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Preface to the Series

.~ The RIKEN BNL Research Center was established this April at Brookhaven National Labo-
ratory. 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.

TD.Lee
July 4, 1997
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Introduction

The Riken Symposium on ”Quarks and Gluons in the Nucleon” was held on November
28 and 29, 1997 at Nishina Memorial Hall, Riken, Saitama, Japan. It had been approved
as an activity at Riken of the RIKEN-BNL Research Center and can be regarded as one
of the series of workshops which had so far been held at BNL.

The purpose of the symposium was to discuss the quark and gluon structure of the
nucleon as probed experimentally by hard processes with lepton and hadron beams and
studied theoretically by perturbative QCD, lattice QCD and effective models on the one
hand and to stimulate research activities in the fields related to RHIC and RHIC-SPIN

projects on the other hand. '
‘ We had 18 talks ( 7 experimental, 9 theoretical, an opening and a summary ) and 2
discussion sessions. About 50 including 5 from abroad participated in the symposium.

The meeting was started by M.Ishihara, who stressed the importance of this kind of
activities in his opening address. The first day was mainly devoted to the spin structure of
the nucleon and we had a discussion session on ” Experimental observables and theoretical
definitions . _

Soon after the EMC result came out in 1987 there was an argument that the observed
quantity is not purely the quark spin contribution but the quark spin cotribution modified
by the gluon spin due to the Adler-Bell-Jackiw triangle anomaly. The first question in
the discussion session was whether this re-interpretation is necessary or not. The answer
was No. If one applies the re-interpretation the gluon spin contribution needs to be 2 or
3, which then has to be largely conpensated by the angular momentum in order to obtain
back the spin 1/2 of the nucleon. One simply shifts the problem from one place to the
other, and does not solve the nucleon spin problem itself by the re-interpretation.

It was also argued that the angular momentum which arises from the transverse mo-
mentum is not negligible even in a frame where the nucleon is flying with a high velocity. It
was strongly requested to carry out experiments which provide informations on the gluon
spin contribution to the nucleon spin. RHIC-SPIN is one of the promising candidates to
do it. The hot discussion continued in the reception party in the evening.

The second day was mainly devoted to hard processes and lattice QCD, and the
following questions were chosen for the discussion session.

(1) Are there any experimental indications for new physics beyond QCD ?

(2) To what extent can we rely on perturbative QCD ?

(3) What is physical meaning of the quenched approximation in the lattice QCD ?

The answer to the question (1) was clear and negative. Although there have been
several results ( event excesses in inclusive jet production and di-jet production at CDF
experiments ) which, at first sight, looked exotic, they seem to be explainable within the
conventional framework and cannot be regarded as evidence for new physics.

There were some discussions on the question (2). The underlying assumption in ana-
lyzing hard processes is the validity of the factorization theorem in the region of several
GeV to 1 TeV but it becomes more and more difficult to justify the assumption when the
process involves more and more structure functions and fragmentation functions. In the
small = experiments at ZEUS/HERA, Q? becomes also small. In treating the perturbative
parts, it was not clear to which order the perturbative expansion would make sense. A
general consesus seemed to be that the so-called next-to-leading-order calculations were
~ still meaningful.

The question (3) was chosen since the lattice structure function calculations had been




and in the near future would be possible only in the quenched approximation. It was
argued that the approximation was not the valence quark approximation but it was not
clear whether the sea quark effects were treated in a systematic way.

We will not repeat here what were discussed in the invited talks since each speaker
has given us an excellent summary in the form of 5 most important transparencies and a
one-page explanation, the assembly of which constitute the main part of this proceedings.
We had lively and intensive discussions on all the talks.

Finally, we would like to thank the RIKEN-BNL Research Center- and its director,
Prof. T.D.Lee, for approving this symposium and the RIKEN Project Office for making it
possible. We are also grateful to the Advisory Committee for many important suggestions
and comments at the stage of making the scientific program, all the speakers for their
stimulating talks and all the participants for interesting discussions. Special thanks are
due to those who helped us in the registration, microphone services etc. during discussions

and coffee breaks. Thanks to Brookhaven Natiomal Laboratory and to the U.S.
Department of Energy for providing facilities.

Toshi-Aki Shibata and Koichi Yazaki
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e BRAHMS has two arms; one for central region and another for forward angular
region. Its uniqueness is in the wide rapidity coverage with the both arms.

e STAR has TPC (time projection chamber) as a central tracking device, and SVT

- (silicon vertex tracker) placed near the colliding region. Event-by-event analysis is
possible to determine particle yields and particle spectra. STAR has great sensitivity
in the event-by-event topologies.

o PHENIX has four arms; two central arms for measuring electrons and photons
as well as hadrons, and two muon arms for measuring muon-pairs. PHENIX tries
to cover as many observables as possible, in order to address the relevant QGP
signatures.

4 Physics Observables

Many QGP signatures have been proposed. A few of the observables are picked up here,
which we will be able to study extensively at RHIC.

Particle yields and spectra are the ones which we will measure in the first days when
the experimental run starts at RHIC. They are the basic quantities which reflects upon
the initial conditions of the colliding system. Rather large variation still exists in the

- prediction of the particle yields among the model calculations, and theorist have started
working on this in order to investigate the causes of this difference.

Property of low-mass vector mesons are considered to change in the hadronic envi-
ronment due to the (partial) chiral-symmetry restoration. Enhancement in the low-mass
region in the invarient spectrum of electron-positron pairs in the CERN-SPS NA45 ex-
periment with S and Pb beams has been reported, and one possible interpretation is with
the mass shift of p meson.

J/% suppression has been the hot topic in the heavy ion studies, and the new results
with Pb beams by the NA50 collaboration clearly deviates from the tendency expected
from the ones with proton and S beams. So far, sufficient explanations are not given to
this by the models based on the hadronic intereactions.




RHIC Project and Heavy Ion Prograﬁl

: Hideki Hamagaki

Center for Nuclear Study (CNS)
School of Science, University of Tokyo

(hamagakiQ@cns.s.u-tokyo.ac.jp)

1  Introduction

Primary goal of High Energy Heavy Ion Collisions is to study nuclear matter at extreme
conditions, such as high temperature and/or high baryon density. Ultimately, we would
hope to reveal and investaige the new phase of nuclear matter; quark gluon plasma (QGP),
existence of which is predicted by the lattice-QCD calculations. Recent lattice-QCD
calculations predict the critical temperature of ~ 150 MeV. The order of phase transtion
is still not well established.

The study has intimate connection to Cosmology; the phase transition from QGP
pahse to hadron phase would occur around 10-100 micro-seconds after the Big Bang. If
the order of the phase transition is first-order, the phase transition could be the cause of
primordial black holes and strage nuggets, both of which have beeen considered to be the
dark-matter candidates. It has also been argued that the phase transition would affect
the Big Bang Nucleosynthesis. Neutron stars are another object; interim structure has
been the hot topics. '

2 . RHIC

RHIC (Relativistic Heavy Ion Collider) is the first collider of heavy ions dedicated to
the studies of heavy ion programs, and is now under construction at Brookhaven Nation
Laboratory, USA. RHIC has two independent rings with circumferrence of about 3.8 km.
Collisions of Au ions with maximum energy of 100 GeV /nucleon will become possible.
Maximum energy (per ring) is 250 GeV in case of proton beams, and the asymmmetric
collisions such as p + A may also be possible. RHIC will be completed in early 1999.

3 Experiments at RHIC

There are four approved experiments at RHIC: the large-scale ones are STAR and PHENIX;
and the small-scale ones are PHOBOS and BRAHMS.

e PHOBOS is literally a table-top-sized experiment with the silicon drift chambers
as tracking devices. Its size makes it possible to measure particles with small mo-
-mentum, which is unique among the experiments.
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SPIN Experiments at PHENIX

Yajun Mao!
Radiation Laboratory, RIKEN
Wako, Saitama 351-01, Japen

E-mail: mao@rikazp.riken.go.jp

The Relativistic Heavy Ion Collider (RHIC) is under construction and will be completed
before the end of this century at Brookhaven National Laboratory. Besides heavy ion
collision, RHIC will also provide us polarized proton-proton collision up to 1/s=500GeV at
a high luminosity of 2x10%2cm~2sec™!. The polarization rate will be as high as 70%. This
offers an unique opportunity for us to study spin physics at RHIC. Our major goals of the
spin physics study at RHIC are elucidation of the spin structure of the nucleon and precise
tests of the symmetries. :

The PHENIX detector system is one of the two large detector systems at RHIC. Its
basic design concept is to detect photons and leptons with high momentum resolution and
low background. The detector system may be described as a spectrometer covering the
central rapidity region (Central Arm) and two endcap ‘muon spectrometers (Muon Arms).
The Central Arm is composed of several charge particle tracking subsystems, RICH and
TOF for particle identification and electromagnetic calorimeters to measure photon and
electron with fine segmentation. A test experiment at KEK to investigate the performance
of PHENIX muon identifier has verified its pion/muon rejection capability obtained from
simulation. The powerful capability to detect lepton , photon and hadron of PHENIX
ensures to us precise measurements of the physical processes related to spin physics at
RHIC. -

Since hadron reactions with photon or lepton final states, such as prompt photon pro-
duction and lepton production through weak boson production, play major roles in spin
physics, the PHENIX is suitable for the spin physics at RHIC. We will study the gluon
inside a nucleon as a spin carrier via the prompt photon production, open heavy quark and
heavy quarkonium productions, and jet productions. The flavor-tagged anti-quark polar-
ization can be studied through the W production and inclusive anti-quark polarization
can be investigated via Drell-Yan process. Moreover, the parity violation will be studied for
various reaction channels. With several simulation calculations and a test experiment, we
have studied the capability of the PHENIX detector for the spin physics. Based on these
studies, the scope of the spin physics with the PHENIX detector system is presented.

1Permanent Address: Ching Institute of Atomic Energy, P. O. Box 275(49), Beijing 102413, China




Spin Experiments at PHENIX

Yajun Mao
RIKEN/CIAE

1. Spin physics ---- a hot issue
e Why spin physics?
e "Spin Crisis"
e How to Measure Spin at PHENIX

2. PHENIX at RHIC
o Overview of the PHENIX Detector System
® Momentum Resolution of Muon Tracking
® The Performance of PHENIX Muon ID

3. Measure Spin at PHENIX
e Approach to Access Spin Structure Function
e Measurement of Gluon Polarization
e Measurement of Anti-quark Polarization
e Other Possible Measurement

4. Summary




co i rnieveremn
'

How to Measure Spin at PHENIX

o <0

) ot E < 250 GeV
P

e Always compare
é + 6 VS. é +
p p p p

and measure asymmetry.

o Polarization can be longitudinal or transverse (Aw,Arr)

® Single spin asymmetry(e.g., pT+porpT+A) can also
be studied (AL , Ay )

Typical Examples




KEK Muon ID Test for PHENIX Experiment

B .
=, 5 2 | . Ialﬂl .;:Il
STt GC1  GC2 GC3 ST2 ST3 ST4 Muon ID
Experimental Setup
n 25000 — DF=2,C !x
g - T
C - +2ﬂyxij
& 20000 — 2.5GeVYIc Muon
C Last_Plane
15000 Num Tube
- Max_Num
10000 |~ BF_Ratio
- X_Chi
C Y_chi
5000 |—
) - 1 i ! 1
035 03 025 02 015 01 005 0

Discriminant Function
Discriminant Analysis with Quadratic Function




‘ Gluon Helicity Distribution: Ag

——
==

—

asymmetry measure Vs detector required*
Arr(pp — vX) Agx ¢ 200/500 GeV EMCal+Trk
Ari(pp — 7°X) Ag x Ag/Agx Ag  200/500 GeV EMCal
Aur(pp — c€X) Ag X Ag 200 GeV Muon+EMCal
Arr(pp — bbX) Ag X Ag 500 GeV . Muon+EMCal
Arr(pp — quarkoniumX) Ag X Ag 200/500 GeV Muon+EMCal

v

. Anti-quark Helicity Distribution: Ag

asymmetry measure NG detector required*
Arr(pp — 7" X) Agx Ag 50(?) GeV Muon
Ar(pp — WtX) Au,Ad 500 GeV Muon/EMCal
Ar(pp - W~ X) ‘Ad,Au 500 GeV Muon/EMCal

@ Flavor Decomposition of Quark/Anti-quark Helicity Distribution: Ag;/Ag

asymmetry measure . NG detector required*
AL(pp — W*X) Au, Ad 500 GeV Muon/EMCal
Ar(pp — W—X) Ad,Au 500 GeV Muon/EMCal

. Quark/Anti-quark Transversity Distribution: éq/6g

——

asymmetry measure Vs detector required*
Arr(pp — v X) bq X 8§ . 50-500 GeV » Muon

—

‘ Parity Violation in Standard Model and in Beyond SM

— ——

asymmetry " measure NG detector réquired*
Ar(pp — jetX) compositeness scale 500 GeV EMCal+Trk
Ap(pp — v*/ZX) v/Z interference 500 GeV Muon

‘ Higher twist effects in Polarization Phenomena

P ——— —

asymmetry . measure Vs detector required*
Anipp — +vX) higher-twist 200/500 GeV EMCal+Trk
Axn(pp— 5°X) higher-twist 50-500 GeV Muon
Ax(pp — 7°X) higher-twist 200/500 GeV EMCal

TABLE II. Spin physics with PHENIX detector system. In the column of "detector
required”, BB and MV are always assumed.

17




Summary

® Polarized Proton Program with PHENIX
 Detector System will provide a unique
information on:
B the spin structure of the proton
AG, Agbar
B symmetry tests
B QCD selection rule
B Single transverse spin asymmetry
® PHENIX activites for Spin Physics
B detector construction is progressing
B physics working groups established
® Continual Support from Theorists Needed!
® RHIC Operation will- start from October,
1999! ' |




New SMC result on the spin structure function g;(z) of the proton

on behalf of Spin Muon Collaboration (CERN NA47)
Tatsuro MATSUDA
Faculty of Engineering, Miyazaki University

A new measurement of the virtual photon proton asymmetry A} from deep inelastic scattering of
polarized protons in the kinematic range 0.0008 < z < 0.7 and 0.2 < @ < 100GeV? was done by Spin
Muon Collaboration (CERN NAA4T) last year(1996){1]. Adding this new data to our previous data(1993),
the statistical uncertainty of our measurement has improved by a factor of 2. The spin-dependent struc-
ture function ¢f is determined for the data with Q% > 1GeV?2. The precision of the data and the available
@? range do not allow 2 direct determination of the Q* dependence of A%, therefore the Q* dependence of
g5 is estimated from a perturbative QCD evolution in next-to-leading order in the Adler-Bardeen scheme
as performed in our previous publications [2] and we determine ¢%(z) at a constant Q2. At Q? = 10GeV?2,
in the measured range we find,

0.7
/ g5 (z)dz = 0.139 == 0.006(stat) & 0.008(stys) % 0.006(evolv).
0.003

At the unmeasured high x range, we assume constant A% = 0.7 & 0.3 whick is consistent with the data
and cover the upper bound Al < 1, we obtain

1
/ g% (z)dz = 0.0015 = 0.0008.
0.7

For the unmeasured low x range, we consider two approaches. First, the behavior of ¢ is consistent with

a Regge behavior ¢f ~ z~* and we assume g} =constant at 10GeV2. The constant, 0.69 % 0.14, obtained
. from the three lowest x data points, leads to

0.003
/ g% (z)dz = 0.002  0.002 (Regge assumption).
)

Second, alternatively we calculated the low x integral from the QCD fit which is already done in the Q2
evolution and this is

0.003
i (z)dz = —0.011 £ 0.011 (QCD analysis).

The uncertainty in the low x integral is obtained using the same procedure as for the estimation of the
uncertainty in the QCD evolution and gives rather big one. Finally we obtained the corresponding values
for the first moment

1
T8(QZ = 10GeV?) = /0 & (2)dz = 0.142  0.006(stat) = 0.008(syst) = 0.006(cvolv) (Regge).

I2(Q2% = 10GeV?) = 0.130 + 0.006(stat) £ 0.008(syst) =+ 0.014(evolv) (QC Danalysis).

respectively. We find that the Ellis-Jaffe sum rule is violated. We confirm the Bjorken sum rule at the
one standard deviation level.

References

[1] B. Adeva et al, Phys.Lett.B412(1097)414.
[2] D. Adams et al., Phys.Rev.D56(1997)5330.
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® SMC at 10 GeV?
—— QCDfit

0.008

I";_‘ T T T l 1

 — Regge

« Contribution to 1st moment (at Qoz 10GeV2)
(0.0 < x<0.003)

0003 0.002 + 0.002 (Regge) ,
jg{’ (x, 10GeV? )dx —-{ |

-0.011 +0011(“-) 1

: 160% uncertainty - |



Sum rules
at Q02—1OGeV2

. Ellis—J affe sum rule

Flp— 0.170 0.004
Theory

* Bjorken sum rule

Typ - Tjn = 0.186+0.003

SMC deuteron

0.142
I?(10GeV?) = {o 30 £0-006+0.008 0. 014 Reeee)

(QCD);

. —

02

E

0.15 |/

0.1

0.05

(Regge assumption)

Typ- l“ln—o 195 +0.029

SMC(Regge) + 1
SMC(QCD) '¢® |3

I'jd = 0.041+0.008

: Theory

(Regge) |



, Gluon contribution

e In QCD improved QPM (AB-scheme) :

Assumption  a,=0, AZ=a, +ag+a=2

from ap=0.34+0.17 (Regge)
ap= 0.2210.17 (QCD)

2 <Ag (10GeV?) <3 |

* NLO QCD Analysis :

Ag(1GeV?)  =0.9+0.3(exp.)  1.0(theots)

Con TR

Ag(10GeV?) ~1.7]




Recent results from polanzed deep inelastic
scattering at SLAC

Summary:

The Deep Inelastic Scattering, DIS between polarized leptons and
polarized nucleus is a powerful tool to study the spin of

nucleon. The spin-dependent structure functions, gl and g2 are
extracted from the cross section asymmetry of the polarized DIS.

SLAC has a long history of DIS experiments. In 1976, the first
polarized DIS experiment, E80 was carried out. In 1992, the first
measurement of the neutron spin structure functions was performed
using the polarized 3He gas target. In 1993, E143 collaboration
measured the spin structure functions of proton and deuteron with the
various beam energy to study its Q2 dependence. In 1995, E154
collaboration measured the neutron spin structure again with the higher
accuracy and higher energy beam than those for E142. In 1997, E155
collaboration measured the proton and deuteron spin structure
functions with the higher beam energy than that for E143.

Both for E143 and E154, the polarized electron was produced by the
strained GaAs photo-cathode The electron polarization was up to 85%.
The polarized electron was accelerated by the two mile length Linac up
to0 29 or 48 GeV without any depolarization. The target was placed in
ESA experimental hall. The scattered electron was observed by a couple
of the single arm spectrometers.

From E143 results, gl/F1 was found to be independent of Q2 where
Q2>1.0 (GeV/cY™2, so that we combined the data at Q2>1.0 (GeV/c)"2
which have different Q2 under this assumption.

The integral of gl at Q2=3.0 (GeV/c)2 was determined. The integrals of
proton and deuterium were not consistent with the prediction of
Ellis-Jaffe. The Bjorken sum rule was confirmed.

Total quark spin content was determined to be 0.32+-.10 from proton
data and 0.38+-.08 from deuteron data. The strange sea polarization
was found to be significantly negative.

g2 of proton and deuterium were measured and well described by g2ww.

gl in the resonance region was studied. It was the first determination
of gl integral at Q2 below 2.0 (GeV/c)™2.

From E154 results, gl of neutron at Q2=5.0 (GeV/c)"2 down to x=0.02
was determined, but it was hard to determine the mtegral due to the
strong x dependence at low x.

A2 of neutron was significantly smaller than the sqrt(R) positivity
limit over most of the measured range. g2 is generally consistent with

2ww.

E155 performed the experiment of DIS of 48 GeV electron beam off L1D
or NH3 target. The analysis is in progress. E155 was approved an
extension to take g2 data. This will be a two month dedicated run in
1999.




M. roetes

e Square approximation for the measured region. (0.03 < z < 0.8).

o Regge t.ypé. extrapolation, g; « z%(0 < a < 0.5) toward = = 0.

e Extrapolation with g; o (1 — z)3 toward z = 1.

o We take as(Mz) = .118 £.003 and 3F — D = .58 + .032 for the
theoretical inputs.

Measured highx | lowx Total Theory
fosagrde  Jorgdz i1 [§ % gde o grdw [
1 -Proton - | +.121 % .003 + .006 | +.001 £.0017|"+.011 £.007 | +.133 & .003 +.009
| Deuterium | +.045 & .003 = .003 | +.001 +.001 | +.001 +.006 | +.047 & .003 % .006
Neutron | —.024 % .008 £ .006 | +.001 &+ .001 | —.010  .015 | —.032 & .008 & .016 =
Bjorken | +.143 +.009 & .010 | +.001 & .001 | +.021 & .018 | +.165 & .009 = .021"

e Ilis-Jafe sum rules for Proton and Deuteron

¢ Biorken suun rule 1s consistent to owr resulr.

are viclated.t
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e g; at the fixed Q° = 5(GeV/ ¢)® was evaluated under the assumption
that g; /F} is independent of Q- | '

g:. . — *

0.2

Q°=5GeV’
< SLACE154

e Strong x dependence at low X is incompatible with the- 51mplestRegge
theory :
= the new data do not adequately constrain the low-x region.

e NLO pQCD analysis of the world polarized DIS data 5 made

— T7 = f§ gfdz = —0.058 £ 0.004(stat.) & 0.007(syst. ):i:O OO((evol )
“which is significantly different from Ellis-Jaffe sum rule, I‘“ l.‘-—O 019:t
0.004.

Wthh is con31stent to Bjorken sum rule I‘p F” = 0 1,8; )

TPhyve Rev Lot 7026-30.1987
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E 021
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0.25F orF +
o [} ! J i, | 4
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-0.25¢ g 0.1 ¢ +
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F 03[
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125 E - 1 i . . <04 L - - . -
10 10 1 10 . L

o A7 is significantly smaller than the VR pOSlthlty hmlt ove_,,..
measured range.

® g7 are generally consistent with the twist-2 Wa,ndzura—Wﬂczek predlc-
tion.

e T'wist-3 matrix element di was evaluated to be —-1.0 &= 1. 5 at 2
3.0(GeV/c)? averagmg the SLAC data.

“Phys.Lett.B404:377-382,1997
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¢ Experiments at SLAC has contributed to understand the spin structure
of nucleon.

e SLAC and CERN experiments are complementary

— SLAC : High statistical measurement
— CERN : Covering lower X region
o 143

— Measurements were made offg_f -and gf at beam -enegéie;si»o 29 '
and 9.7 GeV, and g5 and g$'at beam energy of 29:L

— @? dependence of g,/ F; was found to be Sméll at Q% >

— Using the full data sets T¥ and T at Q* = 30(GeV/c :
ated to be +.133 +.003 & .009 and +.047 & .003 £ .006 fespectively.

— Bjorken sum rule was confirmed at Q% = 3.0(GeV/c)2. o

— Quark spin was found to be 30% - 40% of the nucleon spin. -

The strange sea quark was polarized opposfce to the nucleon spln..
dlrectlon DR

— g of proton and deuteron was measured and well descnbedilby gW 4

— g1 in the resonance region was studied. It is the first determmatlon;.

of T; at Q? below 2. O(GeV/c) | o
— The complete analysis for E143 data w 111 be a,ppealed in'e A

o
N

- and go of neutron were measnred at bhoeans eneroy o 48070
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Spin dependent Structure Functions
of the Nucleon from HERMES

Yasuhiro Sakemi
Department of Physics, Tokyo Institute of Technology
Oh-okayama, Meguro, Tokyo 152, Japan

for the HERMES collaboration

Summary

HERMES is an experiment at HERA designed for the study of the spin dependent
structure of the proton and neutron by deep inelastic scattering. Two novel techniques are
employed at HERMES; internal targets of polarized gas in a storage cell, and the coinci-.
dence measurement of the hadrons together with the deep inelastic scattered positrons. At
HERMES we investigate the contributions of the various quark flavours and of gluons to the
spin of the nucleon.

The data taking started in 1995 with the positron beam energy of E = 27.5 GeV.
In 1995, HERMES measured the spin dependent structure function g;*(x) with a polarized
3He target. The Ellis-Jaffe integral of I'? = —0.037 & 0.013,;, + 0.005,,5:. & 0.006.2trqpo1. 15
obtained at Q% = 2.5 (GeV/c)? [1]. The data with a polarized hydrogen target was obtained
in 1996 and 1997 to determine the spin dependent structure function g;?(x). As the first
result of semi-inclusive measurement, the hadron and pion asymmetries have been extracted
from the 1995 and 1996 data.

The conversion of the existing threshold type Cerenkov detector into a Ring Image
Cerenkov detector, which is now in preparation, will further improve the particle identifica-
tion capability of HERMES to perform precise measurements of the various spin dependent
distributions of the partons.

References

(1} K. Ackerstaff, et al. HERMES collaboration, Phys. Lett. B404 (1997) 383.




Spin Asymmetry A%(x) and Spin Structure Function
gT(x) of the Neutr_qn:
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HERMES Semi-Inclusive Hadron Asymmetry oa the Proton
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HERMES Semi-Inclusive Pion Asymmetry on the Proton
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Loumaro

Analyses of the nucleon spin structure functions

Y. Goto®, N Hayashl(a) M Hirai®, H Horikawa",
S Kumano® M Miyama®, T Morii®, N. Saito®,
T.-A. Shlbata E. Tanlguchl and T. Yamanishi®

( RHIC-Spin-J working group on parametrization )

(a) Institute of Physical and Chemical Research
(b) Saga University

(c) Kobe University

(d) Tokyo Institute of Technology

(e) Fukui University of Technology

http://www.rarf.riken.go.jp/rarf/rhic/theory/pol-pdf.htmi

We discuss the activities of the RHIC-Spin-J working group on
parametrization. This collaboration intends to obtain optimum polarized
parton distributions for explaining all the available experimental data.
We should be able to complete our first work in a few months. It includes
complete next-to-leading-order analyses of the gl structure functions.

The obtained distributions will be used for experimental studies at RHIC.
Furthermore, once new experimental results are obtained at RHIC or at other
facilities, we try to reanalyze the data for getting updated distributions.

We work in three subgroups: data analysis, parametrization, and QA2
evolution. The data analysis subgroup (Y. Goto, N. Hayashi, N. Saito,
T.-A. Shibata, and E. Taniguchi) collects all the available experimental
data and investigate their systematic uncertainties. The parametrization
group (H. Horikawa, T. Morii and T. Yamanishi) tries to understand meaning
of obtained parameter values. The third subgroup (M. Hirai, S. Kumano, and
M. Miyama) contributes to the QA2 evolution program. This subgroup develops
an efficient program for numerical solution of the evolution equations.




RHIC-Spin-J Working Group

Purpose: to find optimum polarized pa,rtén
distributions

e Data analysis group

(Y. Goto, N. Hayashi, N. Saito,
E. Taniguchi, and T.-A. Shibata)

They collect all the available experimental data,
and investigate their systematic uncertainties.

e Parametrization group
(H. Horikawa, T. Morii, and T. Yamanishi)

They étudy the meaning of obtained parameter values.

e (2 evolution group

(M. Hirai, S. Kumano, and M. Miyama)

They develop an efficient program for numerical solution
- of the evolution equations. |




Available experimental data

exp. group # of data .exp. group  # of data

g,P: E130 8 EMC 10
E143 28 E143-Q* 25
SMC 12

g4 E143 = 21 E143-Q° 21
SMC 12

g:(GHe): E142 8 E154 11
HERMES 9

Total = 165 data points




Fitting procedure

N2
A(x,QH) = 81(%Q)

2
> FxQ)= o)
F1(x,Q9)

2x[1+R(x,Q)]

b

r-l
aQ=33e { | acwyoh [A45.09+490.09)]

+], Facn @ aeed }

[

X

X Af(%,Q0) = A;1; X% (1 - 0)P (1 +79, x4 p, /X )

rl
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X

+| e ese }

o/
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Neutron structure function g

....... Q**2=1 GeV**2
— Q**2=10 GeV**2
O E142
O E154

HERMES




Summary

Unpolarized parton distributions: well known

Polarized distribuﬁons:.
Sea-quark & gluon distributions ???

Studies of the current status of Ap
(RHIC-Spin-J working group)

e | O analysis i.s almost finished.
e NLO program is ready.

e Optimum NLO distributions should
be obtained in the near future.

Application to various spin asymmetries at RHIC
l (Drell-Yan, W, direct photon, ...)

RHIC completion: reanalysis with new data !




Q?%-evolution of the chiral-odd structure

functions: h(z, Qz), hi(z, Q%)

Yuji Koike
Graduate School of Science and Technology, Niigata University, Ikarashi, Niigata 950-21, Japan

Abstract

In the first part of my talk, I'discussed the recently completed next-to-leading order
(NLO) ©Q? evolution of the transversity distribution hi(z,@?). The two-loop anomalous
dimension for the corresponding twist-2 operator turns out to be larger than the nonsinglet
anomalous dimension of the helicity distribution gy(z, Q?), especially at small n (spin). This
brings even more significant difference in the @Z-evolution between h; and g, in the small ©
region to the leading order (LO) Q*evolution.

In the second part of my talk, I discussed the generic feature of the LO Q? evolution
of the twist-3 distributions, in particular, &z(z, @*). The evolution equation for the twist-3
distibutions is generally very completed due to the increasing number of the quark-gluon-

quark operators with n. However, at N, — oo or n — 0. it can be shown that it is reduced

to a very simple DGLAP equation with slightly different anomalous dimension from the
twist-2 distributions. The correction to this equation is of O(1/N? - In(n)/n) level.
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Nuclear Transparency in High-Energy Quasi-elastic Processes
RIKEN / U.Tokyo Akihisa KOHAMA

1. Intoduction: A phenomenon “color transparency” was predicted by Brodsky and
Mueller in the early 80’s as a candidate of observing the effects of internal dynamics
of the proton in high-energy nuclear reactions. It was speculated that the initial-
and/or final-state interactions of a proton involved in a high-momentum transfer
reaction with a nuclear target would be suppressed, and that the nuclear medium
would look transparent. We define the nuclear transparency, T(g), which is a mea-
sure of the initial-/final-state interactions. We examine the nuclear transparency
for the quasi-elastic (e, €p) and (p, 2p) processes in a relativistic harmonic oscillator
model for the internal structure of the proton.

2. Relativistic Harmonic Oscillator Model: A proton in a nuclear target is struck
by the incident electron/proton and then propagates through the residual nucleus
suffering from soft interactions with other nucleons. We call the proton “dynamical”
when we take into account of internal excitations, and “inert” when we freeze it to
the ground state. We assume that the interaction of the proton with the nuclear
medium depends on the transverse size, i.e., V = —icy (t1 +§2). ¢ is a constant.
(e,e'p): T.Iwama, A.Kohama, and K.Yazaki, hep-ph/9706208.

3. Differences between (e, €'p) and (p,2p): In (e, €'p) the transferred momentum and
the recoil momentum has the same direction. In (p,2p) the direction of the trans-
ferred momentum and that of the outgoing momentum are different.

4. Numerical Results of Electron Scattering: We calculate the time development of
the dynamical proton in the nuclear matter. v is a parameter which controls the
longitudinal-transverse correlation between the quarks in the struck proton. The
effect of the internal dynamics is observed, which is in accord with the idea of the
“color transparency”. "

5. Numerical Results of Hadron Scattering: We calculate the time development of the
dynamical proton in the nuclear matter taking into account the effect coming from
the difference between the outgoing momentum and the transferred momentum.
When the transverse component of g gets larger, we obtain the dramatic momentum
dependence.

Summary: We have applied the 4-dimensional harmonic oscillator model to calculate
the nuclear transparency of the (e, ¢’p) and (p,2p) reaction. We have obtained the color
transparency for the (e,é&'p) process, reflecting the internal dynamics. The dynamical
correlation between quarks in the struck proton is crucial. For (p,2p), though the actual
calculation has not been carried out, we have found that the hard scattering operator can
excite the transverse mode of the internal motion of the outgoing proton. This is a new
mechanism for the “color transparency”. There is a possibility of a dramatic incident
momentum dependence in the (p,2p). This feature looks independent of the hadronic
models.




oo Nuclear Transparency ooo

1 dO‘A dO'p
T =z 2o/aa

dO'hA

do A
B dk'dp’’

. .12 1.
where —2- = [k*dk' [ dp'

—q* > several (GeV/c)2.

e or p’

Target

h+A->h+p+(aA~1), =eorp‘
e or p (htp—=2>htp; elementa.r/v process)

Nucleus becomes transparent to the struck proton.

3

F'SI becomes weaker compared to that of

the conventional multiple-scattering theory.
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oo 4-dimensional Harmonic Oscillator Mode] - ana

¢¢ Relativistic Wave Equation ¢

(P? — M?)|¥;P) = 0.

¢¢ Mass Operator &0

A~

—M* = (P2 + 52+ (7 +87)) + C.
where _ _
R 1 /A R Lo 1 A . .
Tll = 75(3:2,# — $3,/L)s S;z = 3—‘5(—2271,# -+ .’Bg,ﬂ + 583’#).

. T/ A . . 1 . . .
prv"‘ = \/—%.(pz’ﬂ - p3:/~‘)7 ps,/‘ = %(—2291,” + p27l‘ +p3al‘)'

¢ Constraints ¢

Excitations in the time-direction are prohibited.

P . (—iprg + ofy)|¥; P)
= P (—ipsg+ ady)|¥;P) = 0.

ref. T.Takabayashi,
Suppl. Prog. Theo. Phys., Extra Number (1965) 339-382.

ref. K. Fuj:c'mura.,‘ T. Kobayaslni, and M.Namiki,
Pro}.Theo. Phys., 43 (1970) 73-19.




Fig.7: Survival Probability:Q®=20(GeV /c)?
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oo Proton Survival Ampliti‘ld_e oon

oo (e,e'p) oo

M(D)( ) = <¢0’ qle—iflt O(Q)kbo, O)a

e’ p

where g, =k, ~k,.
(e, e'p)
0 (g)=expi-ifigs} (3%0) | -
= exp {*i,rig.-s Jxexpi vgf( ?j_f?_‘,_)} N ©
&6 (p,2p) oo ¢

MR Py, Psts, ta, 1) = MR (Pr, P tg, 1) x M, t3),

P P

1&2)(Pf7 H;t%tl) <¢01 Pf|€- th T;Jl)(Pf, -Pz) € thl‘Id’O;Pi))
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ooo An Estimate of the “Transverse Blow” non

R(p,q;t) = (¢o;pl‘e""ﬂt.@ () 603 0)
/{¢o; ple™" O(q)|d0; 0),

where p = (0,0, p), g = (g0, 41,0, g3).
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Observable = few PT orders

,_,corlclusmns (phenomenology)

PQCD-motivated technology for triggering and
quantifying genuine non-perturbative (confmeme:nfc)'
effects is. under construction. ‘

These show up as power-behavmg contnabautlons. |
to lnfrared/Collmear—safe observabtes }et shapes i .
partlcular |

From thhm Perturbatlon ‘theory: the le
can be detected, and the relattve magmtude of P
terms. predxcted o

The absolute values of new dtmensmai ametefzs
- which we find. phenomenologically these days, cam tie
related to the shape of the effective interaction S?r.r»@ng:tths
(effective QCD coupling) in the infrared region.

Headache how to defme the spllttmg e e

At the moment, the best phenomenoi@gy offfers is

~“Let me put it less deflnltely, that is more precisely." -
(M.A. Birman, Lectures on Functional An.ail;}.?’f"‘”. :
Leningrad University, 1972)




e Rear events, especially in jon-ion collisions.

" e Production of “isolated” (sma!ler?) ‘hadrons in Jets.

Hadrcmzatlo of a “pu

Hadron physucs is forever, because its today’ S dlevot@n.
BRS -to hlgh energles 1s temporary High energies pﬁewde---? :

Tl atime: ‘span’ to watch vacuum being excited auic

y . J /1,b productlon ltS propagatlon m nucle:

e High-t scattering. “Who' participates in, and
who medlates the scattenng?

I-:,".|nclusxve energy spectra of tdent:fied hadiron
ldentlﬁed (u,d,s VS. ¢ Vs bvs. g) jets.

* TWO'P.article correlations_(M 2 energy, rapidity).

Perspectnve

about it-for some time (Lorentz dilatation). Q‘nce.
the vacuum structure has been understood {the miest
“important and- the most difficult step to make}, the
hadron physncs will turn back to small and rrvedium

energies.
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o ‘.Small:_-dlstance (perturbatlve

("What am{ I doing t this for?") U

The epoch of basic - QCD tests is over.

To understand  hadron structure via hadron
interactions. | | |

The 13 puZzles are with us.

o """"CIuarks and’ gluons works. tc)o

e Laboratory almost-photO—'Productton ai ﬁ

Hadromzatton effects, when tewed gioballly: seem:
to behave surprizingly friendly: tbey either staxy mmsﬂbie;
- (inclusive energy and angular hadron specﬁa) or aﬂ@wz
‘being quantified (power effects).

The major goal: -
studymg an mterface between small and targe dauhmoes} "

interaction with a proton of a photon with ’smasH: -
virtuality 0 < Q2 < 4GeV? or so.

o Diffractlon phenomena axmmg ‘at “smaller hadrons
(Q2- dependence of vector meson production).
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- Responsibility: gluons crucial ~ but  quarks domminate.
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e 5(Practacally) massless partlcles »f_a:::hence:'; AT~

Goals & Means: Colourless world by means @f tcdb;nr

‘-»v»Freedom Quarks |mpr|soned but 'ﬂyv.
 Confinement: Inevitable = but  elusive {i_?.i;_i)

~ Typeset by FollTEX ~

" Puzzle of -
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but Addlt:ve quarks NQM. -
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Recent QCD Results from CDF
Takashi Asakawa

Institute of Physics, University of Tsukube
Tsukuba, Jbaraki 305, Japan

{The CDF Collaboration)

1 Introduction

The Tevatron collider has produced collisions of antiprotons and protons at a center of mass energy
of 1800 GeV. We have recently collected a large sample of data with the CDF detector during
the Run I collider experiment. We recorded 20 pb~? of data in 1992/93 (Run IA) and 90 pb~?!
of data in 1994/95 (Run IB) respectively. This summarizes a sampling of recent QCD analyses.

These include inclusive jet Er spectrum, dijet angular distributions, other mterestmg analyses of
jet productions, photon productlons, and W charge asymmetry.

2 Jet Production

The inclusive jet cross section for the jet Er range of 15 < Er < 415 GeV and the # range of
0.1 < || < 0.7 has been compared with NLO QCD predictions (see Fig.1). The observed spectrum
is in excellent agreement with NLO QCD below E7 of 200 GeV. Above 200 GeV the measured
cross section begins to deviate from the QCD predictions. A similar excess has been observed in
the dijet mass distribution for M;; > 400 GeV/c?. Angular distributions of dijet events show good
agreement with QCD predictions (see Fig.2). Properties of multijet (N ;=3,4,5,6) events have been
compared with QCD predictions and found to be well described by the predictions. In the multijet
analysis a set of kinematical variables which span the multi body parameter space are defined, and
observed distributions of the variables are compared with LO QCD, HERWIG parton shower MC,
and the phase-space model predictions. Shown in Fig.3 is the cos 6* distribution of three-jet events
which were collected with the 3 Er trigger asking 3 E%* > 420 GeV, where 8 is the scattering
angle of the leading jet. Data agree with both QCD predictions very well.

3 Pbhoton Production

The inclusive photon cross section and the diphoton cross section have been compared with NLO
QCD predictions. Events are selected by requiring photons to have p, > 10 GeV/c and || < 0.9.
The distribution of diphoton system p, compared to NLO QCD and PYTHIA parton shower MC
is shown in Fig.4. We see PYTHIA gives a better description of the observed spectrum for the low
P region. This result suggests the need to include kr or parton shower effects in the model.

4 W Charge Asymmetry

The lepton charge asymmetry in the W production has been measured (see Fig.5). The observed
asymmetry data of W events constrain the ratio of u and d quark momentum distributions over
the range 0.006 < z < 0.34 at Q% =~
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e Good agreement between Run IA and IB

e Good agreement' of data with NLO QCD below Ez of 200

GeV

e Possible non-exotic explanations:

— PDF’s (Not enough gluons at large X )?
— Higher order QCD corrections?




x Distributions

CDF Dijet Angular Distribution and QCD
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pi(y7y) result

e Compared to NLO QCD and PYTHIA (parton shower
M.C.). |
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e NLO QCD underestimates kr effect.

e PYHTIA gives a better description of the observed data.
= consistent to the inclusive photon results.
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¢ The fully corrected cha,fge asymmetry.

— Data from all the detectors for possitive and negative 1; are com-
bined. |

— The statistical and systematic errors are added in quadrture.

— NLO QCD calculations use PDF’s that have been extracted with
the inclusion of the Run IA (92°) CDF asymmetry data (20 pb™1).

- CDF Preliminary

0..3 L 1 T ¥ L 1’ T T T L r T R R L) ) ] T + ' L] ¥ R i
: CDF 1992-1995 1
- MRS AGR NLO — (111 pb™! et+p)
0.2/~ CTEQ3M NLO =~ -~ —
ey - CTEQ3M ResBos — — e T — 7
_?_',‘ 3 ) , P >~ -
= i IR ]
E 0.1 *\ —
g i e\ ]
>\ .."ﬂ_.\ -
<< A N ]
© 0.0
=Ti] L .
5 4
o
Fc -
) 3
-0.1— —
i - ;
_0-2 1 1 H i l L 1 1 X ‘ h S 1 A 1 l L 1 1 L ! 1 1 J—
0.0 0.5 1.0 1.5 2.0

|Lepton Rapidity|

e These PDF'’s are in good agreement with the new data

in the region |y| < 1.1 which is used in the W mass de-
termination.

e For |y;] > 1.1 predictions are generally higher than CDF
data.

= indicating that the PDF parameterization should be
modified in the range 0.006 < = < 0.34.
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Recent results from ZEUS/HERA |

T. Tsurugai
(Meiji-Gakuin University)
for ZEUS collaboration
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1o Introdﬁaacﬁgn
2 o HERA and ZEUS
3o Kinematics |

4 o Physics results
* F9 Measurement

5o Summary




E Rk Syl e

H
i

Introduction

F> measurements from fixed target experiments
_ 7 > _. | TiLel
and HERA span 5 orders of magnitude i1 Q=

Bl ZEUS BPC 1995  E§ H195+96

¥ LR LA

HERA SVTX 1995

Il HERA 1994

T 71 lllllll

|| HERA 1993

I HERMES

T llllllll




<
Yo Q)
8 gm
2wy
2 G2E
) .
e 3283523
< = R
== - o N2 OO
° S
-
1
o

IS A T S

10

T
o

FITER SN S AT ST IR IS AN AN SN B SN A U AN IE SN AT SR Y.

o1l ygund 1

T_‘i

1 113

-
=7,

-

Lo 3
<c§3 3
]__m>‘.|-' vy
- X X = 2
pog NG C 3
2 N@(gv B . 3 ~Q}
< H ;
- PSRN :
%] N : 3
D -
=) 3
~N . 3
-t -
- X
RV ol IS T Ayl BN T BT I
0 3 E :
L xXo. 3
e -] ﬂm‘-'“g -
T E vwuSEL 3
~“03328< ]
DN v W =t
-_ENszr.m =
= o 4g9o0 e 3
o . ¢ E
3




{

D eSS e S R i  + i N2 O AN LN TIPS

15 o gt

ZEUS 8¢
- eThis analysis | , — ZEUSFIT | JiaE 1

2
s
: e

O ZEUS ISR
A ZEUS SVX

x=6.3E-05

x=0.00025

~ 1 EI | l||”| 1 1 llll!l‘ i1 !ll(]l' 1.1 IIIIU_ 11 ![LLUI S L LIt 11 !“‘ll’ —_—T L L LI
23 2[~  x=000047 [~ x=0.00063 . [~ x=0.001 — - x=0.0016
«
1 ~ -
N 1 llllll 3 b4 li"l‘ * g 1 llL“‘ 1 .! I‘!llll—.- l; 1 lll“’ EEERINSAR ..‘--I ’l'l l-l'Hl L1 (JJ‘H;

1 10 1 10 1 10 1 10

O (GeV’)

Fz (7(, Qz)

o[ ¥= 00025 - x= 0.004 - x= 0.0063 - x= 0.01
L ’ L L =
¥ 1 - — - —

AT

¢

P P S S B I T O
, 2

0.5

llllllllll

ool w1 v T 7T
10 10° 10 10 10° 10°

Q2 (Ge’VZ)




« 0.3

0.2

0.1

0.3
02

0.1

0.4

0.2

lll‘lllllll'lll"Tll

PR DL AL

.
O
. s
.

L] ¥ 1 ' T ¥

- Q7 =0.11 GeV?
_I,_ll’”"l_‘ !lll']d i III!LLI.L Ll

- Q*=0.15 GeV?

A
T T T T l ¥ 177

ST B 1|nu! reegenl

- Q=020 GeV?

PRI TETTY TR RTTIT MY soaeed g e

A
-
s
LIRS
~
~ { ~
~ ~
- -
SIS ~

- Q2 =0.25 GeV?

LLINLIN IR I 0 L LI B M (LB

F Q% =0.30 GeV?

‘t%%;i;, }

~

Illllllll_llllrlll'llll

Q7 = 0.40-GeV?
TRTTIY BEIRRTTI B IR ST AT RTTIT

T T Y T LI § T T 1 T T

Q*=0.50 GeV*

EREIIT | soagened goeannd B R EETT

[ Q¥ =0.65 GeV’

PEERRTTIT )

-llllllllf !1!!”[11 LJIII![L It 1131

IR 1111111_![ 1.t 211

ZEUSBPC 95
ZEUS 94

Wi 94 W1 SVTX 95
E665
DL

- BK

------ ABY.

Q? =1.50 GeV?

F ) T T rl LRSS B B I T ¥ 1 i

e 1 agenl rssod 1 geeend

Illlilllll

- Q? =3.00 GeV’

1o reniid g 1!n111! 1 'n“d ] il

— GRVOY

IIIIIIIII'

- Q' =6.50 GeV’

ertewnh v road oy

107 107 107

-5 -4

107 10° 10

X

-2 -5 -4 -3 -2

107 107 107 10 10




Summary

- HERA structure function data
F9 measured with high precision
over wide kinematic range

* Fy rises rapidly as X decre—a—se-s

- Fy well descrlbed ’by pQCD (DGié AP'
_evolutlon) for Q2 > 1 GeVz -

. Extension to IOW Q2 reglon exhrbits
transition from pQ‘C] to SOFT
regime




Status of Lattice Structure Function Calculations

Gerrit Schierholz

There is significant interest in an ab initio calculation of the nucleon
structure functions. The theoretical framework of such a calculation
is the operator product expansion. While the Wilson coefficients, and
hence the evolution of the structure functions, can be computed per-
turbatively, the hard part of the calculation is the determination of
the forward nucleon matrix elements of the operators. This is a non-
perturbative problem, and the technique to solve it is lattice QCD.
Two years ago we have made an effort to compute the nucleon ma--
trix elements of all relevant operators of leading twist up to spin four.
Initially the calculation was done for one value of the coupling 3. Re-
cently the calculations have been extended to cover several values of
B so that an extrapolation to the continuum limit can be performed.
In that Limit we find, by and large, good agreement with the experi-
mental results. A particular highlight is the axial vector coupling of
the nucleon, g4 = Au— Ad. Of particular interest to this workshop is
the structure function h;. Its first moments éu and éd, are found to
be approximately equal to Au and Ad, respectively. This shows that
a non-relativistic description of the spin structure of the nucleon is
quite adequate. The z-dependence of the structure functions carries
valuable information about the dynamics of quarks and gluons which
is not immediately available from the moments. A first attempt of
constructing nucleon structure functions from a few lower moments
by an inverse Mellin transform looks promising. The program for the
next years is to compute the gluon distribution functions. A further
topic is to estimate the effect of higher twist matrix elements. And
finally one wants to include dynamical fermions.




Unpolarised results
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Figui:e 1: The quenched moments Au and Ad plotted as a function of a®. The lattice
spacing is given in units of the string tension, K. The lattice data are denoted by e,
the extrapolated values by O. The phenomenological values [8] are denoted by *.




Figure 2: The axial vector coupling of the nucleon g, as a function of a®. The lattice
spacing is given in units of the string tension, K. The lattice results are denoted by
®, the extrapolated values by O. The experimental value is denoted by *.
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Summaory & outlook
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Higher-twist light-cone wave functions
of vector mesons in QCD

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

We present a systematic study of light-cone wave functions (dis-
tribution amplitudes) of vector mesons in QCD. These wave func-
tions contribute as a “long distance part” for hard exclusive pro-
cesses involving vector meson in the final state. The higher-twist
wave functions are relevant for understanding preasymptotic correc-
tions to hard exclusive amplitudes. We give operator definitions of
quark-antiquark wave functions up to twist-4 and quark-antiquark-
gluon wave functions of twist-3, based on matrix elements of nonlocal
light-cone operators between the vacuum and the vector meson state.
A detailed operator product expansion analysis is performed for the
twist-3 wave functions, and the constraints from the QCD equations of
motion are solved, giving relation between the quark-antiquark and
the quark-antiquark-gluon wave functions. We introduce conformal
expansion as a powerful framework for systematic treatment of the
higher-twist wave functions. A complete set of twist-3 wave functions
is constructed, which satisfies all (exact) equations of motion and con-
straints from conformal expansion. The renormalization scale depen-
dence of the wave functions is worked out in the leading logarithmic
approximation. We also take into account the SU(3) flavor violation
effects induced by quark masses. Nonperturbative input parameters,
which appear in a few low order terms in the conformal expansion,
are calculated from QCD sum rules. Based on these developments,
we construct models for the wave functions of p, K*, and ¢ mesons up
to twist-3, which satisfy all QCD constraints. Some immediate appli-
cations of our results will be to exclusive semileptonic and radiative
B decays and to hard electroproduction of vector mesons at HERA.
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Dual Ginzburg-Landau .Theory
and Quark Nuclear Physics

Hiroshi Toki
RCNP Osaka University, Ibaraki, Osaka 567, Japan

We would like to discuss here the construction of an effective theory for non-
perturbative phenomena, which is to be used to calculate the structure function at low
momentum scale to evolve to high momentum scale by perturbative QCD. We name the
research field to describe hadrons and nuclei in terms of quarks and gluons as Quark
Nuclear Physics (QNP). In QNP, the most essential phenomena are color confinement
and chiral symmetry breaking. We should construct a model which describe both of

these phenomena to be a candidate of the model of QNP.

V We model color confinement as due to the dual Meissner effect, where the QCD
vacuum is the dual superconductor and dislikes the color electric field.[1-3] Taking the
analogy with the superconductor where the cooper pair with electric charge to condense,
we ought to have color monopoles in QCD and to realize their condensation. 't Hooft
showed it possible to create the color monopole field by taking a particular gauge as the
abelian gauge.[4] In this gauge, QCD reduces into QED with color monopole fields
living in the color abelian space. We can then construct the DGL lagrangian by assuming
three important points from QCD as; 1) presence of color monopole fields, 2) presence of
the Higgs term for monopole condensation and 3) abelian dominance to neglect the non-
abelian gluons.{5-7]

We apply now the DGL lagrangian to various phenoinena.

1. Color confinement (Linear potential)

We can work out the static quark-antiquark potential in the straightforward way
and find a linear potential. We find the linearly rising potential, which compares well
with experiment.[7] We can then compare with the lattice QCD results, which also tell
the goodness of the abelian dominance for the linear potential.[8]

2. Chiral symmetry breaking

We can work out the behavior of quark property by using the Schwinger-Dyson
equation. We take the rainbow approximation and introduce the infrared cut-off of the
scale of hadron size as caused by the area law behavior of the action.[9] We get a very
reasonable numbers for chiral symmetry breaking. We can compare with the lattice QCD
results as demonstrating the abelian dominance and even the monopole dominance.[10]

3. Recovery of phase transition at finite temperature

We work out both the recovery of the monopole condensation and also the chiral
symmetry breaking at finite temperature. We could show the ability of the DGL theory
provides the recovery of these symmetries.[11]




We can apply the DGL theory to many non-perturbative phenomena. It is
certainly a exciting challenge to get the structure functions with the DGL theory and
compare with expimental data. We believe it very important to find 0* glueball around
1.5GeV in order to check the DGL assumption that the QCD vacuum is the dual
superconductor. ‘ '
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QCD-monogole condensation effects on DySB
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SUMMARY

— Ten Years of Spin Physics —

Jiro KODAIRA*
Dept. of Physics, Hiroshima University
Higashi-Hiroshima 739-8526, JAPAN

Abstract

1987, exactly ten years ago, the EMC data resulted in the excitement of not
only particle physicists but also nuclear physicists. After ten years, our un-
derstanding on the spin structure of hadrons has been much improved. Many
“ill-defined” questions become “well-defined” ones and we now what is a prob-
lem and what is not. At this symposium, beautifull reviews on the spin physics
last ten years and reports on recent progress are already presented by many °
participants. So I only make a brief comment on the following subjects.

o Spin Crisis was a Crisis of our Wisdom

e g; Measurement and Gluon Distribution

e New Structure Functions

e Perturbative QCD

e Phenomenology and Non-perturbative Aspects

e Spin and New Physics

*Supported in part by the Monbusho Grant-in-Aid for Scientific Research No. C-09640364.
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e Spin Crisis was a Crisis of our Wisdom

e g: Measurement and Gluon Distribution

e Structure Functions : New

e Perturbative QCD

e Phenomenology and Non-perturbative Aspects
e Spin and New Physics




1. Crisis

Spin-dependent Structure Function :
- Fourier Transform of |

(P, S| 1$(0)|P, 5)
= —2M(S - m)p () — 2M St 31 (A) + M(S - mpn¥Gs(N)

Structure Funection:

0 = gi(z) . 9.(A) — qi(z) + ga2()

- Polarized Gluon:

2

| - — —izgm P+
Ag() drx Pt - e ~
x (PTS)|GT*(67) WLO G, (0)|PTS)) + (z — —z)

where,
WLO = Pexp (z‘g /05 dy—A+(y_))

The first moment of Ag(z)

I' = [dzAg(z) = ’Lﬂi;/ d&™e(E7)
x(P*S|G*(¢7) WLO Go™* (0)| P*S)

Can NOT be expressed in terms of Local Operator !

But choose light-cone gauge

n-AxAt=0 , WLO=1 , GI*A?




Therefore

I= 4p+/ a- (¢ (P+5ul—A°(€“)C7a+(O).]P S

7P+ PrS)|A%(0)Ga*(0)[P*Sy)

We get LOCAL OPERATOR !!
and
A%(0)G,T(0) is Chern Simons Current k% !!
; and
This is a Definition of Parton Density !!

Very Important Note:
Renormalization scheme dependence :
One CAN change the definition of parton densities
fon = fon = fbj Uap n{0s) fo. 5

with
Yao{ V) — Yo (NV) = [ﬁ(O‘S) (O‘
Graphically,

8. r—1 » 7 -1
. &YSU)L +07U]

ab N




~ What is important 7:

Just want to interpret the QCD results intuitiVely and/or
economically.

Definition of parton distribution can depend on one’s con-
vention.

Spin Sum Rule :

Ly

1 1
5=Lg+Ly+ ASHT

where L is “orbital angular momentum”

In QCD, above (physical) decompositon is IMPOSSIBLE !

Start from Angular Momentum Operator
i L ko3 a0k — qi i
J’=§ef /d M7t = J; + J,
One can show up to Equation of Motion and Super-potential,

Jy = [dPz% (9" + "% x D)) ¢
J, = [d%z(Z x (E x B))

oy

7~y

Q? evolution.
total J is conserved quantity but J,, J, depend on Q.

J0o(@)28 = (P, S|7,4(@)IP, S)

one get,




AGH | | .
_ 1 372; h’l Q%/‘/\Q 2(16+3nf)/t,'33—n,) 'J ( ” _ l 3nf
T 216+3n;  \InQ?/A2 7WO 916 + 3ng
Jg(Q2) i
1 16 (ln Qg/j\g)2(16+3‘nf)/'{:33—nf) -

116
= = J Q) - = .
216 +3n;  \InQZ/A2 L o)~ 3 16+3nf]

This is the same result for the momentum fraction
carried by quark and gluon
since
Angular Momentum ~ Energy Momentum (Tensor)

e The first moment of Ag(z) <> Non-local Ope.

Local Ope. only in Particular (light-cone) Gauge.
e DIS Measures “Helicity Distributions” of Partons.

e Definition of parton distribution can depend on one’s conven-
tion

e Spin Sum Rule is a “Static Property” of Nucl eon.
Nothing to do with DIS Exp.!!




2. Gluon Distribution Function

= %A
{, L T

e Data at “Low Q2

T, thadsadse

) M Sl
NLO DGLAP Analysis may be enough Y. iakErid
Small 2 < No Theory !!

e Gluon Distribution Function 6g(x)

)

Very Much ambiguous !!
¢ How to mesure 6g(z)

- Heavy Flavor Production 77
— Jet Production 77

— Hadron-Hadron Process (6g(z))? 77

Higher-Order Corrections in QCD !!

Not cnlv Gluon but Flavor Separation : IMPORTANT
i3

What Process and How precise Calculation !?




3. New Structure Function

o Chiral-odd and/or Transversity Distribution Function

I | .

, { iZeike
NLO Calculations have been done

(]

Realistic Phenomenology and Experimental Feasibility 17

e “Fracture Function”??

May be able to get more informations




| . T. Tsursgas
e Small = : Still Controversial 77 “

General Remarks smell g% 12
Q2

sz—qzs T
2p-q

s = (qg+p)°

~ Qz' (51;- — 1)

z<1— 5> Q*m})

5 > external “mass” <= Regge Limit

In Perturbation Theory

What Scales are Relevant ?

S Q2 s #2(2 AZQCD)

— DGLAP
finitez < s~ Q%> u®: two-scale
In Q*/
— Small z

K1l & s> Q> u?: threescale
QY p? , mQ*/s ~ s

(Re)summation not only In Q?/¢? (mass singularity)
- but also Inz (infrared singularity)




V. Doksiitas;
4. Perturbative QCD (- Lacsiubzer

¢ Resummation
Physics near the Edge of Phase Space ( Soft Rey,'m)
A Lot of Remarkable Progresses
. v
What Nexts !!
— Event Shape Parameter

— Power Corrections

hard ys soft




5. Phenomenology and (Nenjperturbative Aspects

e Higher Twist Effects
4

Theoretical Developments

Y

Realistic Phenomenology and Experimental Feasibility !?

K. Tanska.

e Lattice Simulation of Composite Operators

— Lower Moment of Structure Zf?unctions_

— Axaal Vector Current _ _,
fy. Schisrhelz.
— Tensor Charge

. — EA e -
—_. Mewkwhboo. Uhiue. oy

® Charactteristie Aspects of ach

* T4 Preduction

D, Lhariesw




7. Bsakac,,

.
-

e .

Dicouss stre Sessyrn

6. Spin and New Physics o . {"77'95@ )

Spin Degree of Freedom 1s now Available !l

Spin Physics should be not only a Test of QCD
but also
a Clue to New Physics

Kew ?Y@)ec‘!'s
- eg. RHIC

A ,
H. A ar-‘-s;;-,f!if,-"..' &

will help us to have Better

Ubdevsta ndz‘;ys o.,[ Nature. /




RIKEN Symposium on -
u d Glu ;

November 28-29, 1997

Nishina Hall, RIKEN
Hirosawa, Wako, Saitama, 351-01
Japan
Scientific P
November 28 (Fri)
Morning

Session 1 (Chair : K. Imai)
9:30 M. Ishihara, "Opening address”
9:40 X.D. Ji, "Review and recent topics on the nucleon spin structure"
10:30 break
Session 2 (Chair : A. Masaike)
10:50 H. Hamagaki, "RHIC project”
11:20 Y. Mao, "Spin experiments at PHENIX"
11:50 lunch
Afternoon
Session 3 (Chair : N. Saito)
13:20 T.Matsuda, "New SMC result on the spin structure function g,(x) of
the proton”
13:50 M. Kuriki, "Recent results from polarized deep inelastic scattering
at SLAC"
14:20 Y. Sakemi, "Spin dependent structure functions of the nucleon from
HERMES"
14:50 break
Session 4 (Chair : T. Morii)
15:10 S. Kumano, "Analyses of the nucleon spin structure ftmqtions"
15:40 Y. Koike, "Q? evolution of the chiral-odd spin structure functions
hy(x, Q%) and hy(x,0%)" - .
16:10 A. Kohama, "Nuclear transparency in high energy quasi-elastic

processes”
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RIKEN BNL Center Workshops

Physics with Parallel Processors

R. Mawhinney/S. Ohta

April/May 98 (tentative)

RHIC Spin Physics

G. Bunce/M. Tannenbaum

April 27-29, 1998

Quarkonium Production in Relativistic Nuclear Collisions
D. Kharzeev

Sept. 28-Oct. 2, 1998

Dynamics of Chiral Fields in Nuclear Collisions
D. Rischke

Week of April 27th

QCD Spectroscopy

M. Pennington/W. Marciano

TBA v

Polarized Parton Distributions and Event Generators
TBA

Summer (tentative)

QCD Vacuum and Phase Transitions

E. Shuryak

Early spring

Semiclassical Fields in QED and QCD

A. Baltz/D. Rischke/L. McLerran

Early fall

Quantum Fields in and out of Equilibrium

R. Pisarski/H. de Vega

Week of October 26th

Many-Fermion Systems ... (Bielefeld follow-up)
M. Creutz/M. Gyulassy

Novemrber 1998

Many-Fermion Systems at Finite Densities

T. Blum/M. Creutz

early 99

Spin Physics Mini-Workshops

N. Samios/R. Jaffe

Quarterly

For information please contact:

Ms. Pamela Esposito

RIKEN BNL Research Center .
Building 510A, Brookhaven National Laboratory
Upton, NY 11973, "JSA

Phone: (516)344-3097 Fax: (516)344-4067
E-Mail: rikenbnl@bnl.gov

Homepage: http://penguin.phy.bnl.gov/www/riken.html




RIKEN BNL RESEARCH CENTER

QUARKS AND GLUONS IN THE NUCLEON

NOVEMBER 28-29, 1997
NISHINA MEMORIAL HALL, RIKEN, SAITAMA, JAPAN

Li Keran

Nuclei as heavy as bulls
Through collision

Generate new states of matter.
T D. Lee
Speakers:
T. Asakawa J. Kodaira G. Schierholz
Y. Dokshitzer Y. Koike S. Sumano
H. Hamagaki M. Kuriki K. Tanaka
X. Ji Y. Mao H. Toki
D. Kharzeev T. Matsuda T. Tsurugai
A. Kohama Y. Sakemi _ _
Organizers: T. Shibata
K. Yazaki




