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Preface to the Series

The RCKEN BNL Research Center was established this April at Brookhaven National Laboratory.
It is funded by the "Rikagaku Kenkysho" (Institute of Physical and Chemical Research) of Japan.
The Center is dedicated to the study of strong interactions, including hard QCD/spin physics, lattice
QCD and RHIC physics through nurturing of a new generation of young physicists.

For the first year, the Center will have only a Theory Group, with an Experimental Group to
be structured later. The Theory Group will consist of about 12-15 Postdocs and Fellows, and plans
to have an active Visiting Scientist program. A 0.6 teraflop parallel processor will be completed at
the Center by the end of this year. In addition, the Center organizes workshops centered on specific
problems in strong interactions.

Each workshop speaker is encouraged to select a few of the most important transparencies
from his or her presentation, accompanied by a page of explanation. This material is collected at
the end of the workshop by the organizer to form a proceedings, which can therefore be available
within a short time.

TJD.Lee
July 4,1997
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INTRODUCTION

The Workshop on Perturbative QCD as a Probe of Hadron Structure was held July
14-25, 1997, at the RIKEN BNL Research Center, Brookhaven National Laboratory. The
workshop brought together about thirty invited participants from around the world, and
an almost equal number of Brookhaven users and staff, to discuss recent developments and
future prospects for hadronic strong interaction studies at high energy, particularly relating
to the RHIC project at Brookhaven.

RIKEN and Brookhaven have long traditions in and commitments to the study of the
strong interactions, and the advent of the RHIC collider will open new opportunities both
for relativistic heavy ion and polarized proton-proton studies. Activities at the RIKEN
BNL Research Center are intended to focus on physics opportunities stimulated by this new
facility. Thus, one of the purposes of the center is to provide a forum where workers in
the field can gather to share and develop their ideas in a stimulating environment. The
Workshop on Perturbative QCD as a Probe of Hadron Structure was one of the first steps
in the development of this program.

The purpose of the workshop was both to delineate theoretical problems and stimulate
collaborations to address them. The workshop was quite informal. Morning seminars were
intended to survey areas of interest or to address specific issues. Afternoons were open for
discussions or collaboration, which gave participants time to explore questions and ideas
raised by the morning sessions. As the second workshop held by the Center, it was itself
something of an experiment in which issues of format, administration and space were tested
and developed.

The workshop focused primarily, but not exclusively, on spin and small-x physics. Dis-
cussions developed out of presentations by participants (indicated in parentheses below). An
agenda may be found at the end of the document.

Polarized proton beams at RHIC open the door to a new class of collider experiments,
which will explore the spin structure of the proton. Morning sessions on several days were
devoted specifically to spin physics at RHIC, beginning with reviews of RHIC machine
and physics capabilities (Bunce, Soffer) and the current spin programs of PHENIX (Saito)
and STAR (Heppelmann), and also polarimetry at RHIC (Leader). In addition, presenta-
tions and discussions treated orbital angular momentum (Ji) and single-spin asymmetries
(Ratcliffe), polarized distribution functions (Ridolfi, Tung) and their evolution (Kodaira,
Kumano, Tanaka, Uematsu) and higher-order QCD corrections to polarized cross sections
(Kamal). This broad coverage gave perspective to the important theoretical and experi-
mental work that has already been carried out in the field. It also enabled participants to
identify numerous areas which remain to be explored. Speakers were successful in provoking
many questions and discussions.

Sessions relating to small-x and the pomeron (Balitsky, Ball, Del Duca, Li, Korchemsky,
Levin, Mueller) in QCD also inspired wide-ranging and spirited exchanges during presenta-



tions and beyond. Recent developments in the field relating to unitarity, shadowing, higher
orders and higher twist, operator content, evolution and phenomenology, were all subjects
of interest and often the focus of controversy. As the workshop progressed, the role of power
corrections to hard-scattering cross sections came up repeatedly, particularly in discussions
of the fragmentation of partons to hadrons (Braun, Dokshitzer, Webber).

The following pages constitute a record, usually in the form of of a short summary
followed by a few representative transparencies, of the informal presentations by participants.
This little compendium cannot do justice to the exciting spirit of the discussions, which every
day strained the allotted time. We are confident that succeeding workshops will have similar
success in stimulating exchanges between outstanding groups of physicists.

In closing, we would like to thank the RIKEN BNL Center and its Director, T.D. Lee, for
making this workshop possible, and to Brookhaven colleagues Tony Baltz, Rob Pisarski and
Larry Trueman for >.neir generous help and guidance. Special thanks go out to Pam Esposito,
the RIKEN BNL Secretary for her enthusiastic, untiring and creative efforts, smoothing the
path for both participants and organizers; and to Robin Scarola for the all the necessary
preliminary work tc make this possible.

We also thank Brookhaven National Laboratory and the U.S. Department of Energy for
providing the facilities to hold this workshop.

Finally, we would like to thank all participants, those at home at BNL, and those who
travelled so far to take part, for attending, and for a memorable exchange of ideas.

Bob Jaffe, George Sterman

Organizers



SUMMARY

Ian BALITSKY

Jefferson Laboratory
Newport News, VA

1. At high energies particles fly along the straight-line classical trajectories =£• the relevant
operators are Wilson lines - straight-line ordered gauge factors.

2. The slope of the Wilson line reflects the energy of the incoming particle.

3. The leading logarithms for high-energy scattering can be obtained as a result of evo-
lution of Wilson-line operators with respect to the slope of the line.

4. The non-linear evolution equation for Wilson-line operators describes both the prop-
agator of BFKL Pomeron and the three-Pomeron vertex accessible in difFractive deep
inelastic scattering.









































Gerry Bunce
July, 1997

SUMMARY - RHIC SPIN PHYSICS

My talk described the program for colliding beams of 70% polarized protons at RHIC.
We will cover Js = 50 to 500 GeV and expect a luminosity of 2 x 1032 cm^sec1 at 500 GeV.
To accelerate polarized protons to high energy we must "cross" or neutralize spin resonances
where the spin precession around the guide field beats with the spin precession around horizontal
fields such as focusing fields or imperfections. The key device to do this is a Siberian Snake
which rotates the spin 180° about a horizontal axis. There will be two in each RHIC ring. They
will be installed in 1999. Spin rotators are required to give longitudinal polarization at the
experiments. These will be installed in 2000. The first physics run will be in 2000.

There are three approved spin experiments - STAR, PHENIX, pp2pp. Pp2pp studies
small angle elastic scattering. STAR and PHENIX will measure gluon polarization in the proton
using direct y (inclusive for PHENIX, and y+jet for STAR). Copious jet production is also very
sensitive to the gluon polarization and this is emphasized for early running at expected lower
luminosity (PHENIX does this with leading TI0, STAR with jets). Parity-violating W* production
is a powerful way to obtain the polarization of u, u, d, d (with F ) in the polarized proton.
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Yuri DOKSHITZER

INFN
Milan, Italy
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BFKL SMALL-X RESUMMATION
LEADING AND NEXT-TO-LEADING

Vittorio Del DUCA1

Department of Physics
University of Edinburgh

Edinburgh, Scotland

A brief outline of the BFKL evolution equation, which resums the leading logarithmic
contributions of the center-of-mass energy over the momentum transfer, is given. It is con-
sidered its application to forward jet production in hadron-hadron collisions and in DIS.
In order to see the effects of the BFKL resummation, we want to increase the center-of-
mass energy while keeping the momentum transfer fixed. The center-of-mass energy may be
increased in two ways:

i) by keeping fixed the momentum fractions of the incoming partons and by increasing the
hadron center-of-mass energy (Mueller-Navelet)

ii) by increasing the parton momentum fractions at fixed hadron center-of-mass energy.

The latter is experimentally easier to realise at hadron colliders, but it is harder to
disentangle the kinematical fall-off of the parton luminosities from the eventual dynamical
rise due to the BFKL resummation. The former is theoretically cleaner, but it requires a
variable-energy collider, thus it is more convenient to implement it in forward jet production
in DIS where the center-of-mass energy can be made to vary in the photon-proton frame.

Accordingly, forward jet production in DIS is analysed with the BFKL resummation
and with the MEPJET and DISENT paxton Monte Carlo event generators, based on an
exact NLO calculation. These are then compared with the data from the HI and ZEUS
Collaborations at EERA. MEPJET and DISENT fall well below the data, while the BFKL
resummation tends to slightly overshoot the data.

Taken at face value, the data imply the need of higher order corrections for the fixed-
order NLO calculation; on the other hand, they show the need of next-to-leading-logarithmic
(NLL) corrections to the BFKL resummation. Indeed the BFKL resummation makes a few
approximations which even though formally subleading may be phenomenologically impor-
tant: it has no energy-momentum conservation (beyond LL), the coupling constant is fixed,
and it has strong rapidity ordering of the produced partons which prevents any collinear
enhancements and thus any non-trivial structure for the produced jets.

Therefore a calculation of the NLL corrections to the BFKL resummation is in order.
This is the argument of the slides that follow.

: VDD@PM.ED.AC.UK
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W±
9 Z and 7* production at RHIC in next-to-leading

order

B. Kamal

Physics Department, Brookhaven National Laboratory, Upton, New York 11973, U.S.A.

SUMMARY

Consistent NLO predictions for all longitudinal Drell-Yan type processes at RHIC (W*,
Z and 7*) were made using polarized parton distributions which fit the recent DIS data.
Particular attention was paid to regularization and factorization scheme dependences. The
HOC increased the cross sections substantially and had a major impact on the asymmetries,
while preserving the features of the LO asymmetries. The exact sign and magnitude of the
HOC depended on the details of the parton distributions used, especially the sea and gluon
distributions. Faced with either low rates or small asymmetries, 7* production didn't prove
very interesting for longitudinal polarization (unless the agreement between the various
parton distributions at small-a; is an artificial one). The Z- asymmetries were all quite
sensitive to the sea quarks; the parity violating ones being the largest, with unexpected
sensitivity due to a coincidental cancellation between u and d valence contributions. With
large rates and asymmetries, W^ production can directly measure the sea and valence
distributions as well as the unpolarized u/d ratio. Lower energy running could measure
directly u and.d at rather large x (both polarized and unpolarized).
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CERN-TH-97/126
OSU RN 327

SLAC-PUB-7566
TAUP-2434-97

Pade Approximants, Optimal Renormalization Scales, and
Momentum Flow in Feynman Diagrams*

Stanley J. Brodsky
Stanford Linear Accelerator Center

Stanford University, Stanford, California 94309
e-mail: sjbth@slac.stanford.edu

John Ellis

C"-- Theoretical Physics Division, CERN, CH-1211 Geneva 23, Switzerland
Q^ e-mail: john.ellis@cern.ch
r-->i

pj Einan Gardi and Marek Karliner

^ School of Physics and Astronomy
£<•) R a y m o n d a n d Beverly Sackler Facul ty of E x a c t Sciences
<N Tel-Aviv University, 69978 Tel-Aviv, Israel

e-mail: gardi@post.tau.ac.il, marek@vm.tau.ac.il

.^j. Mark A. Samuel

^ Department of Physics, Oklahoma State University,
t^. Stillwater, Oklahoma 74078, USA

e-mail: physmas@mvs.ucc.okstate.edu

i Abstract
OH
<D
r*{ We show that the Pade Approximant (PA) approach for resummation of perturbative se-

ries in QCD provides a systematic method for approximating the flow of momentum in
Feynman diagrams. In the large-/?o limit, diagonal PA's generalize the Brodsky-Lepage-
Mackenzie (BLM) scale-setting method to higher orders in a renormalization scale- and
scheme-invariant manner, using multiple scales that represent Neubert's concept of the dis-
tribution of momentum flow through a virtual gluon. If the distribution is non-negative,
the PA's have only real roots, and approximate the distribution function by a sum of
^-functions, whose locations and weights are identical to the optimal choice provided by
the Gaussian quadrature method for numerical integration. We show how the first few
coefficients in a perturbative series can set rigorous bounds on the all-order momentum dis-
tribution function, if it is positive. We illustrate the method with the vacuum polarization
function and the Bjorken sum rule computed in the large-/?o limit.

*Work supported in part by the Department of Energy, contract DE-AC03-76SF00515.
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Figure 2: The momentum distribution function p(s) in the large-/30 limit, for a
virtual gluon in the vacuum-polarization D function. In each panel, the solid line is
the exact result for p(s), and the different symbols correspond to the locations and
relative strengths (weights) of Dirac S functions, as determined by diagonal PA's.
As discussed in the text, the x[N — 1/N] PA chooses the locations and weights
such that the 2N first moments of any function integrated with respect to p(s) are
reproduced exactly. Panel (a) shows low-order PA's on a linear scale, and panel
(b) shows a representative high-order PA on a logarithmic vertical scale and an
expanded horizontal scale. The convergence of the PA's to the true momentum
distribution function is clearly visible.
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Figure 3: The integral of the momentum distribution function in the large (3Q limit,
for a virtual gluon in the vacuum-polarization D function. The continuous line
represents the exact result for <PD(S), and the other lines describe different approxi-
mations to 4>£>(s) that correspond to the x[N — 1/iV] PA's of the perturbative series
for N — 1,2,3. The iVth approximation to 4>D(S) is a piecewise-constant function
composed of N steps, with heights determined by the weights of the S functions
provided by the corresponding PA's.
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Figure 4: The integral momentum distribution function in the large /?o limit, for a
virtual gluon in the vacuum-polarization D function. The continuous line represents
the exact result for <j>r>(s), and the other lines describe the upper and lower bounds,
as well as their averages, that one can construct as described in section 3.5 from
the first three (dashed lines) and five (dotted lines) coefficients of the perturbative
series. Note that the average is very close to the exact distribution function.
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Figure 5: The momentum distribution function p(s) in the large-/?0 limit, for a
virtual gluon in the Bjorken sum rule.
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Gregory KORCHEMSKY

University of Paxis-SUD
Orsay, France
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SAGA-HE-122-97 (hep-ph/9706420)

Two-loop anomalous dimensions for the structure function hi

S. Kumano and M. Miyama*

Department of Physics, Saga University

Saga 840, Japan

(June 18, 1997)

Abstract

Chiral-odd structure function h\ is expected to be measured in polarized

Drell-Yan process. We calculate two-loop anomalous dimensions for h\ in the

minimal subtraction scheme. Dimensional regularization and Feynman gauge

are used for calculating the two-loop contributions. Our results are important

in studying Q2 dependence of h\.

13.88.+e, 13.85.Qk, 12.38.Bx
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S. Kumano and M. Miyama

Department of Physics
Saga University

Refs. SAGA-HE-122-97 (hep-ph/9706420)

Email: kumanos@cc.saga-u.ac.jp
http://www.cc.saga-u.ac.jp/saga-u/riko

/physics/quantumi/structure.html

July 24, 1997
atBNL
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References for
two-loop anomalous dimensions

E. G. Floratos, D. A. Ross, and C. T. Sachrajda,

Nucl. Phys. B129, 66 (1977); B139, 545 (1978).

unpolarized structure function

S. Kumano and M. Miyama,

SAGA-HE-122-97 (hep-ph/976420).

A. Hayashigaki, Y. Kanazawa,
and Y. Koike (hep-ph/9707208)

W.Vogelsang (hep-ph/9706511)

structure function hi
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Two-loop anomalous dimensions

(b)

(e) (f)
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n - l r

In + 5 V^F ~~ l'F<-'G/*)O \£± ' P) 2^t ~ 13 Vn ~ *• ~ h 3) + -*13 \ n ~ 3i 3 ~

-253(n) - S^(n/2) + 4S(n) + 8 5(n)l . (8)

= C2 | 3 2 5 1 ( n ) {52(n) _. S'2(n/2)} + 2452(n) - 85^(n/

(n) - y 52(n) + 4 S > / 2 ) - 325(n)

- 16 5x(n) {^2(n) - S%n/2)} + 4 ̂ " ^ - y ] . (9)

An example of the integrals

H( \ = fddki fdHz2 (A•ki)a(A• k^ch•p
6 l ° ' C j 7 (2TY J (27r)^ (^2)2 ( ^ - k2f

see SAGA-HE-122-97 (hep-ph/9706420) for the details
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Conclusions

We have calculated two-loop anomalous
dimensions for the chiral-odd operators
(namely for the structure function hi).

NLO Q2 evolution for the hi became
possilbe.

Detailed Q2 dependence studies
before the completion of RHIC(-SPIN).





POLARIMETRY
Elliot LEADER
Birbeck College

London WClE 7HX

The RHIC spin program will open a new era in the testing of the Standard Model. For
the first time ever, spin-dependent observables will be measured in a kinematic region where
perturbative QCD is applicable. There are many examples of reactions at lower energies
and momentum transfers where there exists serious disagreement between experiment and
QCD. The usual explanation is that it is too naive to apply PQCD at these energies and
momentum transfers. The RHIC measurements will thus be of the greatest importance in
settling these matters.

However, precision tests of PQCD and electroweak effects require a precise knowledge of
the degree of polarization of the proton beams. Because of imperfections in the accelerator
it is not possible for the machine physicists to guarantee the value of the polarization to the
requisite accuracy and it is thus imperative to measure the beam polarization independently.
This is the subject of "polarimetry". (A small Workshop on this issue will be held at RIKEN
following this meeting.)

It is a non-trivial matter to measure the polarization of a very high energy proton!
at least not to the desired accuracy of ±5%.

In some cases, notably for electron beams, one may utilize reactions like M0ller scattering
or Compton scattering where the analyzing power of the reaction can be calculated via
QED to great accuracy. Such polarimeters are immensely successful at SLAC and HERA.
As an example we show the structure of the differential cross-section for M0ller scattering
in transparency 1.

Use of the interference between electromagnetic and hadronic forces in pp scattering
(CNI polarimeter) is an example where one can calculate the analyzing power, but perhaps
not to the desired accuracy, because of lack of knowledge of the high energy behavior of the
hadronic helicity-fiip amplitude (see transparencies 2,3,4). Another example of this type is
near forward pZ —* pirZ on a heavy nucleus (a sort of Primakoff effect).

Finally one can try to use a reaction where the analyzing power has been measured
using a proton beam of known polarization. Clearly no such data exists at the highest
RHIC energies but this will work at lower energies and may be the most practical procedure
for the initial phase of RHIC. Its accuracy will not reach the desired ±5% (transparency 5).

In summary the challenge is to come up with a polarimeter of greater accuracy. Promis-
ing avenues ye will explore are: pe —*• pe elastic scattering, pZ —» pZ in the Coulomb region
and a better under landing of pp —* pp CNI.
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WHERE ARE THE BFKL POMERON
and

SHADOWING CORRECTIONS IN DIS ?

Eugene Levin
School of Physics and Astronomy, Tel Aviv University

Ramat Aviv, 69978, ISRAEL
and

DESY Theory, Notkestr. 85, D - 22603, Hamburg, GERMANY
leving@ccsg.tau.ac.il; levin@mail.desy.de;

Talk given at the RIKENBNL WS on "Perturbative QCD as a Probe of Hadron Structure",
BNL LI July U - 25,1997.

Abstract : In this talk, I will argue that the HERA experimental data show that the typical
parameter (n) responsible for the value of the shadowing corrections (SC) in DIS is so large that
the BFKL Pomeron is hidden under SC. The SC turn out to be large enough but mostly for the
gluon structure function which is not well determined by the available experimental data and by
the current theoretical procedure.

In this talk I am going to answer two questions:

Q l : Where is the BFKL [1] Pomeron?

Q2: Where are shadowing corrections (SC)?

First, let me explain why it is reasonable to ask such questions. Indeed, at first sight,
the situation looks very transparent, namely, the HERA data can be described by means of
the usual DGLAP [2] evolution equations without any other ingredients such as the BFKL
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Pomeron and / or SC ( see any of plenary talks during the past three years). My personal
opinion is that this fact brought more questions than answers since we need to show ( to justify
theoretically our approach) that the corrections due to the BFKL dynamics and/or due to the
SC are negligibly small at least at the HERA kinematic region. If it is not so ( as I will show
below) the DGLAP approach is not better or worse than any other model developed to describe
the experimental data. The main goal of this talk is to show that the experimental data from
HERA confirm that both the BFKL contribution and the SC should be rather large in the
HERA kinematic region.

Actually, everything that I want to tell is given in Fig.l, but I need to explain what are plot-
ted in this figure.

1. < 7 > = i and < 7 > = 1.
Let me recall a standard procedure of solving of the DGLAP evolution equations. The first
step: we introduce moments of the structure function, namely,

where contour C is located to the right of all singularities of moment M(to,Q2). The second
step: we find the solution to the: DGLAP equation for moment

dM(u, Q2) 2

' d\nQ2 = 7 ( W ) M ( U ' Q ) ' ( 1 )

The solution is
Ml,, D2\ — Ml, i r>2\ Pf(w) in(Q2/Ql) (o\

The solution is
M(co, Q2) = M{u, Ql) • el{w) ln^2^ . (3)

Here M(u>, Q%) is the nonperturbative input which should be taken from experimental data
or from "soft" phenomenology ( model). The third step: we find the solution for the parton
structure function using the inverse transform, namely:

•y-nt-r (12\ — / wln( l / i ) + 7(w) ln{Q^/Q^) yr(.. (~)2\ (A\
XLrlx ,W I — / — : e u / lvi \LJ, t / n I . 141

Jc 2m
Therefore, to find a solution of the DGLAP equation we need to know the nonperturbative input
M(a;, QQ) and the anomalous dimension 7(w), which we can calculate in perturbative QCD.
The anomalous dimension 7(0;) has been calculated in pQCD and the result of calculations can
be written in the form:

. / \ 1 2 / \ /c;\

7TOJ ' TTUJ
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where both functions 71 and 72 are known as well as <yBFKL, We can now see what has been
done in the global fits [3]. The value of the anomalous dimension have been calculated in a |
order ( two last terms in Eq.(5)) and the nonperturbative input has been taken in the form
M(u, Ql) ex. JJ^J- with wo ~ 0.2 - 0.3. This means that the structure function at Q2 = Ql
increases as x~w° at x —> 0 1. However, one can see that the j B F I i L should be essential in the
region of low x where u —> 0 since

(6)
7TU> ^ 4

where U>L and A have been calculated [1].

This equation reflects the main properties of the BFKL Pomeron: the limited value of the
anomalous dimension and the importance of all terms of the order of {gL^-)n in the region of
small UJ. All attempts to estimate the values of the BFKL terms in the anomalous dimension
[4] show that they are essential in the HERA kinematic region. Here, we choose a different
way of presentation of this well known fact, namely, we introduce average anomalous dimension
< 7 > which is equal to

1 dxG(Q2,x) lc ^ ^ ^H^) + ^)HQP/Ql)M(u,Ql)
< 7 > ~ xG(Q2, x) ' d\n{Q2IQl) Jc £ e" "«(i/«)+iH HQVQl) M(w, Qg) ' U

Function < 7 > describes the behaviour of the anomalous dimension quite well since at low
x the deep inelastic structure functions can be calculated in the semiclassical approach [5] in
which, for example xG(Q2, x) is equal to

O2W f l

where functions C,< LO > and < 7 > are smooth function of ln(l/x) and ln(Q2/Ql).

In Fig. 1 we plotted two lines with < 7 > = | and < 7 > = 1 . We expect a large the BFKL
contribution in the kinematic region between these two lines and one can see in Fig.l that wee
have penetrated this region at HERA.

2. K.
From HERA data we can evaluate also the probability K of the parton - parton (gluon - gluon)
interaction, which is given by [5], [6]

3 7T as ~ , «2 \ /n\

1 Strictly speaking this statement is correct for two global fits: MRS and CTEQ. The GRV fit has a different
initial condition, namely, the evolution has been started at very low value of Q2 but with the initial distribution
which is flat at low x .



104

15.0

10.0

5.0

0.0
-1.0

GR\

y

^—_ .

= 0
'=1

= 1
= 1

.5

.0

.0

.6

0.0 1.0

ln(Q2/GeV2)

2.0 3.0

Figure 1: Contours for < 7 > -- 1 and 1/2 and K = 0.6,1,1.6 for the GRV95 gluon density and
HERA kinematic region.



105

where xG(x, Q2) is the number of partons ( gluons) in the parton cascade and R2 is the radius
of the area populated by gluons in a nucleon. a(GG) is the gluon cross section inside the parton
cascade and was evaluated in [6].

The observation is that we know from the HERA data both the value of the gluon struc-
ture function and the value of R2 in Eq. (9). Indeed, the available parameterizations such as
MRS, CTEQ and GRV [3] give the value of the gluon structure function with sufficiently large
differences in its value but within 50% accuracy or better ( see Fig.2 ).
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^ NMC
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Figure 2: The value of the gluon structure function in "different parameterizations.

The most important and new information is the fact that using HERA data on photopro-
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a) b)

Figure 3: The J/t/> production without (a) and with ( b) proton dissociation.

duction of J/\P meson [7] the value of R2 can be estimated as R2 < 5GeV 2 [8]. Indeed, (i)
the experimental values for the slopes ( see Fig.3 ) are Bei = AGeV~2 and Bin = 1.66 GeV~2

and (ii) the cross section for J/W production with and without proton dissociation are equal [7].
Taking into account both facts we can estimate the value of R2 ( see Ref.[8] for details) which
appears in calculation of the SC (Glauber corrections) due to integration over the momentum
transferred (t) along the gluon ladders (see Fig.3) neglecting t dependence of the upper vertex
in Fig.3. It should be stressed that such an estimate gives the value for R2 which lead to the
value of the cross section for the double parton scattering measured by the CDF collaboration
at the Tevatron [9].

Using the GRV parameterization for the gluon structure function and the value of R2 —
5GeV~2, we obtain that K reaches 1 at HERA kinematic region ( see Fig.l ), meaning shad-
owing corrections should not be neglected. In Fig.l we plotted three curves with values of K
equal to 1.6, 1 and 0.6, respectively, to illustrate a possible range of K using CTEQ and MRS
parameterizations.
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A l :
The answer to the first question one can read from Fig.l. Indeed, the kinematic region
where the BFKL Pomeron ( the BFKL corrections to the anomalous dimension ) could be
sizeable, namely, the region between curves < 7 > = 1/2 and 7 = 1 , is located to the
left of the curve with K = 1 where the SC should be essential. Therefore, we can con-
clude that the BFKL Pomeron is hidden under large SC and cannot be observed. It is
very likely that such a situation will happen not only for the deep inelastic proton struc-
ture function but in all specially invented processes to extract the BFKL Pomeron since the
typical size ( the value of R2) is smaller in all such processes than in the case of the deep
inelastic structure function. However, this statement will need more careful check in future.

A2:
It turns out that the SC is not very big for F2(Q2,x) which has been measured experimentally
( see Ref.[10] for details). However, the SC for xG(Q2,x) should be large. To illustrate this
point we plot in Fig.4 the ratio R\ — ^Q/Q2 ^<5RV calculated in Ref. [10]. Comparing Fig.4 with
the value of xG(Q2, x) in current parameterizations we can conclude that in spite of sufficiently
large SC our knowledge of the value of the gluon structure function is so poor that we can
absorb all SC in the uncertainties of its value.

O =
= 5.0GeV°
= 10. GoV°
= 20. GoV*

Figure 4: Ratio R\ for the gluon structure function.





Resummation approach to small x physics

Hsiang-nan Li1

Department of Physics
National Chung-Cheng University

Chia-Yi, Taiwan, Republic of China

In this talk I propose a new approach to the study of small x physics. This approach
is based on the resummation technique developed by Collins, Soper and Sterman for the
summation of double logarithmic corrections. I will show that this technique in fact has
wider application: It can also organize various single logarithms, such as In Q from the large
Q region and ln(l/ar) from the small x region, Q being the momentum transfer involved
in QCD processes and x the Bjorken variable. In order to demonstrate its power, I derive
the evolution equations of parton distribution functions in a simple and unified way, which
include the DGLAP equation for large Q, the BFKL equation for small x, and the CCFM
equation which unifies the above two equations.

First I obtain a master equation for a parton distribution function <j> using the resum-
mation technique,

d
P+j-f<l>(x,PT,P+) = 2<j>(x,pr,p+) , (1)

with pr the transverse momenta carried by a parton, and p+ the incoming proton momentum.
The new function ^ contains an extra new vertex generated by the differentiation. The
subdiagram containing the new vertex can be factorized in the leading regions of the loop
momentum / flowing through the new vertex, leading to <j> = K ® <f>. Hence, a differential
equation of (j> is reached with the function K identified as a kernel.

The function K <E> <j> involves <j>(x + l+/p+,pr + h,P+) from the lowst order real
gluon emission. By requiring the transverse mommentum ordering, pj >• IT, i-e.,
<f>(x + l+/p+,PT + h,P+) K <f>{% + i+ /P+JPTTP+), the differential equation (1), with the
pr dependence integrated out from both sides, reduces to the DGLAP equation. While in
the multi-Regge region withpx ~ IT, i.e., (J>(X+1+/P+,PT+IT,P+) « <f>(%,PT+lT,P+), Eq. (1)
reduces to the BFKL equation. If employing the general expression 4>(X + 1+/P+,PT + IT-,P+),

Eq. (1) leads to the CCFM equation.

I then propose a modified BFKL equation as a simple application of the new approch.
This modified version possesses an intrinsic Q dependence introduced through the constraint
of phase space for the loop momentum. It can be exactly solved, and its predictions for the
structure function F2(x, Q2) are consistent with the HERA data.

1 E-MAIL: HNLI@PHY.CCU.EDU.TW
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SINGLE-SPIN ASYMMETRIES

Philp G. Ratcliffe

Universita di Milano in Como, via Lucini 3, 22100 Como, Italy
and INFN—Sezione di Milano

pgrQfis.unico.it

Large single-spin asymmetries have been with us now for nearly twenty years; but, while the
various models proposed can describe some of the data (both within and outside the pQCD
framework), there is as yet no systematic approach that allows a complete description of all
experimentally observed effects. Although various essentially non-perturbative approaches
are able to describe some subset of the data, processes exist that either lie outside their
domain of applicability or would require considerable model-dependent input. It is thus
true to say that no approach yet provides a complete framework that would allow, e.g.,
predictions for future measurements, or experimental tests of validity.

The general problem of transverse polarisation effects in DIS has been understood within
pQCD for some time, but little has been done until very recently to incorporate this knowl-
edge into the description of single-spin behaviour. However, in the last few years attempts
have been made to formulate a description of single transverse-spin asymmetries and po-
larisations based on pQCD and factorisation, and what is known about the transverse-spin
structure functions in deep-inelastic scattering (DIS).

It is worth stressing that the factorisation theorems in pQCD certainly allow, in principle
at least, the description of any inclusive or semi-inclusive process, polarised or not, with
the usual caveat that higher-order corrections can be very important. A difficulty is that
many new distribution functions are involved and thus predictions are generally at best
only educated guesses. This statement may also be turned on its head: such processes may
in fact be the only way of accessing certain interesting parton densities in the proton.

The importance of single transverse-spin asymmetries may therefore be distilled into
the following three principal considerations:

• There is a large body of data indicating large effects (of order 30%) both for initial-
state polarisation correlation with the outgoing direction (left-right) of pions and
for final-state polarisations with respect to the scattering plane of semi-inclusively
produced hyperons; such effects persist even out to large transverse momenta, where
one would hope that pQCD might begin to be applicable.

• General analysis shows that all such effects must be twist-three in origin; this makes
them particularly interesting in view of the fact that present DIS data on the 52
structure function suggest that such higher-twist effects are small in that process,
hence semi-inclusive single-spin may be the only accessible handle for their study.

• A second common feature of transverse spin effects is their requirement of and relation
to a non-zero intrinsic kr of the partons involved; thus, they may also provide a
window onto the importance and structure of h? inside hadrons—a related problem
is that of the off-shellness of partons in the scattering process.
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POLARIZED DEEP-INELASTIC SCATTERING IN PERTURBATIVE QCD
G. Ridolfi

INFN, Sezione di Genova, Genoa, Italy
Talk given at the RIKEN-BNL Workshop on QCD as a probe of hadronic

structure
July 14-25, 1997

Polarized deep-inelastic scattering data can be analyzed in the framework
of perturbative QCD at the same level of accuracy as in the unpolarized
case. One can parametrize parton densities in a given way at an initial value
of Q2, compute the structure function gi(x,Q2) for each data point using
Altarelli-Parisi evolution, and fit the parameters in term of which the parton
densities are defined. This procedure can be used to extract the values of
particularly interesting quantities; examples are the axial coupling #4, the
singlet axial charge ao, the strong coupling constant as and the first moment
of the polarized gluon density, rjg. In all these cases, it is crucial to give a
reliable estimate of all possible uncertainties.

An important source of theoretical uncertainty in this procedure is th"e
extrapolation towards the small-a; region, where no data are available. The
behaviour at small x of the fitted parton distributions (and consequently of
gi) is determined by the observed asymmetries in the central x region, and by
the structure of Q2 evolution; it may therefore be strongly influenced by the
chosen functional form for the input distribution function at the initial value
of Q2 (which we take to be 1 GeV2). For this reason, we have considered
four different functional forms for the parton distributions at the initial Q2.
All of them give fits of comparable quality, which means that they display
similar behaviours in the region of data, but they are sizeably different in
the small-x tail. This spread is to be considered as a true uncertainty, to
be added to the experimental uncertainty which is intrinsically taken into
account in the fitting procedure.

The whole procedure is carried out at next-to-leading order accuracy;
there is therefore some uncertainty, originating from the truncation of the
perturbative series, which is particularly important here because low values
of Q2 are involved. We estimated it by varying independently renormal-
ization and factorization scales around Q2, which is the energy scale which
characterizes the process.

The third important source of theoretical uncertainty is the contribution
of higher twist terms, again potentially large because of the low values of Q2.
These corrections are very difficult to estimate. One possibility is to repeat
the analysis using a larger value of the initial Q2 (for example 2 GeV2 instead
of 1 GeV2) and excluding all data below the initial Q2 from the fit. A second
possibility, which however is only useful for g^ and as-, is to evaluate the
effect of a power-suppressed term of the form ajQ2 in the Bjorken sum; the
constant a can be estimated on the basis of renormalon considerations.

Results and conclusions are given in the copies of the transparencies.
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Polarized Proton Physics with PHENIX

Naohito Saito
Radiation Laboratory

RIKEN
Wako, Saitama 351-01, Japan

for

collaboration
e-mail: saito@bnl.gov

The polarized pp collision at RHIC will provide very unique opprtunity to study the

spin structure of the nucleon and to study the fundamental symmetries. The status of

the activities on the spin physics program of PHENIX collaboration is presented.

Among the physics topics potentially covered by PHENIX, the measurements of

differential gluon polarization, AG(x)/G(x), and flavor-decomposed quark polarization,

Aqi(x)/qi(x), (i=u,d,ubar,dbar) has been discussed.

The statistical accuracy for the measurement of AG(x)/G(x) with prompt photon is

order of 102 . The Azzfor pion production will be also sensitive to the gluon polarization

in spite of the uncertainties in the fragmentation process. The parity violating

asymmetry AL for VFproduction will be measured with PHENIX detector system. The

asymmetry is sensitive to the flavor structure of the polarized parton distributions. The

measurement of the asymmetry in pp collisions at 500 GeV of center-of-mass energy

will provide a statistical accuracy of 10"2 in 100 days with 50% efficiency assuming

2xl032cm-2s-1.

To maximize the outcome from the RHIC-Spin physics program, the importance of

the continual support from theorists is addressed.
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Spin Structure of the Nucleon

• AG measurements via prompt photon, ft0, and heavy
quark productions

• Aqbar measurements via Drell-Yan production

• 5q, 5qbar measurements via Drell-Yan production

Symmetry Tests

• study of parity violation in hadron collisions;
physics beyond SM, e.g. compositeness.

QCD selection rule (R.L. Jaffe and NS)

• switch off gluon!
• air/aLL « 1

Single Transverse Spin Asymmetry AN

• large asymmetry observed at lower energies
• vanish in perturbative QCD, might be large due to

higher-twist effects
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Spin Control Device

(Helical Dipole)
Siberian Snake
Spin Rotator
Spin Direction
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Spin Physics Activities

1. To construct detectors:
PHENIX

2. To explore spin physics capabilities with
RHIC detectors

Spin structure of the nucleon
Parity violation

3. To realize acceleration of polarized proton
beams

Magnet design/fabrication
Spin tracking

4. To further investigate physics opportunity
in Collaboration with theorists

QCD selection rule
by R.L. Jaffe and N. Saito (PLB382(96)165)

Working Group on pol-PDF
by S. Kumano, T.-A. Shibata, and N. Saito et al.
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Sensitivity to Pol-PDF
• sensitivity to the polarized parton distribution functions (pol-

PDF) has been estimated only with statistical errors.

• flavor decomposition will reduce the uncertainty in current pol-
PDF models much.
GS95LO(A) : pol-PDF set obtained by Gehrmann and Stirling
BS: pol-PDF set obtained by Bourrely and Soffer

• further systematic studies are underway

1

10

courtesy of Jacques Soffer & Claude Bourrely
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THEORETICAL PERSPECTIVES
ON A POLARIZED PROTON COLLIDER

Jacques S OFFER1

Centre de Physique Theorique
CNRS Luminy Case 907

13288 Marseille Cedex 09 France

In view of the future operation of the RHIC facility, part of the time as a polarized
proton collider, we review the theoretical aspects of the physics programme which will be
carried out at the two large detectors PHENIX and STAR.

First we recall that the three key parameters for the success of this challenging research
are the degree of the proton beam polarization, which will be maintained at the level of
'P=70%, in both longitudinal and transverse directions and the maximum center-of-mass
energy yfs = 500 GeV where the luminosity is expected to reach £ = 2 1032cm~2s~1. Next
we turn to the measurements of the double helicity asymmetries ALL in direct photon and
single-jet production, as a function of the transverse momentum pr and of the pseudo-
rapidity 7j. We show that they will allow to discriminate well between different polarized
gluon distributions AG(x, Q2), which have been proposed recently in the literature. These
are based on polarized deep-inelastic scattering data, in a limited Q2-range, which are also
not accurate enough to enable us to pin down this important physical quantity. A clean
flavor separation of the helicity distributions Aq(x, Q2) (q = u, d,etc), for both quarks and
antiquarks, can be achieved from the measurement of ALL in Drell-Yan processes like W±,
Z and dilepton production and we also stress the importance of the single helicity parity-
violating asymmetry AL- We should also keep in mind that these polarized densities will be
obtained for the first time in a broad Q2-range, allowing to test their QCD <52-evohition.

The Drell-Yan processes with both proton beams transversely polarized will allow the
first measurement of the double transverse asymmetries AJT, from which one can extract
the leading twist chiral-odd distributions h\{x,Q2). Various theoretical models for these
new physical quantities have been proposed and new results for their QCD (^-evolution
have been obtained recently, which will be reported.

Finally, we emphasize the relevance of the measurement of parity violating asymmetries
in single-jet production to check the expected QCD electroweak interference effect, any
departure from which, must provide a clean signature for new physics.

1 E-MAIL: SOFFER@CPT.UNIV-MRS.FR
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(^-evolution of chiral-odd twist-3 distributions
hL(x,Q2) and e(x,Q2) in large-JVC QCD

Kazuhiro TANAKA

Department of Physics, Juntendo University, Inba-gun, Chiba 270-16, Japan

We investigate the nucleon's chiral-odd twist-3 parton distribution
functions HL{X,Q2) and e{x, Q2). We give operator definitions of the
twist-3 parton distributions as nucleon matrix elements of nonlocal
light-cone operators, and their renormalization and the (Revolution
are discussed. We prove that the chiral-odd twist-3 parton distribu-
tions 1IL(X, Q2) and e(x, Q2) obey simple DGLAP evolution equations
in the limit Nc —>• oo and give analytic formulae for the corresponding
anomalous dimensions. To this end we introduce an evolution equation
for the corresponding three-particle twist-3 parton correlation functions
and find an exact analytic solution. The results are valid to O(l/N2)
accuracy and will be useful in confronting with future experiments and
for the model building. For large values of n (moment), we are further
able to collect all corrections subleading in Nc, so our final results are
valid to O(l/N2 • ln(n)/n) accuracy.

149















156



Survey of Perturbative QCD Phenomenology
and Global QCD Analysis of Unpolarized

Parton Distributions

Wu-Ki Tung

Michigan State University, E. Lansing, MI

We present a survey of current status and important open problems
in perturbative QCD phenomenology and global QCD analysis of parton
distribution functions using all available unpolarized high energy scatter-
ing processes. We emphasize that perturbative QCD phenomenology is a
ever-developing dynamic field with many well-established successes as well
as a whole range of yet-to-be-understood frontiers - reflecting the richness of
QCD as a non-abelian gauge theory of strong interactions. This survey pro-
vides the basis on which many extensions of QCD studies to p-p, p-nucleus,
and nucleus-nucleus collisions at RHIC with both polarized and unpolarized
particles will be built.

Part one describes the scope of the global analysis. It makes use of all
available high energy physics data, as well as provide critical feedback on the
consistency between different experimental measurements. Likewise, strin-
gent tests of consistency, inherent in the global analysis, provide important
clues on where current theories might be inadequate so that either the per-
turbative framework needs to be generalized (e.g. to include resummation
or power-law correction effects), or that new physics beyond the Standard
Model must come into play.

Part two briefly summarizes open problems in the traditional PQCD phe-
nomenology of one large scale problems: the differentiation of quark flavors
(differences between u, d, and s distributions) and the determination of the
elusive but important gluon distribution. An example is given of a current
global analysis, the CTEQ4 analysis, which put particular attention on the
uncertainties in determining the gluon distribution of the nucleon.

Part three illustrates frontier problems in PQCD phenomenology, driven
by theoretical and experimental needs to understand strong interaction physics
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involving multiple large scale processes: small-x physics, pt distributions
of continuum lepton-pairs (the Drell-Yan process), W-, Z-, direct photon,
and jet production. Examples given are W production and pt resummation,
with important implications on the precision measurement of the W-mass at
hadron colliders; current evidence in direct photon production of disagree-
ment of next-to-leading order QCD calculations with experiment and the
need for a reliable theory of kt broadening due to resummation of soft glu-
ons from the colliding partons; and recent developments in the theory and
phenomenology of heavy quark production.

Part four describes the impact of global QCD analysis on the continuing
search for signals of new physics phenomena beyond the Standard Model.
Recent excitements generated by possible evidence for new physics from CDF
high pt jets and HERA large Q events necessitated the careful examination of
uncertainties in current determination of parton distributions which provide
the baseline for these claims of new discovery. It was found that the CDF
high pt jets can be accounted for within the current uncertainties of the
gluon distribution - a conclusion which has since been strengthened by new
observations of the angular distribution of di-jets in CDF. The case of the
HERA events stimulated similar study of unconventional quark distributions
at large x as a possible source of the observation, although we are still waiting
for more definitive experimental information on the phenomenon.
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CTEQ4 Parton Distribution Sets

PDF set

CTEQ4M
CTEQ4D
CTEQ4L

CTEQ4A1
CTEQ4A2

j CTEQ4A3
| CTEQ4A4
! CTEQ4A5

CTEQ4HJ
CTEQ4LQ

Description

Standard Sets
MS scheme
DIS scheme

Leading Order

as series
1
2

Same as CTEQ4M
4
5

Specials
"Hi-Jet"

"Low Qo"

Ois{mz)

0.116
0.116
0.132

0.110
0.113
0.116
0.119
0.122

0.116
0.114

Ql (GeV*)

2.56
2.56
2.56

2.56
2.56
2.56
2.56
2.56

2.56
0.49
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FIG. 3. b) 4-quaxk production cross section compared to NLO QGD predictions (see text).
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Talk at RJKEN BNL Workshop July 14-25, 1997

Some Comments on Higher-twist Operators

T. Uematsu, Kyoto University

Since Jiro Kodaira talked about an overview of the renormalization of the higher-twist

operators in the manifestly covariant approach, I'll just briefly make some comments

on why we need the equation of motion operators (EOM operators), which vanish by

equations of motion, in our manifestly covariant approach.

In our approach, we calculte the off-shell Green's fuctions which contain the higher-

twist composite operators. In the case of twist-4 spin-1 operators, which are relevant for

the first moment of g±{x, Q2) structure function, like Bjorken and Ellis-Jaffe sum rules,

there appear six operators that mix with each other under renormalization.

The price we have to pay for preserving the manifest covariance is that we must keep

EOM operators to extract correct anomalous dimension matrix elements. We cannot

distinguish their contributions from that coming from the physical operator R%. This

is because the tree-level tensor structures of the EOM operators have the same tensor

structure as that for RQ. It is an open question how to get rid of the EOM operators,

for example, by adding the 1PR diagrams to satisfy the on-shell physical condition cor-

responding to the equation of motion: f)i/? = ij> $> = 0.

For the parton picture corresponding to the higher-twist operators, particularly twist-

3 operators for g% structure function, we have to take into account the constraint among

the composite operators. It should be noted that different choice of the basis for the

independent operators lead to the different choice of the coefficient functions which are

relevant for the Q2 dependence of the moments of gi{x, Q2) function.

What happens to the EOM operators if we go beyond the leading-log order? This is

another open question to which we have to address.

171















178



Power (Nonperturbative/Hadronization) Corrections in
Jet Fragmentation

Bryan Webber

Cavendish Laboratory, University of Cambridge
Madingley Road, Cambridge CB3 OHE, UK

Power corrections, i.e. contributions to QCD observables which are suppressed
by inverse powers of the relevant momentum scale Q, are an important probe
of the interface between perturbative and non-perturbative physics. In my talk
I presented some results of the approach developed in refs. [1] for estimating
such contributions to observables related to jet fragmentation. The three topics
treated in this summary are: power corrections to event shape distributions in
e+e~ annihilation; improving jet algorithms to reduce the expected size of power
corrections due to hadronization; and event shape variables in deep inelastic
electron scattering.

Event shapes in e+e~ annihilation have long been viewed as a good means
of measuring the strong coupling as, or equivalently the fundamental QCD (5-
flavor, MS) scale A5. More recently it has been appreciated that they typically
have large power corrections, Fpov'(Q) ~ Ai/Q with A\ ~ 1 GeV. One may
alternatively parametrize A\ in terms of ceo, the mean value of the effective
strong coupling at low scales. We show that an excellent fit to the distribution
of the shape variable T (thrust) is obtained for A5 = 0.24 GeV and a0 = 0.46
[2]-

Many alternative jet clustering algorithms can be formulated with the prop-
erty of infrared safety, i.e. asymptotic insensitivity to non-perturbative physics.
As a measure of that sensitivity, one can use the Q-dependence of hadronization
corrections in a simple 'tube' (longitudinal phase space) model of hadronization.
One finds that the Durham algorithm is less sensitive than the original JADE
one, and therefore better for testing perturbative QCD. However, one can im-
prove the Durham algorithm by including angular ordering and 'soft freezing',
which reduce the amount of 'junk jet' formation when the algorithm is applied
to high-multiplicity final states [3].

The study of event shapes in deep inelastic scattering offers a new way to
measure a,(Q2) over a wide range of Q2 in a single experiment. Here again,
however, one must take account of power corrections. The results of a compar-
ison between theoretical predictions [4] and the HI experimental data [5], for
a range of shape variables defined in the current jet hemisphere of the Breit
frame, confirm that \/Q corrections are indeed present, with magnitudes sim-
ilar to those expected from e+e~ annihilation. Taking these into account, one
obtains new measurements of both as and the non-perturbative parameter <5o-
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2. Definition of the Event Shape Variables

Define infrared safe Variables, calculable in NLO QCD:

• Sums extend over all hadrons h with four-momenta
ph = {E^ Ph} in the Breit Current Hemisphere:

cos ( ph • n) > 0,

where the Axis n coincides with the "f/Z direction:

1. Thrust Tc:

_ Efe I Ph |
T — max = Thrust Axis

.h I Pfe I

2. Thrust Tz:

Efe|pfc-nj Efc}pzfe| .
j r n EE 7 / Z Axis
I Ph \

3. Jet Broadening Be-

„ Efc1Pfc X n1 ^h\p±h\ _ . .
Be = ; r~ — ; r n = 1 Z Axis

2 E | p | 2 E | p |

4. Jet Mass pc :

Q2 Q
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5. Fit Results

Q dependence of Hi event shape means (full symbols),

DISENT NLO calculations (dotted lines) and power

correction fits (full lines):
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RIKEN BNL RESEARCH CENTER

WORKSHOP ON
PERTURBATIVE QCD AS A PROBE OF HADRON STRUCTURE

JULY 14 • 25,1997

AGENDA

Monday, July 14

09:15 -
09:30 --
09:45 -
11:45 --
11:10 -

Tuesday July 15

09:30 --
10:15 --
11:00 --
11:15 -

09:30
09:45
10:45
11:10
12:00

10:15
11:00
11:15
12:00

Welcome — L. Trueman
Orientation/Administration - R. Jaffe and G. Sterman
Overview of the RHIC spin physics program - G. Bunce
Coffee
Polarized proton physics with the PHENIX detector - N. Saito

Polarized proton physics with the STAR detector -- S. Heppelmann
Theoretical Perspectives on a polarized proton collider - J. Soffer
Coffee
Discussion of QCD spin physics prospects at a polarized collider

Wednesday July 16

10:30 - 12:00

Thursday July 17

09:30 -
10:45 -
11:00 -

Friday July 18

09:30 -

11:00 -
11:15 -
01:30 -

10:45
11:00
12:00

11:00

11:15
12:00
02:30

The pomeron and diffractive phenomena in QCD - 1 . Balitsky, G. Korchemsky, and
A. Mueller

Spin and orbital angular momentum, deeply virtual Compton scattering, etc.-- X. Ji
Coffee
Manifestly gauge covariant approach to anomalous dimensions of higher twist
operators — K. Kodaira and T. Uematsu

Understanding fragmentation functions in QCD: resummation, 1/Q corrections, etc.
- V. Braun, Y. Dokshitzer, and B. Webber
Coffee
Discussion of fragmentation functions
Where are the BFKL Pomeron and Shadowing Corrections in DIS? — E. Levin
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Monday July 21

09:30 -
10:45 -
11:00 -
11:45 -

TUesday July 22

09:30 --
10:15 --
11:00 -
11:15 -

10:45
11:00
11:45
12:30

10:15
11:00
11:15
12:00

Asymptotic Freedom at small-x - R. Ball
Coffee
Unified Approach to summation at low-x -- H. N. Li
Aspects of BFKL physics and resummation - V. Del Duca

Polarimetry at RHIC - E. Leader
Single: spin asymmetries ~ P. Ratcliffe
Coffee
Discussion of Spin Observables at RHIC

Wednesday July 23

09:30 - 10:15
10:15 - 11:00
11:00 - 11:15
11:15 - 12:00

Spin amd gluon distributions in the nucleon — G. Ridolfi
On the determination of distribution functions — W. K. Tung
Coffee
Discussion of parton distributions at RHIC, low-x, A-dependence, etc.

Thursday July 24

09:30 - 10:15

10:15 11:00

11:00 - 11:15
11:15 - 12:00

Chiral odd quark distributions:
hj evolution at NLO — S. Kumano

Q2 evolution of the chiral odd twist-3 distributions hL(x,Q?)

and e{x,Q2) in large Nc QCD ~ K. Tanaka
Next to leading order calculations of Drell-Yan production of W's and Z's at RHIC
-- B. Kamal
Coffee
Discussion

Friday July 25

09:30 - 11:30 Closing discussion — all participants
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