb converter. The sys
tematic error of the luminosity determination by the ECL is 4.0% because 
of its limited energy and position resolutions. 

The Forward Calorimeter (FCL), which was installed in 1989, allows us 
to determine the luminosity more precisely. The FCL consists of the 5.3mm 
thick tungsten absorber, the 150mm thick BGO crystals, and the Si-strip 
detectors. The calibrations during a long term experiment were already done. 
It achieved 5% energy resolution for 29GeV electrons in Bhabha events[l]. 
At this moment, the systematic error of the luminosity measurement by FCL 
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is 2.5%. It is mainly caused by the uncertainty in the radiative correction 

and the Monte Carlo statistics for Bhabha events generation. A lot of efforts 

are still being made to attain a precision of 1% level. 

One of the other experimental source of the systematic error lies in the 

background estimation in the selected events. We have made new estimation 

of the background from two photon events. The contribution of "Mini-jet"[9] 

consisting of "Resolved" and "Direct" processes have been revealed by the 

recent analysis[10]. In Fig.l(a), the visible energy distribution of the two 

photon Monte Carlo "Resolved", "Direct" and "Vector Meson Dominance 

model" is shown by solid line histogram. The Monte Carlo distribution of the 

hadronic events in e + e ~ annihilation is shown in Fig. 1(b). This Monte Carlo 

events were generated by K0RALZ3.8[II] in which LUND6.3[12] is adjoined 

for Parton shower and hadronization. The detail of this program and our 

motivation to use it are explained in the next section. After combining 

the Monte Carlo events of two photon and e + e ~ annihilation process, the 

visible energy distribution of the real da ta is well reproduced(Fig.l(c)). As 

the hadronic events we required the visible energy is larger than the beam 

energy(29GeV). The efficiencies for each two photon process are, 

Resolved £/j e 3 . = 1/10087, (1) 

Direct eDir. = 28/101380, (2) 

VDM EVDM = 0/94897. (3) 

From the experimental data, the background contamination from two photon 

events is estimated to be, 

"Two photon = aRc3. X £ Res. + &Dir. X EDir. + OV DM X E\'DM 

= 0.104pb. (4) 

In the previous analysis[5], we assumed only VDM. To est imate the back

ground, the normalization factor was adjusted artificially to fit the experi

mental data. The old value of the two photon background was 

4Sa photon = 0-212ph. (5) 

However, the difference between the new value and the old one does not affect 

the final result of the total hadronic cross section. 
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3 The theoretical sources of systematic error 
To extract physics results from e + e ~ annihilation process, it is inevitable 

to make a radiative corrections. Hence the theoretical ambiguity brings the 

systematic error in o^. In the previous analyses, the "tree" cross section was 

obtained by the following formula, 

" h = L(l+6)e ' ( 6 ) 

where N0t,a., Njaa, L, 1 + 6, e represent the number of the observed events, 

the number of the estimated background events, the integrated luminosity, 

radiative correction factor and acceptance correction factor, respectively. At 

first, the radiative correction factor was, 

1 + 8 = 1 +6QED + 6WEAK, (7) 

where SQED comes from virtual and real photon corrections, and 6WEAK 

is from the boson self energy, the weak boson vertex correction and box 

diagram. 

But, it was revealed that the higher order effect can not be neglected (w 

3% in TRISTAN energy region). Therefore, to include higher order effect, 

the radiative correction factor should be 

1 + 6 = (1+6QED) *(l+6wEAh). (8) 

Thus, when we try to obtain the tree cross section by applying these radiative 

correction, there exists large scheme dependence. Moreover, the correction 

factor 1+6 has the dependence on the unknown parameters, sucli as the top-

quark mass and the Higgs boson mass. Fortunately, these uncertainties only 

belong to 1+6WEAK, the "short distance" physics effect. On the other hand, 

1+6QED is very predictable, since it depends only the charge and the mass 

of the fermions which are well known. As they form the external legs of the 

Feynman diagram, this is called the "long distance" physics effect. 

If only one loop weak correction is considered as the short distance physics, 

the obtained cross section is called the "effective Born" cross section (Fig.2(a)). 

If the short distance correction is only the vacuum polarization of s-channel 
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gauge boson (oblique correction), the calculated cross section is called the 

"improved Born" cross section. Fig.2(b) shows the definition of 1+SWEAK-

The numerical definition of 1 + SQED is expressed as the correction terms by 

"long distance" physics ( such as the emitted photons and vertex correction) 

on the "effective Born" cross section(Fig.3). 

In this report, we correct the raw da ta only by the factor I+SQ^Q with 

less theoretical ambiguity. 

. _ Not.. - NBg 
"h I ( l+«o B D ) e ' { ) 

In this scheme, when we compare the measurements with the theory, the 

da ta points do not move. The value of the theoretical prediction moves 

according to the changes of the parameters. On the contrary, in the previous 

scheme which tries to extract the tree cross section, the corrected value of the 

measurements are changed according to the theoretical assumption on tiie 

Standard Model parameters. It is not a straightforward comparison between 

the measurements and the theory in this case. Of course, once the value of the 

Standard Model parameters are fixed by the new scheme, we can translate 

the presented cross section into the tree cross section. 

Presentation of experimental data corrected only by ]+SQ/;D has two 

merits, 

• It can be used straightforwardly for 'Model Independent Analysis'[l7], 

for example, determination of running coupling value. 

• The presented value can be compared directly with the LEP data[18j. 

We can use some programs which calculate the QED photonic correc

tion applied the effective Born cross section. The KORALZ program is a 

generator using DIZET3.01[19] for the effective Born part and YFS-2[20] for 

the QED photonic correction calculated by 0(<* 2)+exponentiation. We used 

KORALZ3.8 for efficiency estimation. The KORALZ outputs only initial 

quark-antiquark pair and radiated photons, so it was linked with LUND6.3 

to make parton shower and hadronization. The estimated efficiency for the 

hadronic events is 66.63±0.27%. This error is due to the statistics of the 
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Monte Carlo events (30,000 events generated). The value of 1 +6QED is 1.191 

at ^/s=58.0GeV, where kmax is 0 . 9 9 E t c a m ( 0 . 9 7 E t c a m for b-quark). There is a 

minor problem that DIZET3.01 is not the newest version, therefore the cal

culated cross section is slightly bigger than the value of the other programs 

like ZSHAPE or ZFITTER or runninga-FS in TRISTAN energy region. The 

discrepancy is about 1%. However, this difference belongs to the short dis

tance physics part , and 1 +SQED is stable against this difference because the 

QED photonic correction is the long distance physics effect. We made a cross 

check of the value of 1+SQED by the ZFITTER program using DIZET'l.O for 

the effective Born calculation. The DIZET4.0 is the the newest version and 

the validity was checked in the TRISTAN energy. The factor 1+6QED is 

again calculated to be 1.191, and the stability of 1 + SQED is proven. 

4 Data and discussion 

The event selection is done by the procedure called "TOPAZ standard 

hadronic event selection". The selection criteria are, 

• The number of good tracks > 5. 

• Visible energy > beam energy(i?6 e o m ) . 

• PzlEbcam < 0.4. 

• Larger jet mass > 2.5GeV. 

• The number of large cluster in calorimeter < 1. 

To estimate the background from Bhabha and T pair events, we used the 

value of previous study[5J. Systematic errors are summarized in Table 1. As 

the nature of our new correction scheme, the dependence of top-quark mass 

and Higgs boson mass is negligibly small for the QED photonic radiative 

correction factor 1+6QED-

To compare this newest analysis with, the old ones, we are forced to trans

late the data into tree cross section. The difference of the results accord

ing to the used radiative correction scheme is shown in Fig.4. For these 
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plots, the luminosity is determined by the ECL. The point of v / i = 5 8 G e V 

(open dot) is obtained by the 10059 hadronic events and the ECL luminos

ity 85.5±0.2(stat.)±3.1(syst.) p b _ I . Using the already published analysis 

method, the center value of measurement was 5.2% higher than theoretical 

prediction at y/s=58.0GeV (Fig.4(a)). In this case, the radiative correc

tion factor 1+6 and efficiency are estimated by fixed a-FS program[13] with 

O(a) corrections and TOPAZ detector simulator. By changing 1+6 from 

1 + SQED + SWEAK to (1+6QED)X{1+8WEAK), 1+6 moves 1.298 -> 1.325, 

and efficiency moves 67.0% —» 66.36%. The contribution of SQED^^WEAK 

is 3%, but efficiency is 1% lower. Fig.4(b) shows that the excess of the 

center value to the Standard Model prediction became 3.8%. Up to this, 

including higher order effect decreases efficiency. If 8QED is calculated by 

O(o; 2 )+exponentiation, (I+SQED) becomes 1% higher than 0 ( a ) calcula

tion. Numerically, tha t is 1.176 —» 1.191. The efficiency is estimated to be 

66.63%(Fig.4(c)). This must be checked precisely in future study. 

As is written in the previous section, we present only 1+6QED corrected 

data, and use the FCL luminosity with less systematic error. The obtained 

FCL luminosity is 83.010±0.141(stat.)±5.3S(syst.) ph" 1 and it is available 

only for 9647 hadronic events. The FCL luminosity is slightly larger than 

the ECL for the same da ta sample, but consistent within their systematic 

error. Our obtained cross section is 

ah = 143.8 ± 1.5(stat.) ± 5.4(syst.)pl>. (10) 

Fig.5(a) shows our present value is consistent with <rJ^J(=41.2±0.2nb) mea

sured by LEP experiments. Fig.5(b) shows our center value is 1.3% higher 

than the Standard Model prediction(142.0pb at v / s=58.0GeV calculated in 

Effective Born), which means the 0.3<r deviation. 

5 The determination of a and the plan for 
physics analysis 

The coupling to Z° boson is well determined by the LEP experiments, 

while the determination of the running electromagnetic coupling constant, 
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Previous analysis New analysis 
Luminosity 4% by ECL 2.5% by FCL 

Rad. Correction kmax 

Mz 

Mtop 

MHiggs 

1.2% 
0.7% 
1.3% 
0.4% 

1.2% 
- 0 % 
- 0 % 
- 0 % 

Cut uncertainty 2.3% 2.3% 
M.C. dependence 1.0% 1-0% 

Total 5.5% 3.8% 

Table 1: Systematic Error 

a, can well be done by the TRISTAN experiments. We extracted the value 
of a from the presented hadroiiic cross section according to the formula 
developed by Hagiwara et.al. a s ( M | ) is fixed to be 0.12, and then we fit the 
measured cross section with the effective Born calculation as a function of a 
at v/s=58GeV. The best fit value is, 

l / a = 128.6 ±2.6. (11) 

The ambiguity of the theoretical prediction is 0.1%, which is due to the mass 
of the fermions. 

The signature of extra Z boson or other new physics signatures will be 
searched by the formula shown in Fig.6. 

6 Summary 
The systematic error of the luminosity measurement is reduced to 2.5% 

using the FCL. We are trying to reduce the systematic error of the luminosity 
measurement toward 1% level. 

The new radiative correction scheme(only QED correction applied) reduce 
the theoretical systematic error of the cross section. The dependence of 
the top-quark mass or Higgs boson mass to the radiative correction factor 
1+&QED is negligibly small. 
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The measured total hadronic cross section with only QED correction is 
<r/,=143.8±1.5(stat.)±5.4(syst.)pb. This value is directly compared with the 
LEP experiments. The value of running electromagnetic coupling constant 
is obtained, 

1/6 = 128.6 ±2.6. 

The physics analyses aiming to determine more precise fundamental coupling 
constant and search for the signature of the new physics are being started. 
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Figure Captions 
Fig.l The visible energy distribution is shown. The dots 

indicate the real data. 

(a)The histogram is two photon Monte Carlo("Resolved" 

and "Direct" and "VDM" are combined). 

(b)The histogram shows hadronic events generated by KORALZ linked 

with LUND6.3. 

(c) After combining two photon Monte Carlo with hadronic events 

Monte carlo, agreement with the real data is excellent. 

Fig.2 The exactly one loop weak corrected cross section is called 

"Effective Born". 

(a)Effective Born includes these terms. 

(b)The definition of 1+6WBAK-

Fig.3 The diagrams appearing after Effective Born is applied QED 

photonic correction. 

Fig.4 The plots of Rhad, the tianslated into the electroweak tree cross 

section normalized by the QED lowest cross section of e +e~—*fi +n~. 

The point of v^=58.0GeV is plotted by the white dot. 

The luminosity is determined by the ECL. 

(a) The old radiative correction is used. 1+6 and efficiency are 

estimated by fixeda-FS program. 

(b) 1+SQED is calculated up to 0 ( a ) correction terms. The calculation 

was done by runninga-FS program. 

(c) 1+SQED is calculated by O(a 2 )+exponent ia t ion. The efficiency is 

estimated using KORALZ. 

The conditions of theoretical calculation are, Mz=91.17GeV, 

sin 2 0„,=O.23, Ajgs=220MeV. 

Fig.5 The (1+SQED) corrected da ta are plotted, and the solid line 

indicates the Standard Model prediction 

(Effective Born cross section). 

To reduce the systematic error, the FCL luminosity is used for 

this plot. 
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(a)LEP data(41.16±0.1Snb) and TOPAZ data(143.S±1.5(stat.)±5.4(syst.)pb.) 
are shown. 

(b) TRISTAN energy region is magnified. 
Here, Mz, Mlop, Mmgg,, <*S{MD are set to be 91.17GeV, 150GeV, 
lOOGeV, 0.12 respectively. 

Fig.6 The scheme to search for new physics signature. 
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Fig.2(a) 

Effective Born 

+ —f̂ T- + —K/\^\/\J— 
z , w 

Fig.2(b) 

X ( 1+^VEAK) = 

Effective Born 

Fig.3 

more photons from 
external legs 
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Analyses ofEW Processes in VENUS * 

T. SUMIYOSHI 
National Laboratory for High Energy Physics (KEK) 

Abstract 

Present status of analyses for electro-weak processes by 
the VENUS collaboration is presented. Topics covered are; 1) 
leptonic processes that include Bhabha, fi- and r-pair 
productions, 2) hadronic processes including total cross-
section CRhad) and charm and bottom quark productions, and 
3) single photon events. All results are very preliminary. 

§1. Leptonie processes 

1-1) Bhabha 
Angular distribution of Bhabha scattering events measured by the 

VENUS detector agrees very well with the SM prediction in both the barrel 
and the end-cap region as shown in Fig. 1. Detail of the analysis can be 
found in Ref. [1]. 

e

+

e - __ e * e - VENUS 

a a 
w' 
> 
o 

10 

10° 

|4 -

10' ,2 -

m 

~r ~r 
Vs = 50.0 GeV 

poinls wilh bar —> data 
solid line —> SM prediction 

-0.5 0 
COS© 

0.5 

Fig. 1 The angular distribution of the Bhabha events. 
The solid line indicates the SM prediction. 

The results described here are updated from the values presented at the workshop. 
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Bhabha events provide a unique tool for a determination of 
luminosity. Since a luminosity gives common normalization for any 
cross-section measurements, the accuracy of it reflects directly on 
systematic uncertainties in such measurements. So far, the systematic 
uncertainties in the luminosity measurement were 2.6% and 2.8% for the 
barrel and the end-cap region, respectively. These values have been 
already comparable or even exceed the statistical uncertainties for the 
total cross section measurements of lepton-pair, hadron productions and 
so on. Regarding this issue, a task force group has been organized in the 
VENUS collaboration aiming to reduce the uncertainty to a level less than 
1%. Detail of the present status of this task force is covered by the talk 
given by Arima in this workshop. 

1-2) Ree and Aee (t = n, z) 
Total cross-sections and forward-backward charge asymmetries for 

both fi- and, T-pair productions obtained at 58 GeV are summarized in 
Table 1. Detail of the analysis can be found in Ref. [2]. Though the total 
cross-sections for both processes are slightly smaller than the prediction 
from the SM, they are not inconsistent with the predictions. Figure 2 
shows the Ree and the Ate U = n, T) as a function of center of mass energy. 

VENUS R „ VEIIUS: R „ 

VEN<J3:F0R»ARt>-BACICWARCI ASYMMETRY VENUSrORWARD-BACKTARD ASYMMETRY 
IK • • . . , ) , , , . ) • • • • ! • • . . [ • . . • | . . . . • • < . . . . . | . . . . | . . . . ! . . . . | . . . . | . 

^ I (CeV) Ji (G«V) 

Fig. 2 a) The total cross-sections and the forward-backward asymmetries 
of/i-pair productions at PEP, PETRA and TRISTAN energies, b) Those for 
r-pair productions. The solid lines indicate the SM prediction. 
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If we combine all data so far obtained, the average energy turns out 
to be <E> = 57.95 GeV with an integrated luminosity of \Ldt = 155.71 + 0.69 
± 4.09 pb- 1 . The total cross-sections, the forward-backward asymmetries 
and the numbers of events are as follows; 
Rm =1.00 ± 0.02 ± 0.03 RTl= 1.01 ± 0.03 ± 0.03 
Am = -0.31 ±0.02 A„=-0.31 ±0.03 
^ = 2 3 3 8 iV„=1518 

Table 1. The total cross sections and the forward-backward charge 
asymmetries for e + e~ -» fi*n~ and T + T~ at 58 GeV. The data are 
summarized according to the three different periods (1st, 2nd and 3rd 
column). The last column shows combined results of 58 GeV. 

preliminary 
58 GeV(I) 58 GeV(II) 58 GeV(III) 58 GeV 

Period 17,2,1990-
30,7,1990 

20,5,1991-
20,12,1991 

23,2,1992-
30,6,1992 ( I+I I+I I I ) 

Luminosity( 
/pb) 

31.03±0.31 
±0.81 

33.34+0.32 
±0.87 

58.33+0.42 
±1.52 

122.67+0.62 
±0.81 

Run 0.95 ±0.05 
±0.03 

1.03 ±0.05 
±0.03 

0.97 ±0.03 
±0.02 

0.98 ±0.02 
±0.03 

A m -0.30 ±0.05 -0.27 ±0.05 -0.36 ±0.03 -0.32 ±0.02 
NHH 440 515 846 1801 

Rxr 1.00 ±0.06 
±0.04 

0.98 ±0.06 
±0.03 

0.99 ±0.04 
±0.03 

0.99 + 0.03 
±0.03 

A-ci -0.28 ±0.06 -0.27 + 0.06 -0.32 ±0.05 -0.30 ±0.03 
Nrz 299 317 562 1178 

1-3) Why Run's are slightly smaller than the SM prediction?? 
It has been often argued that the Run's obtained at PETRA and 

TRISTAN energy region show slightly lower value than the prediction 
from the SM and attributed this effect due to possible existence of extra-/? 
bosons [3]. However, are there any plausible reasons from an 
experimental view point to explain this phenomenon? It is hardly 
probable that uncertainties arise from event selections, radiative 
corrections and background estimations can produce such effect. From 
my personal view, only a trigger efficiency could be responsible for this 
phenomenon. So far, Bhabha events have been often used for the 
estimation of trigger efficiencies of /i-pair productions. 
However, 

Is it OK? 
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I would like to give some comments for this issue by using a recent study 
of trigger efficiencies of the VENUS detector. 

VENUS case 
Two independent triggers are relevant to //-pair production: 
1) Coplanar Trigger; 

At least two tracks associated with hits of the TOF counters are 
required to be in the CDC with an acoplanarity angle of less than 
10°, 

2) Segment-energy-sum (SES) Trigger; 
At least one segment in LG has energy deposit greater than 0.7 
GeV, and more than two CDC tracks with pt greater than 0.7 GeV/c 
(TOF hits are not required). 

The efficiency of the Coplanar trigger was estimated by using the events 
triggered by the SES trigger (-60% of /i-pairs are triggered by this signal). 
Following shows ratios of the redundant triggers for the Bhabha events 
and the //-pair events. 

For Bhabha events: 
Coplanar /Total Energy = 98.46 + 0.09% 
Coplanar / SES = 98.62 ± 0.08% 
SES /Total Energy = 99.83 ±0.03% 

For u-pair candidates: 
Coplanar / SES = 95.08 ± 0.53% 

The Coplanar trigger shows substantially higher efficiency for Bhabha 
events than //-pairs, which is reasonably explained by additional TOF hits 
by a back-splash from calorimeter and/or shower particles produced in 
front of TOF. The inefficiency of 6% for //-pairs is well explained by the gap 
between the TOF counters (3 mm/100 mm). Therefore, if information of 
TOF is required in a trigger (or event selections) and its efficiency is 
estimated by using Bhabha events, the total cross-section measured might 
be slightly smaller than what it is. 

How other groups estimated the trigger efficiency [4] ? 
As shown in Table 2, most of the groups didn't have redundant triggers 
for //-pair events, and used Bhabha for the estimation of trigger efficiency. 
Since momenta of tracks in //-pairs are higher than other events, use of 
hadronic events or t-pairs might also give wrong estimation. I believe 
they were too bright to make such an easy mistake. Though it is not 
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worthy to mention, I would like to give some cautions to who is engaged in 
analysis of //-pair events. 

Table 2. How PEP and PETRA groups estimated the trigger (or selection) 
efficiency for //-pair events. 

Group Method for the estimation of the trigger eff. 
p 
E 
T 
R 
A 

TASSO Use Bhabha events (Eff. of TOF was checked by isolate 
tracks in the hadronic events). 

p 
E 
T 
R 
A 

JADE Use T-pair events 

p 
E 
T 
R 
A 

MK-J Use single-// trigger (single track + cal.) 

p 
E 
T 
R 
A PLUTO Use Bhabha events 

p 
E 
T 
R 
A 

CELLO Use Bhabha events, but no TOP 
P 
E 
P 

MKII Use Bhabha events P 
E 
P 

HRS Use Bhabha events, but no TOF 
P 
E 
P MAC Use redundant trigger (single track + cal.) 

Caveat" 
• Don't (Be careful when you) use Bhabha events for the estimation of 

trigger (selection) efficiency of //-pair events. 
• You should have redundant triggers for //-pair production (for any 

important processes). 

§2. Hadronic process 

2-D#had 

The total hadronic cross-section normalized by a point-like cross 
section measured by the VENUS detector is shown in figure 3. Detail of 
the analysis can be found in Ref. [5]. Most of the data has been 
accumulated at Vs = 58 GeV with an integrated luminosity oijLdt = 120.84 
± 0.18 ± 3.26 pb , corresponding to a number of hadronic events of 2Vi,ad = 
15529. The measured l v a l u e obtained at this energy is R = 4.946 ± 0.040 
(stat.)± 0.089 (p. to p.)± 0.188 (over all). The systematic error, even the 
point-to-point error, already exceeds the statistical one by more than 
twice. Hence, though it is a hard task, reduction of the systematic error is 
absolutely necessary. The systematic errors comprise with a point-to-
point error (1.8%); dependence on cut values in the event selection (1.6%) 
and statistics of MC simulation (0.7%), and a common normalization 
error (3.8%); luminosity (2.7%), dependence on fragmentation parameters 
(1.6%), calculation of the R.C. (2.1%). Better understanding for the 
detector will help to reduce the point-to-point error. The common 
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normalization error arose from luminosity will be soon reduced to a level 
less than 1% as discussed before. Studies for reduction of the systematic 
errors are underway. 

. . 1 . , —i—r—i—i i i—i—n i-i—r-T-T—i—r—r—i—i- y I—i—r— 1 ' '" 
• ' j 
• top „. ~" s t \/-_ " " " w ' L • _ 

• L'' / I I 

„ \ X 1 
1 - ' ' ( i / ^ 

• 

— < 1 ~ 
< > ^Jr*^^ 

< i 
1 

:.. , ,.,_ ,•_,, i , , , , i , , , , i , , , , i , , , , i , ,• ) J . . , , I I 
52 54 50 58 60 62 64 

Vs (GeV) 
Fig. 3 The total cross-sections of the hadronic 
events normalized by a point-like cross section 
tRhad)- The solid line indicates the SM prediction. 

2-2) Charm and Bottom Production 

i) Study of charm quark production by D* tagging 
Study of charm production has been made by using hadronic events 

obtained with an integrated luminosity of 153 p b _ 1 . In order to identify 
charm quark events, we used two methods for Z) Magging; a mass 
difference method and a soft-jt method. Detail of this analysis can be 
found in Ref. [6]. 

The first method of the D*-tagging is curried out by using the 
following decay chain; D*± -»D° + z* where Z>° -» Kn, Unix0) or Kitnn. In 
the analysis we did not identify the kaons. Figure 4 shows the distribution 
of the mass deference of D* and D obtained by the above decay modes. We 
selected the D* candidate by applying a cut on the mass difference {AM) at 
152.5 MeV/c2. Numbers of the candidates are 42 (11.2), 19 (6.8) and 17 (8.0), 
respectively, the numbers in the parentheses are estimated combinatorial 
backgrounds. Figure 5 shows an angular distribution of the D* 
candidates corrected for the acceptance. On the basis of this distribution, 
an asymmetry of charm quark production has been obtained to be A<£ = 
-0.57 ± 0.22 ± 0.05 with corrected for radiative processes and QCD effects. 

- 43 -



15 

10 

, . 1 , , , , , , , , , . . 

a) D° - K"n' 

20 

' 1 
,J) VENUS 

preliminary 

B ^ J l P l n l ijlrifl 
m & 
pi < • 

•+- " H-l-j-H-l-P^t-t^[-l-H-

n b) D° - K ' l r V ) -

JJ 

C 
M 

10 ^w^ V« A 
« 
* 
A 

[ c) D° - K-n'n*n"- L » w 
Z - f. 'lmn. .IMMU/ , , i . , , i , , , i . 

0.14 0.IS O.IS 0.2 0.2 

U(*D°)-U(D°) (GeV/oe) 
0.14 0.10 0.10 0.2 0 2 2 

U<HDVU<D I > ) (GeVA*) 

Fig . 4 The distributions of the mass difference (AM = 
MD* - MDO) obtained by the following decay mode a) 
D ° -> ifff, b) K7r(7r°) and c) Knnn. d) shows the 
combined result of the above decay modes. 
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Fig. 5 The angular distribution of the D * ± i n the 
hadronic events corrected for the detector acceptance. 
The solid line shows the best fit for the data and the 
dashed line the estimated background distribution. 
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Another method for D* tagging is an identification of soft-pions (JTS) 
produced in the decay D*± —> JD° + its*- Since the Q-value in this decay is 
very small, a transverse momentum squared (pt 2) of Ms with respect to the 
thrust axis should concentrate at very low p t 2 region; (0.3 GeV/c)2 on 
average. Figure 6 shows the p t 2 distribution in both the forward and the 
backward direction. The clean signal at the low p t 2 region is well 
understood as Wg candidates. By assuming a smooth background, 
numbers of jis's are derived for both regions. Using these numbers, the 
asymmetry is calculated to be A<£" = -0.74 t^fjg ± 0.07 after corrected for 
the acceptance and effects of radiative processes and QCD. Since both 
methods are independent, we can combine the two results, which give 
rise to A£ = -0.64 ^ ± 0.08. 
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Fig. 6 The distribution of the p t 2 in a) the forward direction and b) the 
backward direction in the hadronic events. 

ii) Study of charm and bottom quark productions by electron inclusive 
events 

Another approach for an identification of a charm and a bottom 
quark production has been curried out by using electron inclusive events, 
in which electrons are identified by an E/p method of the lead-glass 
calorimeter and the transition radiation detector. Since the detail of this 
analysis is covered by Kanda in this workshop, here only the results for 
production asymmetries and fragmentation parameters are presented. 
The analysis has been carried out base on data corresponding to an 
integrated luminosity of jLdt = 78 p b - 1 . Though the data used in this 
analysis is about half that used in the previous analysis, the statistical 
error in the determination of Ace is almost same. This fact indicates the 
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importance of electron identification detector in research of heavy flavor 
physics. 

Charm: ACc = -0.49 ± 0.15 ± 0.06 (SM prediction: -0.47) 
<Xb>= 0.51 ±0.08 ±0.02 

Bottom: Abb = -0-46 + 0.25 ± 0.06 (SM prediction: -0.42) 
<X&>= 0.61 ±0.13 ±0.02 

§3. Single Photon production 

Physics with single photon events provides a good opportunity to 
explore a new physics beyond the SM at the TRISTAN energy region. The 
VENUS detector is characterized by a good calorimetry with a high 
hermeticity, so it is suitable for this study. Since detail analysis is covered 
by Hosoda in this workshop, here only a lower mass limit for the scalar 
electron is presented assuming massless photino in left-right degenerate 
case. 

m r >75.0 GeV @ 90% C.L. 
This limit is obtained by combining the results previously carried out in 
the single photon search. We will be able to set a limit at around 64 GeV/c2 

with VENUS data only, if we accumulate 300 p b - 1 data in near future. 

§4. Summary 

At the TRISTAN energy region, according to the standard model 
prediction, total cross-sections for fermion-pair productions situate at the 
deep valley facing to the huge Z° peak. However, if we want to see a new 
physics beyond the SM, we can say that we are sitting at the best point, 
since background arises from the well known processes is minimum. So 
it is better to make a good effort to reduce systematic errors in any 
measurements. Then, if we are lucky, we can catch a small tail of a new 
physics beyond the standard model such as SUSY and extra-Z bosons. 
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Study of systematic errors in the luminosity measurement 

Tatsumi ARMA 

Institute of Applied Physics, University of Tsukuba 

Tsukuba, Ibaraki 305, Japan 

January 1993 

1. Introduction 

We have accumulated e +e" collision data conesponding to an integrated luminosity of 

120 pb"l at a center-of-mass energy of 58 GeV with the VENUS detector until July,1992. 

The approximated number of data that we have accumulated is listed in Table 1 for typical 

reactions. 

Table 1. Data samples with the integrated luminosity of 120 pb - 1 

# of events 
Hadrons 12000 
•yy 6000 
u+u- 1800 
T + r 1200 

Table 2. Data samples with the integrated luminosity of 300 pb-1 
# of events statistical error(%) systematic enor(%) 

(pervious study) 
30000 0.6 3.8 
15000 0.8 4.0 
4500 1.5 2.8 
3000 1.8 3.6 

Hadrons 
TV 
u+u-
z+%-
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According to the present plan of the TRISTAN operation, the integrated luminosity will 

amount to 300 pb"l in a couple of years. Extrapolating the number in Table 1, we can expect 

to have large amounts of data, listed in Table 2, at this luminosity. The statistical errors in the 

cross section measurements corresponding to these numbers are also listed in Table 2, 

together with the systematic errors that we have been used so far. We can see that the 

statistical errors will become considerably small, and the systematic errors will totally 

dominate the uncertainty of the measurements if we don't make any efforts to improve the 

systematic errors. 

The luminosity error is one of the biggest sources contributing to the systematic error and 

common to all reactions. By this reason, we have started a intensive study to improve the 

accuracy of the luminosity measurement, as the first step of the studies looking toward 

precision measurements in near future. 

In VENUS, the luminosity is determined by counting the number of Bhabha scattering 

events detected in the barrel region, Icosfll < 0.80, or in the end cap region, 0.80 < IcosOl < 

0.99. The uncertainties of the determination estimated from previous studies are 2.6% (barrel 

region) and 2.7 % (end cap region). The systematic errors that we have presented so far and 

those listed in Table 2 are based on these numbers. 

Our goal is to reduce these errors down to 1 % or smaller. In this report, We present the 

present status of our study concerning the luminosity measurement in the barrel region. 

Studies are also in progress on the measurement in the endcap region and will be reported 

elsewhere. 

2. Experimental error 

In the barrel region the luminosity is measured using the information from the Lead Glass 

Calorimeter (LG) and the Central Drift Chamber (CDC). The selection criteria of Bhabha 

scattering events are as follows: 
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(1) At least two high energy clusters (> Ebeam / 3) in LG 

(2) Number of tracks reconstructed in CDC is 2,3, or 4, where the tracks are required to 

satisfy the conditions, 

(a) IRminl < 2 cm, IZminl < 20 cm, and 

(b)P x y >1.0GeV/c . 

(3) At least one pair of tracks satisfy the following conditions: 

(a) acollinearity angle < 10 degrees, 

(b) Icos0| < 0.743 for both tracks, 

(c) both tracks are associated with one of the high energy clusters in LG each. 

We plan to change the angular requirement for the tracks to Icosfll < 0.75 for simplicity. The 

following results regarding the experimental errors are essentially unchanged even with such 

a slight alternation in the selection criteria. 

We study all contributions to systematic error. The important contributions among those 

are: 

(1) track reconstruction efficiency 

(2) uncertainty due to energy measurement 

(3) angular uncertainty. 

Table 3 shows experimental systematic errors in the barrel region. We have studied dominant 

sources of the systematic error in the barrel region. The others which are being studied seem 

to be small contributions. By adding the contributions which we have studied so far 

quadratically, we obtains 0.44 % as the experimental systematic error in barrel region. 

3. Theoretical uncertainty 

In die luminosity measurements, theoretical uncertainty was ignored by most of 

PEP/PETRA experiments, except for pioneer works by MAC [ 1 ] and MARKII [2]. Recently 

extensive studies for LEP experiments are in much progress. 
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Table 3. Experimental systematic errors in the barrel region 
source correction(%) systematic error(%) 

Tracking 
inefficiency 

failure in reconstruction +0.5 0.1 
momentum loss by brems. +1.2 0.2 

angular accuracy 
CDC total length < 0.4 cm / 3 m 0.0 0.3 
tilt of the CDC axis < 1 mrad 0.0 <0.02 
CDC asymmetric deformation 0.0 <0.05 

< 0 . 1 c m / l m 
beam energy asymmetry 0.1- 0.5 % 0.0 <0.1 

angular resolution +0.5 0.15 
O(cot0) = (9+2) * 10-3 

momentum accuracy (study in progress) 
momentum resolution (study in progress) 

Calorimetry 
inefficiency 

dead module 27(dead) / 5160(total) +0.8 0.1 
low gain module 0.0 <0.06 

energy accuracy (study in progress) 
energy resolution (study in progress) 

Background 
eey -1.5 0.01 
IT -0.43 0.03 
eeee -0.02 0.01 
Hadrons -0.07 0.01 
n -0.03 0.01 

Trigger efficiency etr > 99.99 %(95 % C.L.) negligible 

Beam parameter 
absolute beam energy (study in progress) 
energy spread negligible 
particle gradient negligible 

Total experimental uncertainty +0.95 ±0.44 
(excluding uncertainties which are being 
studied) 
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The theoretical uncertainty can be subdivided into two classes. One of them is the "technical 

precision" originating from the precision of numerical approximations and mistakes in 

analytical calculations, including rounding errors, programming bugs, random number 

effects, etc. The other is the "physical precision". It should include uncertainties of higher 

order effects due to truncation of the perturbative series, effects due to neglecting some 

Feynman diagrams or sub-leading-logarithmic terms in the QED calculation [3]. In this repon 

we discuss the technical precision of 0(a) radiative correction. 

In order to estimate the technical precision we compared different calculation programs 

which are as independent as possible. We used the Tobimatsu-Shimizu program [4,5] and 

the BABAMC program [6,7] modified by ALEPH. The two programs, in principle, have 

following identical features: 

(1) on-shell renormalization scheme, 

(2) O(a) full electroweak correction, 

(3) simple parametrization applied to the hadron vacuum polarization [8]. 

Therefore, the two programs should give identical results. 

The following parameters and the selection conditions were used in all the calculations. 

VI = 58 GeV, 

lcos6| < 0.75, 

flacoll < 10 degrees, 

E(e+ or e") > EbearrA 

Mz = 91.17 GeV, M t 0 p = 130 GeV, and Mffiggs = 100 GeV. 

First, we checked the dependence on Mw and I"z. Each program calculates the values of 

Mw and Tz independently from the input parameters to derive the cross seciton. The results 

are given in the second column of Table 4. The differences are 0.06 GeV for M w and 0.182 

GeV for Tz. Yet, the agreement in the total cross section is less than 0.1 %. Next we use the 

particle data group values as forced parameter for the two programs and calculate the total 

cross sections. The results are shown in the third column. Difference is smaller than 0.1 %. 
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Next we checked the soft-photon cut-off kc dependence. The soft-photon cut-off must be 

imposed on the calculation programs for event generation. The results are shown in Fig.l. 

Differences at the same kc are smaller than 0.1 %. 

Table 4. Dependence on M w , Tz 
M w , Tz calculated 
in program 

M w = 80.22 GeV 
Tz = 2.487 GeV 
from particle data group 

Tobimatsu-Shimizu 347.64 pb 
M w = 80.20 GeV 
Tz = 2.493 GeV 

347.65 pb 

BABAMC(ALEPH) 347.75 pb 
M w = 80.14 GeV 
Tz = 2.311 GeV 

347.87 pb 

The quark mass parameters which appear as the hadronic contribution to photon self-

energy, Z-self-energy and 7-Z mixing-energy correction are different in the two programs. 

The Tobimatsu-Shimizu program uses the constituent quark mass derived by Hioki, while 

the BABAMC modified by ALEPH uses the values by Bohm and Hollik. The values used 

are listed in Table 5. We checked the depencence on quark mass parameters by interchanging 

the values. The results are given in Table 6. The agreement is better than 0.1 %. 

Table 5. Quark mass parameters (unit in GeV 
U d s c b 

(a) Hioki 0.04 0.04 0.10 1.5 4.7 

(b) Bohm 
and Hollik 

0.032 0.0321 0.15 1.5 4.5 

Table 6. Dependence on Quark mass parameter 
(a) (b) 

Tobimatsu-Shimizu 347.63 pb 347.67 pb 

BABAMC(ALEPH) 347.81 pb 347.75 pb 
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Soft photon cut—off(kc) dependence 
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Fig. 1. Dependence of the total cross section on soft-photon cut-off k c . 

4. Summary 

The experimental systematic error in the barrel region was estimated to be 0.44 %. This 

value is derived considering the systematic uncertainties from the dominant sources but does 

not include uncertainties which are being studied. In the end cap region, the study of shower 

behavior and clustering effect is under way in order to determine the angular resolution at the 

low aii^'e edge of the Liquid Argon Calorimeter. We also expect that the systematic error in 

this region will be less than 1%. 

The technical precision of theoretical uncertainty is better than 0.1 % comparing the 

Tobimatsu-Shimizu program and BABAMC modified by ALEPH. To estimate the physical 
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uncertainty we will use the ALIBABA [9] which includes O(a^) QED correction in leading-

log approximation. 
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Measu remen t of Rhadron, Rp,(i, and RTT a t A M Y 

T. KUMITA 
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A B S T R A C T 

Recent measurement of Rh„jrm, JZ,,,,, and RrT at the AMY detector are reported. 
For Rhadron i a new method for computing electrowcak radiative corrections, higher 
order QCD corrections for massive quarks, and new physics search during the energy 
scan run are discussed. 

1 Total Hadronic Cross Section 
•R/.adr<m> the total hadronic cross section normalized to the lowest order QED cross 
section for e+e~ —> (i+li~, is determined experimentally by 

r, ™hadror\ ~~ **bkg ,.*. 

£(1 + S) JLdt 0o 

where 

Nhajrm = Number of selected hadronic events, 

Nbkg = Number of estimated backgrounds, 

e = Detection efficiency, 

1 + S = Radiative correction factor, 

/ Ldt = Integrated luminosity, 

47ra2 

Co = 3s 

The radiative correction factor has been calculated using the Fujimoto-Shimizu (FS) 
program, which includes full electroweak effects up to 0(a3), in the previous analyses 
of the TRISTAN groups [lj. It was pointed out by Haidt and Ilagiwara that 1 + 8 
calculated by the ZSHAPB program is higher than that from FS by a few percent. 
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Figure 1: €(1 + S) computed in different ways. The dashed line is obtained from 
the integral fed(l + S)/dkdkt and the solid lines are the products of e and (1 4- 5) 
calculated by (A) ZSHAPE 0(a 4 )+exponent ia t ions ; (B) ZSHAPE 0(a3); (C) FS; 
and (D) BKJ. 

The primary difference between ZSHAPE and FS is in the treatment of real photon 
bremsstrahlung and the vacuum polarization. In the FS approach, these terms are 
treated separately; in the ZSHAPE approach, the real photons are emitted from the 
diagrams with the vacuum polarization. The latter treatment is more reasonable 
phenomenologically. 

AMY used the radiative corrections calculated by ZSHAPE in the following way 
[2]. The e(l + 5) term in Eq. (1) is precise only when the Monte Carlo program used 
to estimate e includes the same radiative corrections as that for 1 + 6. This is not 
correct if we use the LUND J E T S E T program, which includes less diagrams than FS 
or ZSHAPE, for e and the ZSHAPE for 1 + S. In this case, we need the replacement 

e ( 1 + 5 W o * " " £ ( f c ) ^ r r f f c ' w 
where k is the energy of the radiative photon normalized to the beam energy. The 
"corrected" «(1 + 6) differs from the e(l + 8) calculated with FS by at most 2% in the 
energy range of TRISTAN (See Fig. 1). 

a,, or equivalently Ajjg, can be extracted from measured i?h„j P o n values by fitting 
them to the formula 

Rhadron = RBW • RQCD, (3) 

where REW >S the prediction in the electroweak theory and the QCD part is given to 

0.85 

e ( l + <5) 

0.B0 

0.75 
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be 
RQCD = 1 + - + 1 . 4 1 ( ^ ) s - 1 2 . 8 ( 2 i f (4) 

7T 7T 7T 

for massless quarks [3]. The quark mass effect in the 0(at) is also well known. 
Recently, higher order terms of the mass efFect are calculated to be: 

RV

QCD = 1 2 ^ [ 1 + 8 . 7 ^ + 4 5 . 3 ( ^ ) 3 ] (5) 
3 7T 7T 1Z 

for the vector channel [4], and 

RQCD = - 8 ^ [ 1 + 3 - 6 7 ^ + 1 4 . 2 9 ( ^ ) 2 ] (6) 

for the axial channel [5]. Here, mj is the "running" mass of the b-quark in the MS 
scheme, which is m\, ~ 3.8 GeV at y/s = 60 GeV. To test the size of this effect, we 
fitted R h a d r m data from PEP, P E T R A , and TRISTAN [6] and obtained: 

AH3 = 7 8 0 « £ M e V 

with the massive quark corrections to 0(a,), and 

Ajre = M2iXSMeV 

with the higher order massive quark corrections. Therefore, the contribution of the 
higher order terms for massive quarks is small. 

2 Di-muon Cross Section 
The differential cross section for the di-muon production is obtained from the relation 

dT ^.elected — Nbkg 

dU 2n-Acos8 ••q-e(l +8)-JLdt' (7) 

where number of selected events N,cicctcii, number of backgrounds W(*B) detection 
efficiency 77, detector acceptance e, and radiative corrections (1 + S) are determined 
separately for each cos 8 bin. We divide the range | cos 9\ < 0.7071 into 12 bins, which 
results the bin size of Acos# = 0.1178. The detection efficiency 77 is consist of trigger 
efficiency, vertex cut efficiency, muon chamber (counter) efficiency, and high voltage 
efficiency. Since the conditions of our detector, especially CDC and MUO, have been 
changing, we need to estimate these efficiencies for each run period separately. Table 1 
summarizes the overall efficiencies for | cos# | < 0.7071. One can see the efficiencies 
are strongly dependent on the detector condition. R^ are calculated using these 
efficiencies and summarized in Table 2. 
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Cut '90 j '91 '92 

Vertex 0.9005±0.0068 0.9236±0.0057 0.9424±0.0029 
Muon Counter ~0.94 ~0.88 ~0.82 

Muon Chamber ~ 0.998 
Trigger 0.9777±0.0021 0.9400±0.0031 0.9701±0.0021 
HV trip 0.9871±0.0003 0.9838±0.0002 0.9809±0.0002 

Table 1: Summary of dimuon efficiencies for 1990, 1991, and 1992 spring runs. 

Run Period '90 '91 '92 

ftfitif •^•theory 1.006±0.054 0.860±0.047 0.903±0.033 

Table 2: Dimuon cross sections normalized to the theoretical prediction for 1990, 
1991, and 1992 spring runs. 

3 Run Dependence of the Cross Sections 
Rhadron, R?ii a n d Rrr at yfs — 58 GeV normalized to the theoretical predictions are 
plotted for different run periods in Fig. 2. The condition of CDC is reproduced by 
track smearing in Monte Carlo simulation. However, one can still see some run period 
dependence in all of three cross sections. We need more study to finalize these results. 

4 New Physics in Hadronic Channel 
Recently, a model with a heavy axion, 7jg, is proposed to explain the high mass 77 
events observed at L3 and other LEP experiments [7]. This model predicts decay 
channels into hadrons, which can be seen as low thrust and high multiplicity events 
at TRISTAN at the threshold energy. Fig. 3 shows preliminary results of hadronic 
cross sections, during the energy scan run, normalized to the theoretical predictions. 
All data points have a common normalization uncertainty due to luminosity measure
ment etc. No peak is seen at around 59 GeV. Distributions of thrust and charged 
multiplicity for 58.7 GeV and 59.2 GeV data are compared with 58 GeV high statis
tics data and shown in Fig. 4. One can see no excess in low thrust or high multiplicity 
region, either. Therefore, we found no evidence of new physics in hadronic channel. 
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Figure 2: Rh*dr<m> &M, and RTT, normalized to the theoretical predictions for 1990, 
1991, and 1992 spring runs. Here, error bars show only point-to-point errors. 
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Figure 3: Total hadronic cross sections normalized to the theoretical predictions 
during the energy scan run. The error bars show only point-to-point errors. 

- 60 -



2; 
\ i o - ] 

E-i 
^ - 2 £—• 10 Z 

^ 1 0 - 3 

0. 

0.15 

b 0 1 ° 
C 

W 0.D5 

0.00 w.«v, 
0 10 20 30 40 0 10 20 30 40 

Charged Multiplicity 
Figure 4: Thrust and charged multiplicity distributions at 58.7 GeV and 59.2 GeV 
(plots) compared with 58 GeV data (histograms). 

5 Conclusion 

-Rw™., Rw, and Rrr are measured for the high luminosity run at TRISTAN. The 
results are lower than the standard model predictions and have some run period de
pendence. We need more study to finalize the results. Higher order QCD corrections 
to Rhadron for massive quarks are tested. The effect is small compared with the exper
imental error. No evidence of new physics, such as 176 production, is seen in hadronic 
events taken during the energy scan run. 
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Abstract 
We report on an anomalous single photon search performed at Vs = 58 GeV with the 

VENUS detector. The single photon yield is consistent with the prediction by the standard 
model with three light neutrino species. No anomalous signal has been observed leading to 
an upper limit on the mass of supersymmetric particles under the assumption of radiative pair 
production of photinos. For massless photinos the left- and right- handed scalar electrons in 
the mass degenerate case are excluded below 38.2 GeV at the 90% CL. Combining this with 
published results of VENUS and other single photon experiments, the upper limit on the 
scalar electrons is 75.0 GeV at the 90% CL. 

1. Introduction 
A single photon production is a process in witch positron and electron go to weakly 

interacting particle pair accompanied by one initial state radiation of photon. The known 
standard electroweak process to contribute to the single photon production is the radiative 
production of a light neutrino pair that has been used for neutrino counting [1]. If excess of 
signal beyond this process is found, it would be a sign of new physics. 

The most interesting possible source of the single photon events is the production of 
supersymmetric particles. Supersymmetry (SUSY) is a symmetry between bosons and 
fermions, and the only known symmetry that eliminates the quadratic divergence of scalar 
mass parameters. It should be pointed out again here that the Weinberg angle precisely 
measured at LEP experiments agrees remarkably well with the prediction of the simplest 
SUSY-GUT model. 

In most theories the lightest SUSY particle is stable and interacts only weakly with 
matter [2,3]. In this analysis, we assumed the lightest SUSY particle is a pure photino. 
Therefore, the photon related to SUSY is assumed to be produced by the radiative 
production of photino pairs. The cross section is given in ref. [4]. 

The neutrino pair creation process which has been useful is now the principal 
background for the search for new phenomena. Figure 1 shows the energy dependence of 
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the cross section of single photon production. In the TRISTAN energy range the cross 
section from the SUSY process is increasing while the background from neutrino pair 
creation is still permissible. To this end the experiment at the TRISTAN is now very 
important and unique for this type of search for SUSY particles. 

This analysis is based on a data sample corresponding to an integrated luminosity of 
89.7 pb - 1 that has been accumulated after the VENUS upgrade described below. 

2. Event topology 
Single photon production events have a signature that nothing except only one photon is 

detected. This event topology is very simple, though the background rejection is a knotty 
problem. The background sources that imitate single photon events are electronic noise, 
beam related interactions, cosmic rays and other radiative QED processes. Especially the 
reactions e +e" —» e +e"7 and e + e" —»ffl haw to be considered in those cases when e + e" or 
two photons in the two respective reactions escape along the beam pipe and are thus 
undetected. However due to kinematical considerations in this case the single detected 
photon is constrained to have low transverse energy. Then, if the detector is hermetic except 
for the dead space by the beam pipe, the QED backgrounds can be removed by requiring 
Xt^sinSveto/O+sinOyeto), where X t is the ratio of the photon transverse energy to the 
beam energy and 8 v e t o is the maximum polar angle of particles escaping undetected down 
the beam pipe. 

3. VENUS detector 
The quadrant cross section of the VENUS detector is shown in Fig. 2. The details of the 

detector performance can be found in our previous publication [5]. Here we only present the 
upgraded small angle calorimeter, Active Mask (AM) [6], which fulfills the mask function to 
prevent the synchrotron light for the vertex chamber. 

The AM consists of 0.5 mm diameter plastic scintillation fibers interleaved between 1 
mm thick lead sheets. The shape is cylindrical and inner (outer) radius is 88 mm (200 mm). 
The AM covers the polar angle from 45 mrad to 150 mrad and the 2K azimuthal angle, and it 
is divided into 8 segments in the azimuthal direction. The energy resolution is measured to 
be OE/E = 17 % for the 29 GeV electrons. 

The veto angle for the QED background has been reduced from 5.7" to 4.0° by this 
upgrade of the small angle calorimeter in autumn 1990. By this improvement the VENUS 
detector becomes capable of detecting low energy photons in the range down to Xt = 0.13. 
The present sensitivity of the detector is 1.3 times higher than before the upgrade for the 
single photon associated with the photino pair production. 
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4. Selection criteria and the associated efficiencies 
In the search for single photon events the detector is triggered if the total sum of the 

energy deposited in the LG is greater than 3 GeV. The trigger efficiency is determined as a 
function of the photon energy in LG using the events found with a charged track trigger 
(Fig. 3). The efficiency is 98.6 ± 0.4 % in the energy range above 3 GeV. 

Candidates for single photon events are selected by applying the following criteria: 
(1) Only a single cluster in the calorimeters: 

Only one cluster with energy greater than 3 GeV is well contained in the acceptance 
of the LG given by 40.0' 2 6 < 140.0*, and the cluster size is within 2 < N0 (N<j,) < 
5, where N0 (N<j)) is the number of modules spreading over the 0 (<)>) direction in the 
cluster. 
There should be no other cluster widi energy greater than 0.2 GeV in the LG and LA, 
and energy greater than 5.0 GeV in the AM. 

(2) No charged particle tracks: 
No CDC charged particle track is reconstructed in the region |cos6l< 0.8. 
No muon chamber track is connected to the cluster. 
No track is reconstructed toward the off-vertex direction by the cluster, TOF, and 
BST. 

(3) Timing cut: 
The trigger timing of the cluster is within | A T | £ 3o"t where AT is the difference 
between the signal time and the expected one from the beam crossing time. 

(4) Shower profile cut: 
The lateral shower distribution in the cluster is consistent with that of the 
electromagnetic shower from a single photon from the interaction region. 

The efficiency of the cluster size in selection (1) is studied by the photons of radiative 
Bhabha events and is estimated to be 92.4 ± 0.6 %. This cut well eliminates cosmic rays. In 
addition it is also required that there be no other clusters. These cuts lead to loss of real 
events due to noise in the detector. Choosing the random trigger sample, we estimate the rate 
of event losses due to the accidental veto to be 3.4 + 0.1 %. 

The cut in selection (2) also rejects any photons converted in the beam pipe or the vertex 
chamber. The photon survival probability in front of the CDC is estimated to be 91.8 - 87.5 
% depending on the polar angle of the photon. The cut using muon chamber signals 
eliminates cosmic ray events. The event loss due to the accidental veto by noise in the 
chamber is estimated to be 4.7 + 0.1 % which is studied by the Bhabha events sample. The 
last cut in selection (2) is for the rejection of cosmic rays that do not pass the CDC or the 
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muon chamber. This cut also leads to loss of real events. The event loss due to the accidental 
veto is estimated to be 3.7 + 0.8 %. 

In selection (3) the timing of the cluster has following components, 

T = Tffight + Twalk + To = f + ^ - + T o , 

where Tflight is the time of flight of particle, TWalk is the time walk in the discriminator, 
To is the time constant, R is the distance between the interaction point and the cluster 
position, c is the light velocity, K is the constant and E is the total energy deposited in the 
LG. This cut rejects cosmic ray and electronics noise effectively. The efficiency is studied by 
the photons in the radiative Bhabha events and estimated to be 95.4 ± 0.9%. Figure 4 shows 
the expected time line and the time of photon of radiative Bhabha events. 

There is no more available information to reduce the beam related background and 
cosmic rays, except for the shower profile test of selection (4). The lateral distribution of die 
electromagnetic shower is characterized by a double exponential form [7]. All remaining 
clusters are tested with x 2 value, if it shows consistent lateral shape with that expected by the 
shower of a good single photon. In fig. 5, dashed line shows a distribution of a photon of 
radiative Bhabha events and solid line shows that of data. The efficiency is estimated to be 
75.2 ± 1.0%. 

Table 1 shows the summary of the event selection. After all cuts, 8 events remain for the 
candidates of single photon events. The overall efficiency of the selection is 51.7 ± 2.8%. 

We estimate background contamination due to small detector gaps, detector inefficiency 
or the dead modules. The contamination of \i\iy is less than 0.3 events, and that of eey is 
also less than 0.3 events. The contamination of YYY event was negligible. Concerning to 
cosmic ray, we evaluate the contamination by shower profile distribution of the off-timing 
events. We estimate it to be 3.1 events. The expected total background contamination in the 
8 candidate events is estimated to be 3.5 events. 

5. Results and Limits on SUSY particle 
We observe the single photon signal of 4.5_2'7 , while 3.0 events are expected from the 

standard model with three light neutrino species. The result is consistent with the prediction 
of the standard model. From this result we deduce the limit on SUSY particle mass range. 
The limit on the mass of degenerate scalar electron is 38.2 GeV at the 90 % confidence level 
when we assume a massless photino. 

The updated VENUS limit is 48.9 GeV including the 60.4 pb" 1 data that has been 
accumulated before the detector upgrade [8]. 

The data of single photon studies from VENUS, ASP, CELLO, MAC and Mark-J 
experiments has been combined to form the best limit on the SUSY particles [9,10,11,12]. 
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The combined limit on the scalar electron is 75.0 GeV at the 90 % CL, which is just below 
the reach of LEP-II. Table 2 shows the summary of the limits on the scalar electron mass for 
each case. 

As a final point relevant to the SUSY searches at VENUS, we consider the search region 
with the integrated luminosity about 300 pb'l. We will be able to search scalar electrons up 
to about 66 GeV by VENUS only. Figure 6 shows the search region on photino mass -
scalar electron mass plane together with the results from this analysis and other single 
photon experiments. 

6. Summary 
We have searched for an anomalous single photon event at VI = 58 GeV with the 

upgraded VENUS detector. The observed single photon yield is consistent with the 
prediction by the standard model with three light neutrino species. No indication has yet 
been observed for the existence of SUSY particles. 
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Figure captions 
1) Single photon cross section as a function of cm. energy. 
2) Schematic view of the upgraded VENUS detector. 
3) Trigger efficiency as a function of energy. 
4) LG trigger timing distribution as a function of energy. Solid line is the expected time line 

from the beam crossing time. 
5) Log distribution of shower profile test. 
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6) The search region on photino mass - scalar electron mass plane at 300 pb~* together with 
the iesults from this analysis and other single photon experiments. Dotted line is photino 
mass = scalar electron mass. 

Table captions 
1) Summary of event selection. 
2) Summary of limits on the scalar electron mass for each case. 
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Cut Events Efficiency % 

Raw 50M 
DST(Procl) 7,307,902 
Trigger 2,350,043 98.6 ±0.4 
Single cluster selection 122,107 89.3+0.6 
Charged track elimination 7,549 82.3 ± 2.2 
Timing cut 4,876 95.4 ±0.9 
Ptcut 1,559 
Shower profile cut 8 75.2 ±1.0 

Selected 8 51.7 ±2.8 

Table 1 

Number of yield mg limits at 90% CL (GeV) 
Observed Expected Degenerate 

case 
Non-

degenerate 
case 

Present 4.5 3.0 38.2 25.9 
VENUS (present 89.7pb- ! 

+ previous 60.9pb~l) 
5.5 4.9 48.9 36.0 

Combine with other 
experiments 
(VENUS+ASP+MAC+ 
CELLO+Mark-J) 

9.4 10.9 75.0 61.3 

Table 2 
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Abstract 
We report some considerations concerning the LEP tlyy events, which seem 

to suggest the existence of a di-gamma resonance of mass around 60 GeV. The 
phenomenology of this unknown particle X, and its possible consequences at 
TRISTAN are considered. We find that it is difficult, to obtain the desired Z 
decay branching fraction if the resonance is produced via its coupling to charged 
leptons. 

1 Introduction 

The observation by the L3 collaboration of a cluster of events with a 60 GeV di-
gamma and a charged lepton pair seems to suggest a new resonance around 60 GeV[l] . 
Although the possibility exists that these events can be explained away as « statistical 
fluctuation of normal radiative Z decays, it is worthwhile to study the consequences 
of this narrow di-gamma resonance[2]. 

If these high mass photon events are due to the production of a di-gamma reso
nance via. its leptonic coupling, its effects should be observed at TRISTAN. 

2 7 7 —> 7 7 , 7 7 —> e + e ~ a t L E P 

First let us mention what kind of constraints we have from the two photon experiments 
at LEP. 

It has been reported[3] that DELPHI and ALEPH collaborations looked for a 
resonance in 77 —> 77, e+e~ channels (Figs.2.1 and 2.2), and obtained preliminary 
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bounds on the following quantities : 

(2sx + l)rxBr(X^-fj)2 

{2sx + 1) Tx Br(X - 77) Br(X •e + e- ) 
(1) 
(2) 

Here sx, r x , Br{X —> 77), Br(X —* e+e~) are the spin of the unknown particle X, 
total width of X, the branching ratios of X to two photons and that to a lepton pair, 
respectively. The reported preliminary 95%CL upper bounds for the above quantities 
are both about 5MeV[3]. 

V" 

Fig.2.1 

X 

7 L 7 
Fig.2.2 

We note here that, due to Yang's theorem, spin-1 bosons cannot decay into two 
photons, so sx cannot be one. 

Keeping these constraints in mind, let us see what we can say about X. 

3 Phenomenology of X(59) 

3.1 Couplings of X 

Let us consider the coupling of 'X' to 7 and Z. 

Fig.3.1 Fig.3.2 

i) We know that X couples to two photons, so it can be produced at LEP via a 
virtual 7 exchange (Fig.3.1). However, there is a constraint to this coupling from 
the quantity eq.(l) measured at LEP in the 77 process. So we expect that the 
contribution from the virtual 7 exchange process (Fig.3.1) is negligibly small. 
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ii) If th >re is a fZX coupling, three-photon events should be observed at LEP 
via the process of Fig.3.2, but no such event has been reported. So this gives the 
constraint : 

Br(Z -> X-y) Br(X -* 77) < 1(T 7 . (3) 

In other words, Br(Z —> X7) must be very small if we want Br(X —> 77) to be 
reasonably large. 
iii) If there is a XZZ coupling(Fig.3.3), we can predict the branching ratio of Z 
decays to various fermion pairs and 77 as 

e + e 77 : n+fi 77 : T+T 77 : wyy : qqyy ~ 1 : 1 : 1 : 6 : 21 , (4) 

which is apparently inconsistent with the experimental data. So this coupling should 
vanish. 

Excluding these two couplings there will be several possible solutions. For exam
ple, there can be models with two unknown bosons 'X', which may have spin 0 or 2 
and couples to two photons, and 'Y' which may have any integer spin and couples to 
lepton pairs. In this case we cannot expect any signal of X at TRISTAN, while Y, 
which is something like Z', may have some effects. 

Another possible solution is an unknown X boson coupling to leptons and photons. 
In this case, TRISTAN can easily produce X directly through the two diagrams 
(Fig.3.6 and 3.7). Also we may expect much better bounds than those of (1) and (2) 
obtained at LEP. 

'WAAX 
Z \ 

X \ 

Fig.3.4 

" 7 

Fig.3.5 
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Fig.3.7 

In the following subsections we will show the results of our calculation of the 
process shown in Fig.3.5 in the two cases where the spin of the X boson is 0 or 2. 

3.2 Spin-0 case 

First we consider the spin-0 case. The Lagrangian which contains the scalar and the 
pseudo-scalar is[4] 

C = [f.W + g^F""] *. + i [ / ,?•»* + g,FrF"\ <$>P • (5) 

In this model such scalars contribute to the lepton anomolous magnetic moment. 
When the model has no chiral symmetry, the g—2 factor is proportional to mc/mx and 
the experimental constraint is very stringent. When the model has chiral symmetry, 
the g — 2 factor is proportional to (m</m x ) 2 , so the constraint is not so strong. 
This kind of analysis requires a parity doublet <f>s and <j>P[5, 6, 7], whose masses and 
couplings should be degenerate. 

Fig.3.8 Fig.3.9 

In this report we study the the production process Z —» £l<j>s via the coupling (5). 
Hereafter we only consider the scalar case, although the result for the pseudo-scalar 
<pp is obtained simply by the replacement fs «-> fp. 
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The helicity amplitude of the process Z —»tL£R4>s can be written as 

= f.isfcMi+feM3), (6) 

M(Z - . *„£* . ) - / , ( # ^ i + fcMd , (7) 

<£ = S z ( - § + s i n 2 0 , J = l ; - a 
5 / =^sin' sfl 1 I , = v + a. 

0) 
Here A^i and Mi are the amplitudes corresponding to the two diagrams apart from 
the ZU couplings. When X is spinless, the coupling between X and t! lepton 
changes the chirality of the lepton, that is, the ZU. couplings are diffi nt i he two 
diagrams. The lepton in the first one couples to Z via a left-handed couplir and the 
lepton in the second one couples to Z via a right-handed coupling. By summing the 
left- and the right-handed contribution, we get the total amplitude : 

J2\M(Z-*f£4>s)\2 = fs

2{\Ml+M2\2v2 + \M1-M2\2a2} . (10) 

We found by explicit calculation that the amplitudes Mi and Mi are almost the 
same near the region where the lepton and the anti-lepton are of the same energy, so 
the axial part becomes very small.(see Fig.3.10.) Futhermore in the standard model, 
as is well known, the vector coupling v for leptons is very small compared to the 
axial vector coupling a (Fig.3.11), so in total we get a much smaller amplitude than 
naively expected. As we shall see, this is the reason why we need a very large Yukawa 
coupling fs in order to get the observed branching ratio. 

Fig.3.10 shows the axial part of the differential width in this situation. The 
beam scaled lepton energies (xe = E//EB, Xg = EJ/EB) are taken as the kinematical 
variables. The amplitude is symmetric along the diagonal line (xt = xti). The vector 
part of the differential decay width is shown in Fig.3.11. 
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Fig.3.10 Fig.3.11 

Now we can derive the lower bound on the decay width of X from this amplitude. 
After the phase space integration, we get the explicit formula for the partial decay 
width : 

r{z - a*,) 
_ fs2mz 

192 7T3 
v 2 i - 2 + 85 - 662 - (1 - 26 - 3<S2)In 6 

-6 2 ( 4 Li2 (jLj) - j + 2!n2(l + 6) - In2 *) J 

+a?{ - ^ - 5.5 + 9«2 - \s3 - (1 + 86 + 3tf2) In 6 
1 O 0 

+S2 (4Li2 ( ^ - j + 2ln2(l + 6) - In2 sj J 

= ^ - ^ f [o.0186u2 + 0.000619a2l 
192 5TJ l J 

= 0.378 x 10-7/GeV, (11) 
« at 

where £ = mx

2/mz

2 and Li2(z) is the dilogarithm Li2(z) = — / — ln(l — i). On the 
other hand, the partial width T{X —> e +e~) is given as 

r(X-+e+e-) = ^ 

= 2 .35/ s

2 

= 0.155 x 108BT(Z — e+e'X) GeV . (12) 
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Assuming from the LEP experimental value 

Br(Z -* e+e~X)Br(X -> 77) « 0.5 x 1 0 - 6 , 

and substituting this into the above result, we obtain 

TxBr(X -» e+e-)Br(X -> 77) ~ 8GeV . 

(13) 

(14) 

This is 1500 times as large as the preliminary experimental limit that I quoted in 
section 2. 

3.3 spin-2 case 

Next we go on to the result of the calculation for the spin-2 case. The Lagrangian we 
use for the tensor particle is[2] 

i^r^^+eXF^F^ <t>T,tU + 2 i^Rj"D"^B+e2hRF'"Fa *-. Tfil/ ' 

(15) 
This Lagrangian has chiral invariance, so there is only a loose bound from the g — 2 
measurement, and there is no cancellation between amplitudes in contrast to the 
spin-0 case. 

In the spin-2 case we must add the three diagrams for the sake of gauge invariance. 

ML = 

Mf + 

\M{Z - ee<t>T)f = \ML\2 + \MR\2 (16) 
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For the tensor <j>T, T(Z -* ££(j>T) is given by 

192 

x 

iH(*H)2 + (^) 2} 
113 h) ^ ( 1 - 6) ^362 S2 + 2897.5 + 2607 - ~ + 

+^ln8 (9fi3 + 485 2 + 975 + 38) 

- ( t f + l ) 2 ( * + 4 ) { - l n 2 * + l n 2 ( l + £ ) + 2hitf]n(l + *) 

+ 2 L i 2 ( - 5 ) + 2 L i 2 ( ^ - I ) } (17) 

Hence, we get the leptonic width as 

T(4>T -> e+e-) +,-x - (/*8 + / » W 
320?r 

= 1.46 x 104 x 
(f 2 + / 2) 

2 , i " ' f 2, Br(Z - e+e-X) (Q.650/ t

2 + 0 .487/ / 
> 3.0 x 104Br(Z -* e+e~X) GeV', (18) 

where we assume fh = 0. This is because non-observation of 1/7/77 events disfavours 
scenarios where <j>T couples to left-handed leptons gauge-independently. In the same 
way as for the spin-0 case, we obtain 

Tx Br(X -» 77) Br{X -> e+e") ~ 15 MeV. (19) 

This result seems to be still incompatible with the reported preliminary upper bound 
of order 1 MeV (note the spin factor 2sx + 1 = 5 in eq.(2)). 

4 Summary 
Our results for Tx Br(X —» e+e~) Br(X —> 77) are summarized by the Table 4.1. 

scalar tensor 
expected 
experimental limit 
disagreement 

• 3 GeV 
• 5 MeV 
• 103 

15 MeV 
lMeV 
101 

Table 4.1 
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We found that it is difficult to obtain the desired Z decay branching fraction if the 
resonance is produced via its coupling to charged leptons. If the L3 events are not a 
statistical fluctuation from the Standard Model, we will have to consider other models 
with two unknown particles. 
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A b s t r a c t 

We report on measurements of the total cross section for e + e _ —> 77 for center-of-
mass energies between 57.4 and 59.5 GeV, using the AMY detector at the TRISTAN 
collider. We set new limits on the production of a possible new s-channel resonance 
decaying into photon pairs. 

1. Introduction 

Recently, the L3 Collaboration at L E P reported on an apparent excess of 

e + e ~ —* <?+(? _77 events (£ = \x or e) in which the invariant mass of the photon 

pair was clustered around 59 GeV. ' The L3 Collaboration did not speculate on the 

origin of their events beyond noting that the probability of observing such cluster

ing in any 5 GeV wide mass bin above 40 GeV was O ( 1 0 _ ; J ) , if the events were due 

purely to QED. The three other experiments at LEP have also reported on such 

events . ' Out of fifteen e + e ~ —> C+C~'[-/ events found at LEP with M 7 7 > 40GeV, 

five events were found with a 77 invariant mass in a 1 GeV range near 59 GeV. 

A few speculative models have been advanced ' ' ' on the origin of the clustered 

events of L3 assuming that they are not due to QED. The models are based on 

the decay of the Z" into a massive object .Y and another boson, where X may 

be a scalar-pseudoscalar mixture or a spin-2 particle with a mass of approximately 

60 GeV that decays predominantly into two photons. Regardless of the details of 

such models, if the particle X can couple with electrons, then the direct s-channel 

production may be observable in the TRISTAN energy range. If there is no coupling 
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of X to fermions, it can still be produced via an s-channel photon that results in 

X —» 77 plus a soft monochromatic photon. Previous studies of e + e ~ —» 7 7 , 7 7 7 at 

TRISTAN s ,° were consistent with the QED prediction, however, no direct search 

for a narrow resonance was conducted. 

We have searched for the direct production of a new state X via the reaction 

e + e ~ —» X —* 7 7 , using the AMY detector at the TRISTAN e+e~ collider, for 

center-of-mass energies ^/s between 57.4 and 59.5 GeV in 250 MeV steps, with 1 to 

2 p b _ 1 of integrated luminosity per point (19 p b - 1 at 57.8 GeV). 

2. The A M Y Detector 

The AMY detector is a general purpose solenoidal-type instrument employing 

two inner tracking chambers (VTX and ITC) , a central drift chamber (CDC), and an 

electromagnetic calorimeter (SHC), all contained within a 3 Tesla magnetic field, 

and a barrel muon detector (MUO) outside the magnet return yoke. The end 

cap regions are instrumented with calorimeters (ESC) and small-angle luminosity 

monitors (SAC). The AMY detector has been described in detail elsewhere.' 

Final states with two or more photons are detected primarily by the SHC. This 

is a 14.4 radiation length gas-sampling calorimeter, consisting of twenty alternating 

layers of lead and resistive plastic proportional tubes. Each tube layer is sand

wiched between cathode strips in the 4> and 6 directions. The SHC is constructed 

in six sextants , each covering an azimuthal range of 60° and a polar angle range of 

|cosfl| < 0.73. 

Measurement of electromagnetic shower locations and energies in the SHC is 
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determined by the signals from the cathode strips. The strips are arranged in 

projective towers that subtend an angle of 14.2 mr from the interaction point, 

and are ganged internally into five longitudinal divisions. The empirical energy 

resolution is found to be AE/E = 0.23/s/E + 0.06, with E in GeV. The large 

constant term is thought to be clue to the effects of operating in the 3 T magnetic 

field. Shower centroids are typically located in q> and 6 to less than one strip width. 

Triggering 

Within a given layer of the SHC, anode signals are ganged into 48 azimuthal 

sections; the ganged signals are summed externally over multiple layers to form trig

ger signals for 48 towers with either no segmentation or four longitudinal divisions. 

Three redundant combinations of these signals provide triggering for e + e ~ —» 77 

events: (1) total energy trigger—the analog sum of all 48 trigger signals exceeding 

8 GeV, (2) two-cluster trigger—two separate towers in coincidence with energies 

exceeding 5 GeV for one and 3 GeV for the other, and (3) shower shape trigger— 

coincidence between any two successive longitudinal divisions in a given tower, or 

in neighboring towers, with total energy exceeding 3 GeV. 

Bhabha electrons are used to check the triggering efficiency independently, since 

they behave similarly to 77 events in the SHC. Bhabha events are triggered inde

pendently by the SHC triggers and by charged-track triggers derived from signals 

in the CDC and ITC. By examining the frequency of Bhabha events with a track 

trigger but no SHC trigger, we found the SHC trigger efficiency for Bhabha events 

to be essentially 100%. We assume, therefore, that the SHC triggering efficiency 

for 77 events exceeded 99% for all of the da t a of this study. 
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Luminosity Determination 

To search for an anomaly in the product ion of 7 7 events, the most critical 

parameter aside from event statistics is the reliable determination of the integrated 

luminosity. This is accomplished in the AMY experiment by recording small-angle 

Bhabha events in the ESC, a sampling calorimeter constructed of alternating layers 

of lead and scintillator, with proportional tubes at the depth of electromagnetic 

shower maximum for position determination. T h e ESC covers the polar angle range 

0.799 < I cos#| < 0.982. The systematic error in ESC luminosity is estimated to be 

~ 2%, and is dominated by the precision on alignment and fiducial definition. 

3. Event Selection and Monte Carlo 

The selection of e + e _ —> 717 events (n > 2) was performed according to the 

following criteria: (1) at least two SHC clusters with energies greater than Ej,eam/3 

each, (2) the polar angle for each such cluster in the range 45° < 6 < 135°, (3) 

the acollinearity angle between the two most energetic clusters of at most 10°, 

and (4) no charged tracks in the event. T h e resulting sample of 1054 events was 

visually scanned, resulting in the rejection of 19 background events from cosmic 

rays, misidentified Bhabhas, and SHC noise. 

The cross section for e + e _ —> 77 , including radiative corrections to 0 (o r 3 ) , was 

calculated by Monte Carlo integration using a program by Fujimoto, Igarashi, and 

Shimizu. 9 , 1 This program is an implementat ion of the BASES/SPRING Monte 

Carlo package by Kawaba ta . " The cross section of (34.81 ± 0.18) pb is based on 

a fully simulated sample of 1 .06fb _ 1 at 58 GeV that was subjected to the same 
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selection criteria as the experimental data . This value includes an event selection 

efficiency of e 7 7 = 0.933 ± 0.011. 

We est imate the error in normalization for this analysis to be 2.3%, taking into 

account the uncertainty in the luminosity measurement and including the error in 

the 7 7 event selection efficiency. 

4. Results 

Table 1 summarizes the results of the energy scan. The center-of-mass energies 

^/s represent their actual values at the AMY interaction point rather than the 

nominal accelerator energies. The quanti ty a s represents the rms width of the 

center-of-mass energy distribution. The luminosities L are those obtained with the 

ESC. The quanti ty N77 [NQEQ] represents the number of observed [simulated] 777 

(n > 2) events that pass the event selection criteria; NQED is derived from the 

Monte Carlo simulation at 58 GeV discussed earlier, scaled by s and adjusted to 

the tabulated luminosity. The ratio of the observed 7 7 events to that expected from 

the S tandard Model is also shown for each center-of-mass energy. 

Barrel Bhabha events obtained concurrently with 77 events are ured to test the 

internal consistency of the runs and to provide an additional check for systematic 

errors. For each center-of-mass energy, the ratio of observed barrel Bhabha events 

to ESC luminosity is scaled by s. These quanti t ies are given in the last column of 

Table 1, and indicate the constancy in the operation of the SHC during the scan 

runs. 
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5. Analysis 

The ratio of observed n-/ events (n > 2) to the QED expectation is plotted 

as a function of center-of-mass energy in Figure 1. The vertical error bars on 

the ratios are statistical only; the horizontal error bars indicate the rms spread 

in v/s ra ther than the error on the central values. A comparison of the da ta to 

QED alone, allowing the normalization to float without constraint, gives a fully 

consistent fit with ^ - / d o f = 0.68 for 8 degrees of freedom and a normalization value 

of 0.961 ± 0.029. This fit is shown as the solid curve in Figure 1. The deviation of the 

normalization from unity is consistent, given the 2.9% statistical uncertainty from 

the fit on this parameter as well as the 2 .3% normalization uncertainty mentioned 

above. 

To examine the effect of a new sta te X, we again allow the normalization of 

f h e 7 7 da t a to float without constraint, and then compare these da ta to a model 

in which the 77 events are produced by an s-channel resonance X of mass M and 

total width V tha t sums incoherently with the conventional QED processes. 

The effective cross section for product ion of X at ce^^r-of-mass energy y/s, 

integrated over the solid angle of the SHC, is parage"orizt-d h\ a Breit-Wigner 

form: 

ax(s) = ( 2 / + l ) r e e B R 7 7 / ( 5 , M, D (1) 

where 

r e e is the partial width for X —* e + e _ , B R 7 T = r 7 7 / r is the branching ratio for 
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X —> 77i and (Qs)eff is the effective acceptance for detecting e + e~ —> 77. We use 

(ne)e(f = fisHC -£-r7 = 0.707-0.933 = 0.659. (This must be modified somewhat if the 

differential cross section is not isotropic.) The cross section crx is then convolved 

with the radiatively corrected beam resolution function J 

1 °° 
(3) 

where z = (y/s — E)/aE, t = 2(a/ir)[\n(s/Tri-) — 1], and aE is the width of the 

center-of-mass energy distribution from Table 1, to give the observed effective cross 

section 
00 

ax(s) = (27 + l ) r e e B R 7 7 J f(E\ At, T) Gg(s, E)dE - (4) 
0 

The number of events expected from this process at center-of-mass energy •/s 

for an integrated luminosity L is given by Nx(s) — 0\{s) • L, and adds to the 

number expected from QED alone, NQ££>(S), listed in Table 1. 

For a normalization -4 0, the likelihood of observing Nx(si) events from s-channel 

production of X at center-of-mass energy ^/si is a rescaled Poisson distribution: 

C(si) = Ac exp {NQED(si) - Ao[Nx(s,) + NQED(si)}} 

x f A0[Nx(st) + NQEDJS,)} \ N ^ ( s i ) (5) 
I NQED(<H) J 

and the overall likelihood is C = Y\.i £•{&')• 

This likelihood function peaks at M = (5S.35+g;5|) GeV, T = (16± 13) MeV and 

(2 J + l ) r e e B R 7 7 = (4.2+3*)keV, with a normalization of .4 0 = 0.955 ± 0.040. The 

best-fit curve of .40(JV,Y + NQED)/NQED is shown as the dashed curve in Figure 1. 
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A comparison of this curve to the da t a has yfjdof = 0.47 with 5 degrees of freedom. 

Compared to \2/dof = 0.6S with 8 degrees of freedom for QED alone, we conclude 

that this peak is not statistically significant. 

We extract 90% confidence level upper limits on ( 2 J -f l ) r e e B R 7 7 , for the nor

malization of 0.955 and particular choices of M and I \ by numerical integration of 

the likelihood function. ' These limits are shown in Figure 2. It is apparent that the 

limits are insensitive to the total width T when it is comparable to or smaller than 

the center-of-mass energy spread ag. Fur thermore, the limits shift only slightly if 

the normalization is varied from its maximum likelihood value. 

Upper limits on ( 2 J + l ) r e e B R 7 7 at the 90% confidence level range from 0.5 

keV to S keV, for an A" mass between 57 and 59.6 GeV and a total width T below 

100 MeV. Our limits can be compared directly with the expectation from the L3 

observation of e + e ~ —> C+£~~/y under the assumption that their clustered events 

arose from the production of a new sta te X. For example, if we assume that A' 

is a scalar that couples only to photon and lepton pairs with a total width of 

T H r 7 7 -I- 3 r e e , then an upper limit on (2.7 + l ) r e e B R - n can be converted into an 

exclusion region in the plane of T 7 7 vs. r e e - Our 90% C.L. upper limit is shown in 

Figure 3 for a scalar' X of mass 59 GeV. 

Our limits may be incorporated with 90% C.L. limits of other experiments such 

as the L3 measurement ' of e + e ~ —* £+C~-/-/ and the OPAL measurement '" of 

e + e - —• 7 7 7 . For the former case, we calculate the cross section using the 

automat ic amplitude generator G R A C E " including all possible diagrams. The 

t Since the data are consistent with pure QED, the confidence interval includes the point 
( 2 J + lH'eeBRr, = 0 . 
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limits from the three events with iV/ 7 7 clustered near 59 GeV observed by the L3 

collaboration are shown as the dashed curve in Figure 3, while the limits imposed 

by the absence of a C+E~ invariant mass near 59 GeV are given by the dash-dotted 

curve. The limits set by the non-observation of an excess of events with M-n = 59 

GeV in the OPAL 7 7 7 measurement are shown as the dot ted curve of Figure 3. 

The limits of our measurement are thereby restricted to satisfying the condition that 

T 7 7 < 10.6 MeV and r e e < 120 MeV. To summarize, the four inclusion regions 

overlap in the lower left of Figure 3. 

For a (pseudo-)scalar tha t couples directly to pairs of fermions as well as pho

tons, the exact forms of the decay widths for X —• e + e _ and _Y —> 7 7 are 

r e e = 2k M (6) 
OTT 

and 

respectively, where gee is the coupling constant of X to electrons, a is the fine 

s t ructure constant , and Fx is a mass parameter analogous to / , in 7r° decay. We 

use a/(nFx) as the coupling constant of X to 7 7 . Assuming tha t B R 7 7 ~ 1, we 

can convert the 90% C.L. upper limit on r c e B R 7 7 from our likelihood analysis into 

an upper limit on gei. of 1.78 x 1 0 - 3 . We also place a 90% C.L. lower limit on Fx 

of 730 MeV that comes from the OPAL upper limit on T 7 7 of 10.6 M e V . " We 

examine the effect of these limits upon the ee7 vertex correction value, (g — 2 ) e , 

which will have an additional contribution from this model of the fo rm" 

meagee A 
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where A is the ultraviolet cutoff (fixed at 1 TeV). Our limits on F\ and gee im

ply an upper bound of Ax < 2.0 x 1 0 - 1 0 , which is within the maximum allowed 

contribution" to (g — 2) e of 2.7 x 1 0 - 1 0 . 

6. Conclusion 

We have searched for resonant production of a new state X in e + e~ collisions 

that couples to photon pairs at center-of-mass energies between 57.4 and 59.5 GeV. 

We find that the observed data are consistent with the QED prediction for e + e~ —» 

77 (x2/dof = 0.68 for 8 degrees of freedom). Furthermore, we have extracted 90% 

C.L. upper limits on (2J -I- l ) r e e B R 7 7 of 0.5—8.0keV for the process e + e _ —> X —» 

77, should a state X exist with a mass between 57 and 59.6 GeV. 
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TABLE CAPTIONS 

Table 1. Results of the energy scan, ^/s is the center-of-mass energy, aE is the 

width of the center-of-mass energy distribution, L is the integrated luminosity from 

the ESC, NQED >S the number of events expected from QED alone, Nyy is the 

number of e + e~ —> 77 seen, and N%B/L is the number of barrel Bhabha events 

seen per p b _ 1 of luminosity, scaled by s. 
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y/s (GeV) aE (GeV) L (pb" 1 ) NQED * 7 T N^/NQED X*BB/L 

57.374 0.095 2.05 72.9 ± 0.4 69 0.95 ±0.11 265 ± 11 
57.772 0.096 19.55 680.5 ± 3.4 636 0.935 ± 0.037 276.0 ± 3.8 
57.972 0.096 1.39 48.4 ±0.2 49 1.01 ±0.15 272 ± 14 
58.220 0.098 1.33 45.8 ±0.2 50 i.09 ±0.15 259 ± 14 
58.470 0.098 1.33 45.6 ± 0.2 54 1.18 ±0.16 308 ± 15 
58.718 0.099 1.73 58.7 ± 0.3 61 1.04 ±0.13 278 ± 13 
58.968 0.100 1.36 45.9 ± 0.2 45 0.98 ±0.15 284 ± 15 
59.216 0.100 1.21 40.5 ±0.2 45 1.11 ±0.17 294 ± 16 
59.466 0.102 0.97 32.3 ±0.2 26 0.81 ±0.16 236 ± 16 
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FIGURE CAPTIONS 

Figure 1 . Ratio of observed 77 events to the QED prediction. The solid curve is the 

QED prediction, with x2/dof = 0.68 for 8 degrees of freedom and a normalization of 

0.961. The dashed curve is the maximum likelihood prediction, with x~/dof = 0.47 

for 5 degrees of freedom and a normalization of 0.955. 

Figure 2. 90% C.L. upper limits on (2J + l ) r e e B R 7 7 as a function of mass M of 

the state X, for widths of 1 MeV (solid curve), 100 MeV (dashed curve), 1 GeV 

(dotted curve) and 3 GeV (dash-dotted curve), with a normalization of 0.955. The 

region above a given curve is excluded. 

Figure 3. Exclusion regions (90% C.L.) on T 7 7 vs. Fee for a scalar X with M ~ 

59 GeV, assuming T = r 7 7 + 3 r e e . The region above and to the right of a given 

curve is excluded. The solid curve is from this experiment. The other curves are 

from the observation of up to three £+£""77 events with M 7 7 ~ 59 GeV (dashed) 

and the absence of £+£~JJ events with Me+e- ~ 59GeV (dash-dotted) (Ref. 1), and 

from the lack of a signal at M 7 7 ~ 59 GeV in 777 events (dotted) (Ref. 16). 
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Limits on Spinless Bosons around 58 GeV by VENUS* 
Tom Tsuboyama 

KEK, National Laboratory for High Energy Physics, Japan 

Abstract 
Total cross sections of reactions e+e~-»yy, e+er and qq are measured to 
search for neutral scalar bosons. No anomaly is found in the energy 
dependence and limits on the partial-decay width of spinless bosons into e +e~ 
are obtained as functions of the boson mass and its total decay width. 

The L3 group at LEP recently reported an enhancement of events e+e~-*yyi*'t' with 
the YY invariant mass, Myy, around 59 GtV/c2 [1]. The other LEP groups, DELPHI, 
ALEPH and OPAL reported several similar events, although, the Myydistributes much 
wider [2]. Since there is no indication of higgs-like particle production, these events can 
be attributed to a spinless boson production, however, theoretical efforts have not 
succeeded to make a consistent model. If a new neutral boson couples to light fermions 
and its mass is below 60 GeV/c2, the TRISTAN experiments have large sensitivity. In this 
report, preliminary results on the spinless boson searches in the reactions e+er—iyy, 
e+e~~ and qq are presented based on the two periods of energy scan in 1989 and 1992. 

The total cross sections for the following reactions in the barrel region are examined: 
e+e-->yy (1) 
e+e~—>qq and (2) 
e+e-->e+e~. (3) 

It is expected that the anomalous yyP't' events prefer a large branching fraction of 5 —> 
yy. In this case, reaction (i) has the largest sensitivity. Reaction (3) gives a less-biased 
answer because the new boson couples to electron line in the initial and final states. The 
additional cross sections due to the spinless boson, 05, in the lowest-order are expressed 
as follows f 3]; 

das(e+e--+y?) _ s 7 ^ecVyr 
dQ ~ ( M? {s-M2)2-M2T2 

das(e+e-^qq) 5 . Veerqq 
df2 ~ ^M2\s-M2)2-M2r2 °> 

do,s(e +e-->e +e-) a 2 2r*ee s2 , ^ - A / 2 ' W e e 
d£2 ~4s aM [ ( i _ ^ 2 ) 2 + / W 2 r 2 u _ T - * aM ' 

t2

 nt-M2 2ree 

(4) 

^ (t_M2)2+M2r2K~s aM' 

+2Sf {S-M4+M2r2 M W «'-"2X'-" W r 2 ) } . (6) 
where M and Y represent the mass and total decay width of the boson, Tyy, Yqq and Fee 
are partial decay widths. The variables s and r are the center of mass energy and f=- s ( 1 -
cos 9 )/2. Due to the interference between the spinless-boson exchange and photon/zO 
exchange, the contribution (6) gives negative value at s » M2 [3]. 

* Talk at the Workshop on TRISTAN Physics at High Luminosity, KEK, National 
Laboratory for High Energy Physics, Japan. December 15 and 16,1992 
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First-order radiative corrections are applied to reactions (5) and (6) taking the initial-
state radiation into account [4]. When the radiative corrections are applied, the peak cross 
section is reduced by the factor of four to five, depending on the beam condition, however, 
the radiative tail enables us to search the resonance below the center of mass energy. 

For reaction (1), all data up to December 1992 is used. The analysis on reaction (2) has 
been published elsewhere [4]. For reaction (3) the results obtained after the energy scan 
1989 is presented. The selection criteria of each final state have been described elsewhere 
[4,5,6]. The luminosity is determined by end-cap calorimeters. 

In the resonance searches, the determination of beam energy and energy spread is an 
important issue. It is known that the real beam energy is less than the nominal beam 
energy by 50 to 100 MeV, depending on the shift of acceleration RF frequency, Af [7], 
however, it is neglected in the present analysis. The beam energy spread, AEbeam. also 
depends on A/, this effect is approximately taken into account in the present analysis. The 
beam energy spread, AECM~ V2AEDeam> is 7 0 t o 10° MeV depending on A/and ECM-
These effects will be treated properly in the paper under preparation. 

The observed cross sections in the barrel region (I cos 01 < 0.743 for (1) and (3)) are 
shown as functions of the beam energy in Fig. 1(a), (b) and (c). The solid line 
corresponds to the standard-model prediction. Corrections (radiative, acceptance, 
background...) are not applied on the data but on the predictions. Since the data are well 
described by the standard-model prediction, the data can be used xo extract information on 
the spinless-boson production; the upper limits of TeeBfi, TeeBqq and Tee at 95 % C.L. 
as functions of M and T. Here, Byy = Tyy/T and Bqq = Tqq/T are the decay branching 
ratio to the final state. The results are shown in Fig 2(a), (b) and (c). Fig. 2(b) is obtained 
from [4] and is represented in another variable. Around Af = 58 GeV, the limit for the yy 
and qq final state is about TeeBff = 3 KeV and TeeBqq = 20 KeV if T is less than 
AECM- ^ t n e data obtained after the 1989 scan is added, the sensitivity around 59 GeV 
will improve much. For the e+e~ final state, the limit of about 1 MeV is obtained if T is 
less than 2 GeV. 

I wish to thank the KEK accelerator group and the VENUS collaboration members 
especially Dr. S. Odaka (KEK) who provided the cross-section calculations and results 
for e+e~-*qq and e+e~ channels. 
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Fig. 1 Observed cross section for the reactions (a) e +<r->)yat Icos 61 <0.743; (b) e+e~ 
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Energy dependence of the 77 cross section at TOPAZ 

Kazuyuki Shimozawa 

Department of Physics, Nagoya University 

Nagoya, 464-01 

Abstract 

We performed the energy scan between 58 and fi() GeV by the TRISTAN e + e ~ 

collider to examine the possible new resonance suggested by tin: L.'i experiment at LHP. 

The total cross sections are measured for 77 productions at ten energy points covering 

Litis energy range almost uniformly. The results are in good agreement with the Standard 

Model predictions, and 95% confidence level upper limits are set to l\e x lill(X —» 77) 

of the hypothetical scalar and tensor resonances. 

1. Introduction 

It was reported recently that the L3 experiment at LKP observed a cluster of 7 7 

invariant mass around 59 GeV in the £+£"77 linal slates of Z° decay, which is not 

expected from the higher order correction to the Standard Model [1]. T h e interpretation 

of this cluster needs more statistics, however, it is possible that this cluster indicates 

a new narrow resonance of a mass around 59 GeV. This hypothetical new resonance, 

denoted as X in this report, may have any spin other than one, since it decays to 77 . 

And also, the branching ratio lill(X —> 77) should be large, since the IJIOI* experiments 

reported no excess in other channels of Za decay. If the leptonic width of X, Vcc, is 

larger than a few keV, there may be an observable enhancement in c+e~ —» 7 7 total 

cross section around 59 GeV. To search for this resonance, TRISTAN performed the 

energy scan between 58 and fiO GeV in the center of mass energy. Similar searches 

has been previously done at PETRA [2j. They ruled out the existence of resonance of 

various processes with masses between 40 and 47 GeV. In this article, the results of the 

energy scan are reported with respect to the total cross section for 7 7 production using 

the da ta taken by the TOPAZ detector. To set an upper limit to the resonance, two 

spin assumptions, J = 0 and J = 2 are considered. 
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2. Energy scan 

The results reported in this article are based on the da ta taken between 1988 and 

1992 at HCM = 58 and CO (leV, and the data in 1992 at the eight energies between them. 

The detailed description of the TOPAZ detector can be found elsewhere [3]. The energy 

points and the integrated luminosity at each point are summarized in Table I. The 

energies listed in this tabic arc estimated by the field strength of the bending magnets 

of the accelerator taking into account the energy shift due to the frequency shift of the 

accelerating U.F. The spread of the center of mass energy is 96 MeV at lieu = i I>8 (!eV at 

Tl t lSTAN under the condition of this experiment, and this increases linearly as HcM-

The energy step of the scan is chosen to be approximately 250 MeV, which is determined 

from the beam energy spread to cover the entire: energy range almost uniformly. 

The luminosity used in this analysis is measured oidy by the forward l ihahha scatter

ing between 63 and 237 mrad with respect to the beam axis to avoid the possible effect 

of the resonance in the large angle region. For this reason the cross sections reported in 

this article are slightly different from the previously published values at /•,'{; JW =58 and 

(iO OeV [4], where the luminosities are measured by the two calorimeters covering up to 

463 mrad. The estimated error in the luminosity measurement includes typically 1.5% 

statistical and 2.5% common systematic errors. 

Hc.M P'CM spread Integrated luminosity 
(GeV) (MeV) (pb-«) 
57.:i7 95 1.018 ± 0.030 
57.77 96 20.3 ± 0.39 
57.97 96 1.249 ± 0.036 
58.22 98 1.326 ± 0.038 
58.17 98 1.319 ±0.038 
58.72 99 1.760 ±0.049 
58.97 100 1.343 ±0.038 
59.22 100 1.132 ±0.032 
59.47 102 0.902 ± 0.027 
59.84 88 2.97 ± 0.37 

Table 1 KCM, its spread (rms) anil the luminosity at each of ten energy [Joints. The error in the 
integrated luminosity is a quadratic sum of the statistical and systematic errors. 
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3. 77 production 

The t:+tr -> 77 events are selected by requiring two back-to-back energy clusters 

in the barrel lead glass calorimeter, and no tracks in the inner drift chamber to exclude 

JJhabha events. The total energy deposit of 7 ' s is required to be larger than 50% of E(;M, 

and the acollinearity angle between two 7 \ s is required to be smaller than 10°. The event 

selection elliciency of these requirements is estimated by Mont.: Carlo simulation to be 

0.85 for QK1) events in the angular range | cosfl | < 0.77, when: 0 is an angle of 7 with 

respect to the electron beam axis. T h e more details of 7 7 analysis arc described in 

rer. [5]. The contamination of Bhabha events and other sources is negligibly small. 

In Fig. 1 1.1K; total 77 cross sections in this angular rang.: are plotted with the 

prediction of the lowest order QUI). The cross section is in a good agreement with the 

QJSD prediction in this range of the center of mass energy. 
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Fig. 1 The total cross section for n*e~ - 77 ">'• tlic angular range | cosff |<0.77. The smooth 

curve is the QICD prediction. 

If a narrow resonance X exists, this causes the following enhancement to the total 
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cross section at the measurement point including the resonance mass Mx-

/
lit'1 

aTea{W)dW = (2J + l^WJiliiX -> 77) (!) 

where J = 0 or 2 for scalar and tensor assumptions, respectively. The acceptance for 

the 77 pairs from X decay is calculated from the; angular coverage or the detector and 

the event selection efficiency. 

For the scalar resonance, the angular distribution is uniform and tiie acceptance is 

estimated to be 0.87 without assumption. On the other hand for the tensor case, the 

Lagrangian for the tensor couplings to photons and electrons are assumed as follows. 

^ = 4r i\a&i* l)v1> + e 2 / t '''/<* ''* 1 ( 2 ) 

where gc arid h are the coupling constants to electrons and photons, respectively, and 

/'',,„ is the photon Held tensor- Here the couplings to left- and right handed fermious 

are assumed to be identical. From this Lagrangian, the differential cross section for 77 

production is expressed as follows. 

da _doQED a2 (I gelis2(Mx-s) 2 

dil ~ dil + s \4(MX - 3? + M\qy + " " U ) 

+ J_ J « * / „-,„* 0( 1 + cos 2 0) \ 

Where s is the center mass squared arid IV is thu total width of the resonance. In this 

expression, the terms which include the transverse beam polarization are not included, 

since they vanish in the total cross section. And so, the interference term can be ignored 

for a narrow resonance. The event acceptance is calculated from this angular distribution 

to be 0.90 for tensor resonance. 

The effect of the initial state radiation is calculated as discussed in ref. [6]. However, 

it can be shown that the error is only a few percent when it is applied to tensor resonance. 

Taking these and the spread of the center of mass energy into account, the 95% confidence 

level (CL) upper limits to \\clill(X —> 77) are set as plotted in Fig. 2 for narrow scalar 

resonances with \\otal ^ aF.cMi where OEcu is the spread of the center of mass energy 

(~ 100 MeV). As a definition of 95% CL limit, we adopt the method given by the 

Particle Data Croup [7]. For the tensor case, this limit is uniformly lower by a factor of 

5.15. 
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Fig. 2 The 35% CL upper limil to l'« x 1UI(X — 77) for narrow scalar (loft, axis) ami lei 
(right axis) resonances. 

For broader resonance the upper limit is similarly obtained by comparing the ex-

peeled resonance shape (:j) lo the observed cross section. The upper limits for broader 

resonance is shown in Fig. .'!. We obtained the following upper limits (95% (JL) for a 

resonance of IV = 1 GeV in the mass range between 58 and 60 GeV. 

P e c X lill(X —» 77) < 8.1 keV (for scalar resonance) 

< 0.053 keV (for tensor resonance) 
(1) 
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Fig . 3 The 95% CI, upper limit lo P „ x I)ll(X - + 7 7 ) for broader scalar resonance. 

4. Conclusion 

We performed an energy scan between 58 and CO G'eV in tin: center of mass energy to 

examine the possible existence of narrow resonance indicated in the analyses of P+i'-yj 

final states of Z" decay by L3. We accumulated more than I p b - 1 of the integrated 

Iiitiiiciosity at each of I.IK: ten energy points spaced by approximately 250 McV, which 

cover the energy range almost uniformly, considering the .spread of the center of mass 

energy. The total cross section for 7 7 production is measured at each point.. The cross 

sections are found t.o be consistent with the prediction of the Standard Model within the 

measurement errors. The upper limits on the VeeHH[X —> 77) a t the 95% confidence 

level in the mass range between 57 and o'O Gc.V are obtained to be 9.0 IceV arid 8.1 keV 

respectively for narrow and broader scalar resonances; 1.7 keV and 0.05.'$ keV respectively 

for narrow and broader tensor resonances. 

- 109 -



REFERENCES 
1. O.Adriaiii et al., (L3 Collab.) Phys. Lett. 8295(1992)337 

2. II.-J. Behrend el al., (CELLO Collab.) Phys. Lett. B140( 1984) 130, 
B. Adeva el al., (MAltK J Collab.), Phys. Rev. Lett. 53(1984)134, 
M. Althoff et al., (TASSO Collab.), Phys. Lett. 8154(1985)236, 
W. Hartel et al., (JADE Collab.), Phys. Lett. 8160(1985)337 

3. T. Kamae et al., Nucl. lnstr. and Meth. A252( 1986)423, 
S. Kawabata el al., Nad. lnstr. and Meth. A270(1988) l ) , 
J. Kujimoto el al., Nucl. Instr. and Meth. A256( 1987)449. 

4. I.Adachi el a/.(TOPAZ Collab.), Phys. Lett. B234( 1990)535, 
H.IIowell et a/.(TOPAZ Collab.), Phys. Lett. B291( 1992)206, 
K.Shimozawa el o/.(TOPAZ Collab.J.P/iys. iMt. 8284(1992)144 

5. K.Shimozawa et «/.(TOPAZ Collab.), Phys. '-«"• 8284(1992)144, 
K.Shimozawa, Nagoya Univ. preprint DPNU-92-44 (1992) 

6. S.Odaka et al.(VENUS Collab.), Jour, of the Phys. Soc. of Japan, 5 8 3037 (1989) 

7. Particle Data Group, Reviem of Particle Properties, Pbys. Rev. D 45 , 1992, 
Section 2.4.2 in page 111.39 

- 110 -



Charm Productions in Two Photon Processes 

Sadaharu Uehara 
KBK, National Laboratory for High Energy Physics 

1-1 Oho, Tsukuba-shi, Ibaraki-ken, 305 Japan 

Representing the VENUS Collaboration 

Abs t rac t 

Experimental study for charm productions in the two photon processes has 
been made by the VENUS detector. The production of the charmed hadrons 
was measured by the election inclusive method. The result was compared 
with the calculations based on the direct process and gluon-gamma fusion by 
resolved-photon. 

1 Introduction 
Charm productions in the two photon processes. -,-/ —* cxi+X). is a kind of high-

py phenomena because a charm quark has a significantly heavy mass compared 

with the typical mass scale for the strong interaction. Therefore, a measurement 

of the process is much suitable for the study for the photon structure at the short 

distance, and is complementary to the measurements of the photon s t ructure func

tion by high-Q 2 photons or multi-jet processes. 

By "no-r.ag" experiments at t + t ~ colliders, high-^-j hadron productions are 

expected to indicate the effects from resolved photons, where the photons are re

solved into partons, i.e. quark, anti-quark or gluonfl]. Such a signature has been 

reported in the measurements of the multi-jet productions[2]. However, the multi-

jet productions are much complex because they include light-quark productions. 

Not. only the direct process ( fig.l(a) ) but also man}' kinds of interactions due to 

once- or twice-resolved photons ( fig. 1(b) and 1(c) ) are expected to give sizable 

contribution. Moreover, they include a parameter . p'ju". which connects the per-

turbative region downto the non-perturbative region where traditional GVDM is 

dominant. 

In charm productions, gluon-gamma fusion only ( left one in fig.1(b) ) is ex

pected to contribute other than the direct process if we assume that a direct charm 

component in the photon[3] is negligiblly small ( in inclusive J/4' production, even 
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the direct jjrocess does not contribute at the lowest order ). The measurements of 

charm productions give new independent information for the photon structure. 

Here, I concentrate upon a measurement of open-charm production by electron-

inclusive method performed at VENUS. All the results are preliminary. Studies 

by the D~ reconstruction method and inclusive J/4' production are in progress in 

parallel at VENUS. 

All the previous researches for the open-charm production were made by 

D" reconstruction method[4], in which they identify D " + —> D"ii+ followed by 

£>° —> K~ir+, K~TT+TT0 or K~TT+T!~IT+ ( and their charge-conjugated processes 

). The results are listed in table. 1. Although all of them have poor statistics, a 

signature of some excess from the expectation of the direct process is seen at. the 

experiments at high-energies, PETRA and TRISTAN. However, we are far from 

a conclusive result, and a new approach for this study has been long waited. 

2 Electron Inclusive Method 

We used the electron inclusive method for identifying charmed hadrons. The semi-

electronic decay is common in decay chains of any charmed hadrous. Almost, all 

charmed hadrons can decay in final in semi-electronic mode directly or indirectly 

via one of D * . D". D* and \ . While, in D' reconstruction method, only ~ 15% 

fraction of charm quark shows D"+ —> D U T T + decay ( the estimation of the fraction 

requires the V/P ratio ). The decay branching ratio for semi-electronic decay is 

rather large, about 10% in average. By the electron inclusive method, we can 

obtain statistics a few times larger than by the D" reconstruction method. 

However, an excellent capability for electron identification is vital for this 

method in order to reduce a large background from hadron fakes. At VENUS, 

a combination of the lead glass calorimeter[5] (LG) and the transition radiation 

detector[C] (TRD) gives an enough good performance at p > 0.S GeV/c . This mo

mentum range is still high for decay electrons from rest charmed hadrous, and we 

can observe the charm productions at relatively high II*.,- region, say 11",.,= > 7 GeV. 

3 Event Selection 

D a t a The data used in the present analysis are obtained at \/G = 58 GeV and 
corresponding to integrated luminosity of 76 pb~ ' after the full operation of T R D 
on the fall 1991. 
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Trigger Trigger condition for the selected events is so called "LGscg * TF > 2" 

trigger which requires two or more charged tracks whose transverse momentum 

m > 0.6 G e V / r with polar angle |cos#| < 0.85 ( we always measure pj and 6 
according to the beam axis in this article ) and energy deposit on at least one 

LG segment, E^ostg 5 0.64 GeV with more than 95% efficiency, where the LG is 

divided into 58 segments. We made the same E/yasc.g cut in the software for the 

analysis. 

Event se l ec t ion The events whose visible energy satisfies Evti < 20 GeV were 

selected. The number of charged tracks was required to be Ard,a,ged > 5 with 

pT > 0.2 GeV/r. and |cos0| < 0.9. 

Track se l ec t ion and e lec tron identif ication Among the above selected events, 

the candidate electron tracks were searched in the momentum range 0.8 < p < 4.0 

GeV/c . Following fiducial and topology cuts are also applied; |cos#| < 0.68 and 

'Jiau > 10°, where ?/i5„ is an isolation angle defined as a 3-dim. angle between the 

candidate track and the nearest charged track. Electrons are identified by requir

ing appropriate energy deposit at the T R D and E/p > 0.8 at tl;«- LG. Fig.2 shows 

E/p distributions before and after the T R D cuts. Finally, electrons originating 

from ";-conversion or IT" Dalitz decay were eliminated by searching for another 

kissing track with />)• > 70 M e V / r near the candidate electrons. 93 events were 

remained. Their E/p distribution is shown in fig.3. Typical event is shown in fig.4. 

4 Backgrounds 

Hadron ic background Among the candidate electrons, the backgrounds from 

charged hadrous such as TT* or A'* are included. The number of the hadronic back

ground events can be estimated in a reliable manner by making use of information 

of the T R D because we have two independent electron-identifier, the T R D and the 

LG. The efficiencies of the T R D were measured by making use of other track-sets 

as f run = 93 ± 3%, fi,ad = 4.5 ± 0.7% i nd ee = 63 ± 3%, where ETRD ' K the accep

tance of the fiducial volume of the T R D for the whole solid angle |rosd| < 0.68 and 
eha<i f ix ' f< the efficiencies of the applied cut for a hadron track and an electron 

track for the similar momentum region, respectively. 19.9 ± 4.5 ± 3.6 events are 

expected ( the first error is statistical and the second systematic ). 

Jt°/Y origin Number of electrons originating from -/-conversion. Compton scat

tering or 7r° Dalitz decay is estimated by two methods. One is using the Vertex 

Chainber[7] (VTX), which is installed at innermost part of the VENUS detector. 

Major part of the such background events originates a t outside the VTX ( Dalitz 

- 113 -



decay is a minor par t ) and does not leave trajectories in the VTX. Although the 

VTX was not fully operated during the whole run, we can est imate the number of 

the background events. 10.5 ± 4.4 ± 2.9 events are expected. The other is using 

''IIUHPT distribution. For each track, the absolute value for /•„„„ is defined by the 

absolute value for the impact parameter in the 7-9 plane, and its sign by the direc

tion of the curvature of the track; in the case that the curve includes ( does not 

include ) the collision point in its inside it. is positive ( negative ). The i " u l i l l p r is 

approximately proportional to — »"£,„„, where »•„,,„. is r coordinate of the conversion 

( or scattering ) point of the initial photon. As shown in fig.5, the » -,„;„PT distri

bution for the candidates is well reproduced by the sum of the distributions of the 

prompt electrons and electrons of TTU origin. By this method, 26.0 ± 6.2 events of 

background are expected. The two estimations slightly differ each other but are 

not inconsistent. 

B a c k g r o u n d e s t i m a t i o n us ing M C e v e n t s Another v-ray to est imate the num

ber of the background events is using Monte Carlo events. We cannot believe the 

absolute cross section of the MC events but can assume some distributions are 

correct after the detector simulation. By using the MC events, we have numbers 

of background events, 17.3±3.S events for the hadronic backgrounds and 20.7±7.0 

events for one of IT" origin. The values are consistent with the ones obtained with

out using MC. The results are expected to be hardly MC-model dependent; the 

fundamental observables such as E/p distribution and 7ru jir± ratio only are essen

tial for the estimation. 

O t h e r background sources Other backgrounds come from I-7 annihilation ( 

~ 3 events including' singly or doubly initially-radiated events ), recoil electrons 

after emit t ing high-Q 2 photou( 0.1 ~ 1 event ) and the decays of r . A*. 6 quark or 

•7/i/' ( ~ 1 event in total ). The summation of these small backgrounds is estimated 

to be 4.0 ± 2.1 ± 1.3 events. 

5 Results and Discussion 
The number of signal events is obtained by subtracting estimated background 

events from the candidate events. According to the above three methods for the 

background estimation, the number of signals are determined to be 52 .0±11 .7±4 .8 

events ( using VTX data ), 41.9 ± 12.5 ± 3.8 events( vising rmmpy distribution J 

and 50.4 ± ll.G events ( using MC events ). 

The numbers of events expected by the models have been calculated for the 

direct process and the gluon-gaimna fusion by once-resolved photon. The former 
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proces is calculated by the program of Berends, Daverveldt and Kleiss[S], which 

calculates all the relevant a4 diagrams in the tree level. The charm quarks are 

fragmented into hadrons by the J E T S E T 7.3[9]. The lat ter calculation is made by 

the program PYTHIA 5.5[9] connected with the J E T S E T 7.3. Since the branch

ing ratios for semi-electronic decays for D mesons in the default LUND table are 

wrong, we use it after corrected for them. The expected numbers of events are 

11.5 ± 1.1 events and 5.2 ± 0.7 events for the direct process and the gluon-gamma 

fusion process, respectively. Fig.6 shows the comparison of the results with the 

expectations. 

The number of signal events is ~ 3 times larger than the expectation. How

ever, the excess is still 2<x level, and we do not estimate the systematic error of the 

expectations, yet. We cannot conclude definitely in the present stage. The excess 

observed here is in the similar amount observed at previous experiments with the 

D" reconstruction method. 

We have compared some distributions of the experimental da ta after sub

tracting the background distributions estimated for the charged hadrons and elec

trons of the 7ru/-, origin with the ones of the MC events from the direct process. 

As shown in fig.7, the shape for the distributions for Ws.^. i>: inbalauce, observed 

charged m u l t i p l i e d and jty are consistent. The histograms for MC events are 

multiplied by 4 times for easy comparison. It proves that the observed events 

really come from charm quarks produced in the two photon processes. However, 

the thrust distribution only differs from the expectation. The experimental data 

include more softer events than the expectation from the direct process. This in

dicates the large contribution from softer process such as induced by the resolved 

photons or the charm component in the photon. For example, the thrust, distri

bution from the gluon-gamma fusion shows softer distribution as shown in fig.7(e) 

by the dashed line. No significant difference is seen between the direct process and 

the gluou-gamma fusion in the distributions other than the thrust . 

6 Summary 
The process -,-, —t cc(+X) gives new information for the photon structure in the 

high-jj-r region. AVe have measured the process by the electron inclusive method 

for the first time in the world. The combination of the two electron-identifier, the 

T R D and the LG, enabled us such an analysis. An excess is seen in the number of 

signal events with ~ 2<T significance. Softer process than the direct process seems 

to contribute for the process. However, a refinement of the expectations and more 
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statistics are desired for the definite conclusion. 

7 For Future Plan 
Tiie s tudy for high-p-r phenomenal in the two photon processes is jus t a. suitable 

theme for TRISTAN. Higher beam energy is much desired for such study, especially 

for the s tudy of the resolved photon. For example, a[\/s = SSGeV) ~ 1.6cr(y/s = 

48GeV) for the calculated cross sections for the high-pr jets , open-charm and J/V' 

productkmsflj . It must be noted that although the total cross section for the two-

photon process shows the logarithmic, raise for y/7, if we limit our observation to 

only high-W system, the cross section shows large ^/s dependence. Moreover, in 

the processes induced by the resolved photons, the higher beam energy is necessary 

for emit t ing high energy photon which can be resolved into high-energy pai tons . 

The second reason is that the range where we can survey the two-photon process 

by "no-tag" mode is limited mainly by I-7 annihilation background. Therefore, 

decreasing the beam energy is increasing the background and narrowing the win

dow for the high-y-i-j two photon physics. If we set the beam energy .safely higher 

than P E T R A energy and accumulate much integrated luminosity as ~ 300 p b - 1 . 

we will be able to obtain quite new (juality of information for the high-energy 

photon structure. 
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Table 1. Results from previous experiments by D' reconstruction method[4) 

tagging 
integrated 

luminosity(pb - ') observed 
expected from the 

direct process 
JADE single-tag 90 19 ± 7 ± 3 events 3.4 i 1.4events 

TASSO no-tag 189 97 ± 29 pb 40 ± 3 pb 
TPC/27 no-tag 69 7.9 ± 3.8 events 7.5 events TPC/27 

single-tag 67 4.0 ± 2.0 events 1.9 events 
VENUS 

preliminary no-tag 62 14.1+l.j events 4.9 ± 0.6 events 

(a) 

(b) 

(c) 

Fig.l Feynman diagrams for the direct process(a), once-resolved processes(b) and 
twice-resolved processes(c). There are diagrams undrawn here for (cj. 
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ABSTRACT 

We present results of an experimental study of e+e~ —> e + c~ -f hadrons with 
a no-tag condition. The data sample corresponds to integrated luminosities of 
27.5pb _ 1 at c m . energies from 55 to 61.4 GeV and 27.2 p b - 1 at 58 GeV. We 
observe more events than expected from the incoherent sum of Quark Parton 
and Vector Meson Dominance models and give a quantitative explanation of 
the excess by including the hard scattering effects of the hadronic constituents 
of the photons calculated with QCD (resolved photon processes). In the re
solved photon calculation we use different models for the parton density in 
the photon, and compare with the experimental results. We also compare our 
results with recent results from HERA experiments from the point of view of 
the explored values of scaled parton momentum. 
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ABSTRACT 

We present results of an experimental study of e+e~ —* e+e~ + hadrons with 
a no-tag condition. The data sample corresponds to integrated luminosities of 
27 .5pb - 1 at c m . energies from 55 to 61.4 GeV and 27.2 pb~' at 58 GeV. We 
observe more events than expected from the incoherent sum of Quark Parton 
and Vector Meson Dominance models and give a quantitative explanation of 
the excess by including the hard scattering effects of the hadronic constituents 
of the photons calculated with QCD (resolved photon processes). In the re
solved photon calculation we use different models for the parton density in 
the photon, and compare with the experimental results. We also compare our 
results with recent results from HERA experiments from the point of view of 
the explored values of scaled parton momentum. 

1. In troduct ion 

We report on an experimental study of the production of high transverse mo
mentum hadions in high energy 77 collisions. The experiment uses reactions of the 
type e + e ~ —» e+e~ + hadrons at E c m ~ 60 GeV, where both the electron and positron 
scatter at small angles (untagged events) and (lie virtual photons are nearly on the 
mass shell. 

The experimental results reported here are based on 27.5 pb~ ' and 27.2 p b - ' data 
samples accumulated in the AMY original (AMY 1.0) and upgraded detector (AMY 
1.5), respectively, at the TRISTAN e+e - s torage ring. The AMY 1.0 da ta were taken 
at c m . energies ranging from 55 to 61.4 GeV while the AMY 1.5 da ta were all taken at 
c m . energy of 58 GeV. Therefore the AMY 1.0 data are also called pre-58GeV data. We 
observe more events than expected from the incoherent sum of the quark-parton (QPM) 
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and vector-meson-dominance (VMD) models and give a quantitative explanation of the 
excess by including hard scattering effects of the hadronic constituents of the photons 
calculated with QCD (resolved photon processes). 1 

The AMY 1.0 results have already been published 2 and updated at the last 
photon-photon collision workshop. 3 We have subsequently doubled the statistics by 
including some of the new AMY 1.5 data. It should be noted that the quality of the 
AMY 1.5 da ta sample should be better than the AMY 1.0 data sample since the angu
lar coverage in the endcap region was improved by the detector upgrade. We have also 
improved the Monte Carlo calculations of the resolved photon processes as follows: 

• The effects of the finite mass of the charm quark are taken into account. 

• In addition to the parton density proposed by Drees and Grassie (DG) , 6 which 
was used in our previous work, we have also incorporated that of Levy, Abramow-
ics, and Charchula (LAC1) 7 both in our own (AMYMC) and in the PYTHIA 4 

Monte Carlo calculations. 

• The string fragmentation scheme is used instead of independent fragmentation 
scheme. In our previous papers we mentioned tha t the AMYMC was calcu
lated using the string fragmentation scheme, but recently it was found that the 
AMYMC at these papers was actually calculated using the independent fragmen
tation scheme. 

• The fragmentation is done using the Lund 7.3 code 4 instead of the Lund 6.3 
code. 5 

With the improved detector coverage and Monte Carlo calculations, we can make a 
detailed study of the resolved processes. In particular we compare our da ta with the 
predictions of the DG and LACl models of the parton density in the photon, 

Recently the HI and ZEUS experiments at the ep collider HERA have also ob
served the resolved photon processes. We compare our results with HERA's from the 
point of view of the explored values of the scaled parton momentum (x). 

2. Event se lect ion 

The AMY detector was upgraded in 1989 with the replacement of the two different 
endcap shower counters (PTC, RSC) by a single shower counter (ESC). After the 
upgrade the minimum acceptance angle in the endcap region was improved from 6 > 
15° to 0 > 13°, In this analysis we used only the data taken in 1990, which corresponds 
to a portion of the AMY 1.5 data. 

Untagged hadronic events produced by 77 interactions were selected by requiring: 

• The number of charged tracks with polar angle in the range 25° < 0 < 155° must 
be at least 4, and of these at least two must have |p| > 0.75 GeV/c and at least 
one must have p t > 1.0 GeV/c. 
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• The most energetic cluster appearing in the calorimeter, covering | cosO | < 0.97, 
must have an energy less than 0.25Ebeam (anti-tagging). 

t The net charge of the observed charged tracks £ <li 5-- 2. 

• The net transverse momentum | £ p t , i | , where the p t,i are the projections of the 
observed momenta on the plane transverse to the beam, must have magnitude 
< 2.5(5.0)GeV/c for AMY 1.0 (AMY 1.5). 

• The invariant mass of observed hadrons must be in the range 4 G e V / c 2 < W v j s < 
15 (20) G e V / c 2 for AMY 1.0 (AMY 1.5), where the computation of W v U includes 
both charged and neutral particles and assigns a pion mass to all charged parti
cles. 

Hereafter the number in the blacket represents the result for the AMY 1.5. The 
3178 (3248) events that survive these cuts were visually scanned by physicists. In 
the scan, 439 (451) events were attr ibuted to degraded beam particles interacting in 
the wall of the vacuum chamber and were discarded. Hadronic annihilation events 
with either initial s tate radiation or large missing energy satisfy the e + e ~ —> e + e _ + 
hadrons selection criteria. The level of this contamination was estimated using an 
event sample generated by the Lund 6.3 generator and passed through a detector 
simulation program. The contamination from t + e _ — > r + r _ and e + e ~ — > e + e ~ r + T - was 
also estimated by using Monte Carlo simulated events for these processes. We obtained 
the following results: 

• hadronic annihilation events: 68 ± 4 (73 ± 6) events; 

• e + e - -* e + e - T + r " : 71 ± A (66 ± 6) events; 

• e + e ~ —* T+T~: negligibly small. 

From the distributions of the vertex position along the beam we conclude that the 
residual contamination from beam-gas events is negligibly small. 

The trigger efficiency was estimated using a Monte Carlo simulation for e+e~ —> 
e+e~ + hadrons to be 96.2 ± 1.6% (97.1 ± 1.8%). After all background subtractions 
and efficiency corrections, we obtain a final count of 2703 ± 98 (27.18 ± 76) events. 

3 . M o n t e Carlo s imulat ions 

The experimental data were compared with the predictions of models for high-pt 
hadron production in 77 reactions using Monte Carlo simulations. Point-like inter
actions of photons are modeled using a QPM event generator that incorporates all 
first-order QED radiative corrections. 8 The QPM events are fragmented via the Lund 
parton-shower scheme with the default parameters. In the previous study the LUND 
string fragmentation scheme was used for the Q P M . 2 A sample of simulated VMD 
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events were produced using the techniques developed by the PLUTO g r o u p . 9 , 1 0 The 
GVDM formula was used for the generation of VMD with the cross section <r T 7 =240 nb. 
The created quark-antiquark system was fragmented via the Field-Feynman scheme 1 1 

by using PLUTO tuned parameters with the limited-pt distribution given by the for
mula exp(-5pt 2 ) . 

In addition to these processes, hard, non-diffractive hadronic interactions take 
place between photons when a constituent parton in one of the photons interacts with 
the other photon or one of its constituents as indicated in Fig.lc and Id. In these 
processes, the interacting constituents produce wide-angle jets and the noninteracting 
constituents produce spectator jets in the directions of the incident virtual photons, 
which are very near to the directions of the incident beam particles. These events were 
generated based on the formulae given in ref.l . Here the parton densities in the pho
ton were taken from the DG and LAC parametrizations. According to the simulation 
results, half of the secondary particles from the spectator jets can be detected within 
the present angular acceptance. Therefore, events corresponding to the processes in
dicated in Figs lc and Id are expected to appear as events with three and four jets, 
respectively. We refer to these as resolved photon events 1 or M J E T events. 2 

The M J E T cross section for three- (four-) jet events is given by the product of the 
luminosity functions of two photons , 1 2 the parton density inside one photon (parton 
densities inside two photons), the subprocess cross section for the interaction between a 
parton and a photon (between two partons), and a kinematical factor. The subprocess 
cross sections have been calculated by the per turbat ive-QCD. 1 3 

Both the part on densities of DG and LAC parametrizations are obtained by solv
ing the leading-order Q 2 evolution equation. The Q 2 evolution of the DG parametriza-
tion starts from Qij=l (GcV/c ) 2 and parameters are fitted to explain only the PLUTO 
FJ da ta at Q 2 =5.9 (GeV/c) 2 by imposing reasonable relations among the singlet quark 
density, non-singlet quark density and gluon density. 6 LAC parametrizations are ob
tained by fitting parameters to all the available F j experimental data from lower Q 2 (I 
(GeV/c) 2 ) to higher Q 2 (100 (GeV/c) 2 ) without the imposition of any relationships 
among parton densities.' Three LAC parametrizations are available, LAC1, 2 and 3. 
The Q 2 evolution of the LAC1, LAC2 and LAC3 parametrizations starts at Q2, = 4.0, 
4.0, 1.0 (GeV/c ) 2 , respective!)'. In Fig. 2a we compare the photon structure function 
F^ix, Q2) = J^e23-(]i(x,Q2) predicted by the DG and LAC models, where e; and q± are 
the charge and the quark density of the quark flavor i, respectively. Shown in Fig. 2b 
is a comparison of the gluon distributions xG(x,Q2) predicted by the DG and LAC 
models. The LAC3 model gives an extraordinarily large gluon density at large x and 
has already been rejected by our earlier analysis. 3 It is not, considered in this report. 
Since the LAC1 and LAC2 are quite similar, we only consider LAC1 here. 

As is apparent in Fig. 2, the difference of the quark density functions for the 
DG and LAC'l models is very small, except for the small x region, x < 0.05. However, 
the gluon density of the DG model is significantly different, from that for the LAC1 
model. In the DG model, the c-quark density function is taken to be the same as that 
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of u-quark. The QCD scale parameter Q 2 is chosen to be the Py value of the outgoing 
partons. In our previous analysis, 2 we treated all quarks as massless so that the number 
of flavor was taken to be 4. In the present analysis we treat c-quark as massive. As 
a result parton densities for the u-,d- and s-quarks are taken from the DG and LAC, 
while the parton density for the c-quark is taken from the QPM prediction. The cross 
section formula of the subprocesses with c-quarks in the final s tate include the effects 
of the finite mass of the c-quark, but the cross sections for subprocesses with c-quarks 
in the initial state are negligibly small and are neglected. 

The simulation of M J E T processes are carried out by producing two high-PT 
partons and one (two) spectator parton(s) corresponding to three- (four-) jet events. 
The spectator jet is simulated by generating a parton with finite transverse momentum 
with respect to the incident beam direction, Pi-.spec- Here, the PT, s pec distribution 
is assumed to be proportional to l / ( P T i S p e c + PT,SP«.C,O) w l l n PT,spec,o = 0.4 GeV/c. 
However, the effects of finite PT.SPCC values of this order of magnitude are found to 
be small. In order to guarantee the applicability of QCD and avoid double counting 
between the soft (diffraclive) and hard (non-diffractive) contiibutions, we only generate 
events with parton P T values larger than a cutoff P."" n. Aside from the fact that the 
applicability of perturbative QCD requires P " " n to be greater than about 1 GeV/c , 
the appropriate value for the cutoff is not known. Therefore the value of P™'" is 
treated as a free parameter and determined from the experimental da ta as described 
below. We incorporated these algorithms into an event generation program for MJET, 
which is based on the BASES and SPRING programs. 1 5 The produced partons are 
then hadronized by the Lund string-fragmentation scheme. Two sets of fragmentation 
parameters are tested: the default values in the Lund 6.2 program 1 4 (referred to as 
L62PAR), and the default values in the Lund7.3'' program (L73PAR). We also study 
the sensitivity of the simulation results to the fragmentation scheme by replacing the 
string-fragmentation with an independent fragmentation scheme. 

Recently, a similar event generator for the resolved photon processes was imple
mented in PYTHIA. 4 The differences between AMYMC and PYTHIA are as follows: 

• PYTHIA uses the DG prediction for all the flavors, with c-quark density equal 
to that for u-quarks, but with the number of flavors varying between 3 and 4 
depending on the value of Q 2 . In the original PYTHIA program, the LACl 
parametrization is not considered; we added it as an option for the parton den
sity, where parton densities for all the flavors taken from the LACl density. In 
AMYMC, the c-quark density is taken from the QPM and the effects of the finite 
mass of the c-quark on the cross sections are taken into account. 

• In PYTIIIA, partons are hadronized according to the parton shower scheme. In 
AMYMC, string fragmentation is used. We modified PYTHIA such that it uses 
the string fragmentation scheme. 

The generated particles are identified with one of two back-to-back jets in the 
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cm. system of the detected hadrons using the thrust axis to define the jet axis. We 
define P^ ' as the component of the jet momentum transverse to the beam direction. 

4. Results 

Various distributions, such as those of thrust, P^ , W v; s , multiplicity, and in
dividual particle p t , were determined using a bin-by-bin background subtraction and 
compared with Monte Carlo simulations. These distributions are found to be well de
scribed by the incoherent sum of QPM, VMD and MJET. As examples we show thrust, 
W„js and P^'distributions for the AMY 1.0 data in Figs. 3a-3c and those for the AMY 
1.5 data in Figs. 4a-4c. In the MJET calculations in these figures we use the LAC1 
parton density functions, string fragmentation scheme with L62PAR fragmentation pa
rameters and set the cutoff parameter P™n to 2.1 GeV/c. The MJET prediction is 
sensitive to the choice of the value of P™"1. The P™'n value is chosen such that the 
simulated events agree with the P^' distribution above 1.5 GeV/c where the MJET 
contribution is much larger than the VMD contribution (see Fig. 3c and 4c). 

In the low Pj region, we would expect a large systematic error due to large 
uncertainties of measured VMD cross sections in <r(W). In order to reduce the error and 
obtain better comparison with the QCD calculations we selected events with P^' > 3 
GeV/c where VMD contribution is negligibly small. The resulting various distributions 
are also well described by the incoherent sum of QPM, VMD and MJET. The resulting 
thrust, WVj s and P-" distributions for the AMY 1.0 data are shown in Figs. 3d-3f and 
those for the AMY 1.5 data in Figs. 4d -4f. 

In the following we compare our data with the different Monte Carlo calculations 
, where both QPM and VMD simulations stay the same and only the MJET simulation 
is changed. 

1. We change the fragmentation parameters for the MJET from L62PAR to 
L73PAR. The results are shown in Fig.5 and Fig.6. Comparison of Fig.5-6 and 
Fig 3-4 indicates that MJET Monte Carlo simulations with L62PAR parameters 
reproduce the AMY 1.5 data better than those with L73PAR parameters. On 
the contrary the MJET simulations with the L73PAR parameters for the AMY 
1.0 data are slightly better than those for the L62PAR parameters. Therefore the 
results on the fragmentation parameters are not conclusive. 

2. The results in Figs. 7 and 8 show the results of changing the hadronization scheme 
in M.IET from string fragmentation to independent fragmentation. A comparison 
of results shown in these figures with those in Figs. 3 and 4 shows that MJET 
simulations with the string fragmentation scheme reproduce both the AMY 1.0 
and 1.5 data better than those with the independent fragmentation scheme. 

3. Figures 9 and 10 show the results when the DG parton density functions of the 
photon are used (instead of LAC1) in the MJET simulations. Here, a best-fit 
value of P!? in =1.6 GeV/c was used (P^"' =2.1 GeV/c was found for LAC1). The 
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LACl predictions appear to be better than the DG predictions, in particular for 
P J

T

e t > 3 GeV/c . 

4. The PYTHIA results (using the LACl densities) are shown for the AMY 1.5 data 
in Fig. 11. The best-fit Pfm value for the PYTHIA Monte Carlo simulations was 
2.2 GeV/c . The simulation results of AMYMC and PYTIIIA are almost the same. 

5. Compar i son w i t h H E R A results 

Recently the HI and ZEUS experiments at the ep collider HERA have measured 
the total photoproduction cross section at an average center of mass energy of 210 
G e V . 1 6 , 1 7 The results are compared with the total photoproduction cross sections for the 
sum of soft- and hard-scattering processes, where the hard-scattering part is calculated 
using the DG or LACl parton densities in the photon. The cross section obtained 
using the LACl parton densities is much higher than the measured results for P.™"< 
2.0 GeV/c; the prediction obtained using the DG functions with P!p i n = 2.0 GeV/c is 
consistent with the data. 

ZEUS observed that events with large values of Ej are well described by resolved 
photon processes, calculated for the DG densities with P y m = 1.5 G e V / c . 1 9 HI stud
ied events with either large p t particles or large values of Ef and obtained a similar 
conclusion for P™"1 =2.5 G e V / c . . 1 8 No calculations for the LACl densities have been 
reported. 

The total photoproduclion cross section measurements, which are in disagreement 
with expectations of the LACl parametrization, appears to contradict our conclusion 
that the LACl parametrization is preferred. However, it should be noted that the x 
range of the parton densities that contribute to the resolved photon processes are quite 
different at TRISTAN and HERA as seen in Fig. 12. 

A comparison of Fig.lSa and Fig.l2c indicates that the low-x contribution is more 
pronounced at HERA than at TRISTAN. This is a result of the different kinematics 
in the two types of experiments. The event selection of the photoproduction sample 
at HERA includes very loose requirements on the detected hadrons and the tagged 
electrons. The HI experiment requires at least one track with p t > 0.3 GeV/c and 30° < 
0 < 150° and the ZEUS experiment requires some energy deposit in the calorimeter. 
These conditions are not expected to affect the x distribution at all. We added the 
HI condition for the single track detection in the simulation for HERA experiments 
at the level of four momentum by using PYTHIA, and the resulting x distribution 
was not changed more than 1 %. However, our experiment requires tight conditions 
for the detection of the produced hadrons, as described above, in order to identify the 
77 interactions with high p t secondary particles. Such requirements remove the events 
with low invariant mass of the produced hadron system, i.e., W < 4 ~ 6 GeV. This 
eliminates events with small x values, since W is proportional to the y/x. As a result 
the x distribution for AMY, after the event selection cuts are applied, does not have a 
sharp peak at very small x, as can be seen in Fig.l2b. Similar elimination of events for 
x less than about. 0.05 takes place also for the HERA events with large values of Ex-20 

- 130 -



The AMY experiment measures the physical quantities which are predicted by 
the parton density of the photon in almost the whole x region except for the small x 
region below 0.02. The HERA experiments using large ET events measures the similar 
quantities, but the HERA experiment using events with large p t particles as well as 
the total cross section experiments measures those which are predicted by the parton 
density at very small x values below 0.05. Therefore we can describe the results of the 
HERA's experiments and AMY in the following way. HERA's results indicate that the 
LACl density functions are too large for x below 0.05 if P™ n is less than 2 GeV/c , and 
the DG functions are almost correct (too large) for x below 0.05, but too small (almost 
correct) for x above 0.05 if Pif i n is assumed to be 2 GeV/c (1.5 GeV/c) . AMY's results 
indicate that the LACl and DG' parametrizations are almost correct for x values above 
0.02 if P!f n is assumed to be 2.1 GeV/c and 1.6 GeV/c for LACl and DG, respectively 
although the LACl parametrization is better than the DG parametrization. Therefore 
neither the DG nor LACl parametrizations predict the correct density functions in the 
whole x region. 

6. C o n c l u s i o n s 

We report clear evidence for the hard scattering of hadronic constituents of al
most real, high-energy photons (resolved photon processes) in the 77 collisions at 
TRISTAN. The data are in good agreement with QCD calculations based on the 
LACl parametrization of the partons in the photon. The calculations based on the 
DG parametrization is also consistent with the data although the agreement is worse 
than the LACl case. 

Monte Carlo studies of the present AMY experiment and the H l / Z E U S photo-
production experiments indicate that the explored x region of the parton density in the 
photon is quite different in both cases: the very small x region below 0.05 for II1/ZEUS 
except for the large ET events and the whole x region above 0.02 for AMY. Therefore 
the results of AMY and H l / Z E U S are not necessarily contradictory, it may be that 
neither the DG nor LACl parametrizations describe the correct parton densities over 
the whole x region. In order to test the validity of the parametrizations for the parton 
densities in the photon more conclusively, we need to unfold the results to obtain the 
x distribution of the partons. 

We thank M.Drees for valuable discussions on resolved photon processes and 
W.Bartel for discussions on the x distribution of the resolved photon events at HI . 
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F i g u r e C a p t i o n s 

Fig. 1. Diagrams for the a ) QPM, b) VMD, and examples of c) 3-jet and d ) 4-jet 
hard-scattering processes used in MJET. A total of two 3-jet and eight 4-jet diagrams 
are used in the MJET model. 
Fig. 2.a) Comparison of the photon structure function Fj 'fr , Q2) for the DG and LACl, 
LAC2 and LAC3 models at Q2 = 10 (GeV/c) 2 . b ) Comparison of the gluon distribu
tion xG(x,Q2) in the photon for the DG and LAC1, LAC2 and LAC3 models at Q2 

= 10 (GeV/c ) 2 . The solid, dott-dashed, dashed and and dotted curves represent the 
LACl , LAC2, LAC3 and DG predictions, respectively. 
Fig. 3. Comparison of the observed distributions for the AMY 1.0 data with Monte 
Carlo simulations. The histograms are the predictions of i) VMD (dotted), ii) QPM + 
VMD (dashed), and iii) QPM + VMD + MJET (solid) where MJET is simulated for 
the LACl parton densities with P™" =2.1 GeV/c and the string fragmentation scheme 
with Lund 6.2 default fragmentation parameters, a ) Thrust for all events, b ) Invariant 
mass of observed haxlronic particles for all events, c ) P j ' for all events, d ) Thrust for 
the events with P£ above 3 GeV/c . e ) Invariant mass of observed hadronic particles 
for for the events with P ^ 1 above 3 GeV/c. f) P J^ 1 for the events with P ^ 1 above 3 
GeV/c . 
Fig. 4. Same as Fig.3 except for the AMY 1.5 data. 
Fig. 5. Same as Fig.3 except for the Lund 7.3 default fragmentation parameters. 
Fig. 6. Same as Fig.4 except for the Lund 7.3 default fragmentation parameters . 
Fig. 7. Same as Fig.3 except for the independent fragmentation scheme. 
Fig. 8. Same as Fig.6 except the independent fragmentation scheme. 
Fig. 9. Same as Fig.3 except for the DG parton densities with P!p i n = 1.6 GeV/c . 
Fig. 10. Same as Fig.4 except for the DG parton densities with P j m = 1.6 GeV/c. 
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Fig. 11. Same as Fig.4 except for the PYTHIA Monte Carlo. 
Fig. 12. a) The x distribution of the partons in the photon for the resolved photon 
events in 77 interactions at TRISTAN. The solid(dashed) histograms are the PYTHIA 
Monte Carlo results for the LACl(DG) parton densities with P ^ " =2.2 (1.5) GeV/c. 
The corresponding integrated luminosity is 27.2 pfc"1. 
b) The same as for the a) except for the condition that the events must pass the event 
selection criteria described in the section 2 after detector simulation and P|p , n =2.1(1.6) 
GeV/c for LAC1 (DG). In this calculation AMYMC was used. 
c) The x distribution of the partons in the photon for the resolved photon events 
in 7 p interactions at HERA. The solid(dashed) histograms are the PYTHIA results 
for the LAC'l(DG) parton densities with P ^ i n =2.2 (1.5) GeV/c. The corresponding 
integrated luminosity is 0.2 nb~l. 
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Abstract 
Inclusive jet production in almost real 7 7 collisions has been measured at 

^/s - 58GeV in the TOPAZ detector at the TRISTAN e+e~ collider. Clear jets 
with transverse momentum Py up to 8.0 GeV has been observed in the hadronic 
final states in the two-photon reactions by using a jet-clustering method based on 
a jet-cone denned in the pseudorapidity and azimuthal angle(ij — (j>) plane. We 
present the Pj- dependence of the inclusive jet cross section after correcting the 
limited acceptance and finite resolution effects of the detector. The comparison 
with different model predictions based on the quark-parton model and QCD shows 
a clear evidence of the effects of resolved photon processes. Some limits for various 
available parton distributions in the photon are also given. 

1 Introduction 
We have studied hadrou production in the two-photon reactions e + e~ —> e + e~ + hadrons 
in a situation where both of the final state electron and positron are scattered at suf
ficiently small angles and are not observed by the detector (no-tag situation). In this 
situation, the reactions can be interpreted as almost real 77 collisions. 

The phenomena of the 77 collisions are deeply related to the properties of the photon 
itself. The photon is a gauge particle mediating electromagnetic interaction. As so, it 
couples to the elementary charged particles, like leptons and quarks, well defined way. 
However, in addition to this point-like nature, it is well known that the photon, in par
ticular real and quasi-real photon, also exhibit the property similar to normal hadrons. 
This property is observed in photoproduction (7p) experiments[5] and 77 collisions in 
e + e - interactions. In fact, previous experiments at PETRA/PEP energy [l]-[3] have 
established that there are at least two components in the reactions 77 —> hadrons, at 
the invariant mass of hadron system above a few GeV. The Vector Meson Dominance 
Model(VDM), shown in fig.l-a, was found to explain the behaviour of events with low 
transverse momentum pt. At larger values of pt, the point-like component becomes 
increasingly important. This point-like part is usually described by the direct (Quark 
Parton Model) process 77 —• qq, shown in fig.l-b. In addition, PLUTO [1], CELLO 
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[3], and TPC/27[2] groups reported some indications of an excess of events over the sum 
of the expectations from the VDM and the direct processes. For this point, M Drees and 
R.M. Godbole[8] emphasized the importance of the multi-jet production processes coming 
from additional diagrams shown in fig.l-c,d. Where one or both of photons are "resolved" 
into their hadronic substructure(i.e. quark or gluon), which react with the photon (fig.l-c) 
or the quark and gluon content of the photon in the other side(fig.l-d). They stressed that 
this hadronic structure of the photon will play an important and some times dominant 
role in high energy interactions involving real photons[9]. Their QCD based calculations 
predict that the cross sections of the single-resolved(fig.l-c) and double-resolved(fig.l-d) 
processes are comparable to the cross section of the direct process at TRISTAN energies 
(v/i ~ 60GeV). 

The important signature of hard scattering is jet characteristics in the hadronic final 
state. All of three classes of the processes, i.e. direct, single-resolved and double-resolved 
processes, are expected to give rise to events with two high-p t jets. In addition, one 
or two spectator (remnant) jets are produced into the beam direction in the single and 
double resolved processes, as shown in the topological pictures ( fig.l-c and d). Those 
jets might escape to beam pipes or leave some activities in detectors located in low angle 
regions. 

Some evidences of these hard scattering components in 77 collisions has been re
ported by the AMY group[4]. Recently, indications of hard scattering in 7P collisions are 
presented by the ZUES and HI groups at HERA, in ref. [6] and [7]. 

In this paper, we present unfolded jets production cross sections in hard 77 colli
sions. In order to detect hard scattering components directly, we employed an intuitive 
jet clustering method which has been commonly used for jet studies in hadron-hadron 
collisions[13,14,15]. Where a jet is defined as a cluster of particles concentrated in a 
cone defined by a circle in the pseudorapidity azimuthal angle (rj — <j>) plain. Where 77 
(TJ = —In tan | ) and <j> are evaluated with respect to the beam direction in the laboratory 
(i.e. e + e _ center-of-mass ) system. This method is suitable for this analysis since the 
kinematical region for each jet can be delined clearly in the laboratory system. This point 
is important in order to correct the limited acceptance and finite resolution effects of the 
detector. In addition the uncertainty on the remnant jets can be reduced since those are 
ignored or reconstructed as other jets by this method. 

After making an acceptance correction, we have measured the inclusive one-jet and 
two-jet production cross sections for the reactions e+e~ —* e + e - hadrons with the no-tag 
situation. These inclusive jets cross sections correspond to the parton level ones, which 
can then compare with theoretical predictions directly. 

This analysis is complementary to the analysis of the AMY group. In that analysis and 
also in the experiments at PEP and PETRA [1]- [3], the observed distributions, measured 
in the center of visible mass system, were compared with theoretical expectations in the 
number of events basis. Event shapes such as thrust were used to study jet characteristics 
in the final states. 

The paper is organized as follows. In section 2, the apparatus and selection criteria 
of no-tag 77 sample are described. The jet clustering algorithm used in this analysis 
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is presented in section 3. After describing the definition of the measured inclusive cross 
section and the method of the acceptance correction in section 4, the results are presented 
in section 5, and are compared with the theoretical predictions in section 6. Finally, the 
conclusions are given in section 7. 

2 Apparatus and event Selection 
The data used in this analysis axe collected by the TOPAZ detector at the center-of-mass 
energy of y/s = 58.0 GeV, corresponding to an integrated luminosity of 89.3 p b _ 1 . The 
general descriptions of the TOPAZ detector are found elsewhere [10]. The analysis pre
sented here based on the measurements of the charged and neutral particles by a time pro
jection chamber(TPC) and electromagnetic calorimeters. The TPC is a three-dimeDsional 
tracking chamber with a particle identification capability. The spatial resolution was mea
sured to be <rr£ = 206pm and as = 335/jm, corresponding to a momentum resolution of 
crPt/pt = i/(1.5p t) 2 + (1.6)2% at 1.0 tesla magnetic field. The resolution of energy loss was 
measured to be <r(dE/dx) = 4.6%. The barrel calorimeter(BCL), an assembly of 4300 
lead-glass counters, covers the polar-angular region | cos 0\ < 0.84. The energy and the 
spatial resolutions were measured to be &E/E = v / (8 .0/v / E) 2 + (2.5)2% and ae = 0.38°, 
respectively. The end-cap calorinieter(ECL), consisting of Pb-PWC sandwich, covers 
0.85 < |cos#| < 0.98 with the energy and spatial resolution of a^/E = 6.7% and 
ae = 0.70° for Bhabha events at -Js = 52GeV. 

The two-photon events used in this analysis are detected by a track trigger employed 
in the TOPAZ trigger system [11]. The trigger is generated when possible tracks are found 
in combinations of hits in a trigger chamber(TCH) and a time-of-flight(TOF) system with 
associated wire data in TPC. 

During the experiments, the trigger conditions were changed slightly. The track trig
ger, for about half of data, required at least two tracks with transverse momentum of 
pt > 0.7 GeV and an opening angle (j> > 70°. The remaining data were taken with 
more looser condition of pt > 0.3 GeV and <j> > 45°. The trigger efficiency for the high 
p t sample with pt > 2.5GeV were estimated by Monte Carlo to be more than 93% and 
98% for the tight and loose conditions, respectively. 

From the triggered events, no-tag hadronic events produced by two-photon interactions 
were selected by the following criteria; 

1. The number of charged tracks must be at least four with overall charge imbalance 
< 2 . 

2. The position of the origin of the event, determined by using all tracks, must be 
within 2 cm in r — <j> plane and within ±4 cm from the interaction point along the 
beam line. 

3. Overall transverse momentum imbalance must be < 2.5 GeV. 

4. The most energetic cluster appearing in the barrel and end-cap calorimeters must 
b e < 0.25 Ebeam-
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5. The observed mass Wvis of the hadron system must be in the range 2 GeV < W v ; s 

< 15 GeV, where both charged and neutral particles are used in the calculation of 
Wvj s and pion mass is assumed for all charged particles. 

6. An event is rejected if it contains at least one ( plus charged) proton. Where a 
track is identified as a proton(anti-proton) using a energy loss (dE/dX) information 
of T P C for a track with a momentum less than 1 GeV. ( A sample which contain 
anti-proton ( 3.3 %) or both proton and anti-proton ( 0.3 %) is accepted.) 

In applying above cuts, we required following conditions for each track and cluster to 
confine the best measured region of the detector. 

• The charged tracks must have p t > 0.15GeV and be within the polar angular region 
| cos0 | < 0 . 8 3 . 

• The shower energies must be > 0.30 GeV and the polar angle be | cos 6\ < 0.83. In 
this analysis, we used only barrel part of calorimeter except for the cut (4). 

The background from the one-photon annihilation processes were suppressed by the 
cut (5) and poorly reconstructed events by the cut (3). The criteria (4) ensures no-tag 
condition and constrains the mass of the virtual photons Q2 to be less than about 5 
GeV. The beam gas backgrounds were reduced mainly by the cuts (l)-(3) and (6). We 
found, especially, the criteria (6) can remove beam gas background very effectively with 
a minimum loss of t rue events. The event-vertex distribution for the full and proton 
or anti-proton contained sub-sample is shown in fig.3. The losses by the cut (6) were 
estimated to be less than 3 % from this distribution. 

34684 events survived these cuts. These no-tag two-photon events were, then, pro
cessed to a jet finding program described in the next section. 

3 Jet clustering 
In order to reconstruct jets in the two-photon hadron sample, we have used a program 
LUCELL from J E T S E T 7.3[22] after modifying some points suggested by S.D.Ellis et 
al.[l2}. In this program, a jet is defined as a large amount of transverse momentum 
concentrated in a cone of radius R in the pseudorapidity azimuthal angle (n — <j>) plane. 
The particle **, i, is included in the jet , if it lies within the cone, 

(ni-Vj)2 + (^-</>j)2<R2, ( i ) 

where (ru, 4>J) is the jet axis. In the first iteration the direction of the particle which has 
the highest transverse momentum is taken for this axis. The transverse energy P / of jet 

Win the program LUCELL, the rj — $ plane is divided into small cells, in which transverse momentum 
are measured. This cell corresponds to the calorimeter cells in hadron- hadron experiments Since rj and 
<j> are measured precisely for charged and neutral particles in e + e~ experiments, we makes the cell size 
small enough (A>7 = 0.025, A4 = 0.03) so that one particle essentially corresponds to one cell. 
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is calculated as a scaler sum of the particles in a cone 

i¥= £ *?. (2) 
i in cone 

The jet axis (TM9$J) is evaluated by the weighted averages 

^ = i . E *?*, *' = h.2< p^- (3 ) 

J i in cone J i in cone 

A new circle is then formed by taking this jet axis (T]J, <f>j). The process is repeated until 
the list of particles inside the cone remain unchanged in successive iterations. Finally 
jet-1 and jet-2 are combined to one-jet if those directions satisfy the condition 

fa-*? + (*-*>? < „£<#%*• W 
This condition is recommended by S.D.Ellis et.al. [12] to ensure a consistent comparison 
between data and the QCD calculation at order c%. 

In the jet search, all charged particles with transverse momentum above 0.15 GeV 
and neutral particles with energy above 0.3 GeV were used. The polar angles of these 
charged and neutral particles were limited in the region | cos 6\ < 0.83, which corresponds 
to the pseudorapidity interval of |n;| < 1.2. In this analysis, the size of the cone radius 
R was fixed to R=1.0, which is a typical value of hadron-hadron experiments[13j and is 
also the same size used in the analysis o! -yp interactions at HERA[7]. We only accepted 
jets with the transverse momentum P.f be greater than 2.5 GeV. To ensure that jets are 
well contained within the detector, the jet-axis was restricted to be |T/J| < 0.7. 

The above selection resulted in a sample of 1633 one-jet, 254 two-jet and 3 three-jet 
events out of 34684 two-photon events. In the later analysis, 3 three-jet events were 
included into two-jet sample by selecting the highest and second highest Pjf jets in a 
sample and the third one was disregarded as a remnant jet. Finally the opening angle 
in the transverse plane with respect to the beam axis, was required to be bigger than 
150° for two jets. This reduced the two-jet (and three-jet) sample to 237 events. 

Beam gas background events remaining in the one-jet and two-jet sample were esti
mated to be 2.3 % and 0.4 %, respectively, from the number of events in the side band 
of the event-vertex distribution along the beam axis. Backgrounds from the processes 
e + e~ —> qq,qq7, e+e~ —> e+e~r+r~ and e+e~ —> T+T~ were estimated by Monte Carlo 
simulation. Those were found for the one-jet (two-jet) sample to be 

• The background from the annihilation process e + e~ —* qq,qq7 : 3.1%(1.2%) 

• e+e- -> e+e-T+r- : 2.0%(5.2%) 

• e + e~ —> T+T~ : negligible < 0.1%. 
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These small backgrounds were subtracted from the data in bin by bin basis in the latter 
analysis. 

A typical two-photon two-jet event found by this method is shown in fig.2(a) and (b). 
Fig.2(a) is a lego plot in the r\ — <f> — p? space and (b) is its scatter plot. The dotted 
line in fig.2(b) is the circle of R=1.0. Clear two clusters can be seen and the activity 
outside the cone is negligible. We emphasize that, even in the intermediate pr around 
a few GeV, the hadron final states in the 77 collisions shows clear jet characteristics in 
the 1} — ^ plain. 

In order to demonstrate that this event is not a special sample and also to show 
a relation to the analysis carried out in,the center of visible mass system, we show a 
pjhrust distribution for a whole two-photon sample in fig.4. Where the quantity pj^"31 j s 

the total transverse momentum of the particles in one hemisphere, evaluated in the center-
of-mass system of the detected hadrons. This hemisphere is defined in the middle plane 
perpendicular to the thrust(jet) axis. The dotted line denotes the contribution of the 
events which contain two jets. The solid line is the sum of the contribution of one-jet 
and two-jet sample. As can be seen from this figure, almost full two-photon events with 
pth.ru.3t > 3 Q Q e y c o n t a m w e u reconstructed one or two jets. In the case that only one-jet 
is well reconstructed, we can observe some activity of another jet for the substantial part 
of the sample. 

4 Measurement of cross section and acceptance 
correction 

The transverse momentum dependence of the inclusive one-jet and two-jet production 
cross sections have been measured for the reactions 

77 -> jet + X, (5) 

and 
7 7 ^ jet +jet + X. (6) 

Those cross sections are evaluated from the observed number of jets by using the integrated 
luminosity for the normalization and a Monte Carlo simulation to account for the detector 
effects. 

To ensure full acceptance, the measurements are limited in the central jets production 
in the pseudorapidity range |TJJ| < 0.7 as mentioned before. The inclusive one-jet cross 
section in the reaction (5) thus corresponds to 

d<7(.on*-jct) / 0 . 7 , 7 da 
— J 5 = / <"?i / ai]2 , , , (7) 

arx J-0.7 J whole region ai)\Ca\iari 

where nj is the pseudorapidity of the measured jet and i\% is the pseudorapidity of 
another jet which is produced in hard scattering subprocesses. Whole kinematical region 
is integrated for this variable. In the case that two jets are observed, those two jets are 
assigned to jet-1 and jet-2, randomly. 
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Whereas the inclusive two-jet cross section in the reaction (6) is defined by 

da(two-jct) . 0 .7 -0.7 d ( f 

dPT 

/ ° - 7 r0-7 da 
= / dr/i drj2 . (8) 

J-o.7 J-o.7 d^dtjidPj-

In order to make an acceptance correction, Monte Carlo events of the direct and 
resolved processes were generated according to the cross section formulae described by 
M. Drees and R.M. Godbole in ref.[8]. In the resolved processes, the parametrization 
given by M.Drees and K. Grassie (DG) was taken [18] for the parton distribution in the 
photon. The remnant jets were also simulated by generating partons to the incident beam 
direction. 

The calculation of these cross sections and the event generation in the parton level were 
carried out by BASES/SPRING programs[23]. The final state partons were fragmented 
to hadrons with a independent-fragmentation scheme in the JETSET 6.3 program K The 
generated events were then processed through detector and trigger simulations, and were 
subjected to the same reconstruction and analysis programs as used for experimental 
data. 

The acceptance correction was carried out in bin by bin basis of the P? distribution. 
The smearing effect were taking into account by using a correlation matrix C\ which 
relates the generated fx

MC and the observed level distribution g^a as 

fua = £ CL 9k

MC- (9) 
k 

From the Monte Carlo simulation, C\ can be calculated as 

; _ JV~(i,fc) • N>~(i) 
k jv«(&) • w~0) ' K ' 

Here Nrec(i, k) denotes the number of events that the Py value is observed in the fc'th 
bin originated from the t'th bin. Nrcc(i) is the number of total reconstructed(accepted) 
event originated from the i'th bin. NTec{k) is the number of reconstructed event in the 
fc'th bin and N3°"(i) is generated event in the i'th bin. By using C]., the acceptance 
corrected true distribution /TRUE c a n D e obtained from the background subtracted data 
ODATA 3 S . 

The correlation between generated and reconstructed pseudorapidity is shown in Fig.5. 
Good correlation can be seen, however, one should be careful for the treatment of the 

events which go in and out the boundary |IJ| = 0.7. 

tTbe constants of fragmentation parameters were chosen as ffj = 0.400 GeV, a = 1.000, 6 = 
0.700 GeV" 2 . 
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5 Results 
The results are summarized in fig.6(a) for the inclusive one-jet cross section as a function 
of jet transverse momentum, and in fig.6(b) for the inclusive two-jet production cross 
section. The errors include the statistical errors and systematic uncertainties by adding 
in quadrature. The integrated inclusive one-jet cross section in the transverse momentum 
region from 2.5 GeV to 8.0 GeV and |T?| < 0.7, is measured to be 

^one-jet) = % ? ± 3 ^ ^ ± g5(,.,,,.) p b ( 1 2 ) 

The integrated two-jet cross section in the same region is 

ff(t*o-jet) = 23.4 ± 2.7(stat) ± l.7(sys) pb (13) 

The systematic uncertainty quoted above comes from following sources. We first discuss 
the systematic errors on the one-jet inclusive cross section. 

1. The prediction? of resolved processes include one free parameter f™", which cor
responds to the lower limit of the transverse momentum in hard scattering subprocesses. 
This cutoff is introduced to guarantee the applicability of perturbative QCD. The uncer
tainty on the acceptance was estimated to be 4 % by changing Pfi"1 in the range 1.6 GeV 
- 2.0 GeV . 

2. The contribution of the soft VDM process was estimated by a Monte Carlo, in 
which the VDM cross section was taken to be <7V,(W) = 240 + 270/W (nb)[I7] and 
the final hadron system was simulated as 77 —> qq with an exponential form of the pt 

distribution ^ ~ e~ap' with a = 4.0 GeV - 2 . The total contribution was found to be 7 
% which contained mainly in the Py region 2.5 — 3.0 GeV. The difference between the 
results with and without subtraction of these VDM contributions were taken as systematic 
errors on the measurements. 

3. The uncertainty of the luminosity measurement is 4 %. 
Taking a quadratic sum of these errors, we estimated the total systematic errors in 

the integrated one-jet cross section to be 9.0 %. 

For the two-jet cross section, the systematic errors caused by the uncertainty of 
Ppm and VDM contribution were found negligible. In this case, we also checked the 
dependence of the generated distribution on the acceptance. The acceptance was calcu
lated by using three Monte Carlo samples with the only direct process, the only resolved 
processes and the sum of direct + resolved processes. * The result on the integrated cross 
section was consistent within 6 % for these three distributions. Taking the quadratic sum 
of this error and the uncertainty on the luminosity measurement, the total systematic 
errors on the integrated two-jet cross section was estimated to be 7.3 %. 

The energy scale in the calorimeters can be checked from it0 signals in the sample 
of two-photon events. At this stage of the calibration, the center of JT0 mass is found 

"Since distribution in the detector level does not reproduced by only direct or only resolved processes, 
we need iteration, in general, to obtain the unfold quantities from these Monte Carlo events. We found 
two-jet cross section was stable without iteration. But one-jet cross section was sensitive to the generated 
distribution and the iteration was found to be crucial. 
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10 % less than the nominal value. This effects on the cross section do not included at 
this stage. The uncertainty of momentum scale for charged particles were checked from 
K, —> 7r +;r - signals to be less than 0.5 % and is negligible. 

So far uncertainties caused by the model dependence of the hadronization was not 
taken into account. For these reasons, following discussions may be changed slightly in 
the latter analysis. 

6 Discussion 
In the fig.6(a) and (b), the contribution from the direct process is shown by the dashed 
curve. The dash-dotted and dotted curves show the contribution from the single-resolved 
and double-resolved processes, respectively. The solid line shows the sum of the direct, 
single-resolved and double-resolved contributions. The DG parametrization[18] with the 
number of flavor Nf = 3 is used for parton distribution for the cross section of the resolved 
processes and the momentum scale Q2 is chosen as pT and KQCD — 0.4 GeV. In addition, 
we take into account the charm quark production through subprocesses 77 —+ cc in the 
direct case, yg —* cc in the single-resolved case and qq —* cc and gg —* cc in the double-
resolved case. The charm quark mass of m c = 1.5 GeV is used for the cross sections 
of the above relevant subprocesses. The sum of the direct and resolved processes based 
on the DG parametrization gives a satisfactory description of both inclusive one-jet and 
two-jet cross sections, while the cross section of the only direct process is smaller than 
data by factor of 1.5-2.5. 

Recently, many parametrizations( or calculations) of the parton distribution in the 
photon are proposed[19]. Those are different mainly in the gluon distribution inside the 
photon since existing data on the photon structure function F% give little information 
about the gluon distribution in the photon. 

The predictions based on three kind of LAC parametrization [20] and the DO+ VDM 
prediction[21] together with DG parametrization are compared with the data in fig.7(a) 
and (b), for one-jet anC two-jet inclusive cross sections, respectively. The predictions of 
the integrated cross section in the region 2.5 GeV < PT < 8.0 GeV and \i)\ < 0.7 are also 
summarized in table-1. In the table, the contribution of the direct process is summed in 
the rows referred by DG,LACl/2/3 and DO + VDM. These predictions should compare 
with the measurements given by (12) and (13). 

From these figures and table, we can conclude that the parametrization of DG and 
LAC1/2 gives similar cross sections, and those agree with data reasonably well. The 
LAC3 and DO-I- VDM strongly differ from DG and LAC1/LAC2 parametrization mainly 
in the gluon distribution of the photon. The former ones predict the large gluon content 
even at large values of x. The prediction based on DO+ VDM is larger than data by 
factor of 2 in the PT region less than ~ 4GeV, but approaches slowly to the predictions 
of DG and LAC1/2 for higher PT and agree with data for PT > 5GeV.' The large cross 
section predicted by LAC3 parametrization is excluded from the data. 

The uncertainty on the choice of the momentum scale Q2, which appears in the strong 

'This behavior may be understand from the fact that the DO parametrization is the 'asymptotic' 
solution in the limit of infinite momentum transfer Q2. 
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Table 1: Summary of measurements and theoretical predictions of one-jet and two-jet 
inclusive cross sections integrated the transverse momentum region 2.5 GeV < P£ < 
8.0 GeV and the pseudorapidity interval \i/j \ < 0.7. The value of the QCD scale parameter 
AQCD and the momentum scale Q2 used in calculations are shown in the second and 
third columns, respectively. The predictions by DG, LAC1/LAC2, LAC3 and DO+VDM 
show the sum of the direct and resolved processes contributions. 

&QCD Ql aonc aiwo 

Measurement - - 96.7 ± 3.7 ± 8.5 pb 23.4 ±2.7 ±1.7 pb 
Prediction 
Direct(QPM) - - 40.2 pb 9.0 pb 
DG 0.4 GeV & 90.9 pb 21.4 pb 
LAC1 0.2 GeV P 2 98.4 pb 20.8 pb 
LAC2 0.2 GeV pi 97.7 pb 20.4 pb 
LAC3 0.2 GeV pi 343.9 pb 68.9 pb 
DO + VDM 0.4 GeV p2 

"T 
154.9 pb 36.8 pb 

DG 0.4 GeV s/4 86.9 pb 21.5 pb 

coupling constant a,(Q2) and the parton distribution function q-,(,x,Q2), is checked by 
choosing Q2 — J/4, instead of pj.. Where s is the center-of-mass square in the hard 
scattering subprocess. This uncertainty on the prediction is found rather small in the 
kinematical region relevant in this experiment, (see the last row of the table-1.) 

7 Conclusion 
In conclusion we have measured inclusive jets cross sections of the reactions the e +e~ —• 
e+e~hadrons with no-tag condition at TRISTAN. Clear jets structure are observed by 
using a clustering method based on the cone-algorithm. The measured one-jet and two-jet 
production cross sections at y/s = 58GeV are both in agreement with the sum of the direct 
and the resolved processes if approximate parametrizations of the parton distribution are 
chosen. From these measurements, we can provide non-trivial constraints to acceptable 
parametrizations of the parton distributions in the photon. 
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Figure I: Diagrams and the final state topology for the four classes of the processes which 
contribute to the two-photon reactions e +e~ —> e"e _ + hadrons. Each diagram shows (a) 
the VDM, (b) direct, (c) single-resolved and (d) double-resolved processes. 
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Figure 6: Inclusive (a) one-jet and (b) two-jet cross sections as a function of the jet trans
verse momentum for the pseudorapidity interval |T/| < 0.7. The errors on the data are the 
sum of statistical and systematic errors added in quadrature. The dashed, dotdashed and 
dotted lines show the contributions from the direct, single-resolved and double-resolved 
processes, respectively. The solid line is the sum of these contributions. In the resolved 
processes, DG parametrization is used for the parton distribution in the photon. The 
momentum scale Q2 is chosen as P$ and AQCD = 0.4GeV. 
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Studies of Inclusive Particle Product ions in No- tag 77 events at 
T R I S T A N 

R. Enomoto (TOPAZ collaboration) 
KEK, Physics Div., 1-1 Oho, Tsukuba 305, Japan 

Abstract 

The studies of the inclusive particle productions in the no-tag yy events at TRISTAN were carried out. 
These studies were based on the SdSlS-no-tag events obtained by the TOPAZ detector. The particles such 
as x ± 0

( p(p), K±0, p°, K'a, & A, and D' were observed cleanly and with high statistics compared to the 
previous measurements. All results shown in this report are preliminary. 

1 Introduction 

In the hadronic events, the inclusive particle studies such as K, are not easy because of 
the high multiplicities. The sophisticated analysis is necessary and the reconstruction 
efficiency is typically low. On the other hand in the 77 events, a simple analysis can 
give a highly efficient and clean reconstruction of these particles, because of high 
performance of the detector system due to low multiplicity. 

In addition at TRISTAN, the statistics of the 77 events are higher than any pre
vious experiments. Therefore we can produce the highest quality data. 

One of the most interesting topic is a charm production in this process, which 
supply a strong constraint on the theoretical models.1 

Also there were not any precise or systematic studies on inclusive particle produc
tion in this process so far. The TOPAZ detector which had the dE/dx measurement 
ability can carry out systematic studies of this kind with the charged kaon identifi
cation. The results in this report are all preliminary. We will show the ability of our 
detector system and the future prospects in this area. 

2 Event Selection 

The detectors used in this analysis were the TPC, 2 the barrel iead-glass calorimeter 
(BCL),3 and the endcap gas-sampling calorimeter (ECL).4 The event selection criteria 
were similar to that by M. Iwasaki and H. Hayashii.1 The differences can be found in 
the followings; 2 < Evi, < 30 GeV, no ]Ec/i| cut, and \ZPT\ < 10 GeV. in order to 
select high Q 2 events, such as cc, efficiently. 

3 Detector Performance 

The charged track selections are followings: (a) a closest approach to the event vertex 
is less than 2 cm in the xy- and z-directions (beam-axis = z), (b) Ply > 200 MeV, and 

1 H. Hayashii, this proceeding; S. Uehara, this proceeding. 
J T Kama* et al., Nud. Instr. Meth. A252 (1986) 423. 
J S. Kawabala et al., Nucl. Instr. Melh., A 270 (1988) 11. 
' J. Fujimoto el al., Nucl. Instr. Meth., A256 (1987) 419. 
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Figure 1: (a) dE/dx versus Log(P/GeV). (b) Mass distribution calculated by (a). 

(c) DOF in the track fitting is > 5. All of these tracks were considered as charged 
pions. For tracks with x2i<(dE/dx) less than 6.6 (1%-CL) and XK < xl + h we 
consider them as charged kaons. 

The neutral cluster selections are following;: (a) clusters in the BCL fiducial volume 
are used, and (b) energies are required to be greater than 100 MeV. 

The dE/dx was calculated using the 65%-truncated mean. The dE/dx plot is 
shown in Fig l-(a) for tracks with the dE/dx sample more than 50. Only negative 
particles are plotted in order to avoid secondary particles from the interactions with 
the detectors. ir~, K~, and p are clearly seen. In order to show the particle identifi
cation performance well, we show mass distribution calculated from Fig l-(a) in Fig 
l-(b) for the high-dE/dx events. Therefore we can carry out ir/K/p inclusive study. 

The 77 invariant mass distribution is shown in Fig 2-(a). The energy cut of 7 
was 200 MeV. Neutral clusters which were separated more than 10 cm from the 
extrapolations of the charged tracks at the surface of the BCL were used. A TT° peak 
is clearly seen at 135 MeV, contrary to the case of the qq events.5 This allows us 
more efficient and clean analysis of D" inclusive study. 

The off-vertex opposite-sign pion pairs were analyzed using three-dimensional anal
ysis of the TPC data. The invariant mass distribution is shown in Fig 2-(b). A clear 
peak of K, appears at 498 MeV. The peak around the threshold was due to the pair 
conversion of 7's at the material in front of the TPC tracking volume. The S/N and 
mass resolution of K, peak were significantly improved in this event sample compared 
to those in the qq events. 

In summary, all the detectors work as good as were designed. They perform rather 
better in the 77 events than in the qq events, because of low multiplicity. 

E. N&k&no, this proceeding. 
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4 Inclusive Particle Production 

Before analysing charm mesons, we checked various resonances w. this event sample. 
The ir+ir~ invariant mass distribution is shown in Fig 3-(a). There was a significant 
excess around 750 MeV which was considered to be p° meson. The mass shift was 
considered to be caused by K" reflection and possible existence of p — u interference. 
The peak around 500 MeV was that of K,. 

The charged kaons selected by the dE/dx were combined with the oppositely signed 
pions. The invariant mass distribution is shown in Fig 3-(b). There is a peak around 
892 MeV and the higher mass tail is due to p° reflection. This is a high statistic data 
even by comparing with the PEP4/TPC data. 6 

The invariant mass distribution of the unlike sign kaon pairs is shown in Fig 3-(c). 
There is a clear peak of 0(1020). This spectrum is also comparable with that of the 
PEP4/TPC. 7 

Using the K, analysis and _the particle identification by the dE/dx, the p?r+ pairs 
were analyzed. An excess of A is shown in Fig 3-(d). Therefore with p data, we can 
carry out the systematic study of the baryon production in the 77 events. 

In summary, various vector mesons and baryons were reconstructed very well in the 
TOPAZ detector. These inclusive data will help to improve the theoretical models of 
the 77 events. 

5 Charm Production 

The charmed events were obtained by the exclusive reconstruction of D'* —> JT* D°(D°) 
decay chain. The decay modes of Z>° used in this analysis was A'~7r+, K~ir+TT°, 

*H. A i h u i et *1., Phyi. Rev. Lett., 53 (1984) 2378. 
' H Aihaxi el »]., Phyi. Rev. Let!., 52 (198'.) 2201. 
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A'-ir+Tr+T- and their charge conjugations. The reconstruction method was similar 
to that in the hadronic events.5 The differences can be found as follows: (a) invariant 
mass cuts for D° candidates be narrower because of lower momentum of the samples; 
(b) the dE/dx selections for kaons be universal in all decay modes; (c) no decay angle 
cut because of the event shapes were less jet-like; (d) for the bachelor pions, dE/dx 
cut (JV„ire > 1 be and x \ < 6.6) be used; (e) a strong kinematical cut for the bachelor 
pion energies such as 1/1.2 < yJ-yD. < 1.2; and 0.12 < z < 0.4. Cut (e) biased the 
mass-difference plot so as to enhance the low mass region. This cut was not very rea
sonable, however, without this cut a clean mass-diffcrence peak could not obtained. 
We are trying to find out a new set of cuts in order to remove it. 

The resulting mass-difference distribution is shown in Fig 4-(a). A peak appears 
around 145 MeV. We also simulated it by a Monte-carlo of the direct process. The 
Monte-carlo result is shown in Fig 4-(b), consistent with the experimental result. 
Monte-carlos of the resolved-jet and vector-meson-dominance did not show any en
hancement around the Dm mass-difference. After optimizing cuts, we will derive the 
charm cross-section in the 77 events. 

6 Summary 

We have ability to measure the inclusive production cross-sections of charged -n/K/p, 
* , K„ p , K- ,4, A, and £>** in the no-tag 77 events. The data sample is high 
statistics and signals are clean. Those may help to improve the theoretical models of 
the 77 events. 

In future we are going to accumulate three times of the events compared to now 
The statistics will be one of the highest in the world in two years. The things as had 
been carried out in the qq events can be done with higher quality and statistics. 
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Multiplicity and Event Shapes in QCD 

K. Tesima1 

Department of Physics, Ochanomizu University, 

Otsuka, Bunkyo, Tokyo 112, Japan 

Abstract 

We review the basic ideas and frameworks underlying the QCD analysis 
of the high-energy multiple hadroproduction. Comments are made on some 
controversial issues. 

1 Introduction 
Because QCD has the infrared (IR) singularity, high-energy multiple hadropro
duction is dominated by the semi-hard process in which gluons are produced at 
the energies much lower than the total energy (but still higher than the hadron 
masses). It is therefore vital t o analyse this singularity in order to unders tand 
th? high-energy multiple hadroproduction quantitatively. It used to be widely be
lieved, however, tha t one could not apply the perturbaive QCD to it for the very 
reason tha t it was dominated by the IR singularity, and hence was not "IR-safe". 
It would then imply tha t one could not go beyond phenomenological modeling 
without any quanti tat ive and systematic calculations from the first principles. 

It would be worth recalling, however, tha t one would not immediately con
clude tha t the calculation in a field theory was meaningless simply because of the 
appearance of the ultraviolet (UV) divergences. In this case, the t rue question is 
if one has a proper procedure to renormalise the theory, with which the explicit 
dependence on the UV cutoff disappears (i.e. UV-safe). 

The development of the modified leading-log approximation (MLLA) [1][2], 
together with the increasing experimental evidences of the local parton-hadron 
duality (LPHD) [3], has in fact enabled us to make IR-safe predictions on the 
high-energy multiple hadroproduction. Regarding its immediate significance, it is 
fortunate for us to see renewed interest today in the peturbat ive Q C D , especially 
among the experimentalists. For some reasons, however, this sophisticated and 

•also Dep. of Phys. Univ. of Tokyo, Tokyo 113, Japan 
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rather newly developed theory has not necessarily been well-understood among 
general public yet. It is the purpose of this talk to somewhat "familiarise" the 
basic ideas underlying it. It is obviously not possible, in a short talk, to give 
comprehensive review or to reproduce the full derivation of the basic formulae. 
It seems in fact that the complicated and almost prohibitive appearance of the 
tower of formulae is one of the reasons to alienate some from it , although the 
physical picture behind it is rather simple and clear. I prefer here to represent 
it in a simplified manner, refraining from getting into any further detail. I'd 
refer interested audience to [2] and other references for more complete and precise 
descriptions. 

In the following section, I'd like to recall how crucially the applicability of the 
perturbative QCD has been enlarged by the development of MLLA and LPHD. 
Then I'll give brief comments on a number of the conrtoversial issues, which are 
related to some of the experimental talks given in this session. 

2 Perturbative QCD has evolved dramatically in 
these ten years 

More than ten years ago, the application of perturbative QCD was strictly re
stricted to the quantities to which soft particles do not give contribution. Take 
the fragmentation function D(x,W2) (x = 2k/W; k = | k | is the momentum of a 
hadron, W the total cm. energy of the e +e~-annihilation), which represents the 
spectrum of hadrons in a process where a hard parton decays into a number of less 
hard partons, and eventually into hadrons. It is essentially a one particle inclusive 
cross section divided by the total cross section. 

2D^h\x,W2) = — %- (1) 

(There are two types of partons, quarks and gluons, and a number of different 
hadron species. In (1) above, the superscript (q —> h) indicates the parton and 
hadron species. In order to avoid inessential notational complexity, I'll suppress 
all such indices, as well as the summation thereof, in the following.) 

Because of the presence of the collinear singularity, the fixed order perturbative 
calculation gives a large logarithm of W2 for each power of a„ and higher order 
contributions are not necessarily smaller than the lowest order. Systematic resum-
mation is thus required to all orders (the leading-log approximation) in order to 
make any quantitative predictions. A crucial question here is how the approxima
tion can be justified in terms of a small parameter (without being accompanied 
by large logarithms). The question is answered in the following way. 
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Let us first define the moment by 

M,(W2) = P dxx,-1D(x, W2) (2) 
Jo 

It obeys a renormalisation-group equation 

dM,(W2) 
dlnW2 

= fMiW2) (3) 

The differentiation by In W2 eliminates one logarithm at each order in aM, and 
consequently the coefficient 7/ on the rhs of eq.(3) has a perturbative expansion 
without logarithms of W1. The solution of eq.(3) with a fixed coupling is given by 

M,(W2) = C,{W2y" (4) 

Gi is a normalisation constant which is not determined by a linear equation (3). 
The result (4) does not contain any collinear logarithms explicitly. They are 
factored out in the normalisation constant Ci, which is fixed by the experiments 
(renormalisation of the collinear singularity). 

Although the formalism successfully described the quantity without being dis
turbed by the explicit dependence on the logarithmic (colliniear) singularity, it 
included an infinite number of unknown parameters Cj. It implied that the shape 
of the fragmentation function D[x.W2) was arbitrary from the point of view of the 
perturbation theory. The usefulness of this formalism was even further limited by 
the fact that the anomalous dimension 71 diverged at / = 1: 

The first moment Mt gives the multiplicity of hadrons. The pole singularity on the 
rhs of (5) at Z = 1 was caused by the IR-singular part in the probability function 
for the emission of a gluon from a harder parton. 

Because of the presence of the singularity, the majority of the particles originate 
from it. Thus one could not apply the perturbative QCD to the majority of 
hadrons produced. The only thing it could do, it used to be claimed strictly, 
was to phenomenologically relate one experimental data to another (at a different 
energy, for example) with soft particles excluded. 

The situation has completely changed in these ten years. We now know how to 
renormalise (factorise) the IR singularity, so that we have quantative and system
atic predictions on the production of the majority of the particles at the parton 
level. Furthermore, we know that the calculations at the parton level can directly 
be translated to the quantities at the hadron level. With these two developments, 
we now have unique and prcise predictions on a wide range of quantities related to 
the multiple hadroproduction, which agree strikingly well with the experimental 
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da t a (although we still have some unanswered questions, which I shall mention 
later) . 

2-1. MLLA 
Let me first mention the IR singularity. For the moment , we work at the par ton 

level: i.e. we introduce a cutoff (lower bound) Q0 of the transverse momentum of 
the gluon emission, so that the effective coupling may remain small and the process 
may stop before the non-perturbative hadron formation takes place. 

It turns out that the first moment (the multiplicity) obeys a second order 
differential equation (in place of the first order) in the presence of the IR singularity 
(we now have two logs for each power of a , ) 2 : 

d2M^W2) CAa. , 
(JlnW)* = ~ 2 ^ M i { h ) ( 6 ) 

Note that we do not have large logarithms in the coefficient on the rhs of eq.(6). 
In this way, one factorises the IR singularity into the normalisation constant of 
the solution of the linear equation, and obtain an IR-safe result. 

(6) with a fixed coupling can be regarded.as a kind of eigenvalue equation for 
a differential operator d/d(ln W1). The eigenfunction takes a form of Mi oc (W*)"1 

with an eigenvalue 7 (the anomalous dimension). Substi tut ing the eigenfunction 
on the bo th sides of eq.(6), we obtain 

/Syr _ g * a V w » Y > -• - - - • l C A a ' r ^ T = ^ ( ^ T . Le--r = ]l^r ( 7 ) 

The appearance of yfa, is the peculiarity of the presence of the IR singularity. 
Higher order corrections can be evaluated systematically, and it tu rns out that the 
result is expressed in powers of ^fa,. 

2.2 LPHD 
After having successively emitted perturbative partons with decreasing ener

gies, the system undergoes the hadronisation process which is governed by non-
per turbat ive physics. 

The hypothesis of the local parton-hadron duality (LPHD) [3] states that the 
hadronisation does not change the overall features of the particle flow, and hence 
the particle spectrum and distributions calculated at the par ton level is essentially 
the same as those of hadrons observed experimentally. 

2The derivation of eq.(6) is rather complicated, particularly because of the presence of the 
angular ordering [5]. The equation is often written in terms of the energy and the opening angle 
of a jet [2], but it can be expressed in terms of the invariant mass. Interested audience can find 
the derivation of an integral form of (6) in ref.[6] 
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At first sight, the statement might look too simplistic and too naive an expec
tation. However, if we contemplate on the nature of the IR singularity in QCD, 
we shall realise that LPHD is in fact a quite plausible scinario. 

F l g . l (a) A schmatic illustration of the evolution of jets at the parton level, (b) 
Its colour flow. Each connected colour line represents a colour-singlet JV7?-pair, 
which emits soft gluons independently of one another, (c) String fragmentation 
model for multiple meson production. 
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It is indeed closely connected to the "preconfinement", which takes place at 
the par ton level [4J. In order t o see how it works, let us first consider the colour 
flow in the par ton cascade. 

It is convenient to take the leading order in l/W^-expansion (Nc: the number 
of colours), where the colour flow is much simplified: The colour content of the 
adjoint reprsentation (a gluon) is essentially equivalent to the direct product of two 
fundamental representations Nc and JV,. (a quark and an ant iquark) . The higher 
orders in \jNc do not change the essential features of the result outlined below. 

Let us follow the evolution of the cascade. F ig . la schmatically illustrates an 
example of such evolution. Short t ime after the qq-pair is created, it emits a 
gluon. In terms of the colour flow (at the leading order of l / iV c -expansion), the 
gluon emission is equivalent to the splitting of the colour line connecting the quark 
and the antiquark. One can explicitly show that the soft radiation pat tern from 
the qq-g configuration is equal to the independent emission from two pairs of qq~: 
the two colour lines as is illustrated in F ig . lb , one connecting the antiquark to the 
gluon, and the other the gloun to the quark. Note that the invariant mass of the 
colour line decreases by the splitting (to the invariant mass oiq-g and g-q). 

Succeeding soft-gluon emission further splits the colour lines. Each colour line 
forms a colour singlet, and evolves independently of one another. This process 
repeats itself until the invariant mass of the connected colour lines becomes small 
so tha t they no longer emit par tons. After the par ton cascade has completed, 
therefore, we are left with a number of colour-singlet pairs with the invariant mass 
of the order of the IR cutoff Q0. (In fact, the IR singularity in the cloured radiation 
is necessary to split the colour lines down to the small invariant mass [4].) 

It would be interesting to compare this process of splitting colour lines with 
the familiar string fragmentation model of multiple meson production. In this 
picture, when a high-energy q'q-paii is separated at a distance after its creation, a 
colour-flux tube (a string) is formed between them, and the tention of the string 
increases proportionally to its increasing length. When the tention becomes strong 
enough, the string splits up by creating a new gg-pair between them (Fig. lc) . This 
process continues until the invariant mass of the string reaches the meson mass. 

Of course, we know that this model does not represent the particle production 
at high energies, and we know very little of hadron formation at low energies. But 
the similarity between the string fragmentation and the preconfinement process 
is perhaps not a coincidence. Whatever the hadronisation process may actually 
be, it is natural to regard it as a colour nuetralisation process, which continuously 
succeeds the similar colour-screening process which has taken place at the par ton 
level. 

The hypothesis of the LPHD assumes that the low-mass colour-singlet clusters 
produced by the perturbative parton cascade undergoes hadronisation almost in
dependently one another, so that the partonic flow calculated by the per turbat ion 
theory is similar to the hadronic flow observed experimentally. 
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While we do not have a strict theoretical proof of this hypothesis because of the 
lack of the knowledge of the non-pert urbative physics, clear evedences came from 
the experiments as the development of MLLA enebled us to evaluate the particle 
flow at the parton level to compare it with the experimental data. Let us now see 
the results on the energy spectrum (for more details, see [7]) 

1 
10|l I i I I I I 

9 

8 -

T " 
10'1 X 
I I I i I I I "1 r 

10 ' 
I I I I I I 

• OPAL (a) 

— MLLA 
•Sffft 

coherence 

F i g . 2 Energy spectrum, (a) OPAL data va a MLLA calculation plotted against 
the log of the energy fraction, ln(l/i). (b) Data at various energies plotted against 
the absolute value of the momentum, ln(fc/A)=^ , 
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3 Energy Spectrum 
In Fig.2a, OPAL data [8] of the hadron spectrum (a = 2k/W) is compared with a 
MLLA calculation (in the limit of ln(Q;j/A 2) —• 0) [10]. The overall normalisation 
of the theoretical curve is adjusted to fit the data. 

As x decreases ( l n l / s increases), the number of particles increases because 
the successive soft-gluon emission gives additional multiplicity in the low-x re
gion. The proliferation of softer particles, however, stops in the midway, where 
the "coherence" in soft-gluon radiation begins to take effect [2]: namely, a soft 
gluon, emitted at a large angle, cannot resolve the colour polarisation inside the 
collimated jet where successive soft-gluon emission takes place. Thus the softest 
gluons, which are emitted only at large angles, does not feel the result of the 
proliferation. 

This coherence phenomenon manifests itself most strikingly when we represent 
the spectrum in terms of the absolute value of the mumentum (in place of its 
fraction to the total energy W/2) (Fig.2b) [11]. At the soft end of the spectrum (on 
the left-hand side on the spectrum in the figure), the multiplicity is independent 
of the total energy. The increase in the multiplicity at a higher energy takes place 
only at the upper (harder) end of the spectrum. 

The theoretical prediction agrees strikingly well at various energies. It is as 
well surprising that the agreement seem to extend even to the softest end of the 
spectrum. We do not see any significant deviation of the data from the the parton 
level spectrum. We do not know exactly why LPHD seems to hold down to such 
a sift region. 

4 Drag Effect 
The coherence mentioned in the last section manifest itself in the angular ordering 
in the successive soft-gluon emission [5]: i.e. the emission of soft gluons off a (less 
soft) parton is limited inside an angular cone whose size is given by the angle at 
which the parent parton is emitted. This fact allows us to describe the process 
as a Markov process (parton shower or branching) in which the emission angle 
decreases successeively down the cascade. 

The correction to this picture of the independent branching is at the next-to-
next-to-leading order as for the overall multiplicity. There are, however, certain 
quantities for which the interference among jets causes a leading effect (i.e. an 
effect which does not vanish in the asymptotic limit W —* oo). 

The "drag effect" is one of such effects [9]. Let us compare, for example, 
the angular distribution of hadrons in a three-jet event (hard qq-g) with a two-
jet -t-photon {qq-y) event with the qq in the same angular configuration (Fig.3) 
[12]. If each jet develops independently, the angular distribution of hadrons in the 
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qq-g events is simply that in the 33-7 events plus an additional multiplicity in the 
direction of the gluon. 

Jet 2 
(qorq) 

Jet 1_ 
(q or q) 

F i g . 3 Comparison between qqg (three-jet) events and qqy (two-jet) events with 
the same kinematical configurtation. The radial distance shows the multiplicity 
at the direction. 

The experimental data suggests that this is not the case. In the three-jet 
events, a depletion of multiplicity is seen in the opposite direction to the gluon jet. 

This effect is indeed expected in QCD [9]. 3 The emission of a hard gluon 
changes the global pattern of the colour flow (see Fig. lb) , and hence changes the 
pattern of the particle flow. 

In order to make a quantitatively precise comparison between the theory and 
the experiments, however, we have to avoid bias effects caused by the experimental 
procedures of the event selection. Dokshitzer et al. have proposed to use energy-
particle correlations [13]. The next-to-leading corrections to it was eveluated in 
[14]. The corrections were found so large that it almost cancels the drag effect at 

3This effect was first predicted in connection with the Lund string model. Although this model 
fails to describe the overall particle flow as we go to higher energies, the "drag effect" in QCD is 
qualitatively similar to it. 
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the leading order. 
The experimental data recently obtained naturally lies somewhat between the 

leading and the next-to-leading predictions (see [15] for details). 
The theoretical problem in it is that the expansion in powers of ^/a~. in the 

MLLA seems to fail to provide quantitatively controlable predictions. The series 
would oscillate with the amplitude which would not reduce at higher orders. It 
would imply that we have to redifine the zeroth order approximation so that the 
higher order corrections may be controlable. 

In MLLA, such a situation is, in fact, not unique to this quantity. We some
times encounter large next-to-leading order corrections when we analyse particle 
correlations [19][20]. A better-understood example is the multiplicity distribution. 
The observed squared dispersion of the distribution (i.e. the integrated particle 
correlation) is much smaller than the leading order prediction in QCD, and the 
next-to-leading order correction almost cancels the leading order value. One of the 
reasons why the correction is so large is that the two-particle inclusive cross sec
tion (particle correlation) has a larger anomalous dimension than the one-particle 
inclusive cross section (multiplicity), so that the contribution from the soft gluon 
emission (leading order) becomes less significant. The redifinition of the leading 
order is thus required by resumming the series in ^al [6] [16]. 

It is not surprising that a similar redifintion of ihe leading order is necessary 
for the angular correlation (drag effect). I hope that such an analysis will soon be 
done also for this quantity. 

5 Difference between a Quark-jet and a Gluon-
jet 

5-1. Puzzle of the Multiplicity Ratio 
One may naively expect that the multiplicty of hadrons in a jet is proportional 

to the colour charge of the hard parton from which the jet originates (CA = 3 for 
a gluon, CF = 4/3 for a quark). Thus the multiplicity ratio between a gluon-jet 
and a quark-jet is expected to be close to CA/CF = 9/4. 

The ratio has been measured using three-jet events in the e+e~-annihilation, 
identifying one of the jets as a gluon-jet. The ratio was found much lower than 
the above expectation CA/CF = 2.25. For example, OPAL collaboration gave [17] 

r = <n> i c t = l Q 3 ± Q Q 3 t o . n ( g ) 

< n >q-jcl 

(For earlier experiments, see [18].) 
In MLLA, the leading order prediction for the ratio is indeed T = CA/CF, 

and the next-to-leading order correction reduces it by about 10 percent [21]. The 
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correction is far too Bmall to explain the discrepancy. (Next-to-next-to-leading 
order does not change the situation [20].) 

It would be a serious blow to the theory, if it should imply that MLLA, which is 
so successful in describing the majorityof e+e~-annihilation events (mostly two-jet 
events), failed to describe gluon-jets. 

It has sometimes been pointed out, however, that event selection criteria may 
systematically choose the events in which radiation from a hard gluon is realtively 
small, and this bias may have caused the systematic suppression of the observed 
ratio. In order to settle the question, we have to do a more inclusive measurement. 
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F i g . 4 (a) The multiplicity at a given thrust value devided by (n) e+ e-. (b) The 
multiplicity ratio deduced from (a). 
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A large deviation of the thrust value from one can be used to identify the hard 
gluon emission (1 - T « 1/3), where thrust is defined by 

T = max {^m} <*-> (9) 

where the direction of the three-vector n is chosen to maximise the rhs. The 
additional hard gluon causes an increase in the multiplicity from the multiplicity 
without it (qq only). The multiplicity from the 79-pajr is known by the inclusive 
e + e ~ multiplicity (i.e. without specifying the thrust value) at the corresponding 
c m . energy of the pair. The multiplicity form the emitted hard gluon is then 
defined by 

< " >„!uon=< n > r a . 1 / 3 - <n>q9 , T = 1-T . (10) 

The ratio 

P (r ) = f " >'""m 

3 < n >, ? 
(") 

is r-dependent, but at T = 1/3 , it is identical to r at the next-to-leading order 
[21]. 

Fig.4a shows the multiplicity (n ) T at a fixed value of thrust T W 1/3 (mostly 
three-jet events), divided by the multiplicity (n)c+c- without specifying the thrust 
value (mostly two-jet events). The ratio is around 3 /2 . It, however, does not 
imply that the additional jet (from a hard gluon) has nearly the same multiplicity 
as each of the other two jets: The multiplicity of a quark-jet also reduces because 
the invariant mass of the gg-pair reduces (see also [22]). By taking the ratio T(T) 
defined by (11), we obtain (Fig.4b) 

r ( l / 3 ) * 2.0 (12) 
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F i g . 5 A comparison of the angular 
distribution of hadrons in a gluon-jet 
and in a quark-jet. 
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5-2. Angular Distribution of Hadrons 
In MLLA, the shape (angular distribtion of hadrons) of a gluon-jet does not 

differ from a quark-jet at the leading order. The difference at the next-to-leading 
order is numerically small. 

There is, however, a large correction in the direction of the jet. It originates 
from the recoil by the multiple soft-gluou emission from the hard parton, which 
was not included in MLLA. This effect can be evaluated by the leading double-log 
summation with respect to the recoil angle [25]. Because a hard gluon emits more 
soft gluons than a hard quark, a gluon-jet is less collimated than a quark-jet, as 
is shown in Fig.5. 

6 Determination of Ajfg by Event Shapes and 
LPHD 

Because of the asymptotic freedon, QCD shows the broken scale invariance at 
high energies. Under the limit of the exact scale invariance, the event shape would 
not change as the c m . energy becomes higher. In reality, a jet becomes more 
and more collimated at higher energies, as the effective QCD coupling becomes 
weaker. Because the collimation of a jet is a particularly visible phenomenon at 
high energies, it can provide us an ideal means to determine the size of a, (or 
equivalently, the QCD mass scale Ajjg) experimentally. 

It is required, however, that the quantity which characterises the collimation 
be IR-safe. Otherwise, one cannot take the vanishing cutoff limit (Qo —» 0), and 
the quantity is not uniquely determined by a.. 

The thrust distribution is one of the IR-safe quantities where a sharp peak 
develops near T = 1 as the shapes of jets become more collimated at higher 
energies [27]. 

Usually, the thrust distibution data away from T = 1 is used to determine 
a,. In this case, a hard gluon is emitted, and the fixed order matrix element at 
0{a\) may be used. It implies, however, that one avoids the range of T where 
the collimation manifests itself most pronuncedly. Moreover, the fixed order ma
trix element has a large ambiguity due to the arbitrariness of the choice of the 
renormalisation scale fi. 

The ambiguity is largely reduced near T = 1, where the soft-gluon emission 
dominates, and the leading-log summation gives a good approximation [26] [28]. 

It has been believed, however, that the distribution around the peak (near 
T = 1) was sensitive to the hadronisation process. This was why one usually 
avoided to use the data at small T ( = 1 — T), even when one made use of the 
formula of the leading-log summation by Catani et al [29]. 

One can examine the cutoff dependence by writing down a differential equation 
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which describes the evolution of the distribution as the cutoff Q0 approaches to 
zero. It turns out that in the presence of the IR-singulanty at kx ~ Qo the distri
bution changes its shape in the small T region as Q0 decreases. The position of the 
shrarp peak moves proportionally to Qo/W (away from T = 1 as Qo decreases). Its 
height meanwhile does not change. In the absence of the IR-singularity, however, 
the proportionality becomes (Qo/W)"(n > 3) so that the evolution is negligible for 
Ql/W2 « 1. The distribution is IR-safe in the sense that we can take Q0 —> 0 
limit. The Qo-dependence remains, however, as long as soft particles are still 
emitted with the IR singularity at k? « Q0. 

According to LPHD, the parton-level calculation with a proper value of Q0, at 
which the IR-singular parton cascade acrually stops, would be expected to agree 
with the experimental data. 

It may be worth racalling here, however, that the string-like fragmentation 
(Fig.lc) give the particle spectrum similar to the IR-singular parton cascade (flat 
plateau in l n l / z ) at a fixed small transverse momentum . If the hadronisation 
proceeds more or less similarly to this string fragmentation, the evolution of the 
distribution would continue as we lower Qo even down into the non-perturbative 
region. 

In fact, a theoretical calculation with a very low cutoff can reproduce the 
experimentally observed distribution very well (see the detailed anaylsis in [30]). 

It would be too early to conclude from it that the hadronisation is in fact 
string-like. We do not really know the non-pertubtive physics yet. However, we 
may at least say that the experience in the thrust distribution is very consistent 
with the LPHD with a low Qo observed in the energy spectrum (sect. 3) . 

Anothec quantity which is interesting in connection with the determination 
of a, is the rapidity distribution (or rather the pseudo-rapidity distribution). If 
the distribution is normalised by dividing it by the total multiplicity, it becomes 
independent of the energy in the scaling limit. In fact, its height is twice the 
anomalous dimension given in (7) at the leading order [28]. Unfortunately, we have 
not done the next-to-next-to-leading order calculations yet, which is necessary to 
fix kjfs- Another interesting aspect of this distribution is that its behaviour in 
the tail region (small angle with respect to the jet direction) changes as the IR 
cutoff Qo decreases. A preliminary analysis suggests that the value of Q0 which 
reproduces the experimental data is vely low. It seems to support LPHD also in 
this quantity [25]. 

7 A Brief Concluding Remark 
MLLA, together with LPHD, has enabled us to widen the applicability of perturba-
tive QCD to the multiple hadroproduction. We now have the possibb'ty to obtain 
increasingly precise and unambiguous predictions with very few phenomenological 
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imputs. The hadroprodustion, however, is a complicated process. There are still a 
number of unsolved questions, and, in some cases, much further theoretical refine
ment is needed. Without the quantitatively precise understanding of the multiple 
hadroproduction, our ability would be severly limited in analysing experiments at 
higher energies, where we expect the onset of new physics. 
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A test of perturbative QCD via hadronic correlations in 

e + e~ annihilation at -^/I=58GeV. 

The AMY collaboration 

Abs t r ac t 

We study an effect of perturbative QCD in the observable flow of hadrons 

from e + e ~ annihilations at v/5=58GeV. This was done by measuring a ratio 

of energy-multiplicity correlations. The observed correlation ratio shows the 

presence of destructive interference between soft particles in the back-to-back 

azimuthal direction with respect to the energetic particle associated with a hard 

quark-antiquark system. Only the coherent parton shower (PS) describes well 

the observed distribution at the parton level. With the string fragmentation 

model, however, we can mimic the observed distribution whether or not the 

coherent PS is used. We can thus explain the observed phenomena in both 

perturbative and non-perturbative ways. 
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Multihadron production processes in e + e ~ annihilation provide an important 

laboratory for testing QCD. The evolution of initially produced qq pairs from the 

annihilation to the observable final hadrons is well described by Monte Carlo sim

ulations based on perturbative QCD parton branchings and a QCD-inspired frag

mentat ion model. The experimentally observed properties of three- and four-jet 

events clearly demonstra te the simple underlying nature of perturbat ive QCD. 

One of the most striking manifestations of QCD is the observation of the string 

effect in three-jet events[l]. This phenomena, in which the particle density between 

quark and anti-quark is suppressed compared with tha t between quark (anti-quark) 

and gluon, was initially predicted from the argument tha t the colored na ture of 

quarks and gluons must be included in non-perturbative fragmentation models[2]. 

Subsequently, the string effect was analyzed in terms of perturbative QCD and was 

found to be well explained by the color s tructure of the underlying hard processes[3]. 

The emission of soft gluons in the direction opposite to a hard-gluon in qqg events 

is suppressed due to the color structure. 

Recently, an alternative method for testing the color s tructure in hadronic events 

was proposed[4]. Unlike the previous method, this method does not require three-

jet events. Thus , it has the advantage of having high statistics and being free from 

uncertainties arising from the jet algorithm and gluon tagging. This method exam

ines a correlation between two relatively soft-gluons emitted at large angles with 

respect to the event axis of hard qq events. In this kinematical domain, we expect 

tha t results of per turbat ive QCD can be compared directly with the experimental 

particle distribution through the local parton hadron duality (LPHD). 

This method introduces an energy-multiplicity correlation and an energy-multiplicity-
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multiplicity correlation defined as 

1 t rim*z r2* fa 
CEU{vmin,VmaX)--jEidEidEilmidmjo dtidE{dEjdrt.d<j>i , (1) 

CEMM(.Vmin,Vmax,</>) = 

- _/ EdEdEidE, j ^ dVidr,k Jo J+jdhttf - ft + fc)3_5___5_ , 

(2) 

where U; is the energy of hadron i, and fa, <f>k a i d T/J, T;* are the azimuthal angles 

and the pseudo-rapidities of hadrons j and A; with respect to the direction of hadron 

i. We call hadron i the axis particle. The number of possible axis particles in a 

event is equal to the total number of particles. Because of the energy weighting 

factor Ei, the axis particle i is preferentially associated with the initial quark or 

antiquark. Choosing a suitable pseudo-rapidity interval [>/mtn>,7maz]> we expect that 

the other two particles j and k are associated with soft-gluon emission. 

The correlation function is then defined by the ratio of CEMM to CEM as 

c w = — ( 7 i — ; ™—> ( 3 ) 

where Cg = 1 /'a J EidEidrx/dEi is the total energy flow. The correlation func

tion, C(<f>) , can be calculated by perturbative expansion in QCD and is related 

to the colour structure of the underlying hard process. At leading order, the non-

perturbative QCD aspect of the hadronization processes is completely canceled by 

taking the ratio of CEEM to (CEM)2[4]. 

The leading contributions to CEM and CEMM come from the emission of two 

soft-gluon(s) by a hard qq system. Two soft-gluon emission is given by 

W*(n3,n4)<x2CFNc( ° 1 2 + — g » — - - L a " ), ( 4 ) 
ai3<l34a42 023034041 J*c a13032042 
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where partons 1, 2 are the hard-quark and anti-quark, and partons 3 and 4 are the 

soft-gluons; 113 and 114 are the directions of the emitted gluons; Nc is the number of 

colors; CF = (N* — 1)/2JVC = 4 / 3 ; and aij = (1 — n,- • n , ) . An expression for single 

soft-gluon emission, IV?* (n,-), can be given by setting o„4 = l,(ra = 1,2,3). 

Thus the leading order contribution to the correlation function is given by 

C [T,34'(f') ~ W* {n*)W* (n<) " * + 2 ^ l c o S h 7 , 3 4 - cos** ' ( 5 ) 

where 7734 is the rapidity difference between two soft gluons, 3 and 4. One can 

easily see tha t the correlation function becomes one at <j> = TT/2 for any values 

of tj34, indicating tha t zero correlation exists when two soft-gluons are emitted in 

orthogonal </> directions. T h e correlation function becomes 7/16 at cf> = n when 

7/34 = 0 is chosen. This means the emission of two soft-gluons is suppressed in the 

back-to-back direction in <j>, when they are emitted at the same polar angle. This 

angular interference among partons is due to color coherence, which is an inherent 

properties of QCD. 

The da ta were collected with the AMY detector at TRISTAN. The detector 

has been described in detail elsewhere [5]. A total of 15250 hadronic events, at 

center-of-mass energies between 50 and 61.4 GeV, pass all of the evenet selection 

criteria; the average center-of-mass energy is 57.8 GeV and the total luminosity is 

159.0 p b - 1 . 

The selection of multi-hadron final states from e + e _ annihilation is based on 

the charged particle momenta measured in the central drift chamber (CDC) and 

on the neutral particle energy measured in the Shower-counter (SHC)[5). Charged 

particles are required to have at least eight axial and five stereo CDC hits tha t fit to 

a heir Energy clusters in the SHC that are greater than 0.2 GeV are interpreted 
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as showers. Any shower with energy less than 1 GeV tha t is within 2° of the 

extrapolated position of a charged particle is not treated as an independent particle. 

Then , the mult i-hadron events must satisfy: 1) five or more charged particles with 

|cos 8\ <0.85 and tha t originate from points within r < 5 cm and \z\ < 15 cm of the 

interaction point; 2) a total visible energy (£„;,) tha t is more than half of the total 

center-of-mass energy; 3) a momentum imbalance along the beam direction with a 

magni tude that is less than 0.4-J5„,-,; and 4) more than 5 GeV of energy deposited 

in the SHC. 

According to Monte Carlo simulations, the fraction of background events from 

e + e " —* T+T~ and two-photon hadronic events are 0.6—0.9% and 0.6—0.7% re

spectively depending on the center-of-mass energy. The fraction of background 

contamination from beam-gas collisions is 0.3%. 

We calculate the correlation function, C ( ^ ) , from detector-corrected CE, CEM 

and CEMM- Correction for detector effects was done by comparing these correlations 

at the generator and simulation level of the Monte Carlo calculations, and was found 

to be a few percent, which does not affect the observed result. We choose a pseudo-

rapidity region (accepted rj region) of 1 < ij < 2 to ensure that the correlations 

are dominated by soft-gluon emissions. The validity of this s ta tement is examined 

later. 

Fig. 1 shows the observed C{<f>) as a function of <j>. Also plotted are curves of an

alytical calculations. The solid and dotted curves are the results of leading order as 

given by Eq. (5) and next-to-leading order, respectively. The next-to-leading order 

curve was obtained by taking into account several effects, such as, a gluon cascading 

multiplicity factor, non-soft gluon emission, etc[6]. The large discrepancy between 

the two analytical curves results from the fact tha t the perturbat ive expansion of 
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C(<f) runs in ^/57 ra ther than in a,. The size of the corrections to the leading-order 

result is not small. The overall shape of the observed distribution resembles the 

next-to-leading order curve. The calculation, however, shows a quite small corre

lation in the region ir/2 < <f> < 7r, while, in the da ta , destructive interference is 

clearly visible. The next-to-leading order curve is therefore over-corrected. In fact, 

negative contributions are expected at the next-to-next-to-leading order[7], which 

would improve agreement between the analytical curve and the data . 

We should check whether this effect, i.e., tha t C(<j>) is less than 1 in the large 

<f> region, is due to kinematical effects. As shown in fig. 2, when hadrons j and k 

are in the accepted tj region, 4> ' s nearly equal to zero, because bo th are associated 

with the third-jet. If the above case are frequent, the C(<j>) curve has a larger peak 

at a small <f>, and the C{<f>) at large <j> becomes smaller accordingly because of the 

normalization. Consequently, we would see the fake destructive interference, which 

is not related with the color s tructure at all. 

To check this, we made the following test . First we selected three-jet events 

using the clustering algorithm[8j. We then made a cone around the third-jet, the 

least energetic jet , and removed particles in the cone. Let us call this sample 3'-jet 

events. If the effect mentioned above is correct, we would see a difference between 

the 3-jet and 3'-jet events. Fig. 3 shows little difference between the two somples. 

Thus , the observed effect is not due to this kinematical effect. 

We now discuss how the accepted r\ region was determined. As mentioned before, 

according to perturbat ive QCD, the correlation between two emit ted soft-gluons is 

the strongest when they are emitted at the same polar angle, J734 = 0. Therefore 

the narrower the accepted JJ region becomes, the better we can see the correlation. 

However, this does not work in practice, because we should take into account fluc-
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tuat ions of the hadron momenta . The should then be some optimal accepted 7) 

region, A»j. Another important point is to minimize contamination from particles 

due to other jet in the event. Fig. 4 shows the dependence of C(4>){^/2 < <f> < ir) on 

Vmax • Here we fix the pseudo-rapidity interval to be one; A77 = rfmax — n m ; n = 1. At 

relatively large ^ C(4>) is probably dominated by particles associated with the 

jet containing the axis particle i, the axis je t , and increases as i7m„ increases. The 

correlation C{<f) gradually decreases with decreasing ymax, and reaches a minimum 

at around n m a x = 2. This agrees with the expectation tha t in the region 1 < 77 < 2 

the correlation is primarily due to soft-gluon emission and shows destructive inter

ference. When we take T]max < 1, the possibility that particles j and k are from the 

non-axis jet increases, and C(<j>) approaches one accordingly. We also checked the 

interval size dependence by changing A n from 0.8 to 1.2. C[<j>) is stable around the 

minimum point. Therefore choice of the interval 1 < r\ < 2 seems most suitable for 

studying the particle correlations due to color effects. 

We studied the behaviour of the correlation ratio in various Monte Carlo Mod

els. We used LUND(Jetset 7.3)[9] and HERWIG (5.5)[10]. The LUND program can 

be set to use either par ton shower (PS) or exact second-order QCD matr ix element 

(ME)calculations for the perturbat ive phase, while for the non-perturbat ive phase , 

either the string or independent fragmentation (IF) can be chosen. The HERWIG 

program incorporates a par ton shower and a cluster fragmentation model. In HER

W I G , all underlying partons are obtained with coherent QCD branching (coherent 

PS) followed by cluster decays, where hadrons are generated isotropically according 

to a simple phase space scheme. Thus HERWIG is the nearest approach to the local 

par ton hadron duality (LPHD) principle. We can switch the PS scheme from the 

coherent to incoherent PS in LUND, but can not in HERWIG. Therefore we do the 
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par ton level analysis using LUND as follows. 

Fig. 5 shows the correlation ratios at the parton level. It does not include 

hadronization effects, because the parton 4-momenta before hadronization are used 

for determining C(<j>) . The coherent PS shows a destructive interference similar 

to tha t observed experimentally. The incoherent PS , however, yield values around 

one, indicating tha t the particles are not correlated. This indicates that the source 

of the destructive interference is color coherence during the perturbat ive phase of 

the reaction. 

To check the hadronization effects on the C{4>) , we plot in fig. 6 the hadron 

level results, in which the 4-momenta of the hadrons after hadronization via the 

string-model are used. There is no significant difference between the coherent and 

incoherent PS da t a after hadronization. Both show destructive interference after the 

string fragmentation. Since the string model was developed for accommodating the 

string effect, it is not surprising that the incoherent P S , which shows no-interference 

at the par ton level in fig. 5, can reproduce the destructive interference. 

Finally, we compare the MC data after detector simulation with the real da ta . 

The MC da t a from the HERWIG, LUND coherent PS and LUND ME, are plotted 

in fig. 7. All the MC da ta show good agreement with the real da ta . Comparing 

fig. 7 with fig. 6, we also notice that the detector oriented effects, such as accep

tance and resolution, on C(<f>) are quite small. The number of generated par tons 

are quite different between the PS and the ME models, i.e., at most four par tons 

are generated in ME. However, the number of hard partons should be the same, 

and consequently additional par tons in the PS are mostly soft and collineai. The 

final particle distribution of these soft par tons can be well mimicked when the string 

fragmentation is used [11], in which the fragmentation parameters and the renor-
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malization scale are tuned to describe the particle multiplicity. With these tuned 

parameters , the ME model shows good agreement with the PS one. 

The incoherent PS with the IF model does not show the destructive interference. 

This is understandable , because both incoherent PS and the IF models do not 

include color effects. 

In conclusion, we have measured the energy-multiplicity-multiplicity and energy-

multiplicity correlation ratios of hadronic events in e + e ~ annihilation at TRISTAN. 

We observe tha t two soft particles, when produced with a large angle with respect to 

a hard jet particle, show an azimuthal angle correlation as expected from the color 

s t ructure of the underlying hard processes. The size of this correlation, however, is 

not explained by a purely analytical approach if only the leading order or next-to-

leading order calculation are included. Addition of the next-to-next leading order 

calculation is needed. 

We also compare the observed result with the predictions from various Monte 

carlo models. The correlation ratio C{<t>) is insensitive to detector related effects. 

At the par ton level, only the model incorporating color coherent par ton branching 

can produce the destructive interference similar to that observed experimentally. 

Models such as ME and the non-coherent PS are also able to reproduce the observed 

da t a by using the string fragmentation. 

A higher order analytical calculation based on perturbat ive QCD, if it becomes 

available, could be a powerful tool to distinguish the color coherence effects against 

non-perturbat ive dynamics. 
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Figure 1: The correlation function C(<j>) defined by (5), as a function of the az-

imuthal gap <j> for a pseudorapidity region 1 < ifot < 2. The points show the 

measured values with the AMY detector. The solid and dot ted curves show the 

leading and next-to-leading order predictions, respectively. 
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Figure 2: Schematic descriptions of a) the 3-jet and b) the 3'-jet events (see text) 
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Figure 3: The correlation function C(tj>) , as a function of the azimuthal gap <j> for 

3-jet event and 3'-jet event sample. 

- 200 -



2.0 

1.5 

V 

0.5 

~i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—r 

D AMY 

• a 

A 7 J = 7 ? m a x - ^ m i n = 1 

Q Q • ' • • l _ l I I I I I 1 1 I I I I I 1 I I I I I I I I I I L 

' 1 1.5 2 2.5 3 3.5 4 
V max 

Figure 4: The correlation function C(4>) , as a function of the maximum pseudora-

pidity rj,„ax- Here the size of interval is fixed to be 1. The points show measured 

values averaged over 7r/2 < <j> < IT region. 
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Figure 5: The correlation function C(<f>) , as a function of the azimuthal gap (f> 

for LUND Monte Carlo events (parton level). The 4-momenta of partons before 

hadronization are used for the calculation of C{4>) . The partons are generated 

with the coherent PS (diamond) and the incoherent PS (square). 
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Figure 6: The correlation function C{(j>) , as a function of the azimuthal gap $ for 

LUND Monte Carlo events (hadron level). The 4-momenta of hadrons are used for 

the calculation of C(<j>) . The partons generated with the coherent PS (diamond) 

and the incoherent PS (circle) are hadronized by using LUND string model. 
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Figure 7: The correlation function C(<f>) as a function of the azimuthal gap <f> for 

real da t a and various MC da ta . The square points show the measured values with 

the AMY detector. After detector simulation done, the hadronic event selection 

used for the real da ta are applied to the MC da ta as well. The cross points are 

predictions from LUND parton shower with string model , the circle points are 

results from LUND second order matr ix element (ME) approach with string model 

using tuned parameters . The diamond points are da ta of the HERWIG generator 

incorporating a coherent parton shower and a cluster model. 
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Particle spectra of gluon jet 

H. Takaki 

Department of Physics, Osaka University 

Since gluons have a larger color charge than quarks in QCD, they are expected to 
have a large probability to radiate. According to the Altarelli-Parisi splitting kernels, the 
ratio of gluon to quark bremsstrahlung probability is roughly 9/4. There is therefore 
strong support for the idea that gluon initiated jet should have a higher particle multiplicity 
and a softer particle distribution than quark one. We present a new approach to derive the 
particle spectra for gluon jets by comparing the spectra of 3-fold symmetric three jet 
events (denoted later as qqg sample) with two jets+y events in the same topology at the 
same CM energy (denoted later as qq(y) sample). Since the two pairs of quark jets in the 
qqg sample are completely identical to the qq(?) sample topologically, a definite and 
exact comparison between gluon jet and quark jet can be realized with the same detector 
and kinematics. In addition, the higher jet energy (<Ejet>~20 GeV) in our experiment 
would make the possible difference clearer. 

From the data corresponding to the integrated luminosity of I53pb-1, we selected 
the events into the two classes of a 3-fold symmetric three-jet sample (qqg) and two jets 
with gamma (qq(y)) in which all three angles between the jet (or y) axes should be 
between 100° and 140°. Finally 91 (221) events were selected as a qqg (qq(7) ) 
sample. For each sample, the fractional momentum (xp=pi/Ejet) distribution of the 
charged particles are made. The distribution have been corrected for the acceptance and 
the selection cuts described above, using the JETSET (PS or ME with SF/IF 
fragmentation) model on a bin-by-bin basis. Fig. 1 shows the corrected xp distribution 
for qqg and qq(Y) sample, where the errors include both statistics and the uncertainty in 
the correction factor. Significant deviations among the two distributions can be observed. 
Another way to present the difference of the distributions for qqg and qq(y) sample is to 
calculate the following ratio according to the past experiments; 

R ( x > - * 1 d a { q q g ) / I 1 doiqqjy)) 
' 3 < C dx, / 2 < ( r ) dxp 

This ratio was plotted in Fig. 2 together with the predictions of the monte carlo programs. 
The significant deviations of our data points from unity shows again a clear difference 
between the spectra of the qqg and qq(y) sample implying that the gluon jets is softer 
than the quark one. The pattern of the deviations is well reproduced by the PS model 
while the independent fragmenation model gives a constant R(xp) around unity reflecting 
the fact that no differences between gluon and quark fragmentations are implemented in 
the model. Despite of its special treatment of gluon as a kink of a string, the SF model 
also shows a nearly flat R(xp) around unity. 
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With the PS model we have studied the Xp distribution of the qq system in qqg and 
qq(y) events at the CM energy of 58 GeV together with those of two-jet events ("2jets") 
at that of 38.7 GeV (=2l3'Ej£t). We found no significant differences among the xp 

distributions of them. There is an argument that the extraction of the gluon property by 
the comparison between "3-jet" and "2-jet" might not be valid because the fragmentation 
of a quark depends on the environment in which the quark is imbedded. As far as the PS 
model predicts, the xp distributions of a quark jet seems to be affected little by the 
environment 

The contribution from gluon jet can be extracted by a simple subtraction of the 
distribution for the qq(y) sample from that of the qqg sample if we neglect the small 
contamination of a three-jet event in the qqOy) sample. Fig. 3 displays thus derived 
distribution for gluon jet together with that for quark jet which is equivalent to the 
distribution for the qq(y) sample. 
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Figure Captions 
Fig. 1: 
Corrected xp distribution of "qqg" (open circles) and "qq(Y)" sample (solid circles). The 
prediction of the PS model are shown with a solid (dashed) curve for "qqg" ("qq(7)") 
sample. 

Fig. 2: 
The ratio of the corrected xp distribution per jet for "qqg" sample to that for "qq(y)" 
sample together with several model predictions. 

Fig. 3: 
Extracted xp distributions for gluon jet (open circles) and for quark jet (solid circles). 
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Test of MLLA calculation in inclusive particle spectra 

TOPAZ Collaboration 
presented by 

Ryosuke Itoh, KEK 

Abstract 

Inclusive n±/K±/p(p) cross sections in hadron jets in e +e~ annihilation are 
measured around ^ = 5 8 GeV using particle identification by the TOPAZ TPC. 
The inclusive cross section for K° is also measured using the mass reconstruction 
method. The data are presented in da/dE, (£ = log A, x is a particle momentum 
normalized by the beam momentum), and compared with the QCD calculation 
based on Modified Leading Log Approximation (MLLA). By this comparison, Q0 

and A in the MLLA expression are determined for all charged particles and for 
each of ir±/K±/K"/p(p). The Q0 (or eacli of the particle species is close to the 
mass of the particle, while A is constant for these particle species. This supports 
the conjecture by MLLA and LPHD. The energy evolution of the maximum of 
d<r/d£ is also consistent with the prediction of the MLLA calculation. 

1 Introduction 
The LLA ( leading log approximation ) parton shower model reproduces the var
ious data distributions in e + e - hadronic final states well when the "coherence" 
effect of soft gluons is taken into account. Several Monte Carlo programs were 
written based on this scheme (JETSET63, for example) and were used in various 
experiments for the study of QCD. However, since the coherence effect is the con
sequence of higher order correction, the effect is artificially inserted to the LLA 
scheme in these Monte Carlo. 

On the other hand, in the lower Q2 region, the spectrum of gluons in the parton 
shower process is analytically calculated in Modified Leading Log Approximation 
(MLLA) [1], which includes all the leading and next-to-leading logarithmic terms. 
The distribution is expressed as a function of two parameters, K = l o g ( ^ ) and 
A=log(^)-
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x jHM) f l*M,fi+l,wA) (1) 

Here x is the momentum of a particle normalized by the beam energy, £ is a half 
of the center of mass energy, 0 is an opening angle of the jet cone, CF=\, b = ^ , 
A=^ and B = | ^ for five quark flavors. The two functions, 4> and »P are two 
solutions of the confluent hypergeometric equation. The quantities, A and Q0 are 
QCD scale parameter and the energy cut-off of the parton evolution, respectively. 

This calculation predicts depletion of soft partons as a consequence of the 
destructive interference of soft gluons. This depletion shows up clearly in (1), 
which has a maximum and in a region not too far from the peak the distribution 
is approximated by a Gaussian as a function of £ = log ( l /x ) . 

This expression, which is calculated for partons, can not be tested directly in 
the experiment unless the distribution of final s tate hadrons is similar to that of 
partons. The concept of Local Parton Hadron Duality (LPHD) indicates that the 
distribution of hadrons in the final states closely follows that of the partons [2]. 
According to the LPHD concept, the conversion of partons into hadrons, which 
occurs at low virtuality scale, includes only small momentum transfer, and hence, 
the distribution of final s tate hadrons is similar to that of partons. In this report 
we compare the calculated parton spectrum (I) direct!)' with the measured hadron 
spectrum assuming this concept. 

The Q0 is introduced to regularize collinear singularity, which also gives a limit 
on parton energies. Therefore, the value of Qo obtained by fitting the expression 
(1) to the experimental da ta should be close the mass of the particle being consid
ered [3], while A should be constant for all the particle species. These dependences 
can be experimentally tested by measuring Qo and A for various particle species. 

In our previous paper [5], a similar analysis has been reported, where Qo was 
chosen to be identical to A (the limiting spectrum in ref.[l]), and the value of A 
for each of particle species was determined. This was done partly because of a 
technical reason of numerical evaluation of the MLLA spectrum (1), however, in 
this report, Qo a l >d A are treated as independent parameters. 

A possible distortion in the distribution by the fragmentation and decay pro
cesses can be avoided in part when the energy evolution of the distribution is 
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considered. The maximum of the distribution (1) is given by 

i E r~6 ~E 

^ ~ 2 1 0 S A W W ° S A ( 2 ) 

Phase space leads to a variation of the maximum as £mar ~ l o g £ whereas it 
varies as t,max ~ ^ log i? in this expression. Therefore the measurement of the 
logarithmic slope gives a test of the prediction. 

In this article we present the measurement of inclusive cross sections for JT*, 
K*, and p{p) with particle identification by the Time Projection Chamber (TPC) . 
The data are then compared directly with the calculation based on the MLLA. 
The inclusive cross section for A'" measured using the mass-reconstruction is also 
compared. 

2 Measurement of inclusive cross section 

The da ta used in this analysis are accumulated by the TOPAZ detector at TRIS
TAN e+e~ collider a t the center-of-mass energies between 52.0 and 61.4 GeV. 
The average energy is 57.9 GeV, and the total integrated luminosity is more than 
100/pb. 

Detail of the TOPAZ detector is described elsewhere [7]. In this analysis the 
da ta of the Time Projection Chamber (TPC) is mainly used for tracking and 
dE/dx measurement for charged particles [8]. The trigger condition relevant to 
this analysis is the track trigger which requires two or more charged tracks in the 
fiducial volume of the T P C , and the energy trigger which requires 4 GeV or more 
energy deposit in the barrel lead glass calori meter. The event trigger is generated 
by a logical OR of those two, and the trigger efficiency for multihadron events is 
practically 100%. 

Out of the triggered events, multihadron events are selected by the following 
conditions; (a) five or more charged tracks having transverse momenta with re
spect to the beam axis larger than 0.15 G e V / r are originated from the interaction 
point, (b) total visible energy is larger than one half of the center-of-mass energy, 
and (c) momentum imbalance along the beam direction is smaller than 0.4. By 
these conditions, the event selection efficiency is 6'7.1% with background contami
nation of 1.0%. Two photon processes and T+T~ productions are the main sources 
of the background. In addition to these cuts, the jet axis is required to have an 
angle with respect to the beam axis larger than 37° to ensure tha t the event is 
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well contained in the detector acceptance. After all these cuts 9857 events are 
used in the analysis. 

The particle identification of charged pions, kaons and protons are done by 
measuring the dE /dx of tracks in the T P C . The detail of particle identification 
technique is described in ref.[4]. The typical resolution of the d E / d x measurement 
for minimum ioniozing pions is 4.6%. 

In the low momentum region, the number of each particle species are directly 
obtained by counting the number of tracks in each dE/dx band. However, the 
dE /dx bands are not well separated in the region where the particle momentum 
is larger than 1 GeV/c. To extract the number of each particle species in this 
region, we perform a simultaneous fit of the dEjdx distribution to the number of 
n^ ' s , /v^ ' s and protons for each momentum slice. This distribution is fitted with 
a superposition of four Gaussians. The widths and the centers of the functions 
are known from the measurement of BJiabha events and cosmic ray ji's. Only the 
normalizations of the functions are the free parameters of the fit. 

On the other hand, the number of K" was counted using the conventional 
mass reconstruction method. The detail of the reconstruction technique will be 
presented elsewhere[6]. 

The inclusive cross section, da/dx is then calculated from the number of par
ticles observed in each momentum slice A A ' / A i by applying corrections for the 
detector acceptance and initial state radiation, and normalizing by the integrated 
luminosity. 

S = 7LS-&A{X) ( 3 ) 

Here the bin sizes A.T is chosen large enough so tha t migration between the bins is 
negligible. The A(x) in this expression is estimated using Monte Carlo simulation 
as follows. 

AU°™ = 7 Z ^ ( £ W ( ^ " C ( 4 ) 

= T^&^ng/Nrtirc (5) 
The number denoted with "gen" are calculated with physics event generation 
program with no detector simulation nor the initial s tate radiation, while the 
number with "si??)" includes the complete detector simulation and the initial 
s tate radiation. The AV is the number of total generated events and 1 +6jtc is the 
radiative correction factor which also depends on .T. In this analysis LUND6.3 and 
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detector simulation programs are used to calculate these quantities. The number 
of A'" is also corrected for the decay branching fraction. 

In Fig. 1 the inclusive cross sections for ir*, K± and p(p) are shown in 
l/arda/dx, where a? is the total hadronic cross section. In this form of the in
clusive cross section uncertainties in the total integrated luminosity and radiative 
correction cancel out. The errors in this figure are quadratic sum of statistical and 
systematic errors which includes uncertainty in the acceptance correction. The 
solid curves in the figure are the prediction of the LUND6.3 program, which is in 
good agreement with the observation. 

3 The £ distribution and its energy evolution 
The inclusive particle distributions are shown in 1 /07- da/d( in Fig. 2 for all 
charged particles, and in Fig. 3 for each of four particle species. Since the 
expression (1) is derived for massiess partons and does not distinguish momen
tum and energy, it is ambiguous which of x&(= EvaTticicjEi,eam) and xp should be 
used for the definition of if. In this analysis .r p is used to calculate £. 

For the distribution for all charged particles, the particle yield has a maximum 
around £ ~3.4 and decreases towards high £ as expected from coherent gluon 
emission. The observed distributions are fitted with the ML LA expression given 
in (1) using the numerical calculation. The results of the fit are plotted in Fig.4, 
and the values of Q0's and A's are listed in Table 1. 

The MLLA formula fits the observed cross sections, very well over the wide 
range of £ for all the particle species. From Table 1, it is concluded that the 
values of Qo's coincide with the particle masses within the measurement error. 
This implies that the momentum distribution of the particular particle is similar 
to the momentum distribution of partons when the end-point of the parlon shower 
is set at the mass of the particle. The A's almost stay constant for these particles. 

We also fitted the distributions fixing the value of A at 150MeV, "200MeV and 
250Mev, and determined the values of Q 0 from the fit for all particle species. The 
results are summarized in Table 2. Although there is a weak correlation between 
A and Qo, the values of Q0 almost coincide with the particle masses independently 
of the choice of A. These results provide a support to the conjecture by MLLA 
and LPHD. 

The MLLA calculation predicts the energy evolution of the distribution, namely 
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Figure 1: Inclusive cross sections for chaiged pious, kaons and protons. 
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Figure 2: Inclusive cross section for all charged particle as a function of f plotted 
with the fitted MLLA function. 
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Figure 3: Inclusive cross sections for charged kaons, k-shorts, pions and protons 
as a function of if plotted with the fitted MLLA function. 
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Qo(MeV) A e / / (Mev) 

all charged 323±10 254±10 
** 356±11 339±15 
A'± 544±24 145±22 

A'" 733±100 497±90 

PIP 5S6±40 187±35 

Table 1: Q0 and Acjj for each particle species determine from the fit. 

Q0(A = ISOMeV] <3o(A = 200/l '/el /) Qo(A = 250MeV) 
all charged 241 282±10 320 

T± 217 252±11 286 
K* 545 515±23 605 
A'.0 608 G0S±80 687 
PIP 544 586±41 620 

Table 2: Qo for each particle species when Aeff is fixed at 150, 200 and 250 MeV. 
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the position of the maximum of the distribution varies as ~ ^ log \/s while phase 
space calculation gives ~ log y/s. To study this energy evolution, the positions 
of the peaks of the distributions are determined by the maximum of the MLLA 
formula with QQ and A which give the best fit. The positions of the maximum are 
plotted in F'ig.6 with the results of the other experiments at various energies [9]. 
The data of TT at i/s=91 GeV is the result of L3 experiment for TT°. The da ta points 
for all charged particles are fitted with a function £max = a log y/s + b with two 
free parameters a and 6. As a result of this fit a=0.57±0.06 and 6=1.15±0.22 are 
obtained, which is shown as a straight line in Fig. 4. The value of a is consistent 
with | which is a prediction of the MLLA expression, and excludes a = 1 which is 
expected from the phase space calculation which does not include coherent gluon 
effect. 

4 Summary and conclusion 

Inclusive v±/I{±/p{p) cross sections in hadron jets in e + e ~ annihilation are mea
sured around ^ = 5 8 GeV using particle identification by the TOPAZ T P C . The 
cross section for K® is also measured using the mass reconstruction method. The 
da ta are presented in da/d£ (£ = log - , x is a particle momentum normalized by 
the beam momentum), and compared with the QCD calculation based on MLLA, 
which predicts the depletion of soft particles due to the destructive interference 
of soft gluons. The MLLA formula describes the observed distributions very well 
for all particle species over the wide momentum range. 

By this comparison, Qo and A of the MLLA expression is determined for all 
charged particles and for each of TT*/ A ^ / V V " / /)(]>). The Qu for each of the particle 
species is close to the mass of the particle, while A is a constant for these particles. 
We also determined the values of Q„ fixing A at certaine values. The determined 
Qo also coincides with the mass of each particle. These results show that the 
momentum distribution of particles is identical to the momentum distribution of 
partons with the end-point of the parton shower equal to the mass. This supports 
the conjecture by MLLA and LPHD. 

The energy evolution of the maximum in dcj/df, is tested by comparing our da ta 
with the results of the other experiments at various energies, and it is consistent 
with the prediction of the MLLA calculation. 
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Figure 4: Energy evolution of the peak position in the inclusive cross section. 
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A Determination of a, in e +e~ Annihilation at •N/s=58GeV 

H. Sagawa 

National Laboratory for High Energy Physics 
Tsukuba, Ibaraki, Japan, 305 

Abstract 

We present a study of differential two jet ratio, EEC, AEEC, thrust and moment 
of inclusive momentum inside jets of multi-hadronic final states produced by e +e~ 
annihilation in the AMY detector at TRISTAN. 

From this analysis, QCD coupling strength a, is determined from fits to the pre
dictions of the Next-to-Leading Logarithm Parton-Shower (NLL PS) Monte Carlo and 
the 0(a\) Matrix Element QCD models and the theoretical prediction in which leading 
and next-to-leading logarithms, resummed to all orders, with second order expressions. 

1. Introduction 

QCD has a fundamental parameter, the coupling strength a,(// 2) at a given mass 
scale fi. The coupling strength as is related to a scale parameter, which in the com
monly used "modified minimal-subtraction" renormaiization scheme is denoted by 
^Ws- ^Ms IS st'M o n e °f t n e ' e a s t known parameters of the Standard Model. Although 
a number of methods have been used to measure A-j^, the measurement precision 
has been limited primarily by ambiguity on the choice of the renormaiization scale 
fi and uncertainty in the comparison between experimental hadronic final states and 
theoretical partonic states. 

For the exact 0 ( a s

2 ) ME calculation [1], [2], it is known that small values of the 
scale factor / {=f-2/Q2) are needed to describe the 4-jet rate correctly. 

Kato and Munehisa incorporated theoietical calculation beyond the Leading-Logarithmic 
approximation, together with detailed considerations of kinematics, into a Monte Carlo 
program that generates e +e~ annihilation events according to the NLL PS model pre
scription [3]. For the hadronization , we use Lund string fragmentation. The NLL PS 
model and Lund Parton-Shower model reproduce the general features of hadronic final 
states well. The advantage of the NLL PS model is that it allows one to fix A-^ and 
it reduces the systematic effects associated with the choice of a renormaiization scale. 

In addition, recently there has been theoretical progress concerning the resumma-
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tion of large logarithms in the perturbation series to all orders of as [4]. 
In this paper we report on a comparison of the properties of a sample of multi-

hadronic e + e ~ annihilation events with predictions of an 0(a,2) ME calculation, the 
Kato-Munehisa version of the NLL Parton-Shower Monte Carlo and resummed ana
lytical calcualtion with 2nd order expression, and extract measurements of a,. The 
event selection and da ta correction are described in section 2. Determination of a , 
from differential two jet ratio forms section 3. Section 4 describes the determination 
of Qj from EEC. In section 5, thrust analysis is described. Section 6 forms moment 
analysis. Section 7 contains the summary. 

2. E v e n t Se lect ion and D a t a Correct ion 

The data were collected with the AMY detector at the TRISTAN storage ring at 
KEK. Data for the luminosity of about 100 p b - 1 are used for the analysis of jet , EEC, 
and thrust . Data for the luminosity of about 160 p b " 1 are used for moment analysis. 

The selection of multi-hadron final states from e + e " annihilation is based on the 
charged particle momenta measured in the CDC and on the neutral particle energy 
measured in the SHC. The selection of multi-hadron events in the AMY detector is 
described in detail in Ref. [5]. The main selection criteria include the following: 

1. five or more charged particles with | cos0 | < 0.85 and originating from points 
within r < 5 cm and \:\ <15 cm of the interaction point; 

2. a total visible energy (Evis) that is more than half of the total center-of-mass 
energy; 

3. a momentum imbalance along the beam direction with a magnitude that is less 
than QAEvu\ and 

4. more than 5 GeV of energy deposited in the SHC. 

To correct the observed distributions for detector acceptance, initial-state radia
tion effects and the hadronic-event selection criteria, events produced by Lund Jetset 
6.3 or 7.3 Parton Shower generators are passed through programs that simulate the 
detector and subjected to the same analysis procedure as is used for the actual data. 
Comparisons between distributions determined from the simulated da ta with those of 
the generated events are used to determine correction factors. 

3 . D e t e r m i n a t i o n of as from d i f ferent ia l t w o j e t r a t i o 

In order to get jet clusters, some clustering methods must be employed to combine 
hadrons in the final states. The algorithm combines particles into clusters until the 
scaled-mass squared y,-j, which is defined as 

Vh = ^ - (1) 
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« 5 Aa s(exp) Aa,(had) Aor5(scale) Aa,(toUl) 
NLL PS 

EO 
Durham 

0.1300 
0.1254 

0.0015 
0.0020 

0.0054 
0.0055 

0.0010 
0.0040 

0.006 
0.007 

ME (ERT) 
EO 
E 
P 

Durham 

0.1295 
0.1358 
0.1311 
0.1331 

0.0025 
0.0020 
0.0020 
0.0021 

0.0026 
0.0050 
0.0040 
0.0030 

0.0098 
0.0200 
0.0040 
0.0057 

0.010 
0.020 
0.006 
0.007 

Table 1: Results for a, for different recombination schemes 

exceeds a cutoff value j / c u ( . Here jl/,-j is the invariant mass of the merged i and j 
particles/clusters. The clusters remaining when all of the j/,j values exceed ycut are 
identified as jets. The resulting N-jet ratios, R/j, the fraction of events containing N 
jets, are functions of ycut. 

The differential two-jet distribution D 2(jr) is defined by i/(= y^t) 

DAy] = ft<»-y*-A» ( 2 ) 

and measures the distribution of the ycnt values where the jet multiplicity changes 
from two to three. VVe use comparisons of our corrected D-i(y) measurement with the 
parton-level O(aj) ME and the NLL PS Monte Carlo predictions. 

While the application of the models at the parton level eliminates ambiguities 
arising from hadronization, it introduces ambiguities associated with deciding when 
two or more nearby partons are resolvable into distinct jets, or are coalesced into 
a single jet . Various techniques or "recombination schemes" have been proposed to 
deal with this mass. In this analysis we consider the "E-" , "E0-" , "p - " , [6] and 
" k i ( D u r h a m ) " [7] schemes. 

The distributions of D 2 (y) of experimental data for the different schemes are cor
rected for detector acceptance and initial s tate radiation. For the O(or^) ME model, 
the distributions are corrected for hadronization. Errors for both the measurement and 
the correction factors are added in quadrature and given as the overall experimental 
error in D 2 . The measured D 2 distributions for the E0- and Durham schemes and the 
corresponding results from the perturbative QCD are shown in Fig 1. 

For the O(o^) ME mode], systematic errors due to uncertainties in the hadronization 
procedure were estimated by comparing results from the Lund 7.3 PS, Webber model 
and by varying Qo of Lund PS from 1 to 6 GeV. For the NLL PS model, hadronization 
uncertainties were estimated by comparing results with and without hadronization cor
rection and by varing Q 0 from 0.5 to 2GeV. The results for « s (57.7GeV), experimental 
errors, and "theoretical" errors due to hadronization and renormalization scale uncer
tainties are listed in Table 1 for each recombination scheme. . For the 0(a5

2) ME 
model, the p recombination scheme gives the smallest error and the E0 recombination 
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Figure 1: Measured distributions D2(y) for EO and Durham recombination schemes, 
corrected for detector acceptance, initial state radiation, and hadronization (for ME). 
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Figure 2: The acceptance-corrected AMY results for EEC and AEEC. 

scheme is least effected by hadronization uncertainties. For NLL model, EO scheme 
gives small scale uncertainty. 

4. Determination of as from the EEC 

The Energy-Energy Correlation (EEC) [8] is an energy-weigh ted angular correla
tion defined as 

EEC(») = §(*) 

where i and j run over all particles in the event, Oij is the angle between particles i and 
j , and N is the total number of events. While qq events contribute to EEC near 0= 0" 
and 180°, events with hard gluon radiation contribute to the EEC in the intermediate 
angular region. The asymmetry of energy-energy correlation (AEEC), 

AEEC(9) = EEC (it -0)- EEC(O), 

removes the two-jet component. In this analysis we compare experimental results to 
analytic 0(as

2) formulae for EEC and AEEC reported by Kunszt and Nason [2]. Fig
ure 2 show the corrected EEC and AEEC measurements together with the prediction. 
Corrections are applied for acceptance, initial state radiation, and hadronization. 
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a, Aa 3(exp) Aa s(had) Aa s (scale) Aas (total) 
EEC 0.136 +0.002 

-0.003 0.002 0.011 0.012 
AEEC 0.123 +0.00-J 

-0.009 O.OOS - -t-o.uw 
-0.013 

Table 2: Values of a , extracted from EEC and AEEC. 

a* Aa s(exp) Aa s(had) Aa s(scale) Aa.(total) 
resummation 0.131 +0.002 

-0.004 0.002 0.003 +0.005 
-0.006 

NLLPS 0.134 +0.004 
-0.005 

+0.007 
-0.008 0.001 +0.008 

-0.009 

Table 3: Results for a, from thrust 

The results for a s , the experimental error, and errors due to hadronization and scale 
uncertainties are listed in Table 2. The hadronization uncertainty is estimated from 
the difference between with and without hadronization correction. Scale uncertainty 
is estimated from the difference between / = 1 and optimized / . 

5. D e t e r m i n a t i o n of as from thrust 

Recently there has been theoretical progress with the resummation of large loga
rithms in the perturbative series to all orders of as. All leading and next-lo-leading 
logarithms have been resummed for thrust [4]. Fig. 3(a) shows the thrust distribution 
of corrected AMY data, with the resummed prediction. The hadronization uncertainty 
is estimated by comparing the results with and without hadronization correction and 
by varing Q 0 for unfolding up to 3GeV. Scale uncertainty is estimated from the differ
ence between / = 1 and optimized / . Fig. 3(b) shows the thrust distribution with NLL 
PS model. The results for as, the experimental error, and errors due to hadronization 
and scale uncertainties are listed in Table 3. 

6. D e t e r m i n a t i o n of as from m o m e n t analysis 

In deep inelastic lepton-nucleon scattering, experimental data have been compared 
with the prediction of the Q 2 evolution of moments of structure functions. Here we 
use JADE jet-clustering algorithms to define jets in e + e ~ annihilation. 

The moment of inclusive momenta inside jets is denned by y(= ycut) 

Mniy) = (1/ff/w) / ' dx(dff/dx)xn-\ (3) 
Jo 

where x = ( E j 7 E j e ( ) . E; is the energy of i-th particle inside a jet. E_,et is the clustered 
energy of the jet which includes i-th particle. Here jets with highest energy and 2nd-
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Figure 3: Thrust distribution of corrected AMY data (a) with the resummed prediction 
and (b) with NLL PS Monte Carlo prediction. 

highest energy are used from the concept to measure as by the broadness of quark 
jets. In order to reduce systematic differences, we use normalized moment of inclusive 
momenta inside jets as follows: 

normalized M„(y,y,nin) = Mn(y)/M„(ymin) W 
Fig. 4 shows the distribution of normalized moment M3 of corrected experimental 

data with the NLL PS Monte Carlo predictions. Corrections are applied for detector 
acceptance and initial state radiation. Corrections are not applied for fragmentation 
effects; these are included as systematic errors. The statistical errors for both the 
measurement and the correction factors are added in quadrature and given as the 
overall experimental error. 

From Fig. 4, the measured a s (57.9GeV)= 0.134±0.001 at ? / m l n =0.015 and ycut=0.08 
from the prediction of the NLL PS model. The systematic errors due to uncertainties 
in the hadronization procedure were estimated by comparing results with and without 
hadronization correction, changing Qj;, ycui range, and )/,„;„. The QQ uncertainty is 
estimated by changing QQ from 0.5 to 4 GeV 2 . The uncertainty of the choices of 
ycut and j / m , n are estimated by changing from 0.04 to 0.1 and from 0.015 to 0.035, 
respectively. The systematical error of the choice of 'n ' is taken from the difference 
of the mean value of a, from M3 for j / m ,„=0.015 and that from Mj for j / m m = 0 . 0 2 0 at 
!/cu(=0.08. The scale uncertainty is estimated by changing / from 0.3 to 2. 

The results of a 3 (57.9GeV) are listed in Table 4. Hadronization uncertainty is ob-
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Figure 4: Normalized moment M 3 corrected for detector acceptance and photon radi
ation with the prediction from NLL PS mode] 

a . Aa 3(exp) Aa*(had) Aa3(scale) Aaj(total) 
0.134 ±0.001 ±0.004 +0.005 

-0 .003 ±0.006 

Table 4: Results of aa(57.9GeV) 

tained by adding the systematic errors from Qo, difference with and without hadroniza-
tion correction, ycut, Vmm and the choice oi V in quadrature. 

5. Summary 

The QCD coupling strength £*j(57.7GeV) is derived from the differential two jet 
ratio, EEC, AEEC, thrust, and moment analysis. 

Fig. 5 show the comparison of the measured value of as together with the other 
experiments [10] at /t=91.2GeV. Our measurements are consistent with each other and 
other experiments within error. 
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Measurements of as in e+e annihilation 

Yukiyoshi OHNISHI 

Department of Physics, Nagoya University, 

Chikusa-ku, Nagoya 464, Japan 

Abs t r ac t 
The strong coupling constant a, is determined from analysis of 

thrust, heavy jet mass and differential 2 jet rate using e + e~ hadronic 
events at \/s = 58 GeV. NLLjet monte carlo and resummed analytic 
formulas are used to evaluate a,. We obtain a, = 0.125 ± 0.007 from 
NLLjet and a, — 0.131 ± 0.008 from resummed analytic formulas. 

1 Introduction 

In this paper we report measurements of the strong coupling constant 

Q „ using hadronic events collected by the TOPAZ detector at TRISTAN in 

e + e ~ annihilation. The fundamental coupling of the strong interactions, a, 

is described by Quantum Chromo Dynamics (QCD)[1], however it is much 

less determined than the couplings in the electroweak sector of the Standard 

Model. Recently new QCD calculations include the second order results and 

the resummation of leading and next-to-leading logarithms to all order can 

be applied to some shape variables[2, 3] and jet rate with "Aj " jet clustering 

algorithm[4] in perturbative QCD formulas. While NLLjet program[5] is a 

parton shower monte carlo based on leading and next-to-leading logarithmic 

approximation in jet calculus can be used for comparison with our experi

mental da ta directly. QCD predicts the effect of running as, therefore it is 

important to measure it at different energy points and to determine the QCD 

scale parameter Ajjg. Event shapes thrust, heavy jet mass and differential 2 

jet rate are analyzed to measure Q S or A-^j at y/s = 58 GeV. 

This paper is organized as follows. After a description of event selection 

in section 2, we describe variables we used for analysis and da ta correction 
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in section 3. In section 4 and section 5 two different approaches of NLLjet 

and Resummed analytic formulas are described respectively. Section 6 sum

marizes the results and discusses comparison with LEP results and running 

of a,. 

2 Selection of hadronic events 

The TOPAZ detector is a general purpose 4ir detector, details of the 

detector can be found elsewhere[6]. Hadronic events were selected by the 

TOPAZ standard selection for hadronic events[7]. Moreover the following 

additional cuts were applied : (a) the polar angle of the thrust axis of the 

event with respect to the beam axis &T was satisfied with | cosOy |< 0.75; (b) 

at least three charged tracks existed in each hemisphere which was dividsd 

by a plane which included the interaction point and to which the thrust axis 

was normal. Cut (a) ensured that the events were well reconstructed in the 

detector and cut (b) was to reduce the effect of the hard photon radiation 

from initial states. These cuts selected 8200 hadronic events a t >/s = 58 

GeV, which was corresponding to 91.7 p b _ 1 data. We used both charged 

and neutral particles in this analysis. The charged particle was required to 

satisfy Pt > 0.15 GeV and | cos0 |< 0.83 with respect to the beam axis and 

coming from the interaction region. The neutral particle was required to have 

a minimum energy deposit of 100 MeV in the electromagnetic calorimeter 

of the barrel part . We required further that the neutral particle had no 

associated charged tracks, the energy deposit of which was greater than 500 

MeV and E/p was smaller than 0.6 or greater than 1.3, within 15 cm from 

the center of the hit point on the calorimeter. 

3 Data analysis 

The event shape variable thrust T is defined as sum of the longitudinal 

momenta of the final s tate particles with respect to the thrust axis n? is 
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determined by maximizing this expression 

r = m a X EIP.1 ' ( 1 ) 

where p ; is the momentum vector of the particle i. 
The heavy jet mass as shape variable is defined as 

M„ = max(A/ 0(n r), Mt(nT)), (2) 

where Ma and M/, are invariant mass of each hemisphere denoted as a and 6, 
which is divided by a plane which include ;.he interaction point and which 
is normal to the thrust axis ny. Here we use the normalized quantity 

,-fF- m 
Jets are reconstructed using the Durham jet clustering algorithm, that is 

also called the "kr " jet clustering algorithm. For each pair of particles oi-

jets i and j the expression 

2[min(E?,Ej)]n _ 4 # 
va = pi——(1 - c o s ea) = -pi-, f 4) 

^i/i's '-'vis 

is evaluated, where £,- and Ej are the energies and B\j is the opening angle 
between the three-momentum vectors of i-th jet and j'-th jet. ky is the 
smallest transverse momenta of the jets with respect to the axis dividing 0^ 
into two equal angles. The pair with smallest J/;J is merged into a single jet 
with four-momentum ("E-scheme" recombination) as following. 

PA = Pi + Pj- (5) 

This procedure is repeated until exactly 3 jets are left, at which point the 
smallest I/;J defines y$. 

The measurement level distributions are corrected for the effects of detec
tor acceptance, resolution and initial state radiation using a simple bin-by-bin 
correction determined from the Monte Carlo studies with JETSET 7.3 par-
ton shower modeIs[8]. The correction is applied to each bin of each variable 
as 

(DfcZm)i = ^ f i f f i : • (*££).- i = bin index, („) 
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where ^ " " ( B w ™ ) is the Monte Carlo prediction of each distribution 
with(without) the initial state radiation and TOPAZ detector simulation. 
DmeZs and Dhffron a r e t n e measured data and the corrected data to the 
hadron ' vel. 

4 Determination of as from NLLjet Monte 
Carlo 

A fundamental QCD scale parameter A can not be determined using 
the parton shower models based on the leading logarithmic approximation 
because it can not specify the renormalization scheme. This situation can 
be overcome when we take the next-leading-logarithmic(NLL) approximation 
into account. Leading logarithmic(LL) approximation sums all terms of 

where Q stands for a momentum scale of the process and Q0 is a cut off 
parameter to stop parton shower evolutions. This large logarithm originates 
from the collinear singularity. While the summed terms in the NLL approx
imation are as follows 

The second terms are any a, correction to the LL approximation. NLLjet 
monte carlo generator for parton shower is based on this NLL approximation. 
In this generator MS scheme is employed to define A. To make partons 
hadronized, the LUND string fragmentation model was applied. Parameters 
in the LUND fragmentation as aq and a were tuned using other sevural shapes 
of TOPAZ data except for thrust and heavy jet mass. Since the parameter 
6 is strongly correlated to a, we fixed it to be 0.9 in tuning process. The 
obtained values were <r, = 0.434 ± 0.023 GeV/c and a = 0.413 ± 0.048, which 
were used in the analysis. A small value for Qo1 is chosen in order to reduce 

'The definition of Qo in the text is LUND definition. The relation between Qa in 
LUND and Qo in NLLjet is QjftNLLjet) = Q 0 (LUND)/4. 
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non-perturbative contributions as possible, and it is fixed a t 1.0 GeV tha t 

is near the low limit value. In NLLjet there is the other parameter 6 for 

separating primary two jets and three je ts . We fixed it a t 0.5 so tha t two 

jets and three jets were smoothly connected. For thrust , heavy jet mass and 

differential 2 jet rate we found Q0 dependence was enough small comparing 

with Ajfjj sensitivity when we set the fit region as 1.2 < — ln(l — T) < 2.6, 

1.8 < —In p < 2.8 and 1.6 < — In yz < 4.0, respectively. In order to 

determine A^rj the distributions obtained from NLLjet for each variable were 

fitted to da ta at the hadron level in the above fit region. Chi-square is defined 

as 

x 2 = E J \uhiidTon hi 
(9) 

where i is bin index and ay stands for only statistical errors. The corrected 

distributions of three observables at hadron level are shown in Fig. 1. The 

results of a, at i/s = 58 GeV are shown in table 1. The systematic errors 

consists of experimental, hadronization and theoretical errors. Experimental 

error is considered as the difference of results using both charged and neutral 

particles or charged particles only. The hadronization error is studied by 

varying the fragmentation parameters, cr, and a. We varied these parameters 

within the 2tr range, where the model could reasonably reproduce the event 

shape distributions. We examined the effect of varying the Q0 with 1.0, 2.0 

and 4.0 GeV. The fragmentation parameters are adjusted for each Q0. fi-j^g 

was derived from each set of parameters, and the deviation is considered as 

theoretical error due to Qo dependence. We also varied 6 parameter in the 

range of 0.3-0.7. These Qo and 6 dependences are regarded as theoretical 

errors. 

observable a, at 58 GeV stat. err. exp. err. hadr. err. theor. err. 

thrust 0.1249 ±0.0050 ±0.0012 ±0.0035 ±0.0029 
jet mass 0.1235 ±0.0059 ±0.0006 ±0.0013 ±0.0036 

2/3 0.1306 ±0.0083 ±0.0030 ±0.0002 ±0.0128 

T a b l e 1 Fit values and errors of a, at 58 GeV derived from thrust , heavy 

jet mass and differential 2 jet rate using NLLjet monte carlo. 
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5 Determination of as from Resummed ana
lytic formula 

Theoretically, the cross section for event shape variables y is obtained 
from this formula. 

°(y) = / ' T& = £ /1 M » i2rf*„(2,), (io) 

The fraction R(y) is defined by 

/ % ) = - < % ) , (11) 

where at is total hadronic cross section. The second order predictions were 
already calculated by Kunszt and Nason[9]. For a variable y their calculations 
can be schematically parametrized in the form 

\nR(y) = asA(y)+a]B(y), (12) 

where A(y) and B(y) are the first order and the pure second order calcu
lations, which correspond to the first and the second rows in table 2 which 
shows a schematic representation of the In R(y). This model largely depends 
on the renormalization scale because higher order terms are not taken into 
account. The renormalization scale dependence of this model, however, be
comes large because of lack of higher order terms. This large ambiguity was 
a serious problem in a, measurements. 

On the other hand Eq.(ll) can be expressed by a power series expansion 
in as as follows. 

In R(y) = L • fLL(as, L) + fa^a,, L) + as- g(a„ ! ) + •••, (13) 

where i s - I n y and these logarithms become large in the two jet region. In 
table 2 the first two columns represents the LL and the NLL terms. Recently 
these terms has been computed for y = 1 — T, p and y3 up to all orders 
by dealing with soft logarithmic singularities(resummation techniques). The 
remaining terms are subleading as shown in table 2. 
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Resummed formula K.N 
InE 

subleading 

K.N 

LL NLL subleading 

K.N 

1st a,L2 +a,L +a. Q.My) 
2nd +<*2,L* +a2L2 +a2L + a2 a2B(y) 
3rd + a ^ 4 W,L3 

: 

Table 2 Schematic representation of the expansion by all order in the 
LL, NLL and subleading parts. 

When we combine the exact calculation up to 0(a2) and the resummation 
formula we expect to get less dependent formulas on renormalization scale. 
We call this procedure matching. Actually the following two matching pro
cedures are proposed[10]. In the first one, one simply adds both calculations 
for In R, subtracts the common parts and takes the exponential to get It. 
When we define InE = £ - / L L + //V££> this matching would look like Eq.(14), 
where InE' 1 ' and E' 2 ' are 0(a,) and 0(a2) part of In E. This is called In R 
matching. In the second approach, the common parts In E ' 1 ' and E ' 2 ' are 
subtracted from In E in the form of exponential. After that exact formula up 
to 0{a2) is added as in Eq.(15). This is called R matching. 

In fl-matching :#(?/) = exp(lnE - l nE ( 1 ) - In E ( 2 ) + a,A(y) + a2

sB(y)) 

(14) 

fl-matching : R(y) = [exp(ln E) - exp(ln E , 1 J ) - exp(ln E ( 2 ) )] 

+ exp(asA(y) + a

2B(y)) 

= exp(ln E) - exp(ln E ( l ) ) - exp(ln E ( 2 ) ) 

+ 1 + asA(y) + a2(A(y)2/2 + B{y)) (15) 

The difference between these matching schemes are in the level of 0(a3

s) and 
it becomes theoretical ambiguity. 

Here we used Parton shower monte carlos to evaluate the hadroniza-
tion corrections instead of the QCD matrix element. Because in the case of 
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fixed order calculations the number of partons can be produced is smaller 
than 4, the discontinuity between parton level and hadron level is large. To 
study the effects of hadronization we used JETSET 7.3 parton shower with 
string fragmentation model. The fragmentation parameters were tuned to 
reproduce our several event shape variables. We obtained the following set, 
khL = 0.323±0.059 GeV, aq = 0.426±0.038 GeV/c, a = 0.264±0.039 when 
b was fixed to be 0.9. 

The distributions calculated with the resummed analytic formula at par-
ton level are corrected to hadron level as 

{DZ££ )•• = £ PiAD%%nC)>> (16) 
j 

where 255)"2'„"c and D^rtln" a r e the distributions at hadron level and parton 
level, and Py is the matrix expressed the transition probability from partons 
to hadrons that is obtained with the monte carlo models. The correction 
for hadronization and decays changes the perturbative QCD predictions by 
less than typically 10 % for the three distributions within the the fit regions 
1.2 < - ln(l - T) < 2.6, 1.8 < - In p< 2.8 and 1.6 < - In y3 < 4.0. 

In order to derive a,, we fit the theoretical distributions to the measured 
distributions at hadron level for a fixed scale // = ^/s. Chi-square is defined 
as 

\l ridata \ I r,analytic\ 12 
2 __ V * \\uh.adron)i ~ \1Jhadron M /,-,<. 

i °i 
where i is bin index and or; stands for only statistical errors. The fit results 
are shown in table 3 and the corrected distributions of measurement data 
and resummed formula are plotted in Fig. 2. The value of aa is taken as 
the mean of the results using the two matching schemes (ln/?-matching and 
i?-matching) at the scale ft = ,/s. We take account of the following effects 
as the systematic errors. One is experimental error, that is considered by 
the difference of results using both charged and neutral particles or charged 
particles only. Second is hadronization uncertainty. The hadronization error 
is taken to be the difference of as values obtained with the some different 
values of the fragmentation parameters as described in section 4. We varied 
the LUND fragmentation parameters, A ^ , cr, and a within the 2<r range, 
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where the model could reasonably reproduce the event shape distributions. 

Third comes from the theoretical uncertainty which includes the renormal

ization scale dependence and the matching ambiguity. Fig. 3 shows the 

values of as at 58 GeV from the different matching procedures as a function 

of renormalization scale. Changing the renormalization scale in a range of 

— l < l n / < - f l around a value In / = 0, where / = fi2/s and the theoretical 

error is defined as the maximum difference between the central value with 

InR-matching and R-matching procedure and the fit results obtained from 

all combinations of scales and matching schemes. 

observable a, at 58 GeV stat. err. exp. err. hadr. err. theor. err. 

thrust 0.1339 ±0.0040 ±0.0008 ±0.0022 +0.0070 
-0.0059 

jet mass 0.1287 ±0.0041 ±0.0005 ±0.0020 +0.0057 
-0.0046 

J/3 0.1306 ±0.0086 ±0.0024 ±0.0051 +0.0049 
-0.0041 

T a b l e 3 Fit values and errors of Q S at 58 GeV derived from thrust , heavy 

jet mass and differential 2 jet rate using resummed analytic formula. 

6 Discussion and Summary 

The thrust, heavy jet mass and differential 2 jet rate have been measured 

at y/s = 58 GeV by the TOPAZ experiment at TRISTAN. Those measured 

distributions corrected to hadron level were compared with the distributions 

obtained from both the NLLjet monte carlo and the resummed analytic for

mula. Our three determinations of aa at 58 GeV based on restimmation with 

O(ctl) calculations and NLLjet monte carlo have been summarized in table 

1 and table 3. We make a combined results of thrust , heavy jet mass and 

differential 2 jet rate by averaging these data. We take account of corre

lated systematic errors between the different determinations and carry out 

the procedurefl 1] that each measurement is weighted by the inverse of square 

of its overall errors in table 1 and table 3. The results with error summed all 
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errors in quadrature are 

a, (at 58 GeV) = 0.131 ± 0.008 
ATST? = 2 9 7 l » 3 MeV 

and 

a.(at 58 GeV) = 0.125 ± 0.007 
A™ =2221?= MeV 

• from resummed analytic formula 

• from NLLjet monte carlo. 

Here we use the solution of the renormalization group Eq.(B.l) in ref.[12] 
with the /J-function truncated at the second order: 

a, yl+bxa,) A 

b0 = — and 6, = — 5 - . 
2ir 4irp0 

(18) 

(19) 

Where fi0 = 11 - (2/3)n/ and /3, = 102 - (38/3)71,, nj is the number of 
quarks with mass less than the energy scale fi. Those values are consistent 
with each other within errors. 

In the case of the method from the resummed analytic formula, ALEPH 
has already carried out similar analyses as we presented here. The results of 
ALEPH are shown in table 4. 

observable a, at M z GeV stat. err. exp. err. hadr. err. theor. err. 

thrust 0.1263 ±0.0008 ±0.0010 ±0.0028 ±0.0065 
jet mass 0.1243 ±0.0010 ±0.0033 ±0.0042 ±0.0057 

^3 0.1257 ±0.0010 ±0.0025 ±0.0007 ±0.0043 

Table 4 Fit values and errors of a,(M^) derived from thrust, heavy jet 
mass and differential 2 jet rate using resummed analytic formula by ALEPH 
Collaboration. 

As shown in tables 3 and 4, the largest contribution to the error comes 
from theoretical one except for 1J3 of our case. Since the the estimation of 
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the theoretical uncertainties is the same in each analysis, we can omit the 

theoretical error when we observe the effect of running of as. After errors 

are summed except for theoretical one in quadrature. The strong coupling 

constants are a, = 0.1309 ± 0.0057 at ^/s = 58 GeV and 0.1251 ± 0.0024 

at 91 Gev respectively. We plot them in Fig.4. when we fit those two da ta 

points and obtain Ajfg = 342^26 MeV, the curvature in this figure is guided 

by Eq.(18). The renormalization group equation governed the running of « s 

with the renormalization point Q2 is given by 

da, b0 2 

aonvr-t*1*™ ( 2 0 ) 

Since the coefficients b0 and b\ do not depend on the renormalization scheme 

chosen, they represent fundamental physical quantities. Eq.(20) can be inte

grated to express bQ in terms of the strong coupling constants a J O P A ' i and 

aALEPH a n d o f t h e v a r i a t i o n A l n Q 2 = 21n(91/58). The expression can be 

derived as 

/ ( a ^ . B P / l ) _ / ( a T 0 / M Z ) 

6 0 = AhT^ ( 2 1 ) 

with /(a.) = — - 26, In (— + 6,) (22) 

This iormula leads to 6 0 = 0.75i|;j}!j if 6[ is fixed. The QCD theory predicts 

ba = 1.22 with rij = 5. The running of a„ from 58 GeV to 91 GeV is seen 

and is consistent with the QCD prediction. 
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Fig.l The measured distributions corrected to hadron and the hadron dis
tributions using NLLjet. The plot is TOPAZ data and the histogram is 
NLLjet. 
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Fig.2 The measured distributions corrected to hadron and the hadroniza-
tion corrected distributions using Resummed analytic formula. The plot is 
TOPAZ data and the histogram is Resummed analytic formula. 
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Heavy jet mass 

In J. J = ti'/s 

In I. 1 = if/s 

Fig.3 Fit results for a, at 58 GeV as a function of the renormalization scale 
parameter \nf,f = [i2/s. The bands correspond to fits from Second order 
and Resummed analytic formula. The width of the bands represents the 
matching dependence. 
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Fig.4 a , values at 58 GeV and 91 GeV are plotted with errors taken other 
errors except for the theoretical error into account. The curvature is the 
running of a, from QCD prediction when the QCD scale parameter is A j ^ = 
342 MeV from fitting those aa values. 

- 249 -



Forward-Backward Asymmetry of Charm Quark pair production 
in e +e~ annihilation at ^/s = 58GeV* 

Eiichi Nakano 

Department ot Physics, Nagoya University 

Nagoya, 464-01 

Abstract 

A measurement of the forward-backward asymmetry of charm quark was car

ried out with the TOPAZ detector a t TRISTAN with 12,969 liadronic events cor

responding to the integrated luminosity of 124 pb~1 a t (y/s) = 58GeV. Full- and 

semi-reconstruction of the D*^ —> irfD°(D ) decay final states were analysed, and 

the Z)** meson production rate to the hadronic events was measured. Obtaind val

ues were AFB = —0.49 ± 0.14 and OD'laqq — 0.278 ± 0.048. They were in good 

agreement with the Standard Model prediction. 

1. Introduction 

In the Standard Model, the differential cross section of e+c~ annihilation to 

fermion pair is parametrized as, 

da 3 . 2 8 
j n = Za(l + C O S ° + r,APBC°s0), 
a. cos W o A 

where <r, Apn, and 0 arc total cross section of the fcrmioti pair production, forward-

backward asymmetry, and polar angle of produced ferrnion with respect to the 

* Presented at workshop on TRISTAN physics at high luminosity, KEK, 15-16, December, 
1992. 
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initial e direction, respectively. ApB i s defined by, 

PB ~~ rforward da J O i fbackward i„ , n ' 
J mdil + J m™1 

and is theoretically calculated to be, 

A -_ 3 2Qfacaf%t{x) + 4aeveGfVf]xf 
F B 4 Q2 + 2QfvtvfSt(x) + (v* + a\)(v} + a})\X\2 

A s-M% + iM2Yz' 

where ve(vj) and ae(aj) are vector and axial-vector coupling of electron( final s ta te 

fermion ) to Z° boson, Qf is the charge of final s tate fermion, Mz and T°z are mass 

and total width of Z° boson, respectively, vf and aj are given by the Standard 

Model such as, 

_ / / - 2 s in 2 0WQf lj 
2 sin 8w cos Ow ' 2 sin Ow cos Ow' 

where / j and 0\y are third compornent of weak isospin of the fermion / a n d Wein

berg angle, respectively. From this formula a measurement of Afg provides a good 

test of the Standard Model. The prediction for charm quark pair production is, 

AF B = - 0 . 4 7 

at yjG = 58GeV 

with Mz = 91.173GeV/c 2 , Y% = 2AKlGcV, 

and s in 2 0W = 0.2325 

To test this quantity for quark pair production, it is necessary to identify 

the quark flavor of the final state. Light quarks (ti,d,.i) arc difficult to be tagged 

because their fragmentation processes are unknown. On the other hands, heavy 

quarks such as c and 6, can be easily tagged by their decays. 
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The primary charm quarks tend to have large energy fractions with respect to 
beam energy, comparing to the secondary charm quarks from cascade decays of 
bottom quarks, it is easily distinguished from other quarks. 

In this analysis, we carried out full-reconstruction of the decay final states 

D*±-+*fD°(D°) (Br = 55%) 

D°(S°) -» K*** (Br = 3.65%) 

Z)°(S°) -> K***** (Br = 11.3%) 

and semi- reconstruction of D%± -* !r±Z)°(£> ) . w 

Initial cross-section of £)** —+ nfDf>(D ) is considered to be: 

^ ~ ( D 2 + (i) 2 + (§)2 + (i) 2 + ( i ) 2 X 2 X « + d+ s% V + P*°- 5 5 ' 
w n e r e u + d + a a n t ^ V + P a r e u : ^ : s ratio and vector to pseudo-sealer ratio, respec
tively. From this estimation, we could have a significant amount of charm quark 
events. 

2. Data 

We used 12,969 hadronic events selected by TOPAZ standard hadronic event 

selection. The mean C.M.S. energy was 58CeK and corresponding integrated 

luminosity was \2ipb~l. Charged tracks in the Time Projection Chamber (TI'C) 

and neutral energy clusters in the Barrel Calorimeter (HCL) * were used in this 

analysis. The momentum resolution of the TPC track with the vertex con.strainlcd 

fit is formulated as 

' xy 
^ = «/l.0* + ( l . 0P x > ) 3 (%) Pry in GcV/c.M 

* XV " 

The tracks to be used in this analysis must satisfy the following conditions: 
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(a) the closest approach to the beam axis in x-y plane (perpendicular to the 
beam axis) is less than 2cm, 

(b) the closest approach to the beam axis in the beam direction is less than 
4cm, 

(c) Pzy > 0.2 GeV/c, and 

(d) degree of freedom of the track-fitting is greater than 3. 

The energy resolution of the BCL is formulated as 

Y + (4.5)2 (%) B in GeV™ 
VE 

We used the clusters with the energy of greater than lOOMeV. 

3. Data Analysis 

3.1. Full-reconstruction Method 

D,:t will make a sharp peak in the mass difference defined by, 

AM = Jtf(jr+/)°) - M{D°). 

For Q-value of D'* -> nfD°(W) decay is only 5.8MeV, AM resolution is rather 
insensitive to the momentum resolution of the detector system. D°s were searched 
in two modes: 

D°(ff) - A'*** 

First, the tracks passed following selection criteria were identified as Icaon: 

(i) number of wires used for dti/dx calculation (6'5%-lruncaled iriean) 
is greater than 40, 
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(ii) x\{dEldx) < 6.6, and 

(iii) X2

K(dE/dx)<xUdE/dx) +I. 

Second, we accepted the track combinations as D° candidates if these invariant 

mass region for each mode were within 

(i) 1.40 < M ( t f - j r + ) < 2.20 GeVj<?, or 

(ii) 1.45 < M(K-7r+7r°) < 2.30 GeVjt? 

We applied D° mass constraint fit for these samples. Convergence criterion is 

X2fit value which corresponds to 99% C.L. The AM distribution of two-body decay 

mode is sliown in Fig.I . The solid line is the experimental data, and dashed line 

is the estimated background using LUND 6.3 * ( the same for Figs. 3 and 4 ) . 

For three-body decay mode, vector meson selection was applyed. Branching 

ratio of D° decays to three-body via resonances of vector mesons are shown in 

Table I. 

D° decay mode Branching ratio 
Do _> 7T V 1.3 ±0.4% 
Du -> K-ir+ 1.5 ±0.2% 
Du -> p+K- 7.8 ± 1 . 1 % 

Tabic I The contribution of vector-meson decays in the three-body decay mode. 

Mass cuts were applied to K" and p candidates, as 0.892 ± OAGcV/c2 and 

0.770 ± 0.2GcV/c~, respectively. In the case of A '* - 7r + decay mode, since A'* is a 

vector meson, it is polarized and the A'~-helicity angle along the A'* linc-of-flighl 

at the A'* rest fra[nc(0„) distributes as cos"0„. We can reject the region where 

| c o s 0 v | < 0.5. This selections were also applycd to other D° to VI ' decay modes. 

We selected /.)** candidates for the three-body decay mode and AM distribution is 

shown in Fig.2. Clear peak is seen at the signal region. However there were mulli-

t)' candidates for the same jr*. One of the three particles from l)n(D ) could have 

low momentum. Since there are many low momentum particles not decaying from 
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many D° candidates were made. Thus, many Df± candidates were made 

too. We must reduce them in order to calculate correct statistical significance. 

Reduction proccess is the following: 

If multi-candidates give AM within 4MeVj<? with each other, averaged value 

of AM is accepted as one JT*. 

Fig.3 shows the AM distribution after this procedure. 

Third, since kaon identification was the same in each mode, D* reconstruction 
by the assumption of each decay mode can be done at the same time. The AM 
was calculated using the averaging procedure described above even for the different 
decay mode and its distribution is shown in Fig.4. 

We defined AM < 0.160GeV/c2 as signal region, and the background sub

traction was carried out using the M.C. data. Fitted function in order to derive 

cross-section and forward-backward asymmetry is 

o o 
/ = £ « W , ? — - ( 1 + cos 2 0 + -AFB COSO), 

Oqq O O 

where eg is acceptance and radiation correction. The fitted cos0 distributions are 
shown in Fig.5, Fig.6, and Fig.7 by the solid curves. The dashed curves are the 
Standard Model prediction. 

3.2. Semi-reconstruction Method 

In this method, D* was identified via only 7r*. Since the Q-value of the W* —> 
irfD°(D )-dccay is only 5.8McV, maximum \ \ with respect to D* Iinc-of-flight 
of the 7r̂  is AOMcV/c. On the other hand, typical /*/• of the daughter particle 
with respect to the linc-of-flight of parent particle is 300A/eK/c in general decay 
process. Thus ir~ direction is very close to D*, charm quark direction, or jet axis. 
We defined thrust axis as D* line-of-flight, and calculated the /•*/• of TT*. The 
selecLion crileria for each event arc as follows: 
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(a) | c o s 0 M r | < O . 7 1 , 

(b) thrust > 0.94, 

(c) oblateness < 0.1, 

(d) sphericity < 0..1, 

(e) aplanality < 0.025, and 

(f) f+ • TL < - 0 . 9 8 ( f± : thrust axis of each jet ) . p l 

The momentum of xf candidates must be within 1 < PT± < 2 GeVjc and 

irf- is characterized by PT distribution peaked toward zero. The background es

timation was carried out by LUND 6.3 Monte-Carlo as same as tha t used in the 

full-reconstruction method. The background was fitted with a function of PT 

IBG • w 
I + OCPT^ + PPT*' 

where a, /?, and k are free parameters. 

The signal was fitted using following function 

F(Pr2) = ^ e M Z ^ L ) + C-fBc. 

T h e P'p distribution in forward and backward hemisphere are shown in Fig.8 and 

Fig.9, respectively. The solid histogram is the experimental data, the dashed his

togram is the Monte-Carlo background, the solid curve is the best-fitted function, 

and the points are the signal. The Afyj was obtained from fitted Nf and N/i 

(forward and backward entries, respectively) by, 

F/S A,,, = ^-L VL 

where a(i = F, B) is the detection efficiency of the detectors, mostly due to gc-

ornetorical effect and the radiation correction. 
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4. Results 

The results are summarized in Table II 

AFB <7D'l°qq 
D° - K-ir+ -0-52iifc£ 0 - 1 9 6 ™ 

D° _> K-n+n" -0 .651" ; - 0.343+"-^ 
combined 2 modes -0.621^;^ 0 OQ4+UU65 

soft ?r -0.40 ± 0.19 0.333 ± 0.072 
combined 2 methods -0.49 ± 0.14 0.278 ± 0.048 

prediction -0.47 0.198 

Table I I Summary of the results. 

The combined Apg is plotted in Fig.lO together with other experiments at 

different %/s, and is consistent with the prediction of the Standard Model. 

5. Summary 

We measured forward-backward asymmetry of charm quark pair production 

and the D*± production rate in the hardoriic events at (y/s) = 58CeV. Obtained 

results are 

AFB = - 0 . 4 9 ± 0 . 1 4 , and 

o-/j-/CTw = 0 278 ±0 .048 . 

They are in good agreement with the Standard Model prediction. 
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0 
cos eD-

Fig.5 COS0D- distribution of the two-body decay mode. Points are experimental data with 

acceptance and radiation correction. Solid line is the best fit and dashed line is the Standard 

I''ig.6 cos(?fl- distribution of tile three-body decay mode. Points .'ire experimental data with 

acceptance and radiation correction. Solid line is the best (it and dashed line is tin; Standard 

Model prediction. 
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Moasurement of cc Asymmetry in 

e+e~ Annihilation at y/s = 58 GeV 

LiYu Zheng * 

Department of Physics and Astronomy 

University of South Carolina 

ABSTRACT 

Measurement of the forward-backward asymmetry of charm quark production using the 

data collected by the AMY detector at the TRISTAN e+e" storage ring at y/s = 58 GeV 

are presented. Preliminary result of the asymmetry AFB is measured to be —0.67 ± 

0.20 (sta. only). 

1 Introduction 

Measurement of the asymmetry of the quark production in e +e~ annihilation is an im

portant test for the electroweak theory of the standard Model. Previous measurements of 

the asymmetry of the e +e~ —• cc process at PEP [1], PETRA [2] and LEP [3] are in good 

agreement with the Standard model. In this report we will present the measurement of 

the forward-backward asymmetry of charm quark production using the data collected by 

the AMY detector at the TRISTAN e + e" storage ring. The asymmetry is approaching its 

maximum magnitude at TRISTAN energy range, and we expect a sensitive test for the 

electroweak theory. 

"Representing the AMY collaboration. 
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Measurement of the asymmetry for a given quark requires the determination of its 

charge and favour. D" mesons are commonly used to study c-quark properties. About 

35% of the charmed quarks in e + e~ —> cc process form D" mesons, c —> D" + X. 

The D" mesons carry a leading quark and have a large longitudinal momentum with 

respect to the jet axis. About 55% [4] of the D' decay by the channel, 

The available energy "Q" of the above decay, which is the difference between the masses 

of the parent and the daughters, is only 5.8 MeV. Due to this small "Q" value, the 

momentum of the decay pion is only 39 MeV in the rest frame of D', therefore the decay 

can contribute at most 39 MeV to the transverse momentum of the 3r +

i 0 / t . The RMS 

transverse momentum of decay pions with respect to the jet axis is estimated [1] to be 

< P2t,n,oj, > = (38iV/eK)2. It is much smaller than the typical transverse momentum 

(~300 MeV) of particles in a jet. Therefore we can use this decay pion to tag D' meson. 

This decay pion is called "soft pion" because it has small momentum in the D' rest 

frame. 

The charge of the 7r±

3 t >/, information is used to determine that of the primary quark. 

If there is a T +

S O/( the primary quark is c quark. If there is a ir~Sojt the primary quark is 

c quark. 

2 Event Selection 

The AMY standard hadronic event selection criteria is applied to select hadronic events. 

• Five or more charged tracks with |cos#| < 0.85 originating from points within r = 

5 cm and |z| = 15 cm of the interaction point. 

• Total visible energy (E v; s) more than half of the total cm. energy. 

• Momentum balance along the beam direction | S A | with a magnitude less than 

0.4 • E v i s . 
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• More than 3 (5) GeV deposited in the SHC. 

In addition, we apply the following selection cuts to create a sample enriched in D' events 

based on the D' and Tt+,0jt characteristics. 

• Hadronic events which have thrust value T > 0.9 are selected. 

• Events which pass above cuts and satisfy |COS#T| < 0.6 are selected. [0y is the angle 

of the thrust axis.) 

• Tracks which have momenta (p) satisfying 0.03 < Z = -3 | < 0.07 are selected. 

3 Determation of the Asymmetry 

In the following we will explain how to extract samples with Tt^soit (D' ) enhancement. 

The P2 distribution of v^soft from D' decays obtained by computing the P2 distribu

tion from a simulated sample which pass all the detector simulation. Fig.la shows P2 

, ± distribution of i ±

a o / t from D' decay which pass selection cut listed above. The dots are 

the simulated sample and the curve is a fit to a sum of exponential functions 

FAtf) = a . t e - " * 2 + a 3 e -* / > ' 2 + «,). (2) 

The Pt

2 distribution o[ the background is also obtained from the simulated sample and 

the results is shown in Fig.lb. The curve is a fit to function 

Fb(Pt2) = 6 , ( e - 6 ' R 2 + 63). (3) 

The ir±

sojt signal from D' decays in the experimental data was extracted by using the 

Pi2 distributions we got above from the simulated sample. 

dN 
jpp = N.FM{P?) + NhFb(P2) (4) 

Fig. lc shows the result. The dots are the experimental data which pass the selection 

cuts. The solid curve is the fit of above function to experimental data and the dashed 
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line is a plot of just the background term of (-3). An integrated luminosity of 160 pb~l is 

used for this analysis. In order to get a good signal-to-background ratio, we only use the 

signal in Pt

2 < O.Ol(GeV)2 region to determine the cc asymmetry. The fit gives a signal 

size of Naignai = 244 ± 44 and a background size of N6kg = 1590 ± 11 in P,2 < 0.01 {GeV)2 

region. 
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We obtained the angular distribution of the background from a simulated sample. Fig. 

2a illustrates the background from the simulated sample which pass the selection cuts and 

satisfy Pt

2 < O.OlGe V 2 . The dots are the simulated sample and the curve is a fit to it. We 

!?-<>.« 
« u • AMY preliminary u - " ttBSlD") 
•S • TA5S0(D*> 

• JASECD") 
-o.» - X TPC(D*) 

• ALEPH 
Cum—SIC prediction 

Ecm(GeV) 

= < asymn , ._ .— 
Model predict ion ana the measured values 
Figure 3. Charmed quark asymmetry of the Standard 

use the distribution in Fig. 2a and the N^g obtained in Fig.lc to determine the angular 

distribution of experimental background. In Fig.2b we show the angular distribution of 

the background as in Fig.2a normalized by the measured background N^. Experimental 

data, which includes both signal and background, is also plotted in Fig. 2b. The angular 

distribution of TT*^ / , for experimental data are plotted in Fig.2c, which is the subtraction 

oi background from the total shown in Fig.2b. 

In Fig.2c we count the signal in forward and backward direction separately and then 

calculate the asymmetry using 

AFB = 
<7f — CTg 

(5) 

After an approximate acceptance correction and b-quark contamination correction, the 

asymmetry of charmed quark production is AFB = —0.67 ± 0.20. The error includes the 

statistical error only. The result is shown in Figure 3 together with the prediction of the 
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Standard Model and the measured results from other experiments. 
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Study of b and c quarks using semileptionic decays 
with upgraded VENUS detector 

VENUS group / Osaka Univ. Nobuyuki Kanda 

Abstract 

I present results on b / c quarks using 

semileptonic decays. The upgraded VENUS 

detector contains TRD (Xransition Radiation 

Detector) for electron identification. TRD was 

installed in October 1991 and has been operational 

since June 1992 during high-luminosity operation of 

TRISTAN Main Ring. The total integrated 

luminosity with upgraded VENUS detector is 73.0 

±2.0 pb" 1 . A total of 9791 Multi hadronic events are 

selected with the standard hadronic event selection. 

The electron identification is possible for 1 < P < 

30GeV/c using TRD in addition to Lead Glass 

calorimeter. The detector is efficient in low Pt 

region so that it can tag electrons from c quark 

semileptonic decays. The hadron reduction with 

TRD and LG is estimated to be ~10" 3 at 70% 

electron efficiency. The Figure-1 shows the 
H- ' ~ < ' > distribution. The solid line indicates 

lofE/P; 

the hadron background that was estimated using 

TRD information. The dashed line shows electron 

candidates that was selected witho*-' TRD 

information. The figure shows the advantage of the 

TRD. The purity of the electron is 90.6 +0.6 ±0.3 %. 

Finally, we obtained 1131 electron candidates. 

There are two major backgrounds in electron 

candidates. One is the misidentified hadrons as 

already explained. The other is the electron-pairs 

from the y-conversion or n° Dalitz decay. These 

electron pairs are rejected by the pair-finding 

algorithm. The algorithm uses the invariant mass 

(< 200 MeV) and the vertex point of the opposite 

sign charged tracks, and the distance of the closest 

approach to the interaction point (3mm). The 

figure-2 gives the vertex distribution of the electron 

pairs which are found by the pair-finding algorithm 

in real data and the Monte Carlo data. The data and 

Monte Carlo well agree within ±10%. The program 

can reject 82% of electron pairs and 10% of the 

prompt electron. Finally we obtained 549 electron 

candidates. 

Using the P, Pt spectrum and cosQ thrust 

distribution of the electron candidates, we extract 

the cross section, forward-backward charge 

asymmetry and the fragmentation function of b 

and c quarks. The figure-3 shows the angular 

distribution of the candidates for Pt<0.8 GeV/c and 

a 0.8 GeV/c. The c quark decays are dominant in 

the low Pt region while b quark decays are 

dominant in high Pt region. A large charge 

asymmetry is observed in the distributions. The 

table lists the results of the fit and the prediction of 

the standard model. The agreement is very good. 

The electron identification in Multi-hadronic 

events has been very successful with a upgraded 
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VENUS detector which is equipped with TRD in 

addition to LG calorimeter. The cross section, 

charge asymmetry and fragmentation of both b and 

c quarks have been obtained from the study of 

prompt electrons. This is the first measurement of 

forward-backward charge asymmetry for the c 

quark using semileptonic decays at TRISTAN enrgy 

region. Results agree well with standard model 

predictions. The detail of the analysis will be 

published soon. 

Table 
our measurement Standard model 

Cross section 06 
Ofc 

16.8 ±2.3 ±1.5 pb 
47.7 ±6.2 ±3.9 pb 

15.8 pb 
41.1 pb 

Charge asymmetry AFB" 
AfBc 

-0.46 ±0.25+0.06 
-0.49 ±0.15 ±0.06 

-0.55 (-0.42)* 
-0.47 

Energy fraction <Xb> 
<xc> 

0.61 ±0.13 ±0.02 
0.51+0.08+0.02 

* with BB Mixing: x=0.129 

300 

200 

TRD + LG :'L 
LG only \ H 
hadron background 

-10.00 -5.00 0.00 5.00 

Figure-1 ]X distribution for electron candidates, 
E/P-<E/P> x 

where u is defined as u=— L—. The data points C m ) are 
la(E/P) v 

selected with TRD and LG information. The dotted line indicates 

thedistribution using LG only. The solid line shows the hadron 

background. 
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Figure-2 Ryertex (=Vx2+y2) distribution of the 
reconstructed electron pairs. 

Plot points are real data. Histogram shows the Monte Carlo 

prediction normalized by the integrated luminosity. Peaks 

correspond to the detector materials. 

Figure-3 The angular distribution of the event 
with electrons. 

(a); Pt £ 0.8 GeV/c, (b); Pt > 0.8 CeV/c 
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Scalar Top Produc t ion at T R I S T A N 

Tadashi Kon 
Faculty of Engineering, Seikei University, Tokyo 180, Japan 

Abstract : We investigate production process of the scalar partner of 
top-quark (stop) at TRISTAN energies in the framework of the minimal 
supersymmetric standard model (MSSM). The existence of the light stop, 
which is lighter than the top-quark as well as the other squarks, is natural 
consequence of the MSSM and the stop with mass ~30GeV has not been 
excluded both in TEVATRON and LEP data. It is shown that TRISTAN 
has wider parameter region of the stop than TEVATRON and LEP, if 
we take careful analyses of the experimental signature cc plus missing 
energies. Comments on the stoponium production at two photon process 
at TRISTAN and on the stoponium interpretation of the L3 and DELPHI 
events are also given. 

1 In t roduc t ion 

It is known that the supersymmetry (SUSY) is a most promissing candidate for 
beyond the standard model (SM), because the SUSY can solve the naturalness 
problem [1] and also can naturally achieve the GUT unification [2]. Moreover, 
these models have a phenomenological favorable property, i.e., these predict many 
unknown particles, called sparticles, whose masses are less than the order of ITeV 
[3]. Unfortunately, there is no evidence for the existence of the sparticles and we 
know the usually accepted lower mass bounds [5] 

m-— r̂  45GeV 

m- ~ 135GeV 

m- ~ 130GeV. 

If these bounds are exactly true, tliere is no room for TRISTAN in the sparticle 
search. Fortunately, however, these bounds are model dependent ones. So in this 
talk we will pay attention to possibilities of existence of light scalar top (stop), which 
could be lighter than the top-quark as well as the other squarks [6]. 
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2 Light stop in MSSM 

2.1 stop mixing 

Next we will summarize properties of the stop in the frame work of the minimal 
SUSY standard model (MSSM) [3]. In general, scalar fermion mass matrices are 
expressed by 

/ »2 m<~ a,mf 

where my and aj are the SUSY mass parameters and mj denote the ordinary 
fermion masses. We can see from Eq. (1) that for the sleptons and the squarks 
except for the stops, the left and right handed sfermions are mass eigenstates in 
good approximation owing to small fermion masses in the off-diadonal elements of 
the mass matrices. On the other hand, the large mixing between the left and right 
handed stops can be expected owing to the large top-quark mass, and the mass 
eigenstates are expressed by 

fh\ _ fh cos0, - fa sin8 t \ 
\t2) \tL sinBt + tR cos9t) ' l ' 

where Bt denotes the mixing angle of stops : 

wliich will play a important role in the following discussion. Moreover, we can easily 
calculate the mass eigenvalues of the stops : 

- | = | K + < T ( K ~ < ) 2 + ( 2—') 2) 1 / 2j • (4) 
•a 

We find that if SUSY mass parameters and the top mass are same order, 100 ~ 
200GeV, the cancelation could be occured in the lighter stop mass expression in 
Eq. (4). So we get one light stop tx lighter than the top as well as the other squarks 
for wide range of the SUSY parameters. 

2.2 gauge coupligs of stop 

In Fig. 1 we show the Feynman rules for the lighter stop tj couplings to the gauge 
bosons 7, Z, g. While the stop couplings to gluon and photon do not depend on the 
mixing angle 8tl the Z-boson coupling sensitively depends on 8t. More specifically, 
it is proportional to Cr = | sin2 6w~ \ cos2 9t. Note that, in particular, for a special 
value of 0(~O.983, the Z-boson coupling will completely vanish [7]. It is also noted 
that a four point interaction, 7 — Z — t\ — t\, is proportional to Cj- but another 
interaction Z — Z — t\—t\ does not vanish even for Cj- = 0. Concerning this fact, 
we will discuss the stop interpretation of the L3 [8]; DELPHI [9] events in Sec. 4. 
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Figure 1: Feynman rules for the lighter stop ij couplings to g, 7 and Z. 

2.3 decay modes of stop 

Next we discuss the decay modes of the stop. In principle, the stop can decay 
through the various modes : 

fi -» tZi 
~* bWi 
~* blv 
-* bvl 
~* bWZi 
-> btuZi 
-* cZi, 

where Z\, Wj, v and £ respectively denote the lightest neutralino, the lighter 
chargino, the sneutrino and the slepton. If we consider the light stop with mass 
lighter than 30GeV, which can be pair produced at TRISTAN, the first five decay 
modes are forbidden by the model independent lower mass bounds for the final state 
particles ; m(~90GeV, mg i~20GeV, m^~45GeV, m^45GeV and m-~40GeV 
[5], After all, the one-loop mode ii —» cZi dominate over the four-body mode 
t\ —* blvZ\, because of the existence of large logarithmic enhancement factor 
\n(Mpianck/mw) [6]. So we can conclude that such light stop will decay into the 
charm quark jet plus the missing momentum taken away by the neutralino with 
almost 100% branching ratio. 
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Figure 2: m^ dependence of decay width T(Z -+ fjfj). Straight line corresponds 
to the present upper bound for Ar^ at LEP [11]. 

2.4 present bounds on stop mass 

Based on previous theoretical remarks, we can discuss Ih'j present experimental 
lower bounds on the stop mass. Naively, we expect that TEVATRON and/or LEP 
can set more seviour bounds on the stop mass than TRISTAN through the processes 
; gg -> t\U -+ ccZ^Zx (TEVATRON) and/or Z -* fjf, (LEP). Fortunately, however, 
it is not correct. 

Baer et al. [10] have performed the analyses of the experimental data of 4 p b - 1 

integrated luminosity TEVATRON running, and have obtained the results that the 
stop could easily be escaped the detection if m^ ^ lOGeV. Such large neutralino 
mass could make the charm jets softer and in turn the missing transverse energy 
cross section calculated after cuts become smaller than the present upper bounds. 

In Fig. 2 we show the stop mass dependence of decay width T(Z -» t\t\). The 
straight line corresponds to the present upper bound for A r z at LEP [11]. We can 
find that the stop with mass m^ ~ 20GeV has not been excluded if the mixing angle 
8t is larger than about 0.5. The origin of such sensitivity of V(Z -» fjfi) on the 8, 
has already been discussed in Sec.2.2. 

Then we can safely conclude that the light stop with mass mj ~ 30GeV has not 
been excluded by both TEVATRON and LEP data if m 2 ~ lOGeV and 9, ~ 0.5. 
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Figure 3: v ^ dependence of total cross section a(e + e~ —> t*Ji). 

3 Light stop at TRISTAN 

i . . . i . . . i . . . i . . . i . . . i . . . i . . . ' 

60 80 100 120 140 1(0 180 200 

/s(GeV) 

Now we are in position to discuss the production process of such hght stop at 
TRISTAN. Here we consider the pair production : 

e T e • tlh —* ccZiZi, (5) 

which corresponds to simple s-channel 7 and Z diagrams. 

The energy dependence of total cross section of this proce-s axe shown in Fig. 3, 
where QCD radiative correction has been included [7]. We can find that rather large 
cross section, 0.1 ~ lpb, is expected at TRISTAN energy regions. We should be 
careful, however, to suppress the background such as vwdinaiy cc events. As we can 
see from Fig. 4, in fact, ths missing E? distribution v,iil becorpo softer for larger 
neutralino mass. 

The possible stop contribution to Rha<i at TFJSTAN ijt.;o. [12] is shown in 
Fig. 5. As expected, slightly large Rhad compared to the SM prediction can be seen 
in Fig. (5a). Of course, we can not explain the slightly smaller J?« data [13] than 
the SM prediction at TRISTAN by the existence of stop. In order to explain such 
anomalous data, we should recall the existence of some kind of extra Z-boson, Z' 
[14]. In Fig. (5b) we show the R^i when there exist not only the stop ij but also the 
Z' with mz> = 400GeV [15]. It may be seemed that such situation is very optimistic 
for TRISTAN. But if the E 6 super-unification scenario is true, both the stop and Z' 
would exist naturally. So we should consider such possibility seviourly. 
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Figure 4: Missing .©r distribution for e + e~ —> tjtj —• ccZiZj. 
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Figure 5: iZAo«i at TRISTAN energy region. 

4 Conclusion and discussion 

We have pointed out that the light stop with mass smaller than 30GeV has not 
yet been excluded by TEVATRON and LEP data if the stop mixing angle 8t and 
the neutralino mass mjr are large enough. Then we can conclude that TRISTAN 
with high luminosities will find or exclude such light stop through the stop pair 
production process if we are careful enough in suppressing the background events. 

At last we will give two comments on related topics of the stop production at 
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e+e coliders. In principle, the s-wave f Jij-bound slate, called stoponium (r^-) [16], 
can be produced through the two photon process ; 

e + e -_>e + e~7fr | , (6) 

where the dominant decay mode is expected to be JJJ- —» gg. We have roughly 
estimated the cross section for the process and obtained the value about 10 _ 3 pb for 
Mr —40GeV. So we find that it is difficult to searcli such stoponium at TRISTAN. 

We have also considered the stoponium production scenario to explain the L3[8] 
and OELPHI[9], ££yf, events. In this scenario, Z decay into ; 

z-*%z'-*{-n){tn-), (7) 
where Z" denotes the virtual Z-boson. I have calculated the decay width of a four-
body decay ; Z -» F;fi£+^~, and obtained the value ~ 10~13GeV for mr =30GeV. 
We must, moreover, multiply the brandling ratio B(»7j- —* 77) ~ O(10 - 2 ) in order 
to obtain the decay width for Eq. (7). Even if we take into account the QCD 
enhancement factor, this value is too small to explain the L3 and DELPHI events. 
It seems to be disappointing results, but from different point of view, it would be 
good news for TRITAN. That is, LEP can not searcli the light stop even through 
the l+£~i"f events ! 

Thus we should go back again to previous conclusion, TRISTAN would have 
chance to discover the light stop I 
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Performance of the TOPAZ Vertex 
Chamber Under Beam Conditions 

I. Levine 
Department of Physics, Purdue University 

West Lafayette, IN 47906 U.S.A 

Abstract 

The TOPAZ Vertex Chamber (VTX) was designed for detecting particles 
with lifetimes of the order of a picosecond, by reconstructing their decay ver
tices with a precision of 50/im at a point clearly removed from the production 
vertex. The current status of the chamber and its performance at the present 
level of calibration are discussed. 

1 Detector Overview 
The VTX [1] was installed in the TOPAZ detector in the summer of 1990. Figure 
1 shows the VTX and the main components of the TOPAZ detector, while table 1 
lists the major operating parameters of the VTX . The VTX is a jet drift chamber 
with 25 measuring layers ' . The sector configuration is shown in figure 2. Space 
point making and tracking are pictured in figure 3. The 16° tilt of the sense wire 
plane allows us to resolve the left right ambiguity of the individual space points 
since the false tracks don't point back to the origin 2 . 

2 Resolution 
Shortly after the initiation of data taking, an instability in the wire current de
veloped, preventing continuous operation of the chamber. The addition of a small 
amount of water vapour cured this problem and the chamber has taken da ta smoothly 
since April 11, 1992. To date, the VTX has recorded about 3 5 p 6 _ 1 of data . The cur
rent study was based on Bhabha data taken between 11 April 1992 and 15 June 1992, 
consisting of an integrated luminosity of approximately 1 6 p 6 - 1 all at ,/s = 58GeV . 
Selecting only events well contained in the T P C and in the barrel calorimeter, 8,816 
Bhabha events were found. 

'Only 21 layers are used at present. 
2This is good for all types of tracks except those from very large distance decays (more than 

« 5cm). For these types of tracks, the algorithm fails. 
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ure 1: a: 1/4 view of the TOPAZ detector , b: The TOPAZ Vertex Chamber 
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Gas Mixture 
C02 92% 

Ethane 8% 
H.O 320ppm ± 20ppm 

Pressure 3 atm 
Wire Type Voltage 

Sense wires (20ftm) --iAokV 
outer and inner 
Potential wires 

+0.4 A-V 

Other potential wires grounded 
Grid wires -0.2A-V 

Maximum Cathode HV -8.90A-V 
Average drift field ikV/cm 

Average drift velocity ~ 7.6/im/ns 
Lorentz angle 1.5° 

Table 1: The main VTX operating parameters. 

Single Sector 

Macor Plate field-shaping 

I* • - • -«a grii. irire I* . - . A • -o grid -wire 

4mm 1 
sense wire 

Figure 2: Sector Configuration 
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Figure 3: Tracking: 'Ghosts' don't point to the origin, but real tracks do. 

To derive space points from measured drift times, a polynomial x-y-t relation was 
assumed, which was forced to reproduce a Monte Carlo simulation of the chamber's 
x-y-t relation. After adjustments of the times by individual TO's, a wire alignment 
was conducted to minimize the x 2 values of track fits within each sector. A Gaussian 
fit to the the wire alignment distribution yielded an error of about Sfim. At this 
point we calculated the miss distances of Bhabha tracks from opposite sectors. The 
drift velocities and sector-pair TO's3 were then tuned to minimize and zero the miss 
distance distributions. This was considered to be a good first order calibration 
method, and the performance at this stage was studied. Figure 4 shows the local 
resolution (three point residuals) of two typical sectors. For sector 0, the resolution 
varies from 27/im to 49/ITO in the uniform drift region, blowing up only near the 
sense wire plane and near the cathodes. The average resolution is 3Sfim over the 
uniform region. 

Miss distance distributions for two typical sector pairs- the horizontal sectors (0 
and 8) and the vertical sectors (4 and 12) are shown in Figure 5. Gaussian fits to 
these distributions give standard deviations of 97/zm and 112/*ro, respectively, which 
means that the impact parameter resolutions are 69/JTO and 79//m, respectively. 

3The velocity corrections and TO's used to align opposite sectors 

- 285 -



E 
=1. 

1 
I 

220 -
200 -
180 -
160 -
140 
120 -
100 -

8 0 -

60 

40 -

20 -

0 -

J 

+ Sector 0 
X Sector 8 

< C > linear ~ 38 u m 

%*%% ̂ * * * * * * ! :«p*.:**x A 

in 111111111111111|11ii1111nii inn m n i i i i i i i p i 
- 2 - 1 0 1 2 

Drift distance (cm) 

Figure 4: Local resolution versus drift distance 

3 Beam-VTX Measurements 
In order to reconstruct the decay vertices of b-flavored particles, precise measure
ments of the production vertex must be made on an event-by-event basis. A first 
study of the beam position relative to the VTX and the beam profile as well as 
the stability of the two systems with respect to each other has been done. The 
measurement techniques are illustrated in figure 6. 

Horizontal tracks are used to estimate the beam y position, while vertical tracks 
are used to estimate the beam x position. Figure 7 shows the distribution for each 
during the two month data taking period. The center of the beam interaction 
point was found to be at x= +340 jim ± 290 fim and y = -758/jm ±106 pirn with 
respect to the center of the VTX. Further measurements of the beam were done in 
the 'corrected' frame, translated by these values. A rotation of the beam system 
with respect to the VTX was estimated by plotting the x and y beam widths as a 
function of track angle. The axis against which the beam y projection is smallest 
is the true beam y axis. Figure 8 is a plot of the y resolution as a function of 
sector number, with a minimum close to the horizontal as expected. This is a very 
gross estimate, meant only to illustrate a method, and a true measurement of the 
beam-VTX relative rotation will require a fine study of tracks in the near-horizontal 
direction. 

After a brief interuption in data taking, the center of the beam was seen to 
have shifted with respect to the VTX origin by approximately 100 pm as shown in 
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Figure 5: a:Miss distance distribution for the horizontal sectors. b:Miss distance 
distribution for the vertical sectors 
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Figure 7: Centers of the beam in y and x for a two month period 
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figure.9. A fill-by-fill measurement of the beam position will soon be made using 
the increased statistics from hadronic events. 

In figure 10, we see a /{^decay in the active region of the VTX. In the blown 
up view to the right of the event display, we can see that the two track resolution 
goal of about 1mm - one of the requirements to be able to separate b-flavored events 
from c-fiavored ones - has been achieved. 

4 Future Plans 
The above performance represents a first step in the calibration of the VTX and the 
study of the beam. After completing a preliminary estimate of the hadronic impact 
parameter resolution, a new cycle of calibration with added steps will be necessary. 
These include: 
• calibrating the chamber in the track direction also, rather than just perpendicular 
to it as in the miss distance method. 
• Finding and adjusting for any temperature dependence of the drift velocity. 
• Finding and adjusting for any space-charge effect on the drift velocity. 
e Doing a detailed external alignment. That is, correcting for rotations and dis
placements of the VTX w.r.t. the other detector components, 
e Finding a good description of the inner and outer wires, 
e Improving the track linking with the other tracking chambers. 
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Figure 10: K°decay in active region. Blow up of tracks shows two track separation 
of approximately 1mm. 
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Abstract 

A second level trigger system, based on microprocessors working in parallel, has been installed into 
VENUS experiment. The purpose of the system is to find particle tracks in Central Drift Chamber on-line 
during A/D conversion time, in about 10 milliseconds. Based on the transverse momentum values calculated 
by the system, a more precise event selection than (he present one is possible. Potentially even as much as 
around 90% of the low transverse momentum event background remaining after first level trigger could be 
rejected by this trigger. This has also been demonstrated in tests with real event data. To realize sufficient 
computing power for the task, the task must be divided and distributed to processors as evenly as possible and 
a good balance between computation and communication load must be achieved. Sufficient performance has 
been realized, with an average triggering time of 9.8 milliseconds. 

1. SYSTEM OVERVIEW 

1.1. Hardware 

The parallel processor trigger was built to 
complement the VENUS trigger system. For a 
description of the VENUS data acquisition, see 
e.g. [1]. A schematic view of the system is 
provided in figure 1. The basic building block is 
the Transputer by INMOS Ltd. For more detailed 
information about the Transputer, see e.g. [2]. 
The system comprises the main computation 
array, 6 readout processors, a graphics system for 
on-line monitoring and a data (INMOS link) 
interface to a FPI68020 FASTBUS processor. A 
PC/AT compatible computer is used as a host for 
software downloading, control and program de
velopment. The main compulation array consists 
of 40 B416 Transputer modules, each with a 
T800 transputer and 1 Mbyte of memory. The 
TRAM's are mounted on S B016 motherboards in 
a VME crate; the VME bus is however not used 
for data transfer. 

The CDC readout system in VENUS is based 
on a combination of scanning ADC's (SADC) 
and time-to-analog converters (TAC) [3]. The 
TAC's provide for rapid access to the hit data, 
also during the time the SADC performs the AD 
conversion. 

The hit data is already used in the first level 
track trigger (for the inner CDC rings). To use it 
in the second level, we designed distribution cards 
(TRIC) that permit dual access to the hit data. 
The TRIC cards are connected together by a 

private bus and read by Transputer cards 
(SLTDAQ) with logic to drive the bus. 

Figure 1. Schematic diagram of (he parallel processor 
trigger. 

One this kind of unit is placed in each of the 
6 CDC readout crates and connected with data 
links lo the computation array. The data readout 
for the second level is triggered by the first level 
trigger signal connected to the Event input of the 
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readout processors, using a simple distribution 
logic card. 

The trigger processor delivers the results of 
the computation to a FASTBUS master processor 
using a link interface. The link interface is 
essentially a serial-parallel converter that 
interrupts the 68020 processor of the FPI when a 
character is sent or received. It is controlled by a 
device driver running under OS-9 of the FPI 
processor. 

The hit wire data is also sent to the graphics 
processor at the end of the array. The graphics 
processor (IMS B416) has a T800 and a G300 
video controller; the software is capable of real
time event display up to event rates of about 25 
Hz, depending on the data size. 

1.2. Data Flow and Timing 

The system timing is based on the first level 
trigger signal. At arrival of the trigger, the 
readout processors are signalled and start to 
readout and preprocess the data. This 
preprocessing lakes around 1 millisecond. After 
that, the data is distributed to the processor array 
using the communication links of the processors. 
As the processors are capable of simultaneous 
sending and receiving, the data can be distributed 
through the array in less than one millisecond. 
When a processor has received its share of data, it 
can start the track finding. The 4 times 10 
processor array can be thought to consist of 10 
parallel Tinder pipelines' of four processor each. 
Each 'pipeline' searches tracks in its own assigned 
set of start points. The results from the pipeline 
accumulate at the leftmost row of the array, where 
ihey are gathered and forwarded to the processor at 
the comer. This processor has a link to the FPI 
processor, and when all the pipelines have 
completed their share of work, the node processor 
sends the results to the FPI. The main data 
acquisition can read the results from this FPI. 
Thus, the final decision of taking or rejecting the 
event is left to the DAQ master processor. After 
the results have been sent to the FPI, the array 
waits for the next event. 

DAQ MaMcr ftocewv 

Figure 2. Timing diagram of the second level 
trigger operation. 

1.3. The track finding method 

In the track finding algorithm all tracks are 
assumed to come from the collision point. First, 
a set of potential track starting points is 
calculated using hit wires in the innermost and 
second inner layers. In the search, a track 
candidate is represented as a set of two arcs that 
come from the origin and pass one end of the 
innermost wire cell and the opposite side of the 
next cell. These candidates are extrapolated to 
subsequent layers and hit wires inside the 
acceptable angle are searched. When a hit is 
found, the (rack parameters are recalculated using 
die innermost layer and then extrapolated again to 
the next layer. This is repeated until no hit wires 
are found or the calculation has reached the 
outermost layer. Inefficiency of anodes is taken 
into account by extrapolating the road toward 
third layer if there is no hit on the next layer. If 
no hits are found on two successive layers, the 
candidate is abandoned. The anode cell sizes of the 
CDC are tuned to improve the efficiency of 
tracking; a value somewhat larger than the 
physical one is employed. 
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Figure 3. Principle used in track finding. 

The amount of computation in this kind of 
trigger algorithm rises very rapidly with the 
number of CDC hits. Other possibilities like 
artificial neural networks have been proposed for 
other experiments. However, in VENUS case, the 
number of hits in the CDC is typically rather 
low, 99.5% of events have less than 1000 hits. 
Notably, the artificial neural network has been 
shown to have very little or no speed advantage in 
track finding of low-multiplicity events [6]; this 
result should also apply in VENUS case. 

2. TRIGGERING 

2.1. Resolution 

The track finding algorithm described above 
yields already a value for the track radius. It turned 
out, however, that while the value is accurate 
enough for clear tracks, its accuracy sharply 
degrades in noisy events. The algorithm 
occasionally accepts tracks that originate quite far 
from the interaction point. Also, the reliability of 
the calculated value degrades rather sharply with 
increasing transverse momentum. To improve the 
resolution, a fast least squares fit is done to the 
track candidate points. A description of the 
method can be found in [5] or [6]. A simplified 
version of this method was applied. Using this 
method, the correspondence between the 
transverse momentum value calculated by the 
second level trigger and the value obtained from 
off-line analysis is shown in figure 4. The 
difference in the calculated values &?i = 
(Pl(offline) - Pi (second level)) is shown in the 
figure 5. It is seen that the APt is around 100 
MeV/c at Pt of 400 MeV/c. 

A further merit of the LSQ fit is that a value 
for the tracks distance of closest approach D to 
the origin is obtained. As the algorithm is 
restricted to finding tracks that come from the 
starting point, the Pt values from tracks that do 
not pass near (=lcm) die origin are unreliable. By 
rejecting those tracks, the resolution could be 

further improved. This improvement is however 
not included in the figures 4 and 5. Some more 
study of the accuracy of the D is necessary to find 
a suitable threshold value to safely cut off the 
unnecessary tracks. 

I W M C • i mi ii [GcVfc](FBUW 

Figure 4. Correspondence of die Pt values, 
calculated by the second level trigger (y-axis) and 
the off-line analysis (x-axis). 

D M M B M n a a (McV*)(PBUB) 

Figure S. Error in die transverse momentum 
value (APt), calculated by the second level trigger 
(y-axis) and the off-line analysis (x-axis). 

2.2. Operation Speed 

Achieving a sufficient speed for the track 
finding operation on the parallel processor array 
turned out to be a much harder task than it was 
originally thought. After futile efforts to improve 
die speed of an early version of die algorithm, the 
software was (almost) entirely rewritten, 
introducing more fine-grained parallelism and 
lighter overall structure. With this new version, 
the mean time for track finding was reduced from 
26 to 9.8 milliseconds. (These values are not 
fully comparable because of a difference in 
measuring the time. The new value should be 
more reliable.) There will still be cases when all 
die computation cannot be completed in die 
allowed time; the inefficiency due to this is 
however expected to be very small. The 
experience in improving die track finding speed 
from a parallel computation point of view will be 
a topic for a further paper. 
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2.3 . Efficiency 

To determine the efficiency of the trigger, we 
used a sample of events from real VENUS data, 
that had been recorded in the autumn 1992 run. In 
the data, the results calculated by the second level 
trigger are included. Using the Pi information of 
these, the triggering efficiency was estimated as 
follows: Corresponding (rack finding results were 
searched from the second level and offline analysis 
data. The trigger threshold was set at 380 MeV/c, 
as we aimed at triggering over 400 MeV/c tracks 
and wanted to avoid missing too many real 
events. As there is a chance for ambiguities, we 
restricted the selection to isolated tracks. When 
for example two tracks share the same innermost 
layer hits, we cannot be sure to which track the 
results from second level trigger should be 
connected. (This ambiguity has however no effect 
on the trigger operation, since only the existence 
of tracks matters.) 

If the second level trigger value was larger 
than the threshold, the event was marked as 
'taken' and if the value was smaller, the event was 
rejected. By comparing with the offline analysis 
results, the efficiency was calculated and is shown 
in figure 6. When compared with the first level 
track trigger efficiency, the cut is remarkably 
sharp. 

0 300 400 000 100 1000 1200 
Tnsivcnc mxnaaam IMcV/c] 

Figure 6. Efficiency of the second level trigger 

2.4. Data Reduction Ratio 

To see the actual potential of this trigger, let 
us look at the Pt distribution of event data 
collected in a VENUS run. Due to the 
inefficiency of the first level trigger, a large 
amount of events that have only low-Pt tracks are 
collected. A sample of 1838 events was 
characterized by the highest Pt value and plotted 
on a MeV/c scale. When the trigger algorithm 
was applied to this sample (with 380 MeV/c 

threshold), 1092 events were rejected and 746 
remained. Among the remaining data, 104 events 
had a (highest) Pt less than 400 MeV/c. That 
means that around 90% of the background was 
rejected. Among the rejected ones, 11 events had a 
Pt S 400 MeV/c. This represents a 15% loss of 
real data due to the trigger inefficiency. In practice 
the trigger efficiency will somewhat vary 
depending on the beam conditions. 

3 . CONCLUSIONS 

In the presented system, fast on-line track 
finding (average = 10 ms: 100 Hz potential rate!) 
has been achieved using multiple processors. In 
(he track finding, the maximum available (2-
dimensional) resolution of the CDC can be 
utilized. Using the (racking results, up to 90% of 
(he low-momentum background can be discarded. 
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Status of TRISTAN MR 

H. Fukuma 
KEK, National Laboratory for High Energy Physics 

1 .Introduction 
Since 1990 TRISTAN continues its phase II operation 1) which aims at 

collecting the integrated luminosity of several hundred pb"l. The beam en
ergy is set at 29 GeV to give a sufficient margin for RF cavities. 

The highlight in phase II operation was introduction of 8 super con
ducting quadrupoles(QCS's) to squeeze P* x / P*y to Im / 0.04m. In spite of 
some difficulties in the beam tuning process^) the optics with QCS's was suc
cessfully commissioned and the integrated luminosity was doubled as ex
pected. 

At present each experimental group collects the integrated luminosity 
of 700-800 pb"1 in a day. 

2.Performance 
Beam current 

Total current is limited to 13-14mA by the beam loss caused by the 
trip of super conducting cavities. A shortage of RF voltage by the trip leads 
to very short quantum life time and consequently beam is lost. The trip oc
curs during energy ramping and coast for physics. But the beam loss occurs 
mostly during energy ramping in which three or four cavities trip simulta
neously. 

The fact that the cavities near the arc sections and the collision point 
have higher trip rate than the other cavities suggests the trip may be trig
gered by synchrotron light^). During this summer shut down we ^re
aligned the quadrupole magnets in the Nikko straight sections, 2)improved 
orbit control system to allow the closed orbit correction during rampimg, 
3)installed new position monitors and 4)introduced a movable mask near the 
arc section. But the effect of these improvements is not clear yet, which re
quires further study in 1993 run. 

Single bunch current is limited to 4-5 mA because of beam blowup at 
injection. The mechanism of the blowup is not well understood yet, though 
the strong dependence of the bunch current on RF voltage, betatron tune and 
closed orbit suggests that it is caused by the synchro-beta resonance. 

Recent measurement of horizontal aperture showed that the measured 
aperture is smaller than calculated dynamic aperture by factor 2. As the 
large aperture would lead to higher bunch current, we are planning exten
sive beam studies such as the measurement of vertical aperture by a vertical 
kicker and the measurement of the aperture without wigglers and solenoids. 
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Specific luminosity 
Specific luminosity, i.e. luminosity divided by the product of the 

positron and electron beam currents, is inversely proportional to beam cross 
section. To decrease the beam cross section we make efforts to reduce the 
natural emittance ExO, the vertical-horizontal emittance ratio K and P*x,y 
because the beam cross section is proportional to ExO • VK P*x P*y. 

ExO is decreased by factor 2 by RF frequency shift of 3 kHz. Low 
emittance lattice, whose horizontal phase advance of normal cell is 80°, was 
tried in 19874), but beam was lost in the process of squeezing beta func
tions. Since then low emittance lattice has not been tried. 

To reduce K vertical orbital bumps are very effective. The bump at a 
sextupole changes the vertical dispersion and horizontal-vertical betatron 
coupling, which both contribute to K. The bump at QCS's also changes the 
vertical dispersion. As systematic way to search effective bumps is not found 
yet, we search effective bumps in trial and error manner. Achieved K is 1.5 
to 2%. 

P*x / P*y is squeezed to 1m / 0.04m by the introduction of QCS's. Particle 
tracking by computer code SAD^) shows dynamic aperture is enough to 
squeeze the (5*x, y by 15 % further6). We will try this in 1993 run. 

3. Beam energy in 29 GeV operation 
In this section we will discuss the absolute beam energy in 29GeV op

eration in 1992 run. 

Absolute measurement of the beam energy 
In 29 GeV operation the expected beam energy is 28886MeV because 

the RF frequency shift, which is introduced to decrease natural emittance, 
lowers the energy by 114MeV. The measurement of the beam energy by the 
resonant spin depolarization method was tried in June 1992?). The result was 
28887.639±0.022MeV, which agrees with expected value within 2MeV. 

The effect of dipole correctors and misalignment of quadrupoles 
The horizontal correctors affect to beam energy. The relative energy 

deviation by this effect is sum of horizontal kicks divided by 2JI. From the 
log files of kick angles of the correctors, the energy deviation is estimated to 
be +2.7±0.1 MeV in 1992 run. In correcting the horizontal closed orbit, we 
excite not only required correctors but also remaining correctors so as the 
net kicks to be null. This is the reason why the divergence of the energy de
viation is so small. The resonant spin depolarization measurement measured 
the energy including this deviation. Thus the change of the energy by the 
correctors is estimated to be ±0.1 MeV. 
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The change of horizontal alignment of quadrupoles changes the dipole 
field which acts on the beam. A simulation by SAD shows that misalignment 
of 50|xm(r.m.s.) can cause the energy shift of 1 MeV. 

The RF effect 
RF voltage distribution, RF phase error and misalignment of cavities 

change the energy at collision points. 
For usual RF voltage distribution, the computer simulation by SAD 

shows that the energy deviations of electrons AEe" at Fuji, Nikko, Tsukuba 
and Oho collision points are -11, -6, +11, +6MeV, respectively. But, as the 
energy deviation of positron AEe+ is -AEe", the change of center of 
mass(CM) energy, which is 2nd order effect of AE/E, is negligible. 

Phase error, which is estimated to be ±3 °, changes the energy about 
3 MeV. Like the effect of RF voltage distribution, AEe+ = -AEe". The change 
of CM energy is negligible. 

If the distance between a collision point and the cavities deviates from 
integer multiple of RF wave length , the energy changes at collision points^). 
In this case the change of electron energy has same sign as positron. The 
alignment error of normal conducting cavities is estimated to be ±1.5mm9). 
The super conducting cavities are aligned by using beam within ±2 ° in RF 
phased). Using this errors the simulation by SAD shows this alignment er
ror causes the energy deviation of ±2MeV in worst case. 

Stability of the bending field 
We do not regularly measure the energy by the resonant spin depolar

ization method. We have no measurement system of the magnetic flux and no 
external DCCT to monitor the current of the power supply of the main 
bending magnets(MBPS):only DCCT of MBPS is used in the feedback loop 
which regulates the current. So we estimate the stability of the bending field 
from the output voltage of the digital-to-analog converter of MBPS which 
gives the reference signal of the current. The voltage is measured four times 
from 1986 to 1992. The measurement' 1) shows the voltage changed 8.1 x 
10"- which corresponds to 2.3MeV for the energy of 29GeV. 

In summary the beam energy in 29 GeV operation was measured by 
the resonant spin depolarization method and the result was 
28887.639±0.022MeV. The systematic error of the CM energy is estimated 
to be ±10 MeV. 

4. Expected energy dependence of luminosity 
We will calculate the luminosity in the range 20 to 32GeV, for exper

imental physicists need this information to discuss plans of experiments. 
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The luminosity is expressed as follows. 

I? 
L = o * 2 4 " ! 

2 i t f e 2 o x c y 

T 5, ih 

^ 27CyO x(a x + C ) ' °x-y V f cx,yPx,y' K & 

, where f, re, lb, N are revolution frequency, classical electron radius, single 
beam current and the number of particles in a bunch. Rest symbols have 
usual meanings. In Fig.l open circles show the luminosity calculated from 4-
1 by assuming lb = 14mA, K = 2%, P*x/p*y = 1.0/0.04m and RF frequency 
of 3kHz. Closed circles show the luminosity from 4-2 assuming mat the ver
tical beam-beam parameter %y is saturated to 0.04. Thus the expected lumi
nosity is the solid curve. The energy is limited to 32GeV because of limited 
RF power. 
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Proposal for A Global Energy Scan at TRISTAN 

Masanori Yamauchi 

KEK, National Laboratory for High Energy Physics 
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1 Proposal for a global energy scan 

In this short article it is proposed to carry out a global energy scan between 46 and 

64 GeV at TRISTAN to search for a narrow structure in total cross sections for e+e~ 

annihilation. PETRA performed the energy scan between 33 and 46 GeV with very 

fine energy step of 20-30 MeV in 1981 and 1984 [1]. Based on the taken in this energy 

scan they set upper limits on the leptonic widths of the hypothetical resonances. 

These data gave constraints to the models which were invented to explain some 

experimental anomalies [2], It is proposed here to extend this region up to 64 GeV 

by TRISTAN that is probably the last machine to cover this energy range. 

2 Why energy scan? 

The motivations for this proposal are described next. 

(1) The energy scan is always important and interesting as far as it is done for the 

first time at the energy region. There is a theoretical prejudice that the standard 

model is the only theory in the TRISTAN energy region, however this has to be 

tested experimentally from as many aspects as possible. It is meaningful to demon

strate that there is no fine structure in the TRISTAN energy region, because this 

gives another confirmation to the standard model. 

(2) In the future experiments such as LEP200, HERA, Tevatron, JLC, SSC and so 

on, people will always pay attention to lepton invariant mass distributions. In these 
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experiments there will be many "anomalies" observed. Some of them might be real, 

but if its mass is covered by the energy scan by TRISTAN, the anomalies produced 

by just a statistical fluctuation can be identified easily. It is an important contri

bution by TRISTAN to provide a complete information in this energy range. And 

also the TRISTAN's results will be quoted every time when anomalies are observed. 

This is not a scientific reason for the energy scan, but this encourages us. 

(3) Many theoretical models will be built as modifications to the standard model to 

explain anomalous events that will be observed in the future experiments. The energy 

scan at TRISTAN can give a constraint to the models; "any new particle included 

in the model must have Fee less than ~10 keV if its mass is between 46 and 64 GeV." 

As a conclusion from these arguments, the energy scan at TRISTAN is an impor

tant contribution to the high energy physics, even if no new resonance is discovered 

by it. 

There are, of course, cons in the choice of the energy scan. Probably the most 

serious one is that we will lose approximately 60 p b - 1 of the integrated luminosity 

which would have been accumulated if we keep taking data at a fixed energy. This 

is certainly not a small amount. This will make all the error bars of our data 10% 

longer. However, taking the pros into account, I still believe that the energy scan is 

worth considering. 

3 Proposed scenario 

I hereby propose the following scenario to be taken to carry out the energy scan. 

(1) Let set is to be the time of the shutdown of TRISTAN I. At t=i3—7months, 

we start data taking at •v/i=45 GeV, and accumulate ~10 p b - 1 of the integrated 

luminosity at this energy so that our measurements of R, am„aTT, ay, and so on 

can be compared withe the measurements at PETRA at this energy. This can be 

done in at most one month. Since each of the experimental groups at PETRA has 
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approximately 6 pb ' a t y/s=45 GeV, detailed comparisons can be made. 

(2) In ts—6months< t < ts—lmonth, we scan between ^ = 4 5 and 64 GeV with the 

energy step of 2.5 x the spread of the center of mass energy. The number of data 

points will be about 70, and this scan will be done in 150 days if we take 0.5 p b - 1 

at each energy point with 50% running efficiency. 

(3) We expect that there will be several data points where the cross sections are 

larger than the theoretical values significantly due to the statistical fluctuations. 

These points are to be checked again spending one month in ts—lmonth< t < ts. If 

a structure in the cross section is confirmed here, we will be keep sitting there, of 

course, otherwise TRISTAN is shutdown and modified to the B Factory. 
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