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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.

T.D. Lee
July 4, 1997
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INTRODUCTION

This volume archives the reports from the RIKEN BNL Research Center
workshop on ”"Event Generator for RHIC Spin Physics II” held during the
week March 15, 1999 at Brookhaven National Laboratory. It was the second
meeting on the subject following a first one in last September.

This workshop has been initiated to establish a firm collaboration between
theorists and experimentalists involved in RHIC spin physics with the aim of
developing a reliable, high-precision event generator for RHIC spin physics.
Needless to say, adequate event generators are indispensible tools for high
energy physics programs in general, especially in the process of:

¢ planning the experimental programs,
e developing algorithms to extract the physics signals of interest,
e estimating the background in the extracted results, and

e connecting the final particle kinematics to the fundamental i.e. partonic
level processes.

Since RHIC is the first polarized collider. dedicated efforts are required to
obtain a full-ledged event generator which describes spin dependent reactions
in great detail.

The RHIC spin project will be in the transition from R&D and construc-
tion phase to operation phase in the year 2000. As soon as data will be
available, it should be analysed, interpreted and compared with theoretical
predictions to extract its physical significance. Without mutual understand-
ing between theorists and experimentalists on the technical details, it is hard
to perform detailed comparisons in a consistent framework. The importance
of this fact has been recognized especially during the analyses of hadron in-
duced reactions observed at CERN, Fermilab and DESY. Since the use of
event generator is indispensible for the analyses. it should be developed in a
way that both experimentalists and theorists can agree upon.

During the first meeting we had specified several areas of work to be
done. For most of them some actual calculations are well under way and
first progress was reported. These areas of work include:

i



e comparison of polarized event generators with results obtained by using
unpolarized event generators and suitable asymmetry weights

¢ comparison of event generator with next-to-leading order calculations
¢ implementation of new processes, e.g. parity violating processes

e implementation of new polarized parton distributions and their contin-
ued maintenance

e polarization effects in fragmentation processes

We believe that the records of the discussions in these various areas, as com-
bined in these proceedings, will prove to be useful not only for the participants
but also for other physicists involved in this field.

Naohito Saito and Andreas Schéfer are grateful to all participants of the
workshop for their contributions on the various theoretical and experimental
issues to be clarified by our collaboration. We would like to express our sin-
cere thanks to the secretary of RIKEN BNL Research Center, Pam Esposito,
for her great help in organizing and running the workshop. Our workshop
was celebrated by a big snow storm on the first day. Without the kind and
devoted help by Pam and Eva Esposito, we would therefore not have been
able to carry out the workshop as planned. We want to extend our gratitude
to Brookhaven National Laboratory and to the U.S. Department of Energy
for providing the facilities to hold this workshop.

Naohito Saito (RIKEN / RIKEN BNL Research Center)
Andreas Schifer (Universitdt Regensburg)

RIKEN BNL Research Center
April, 1999



Needs of Event Generator for RHIC Spin Physics

Naohito Saito

Radiation Laboratory
RIKEN (The Institute for Physical and Chemical Research)
Hirosawa, Wako, Saitama 351-0198, Japan

and

RIKEN BNL Research Center
Brookhaven National Laboratory
Upton, NY11973-5000, USA

The event generator is a irreducible part of the high energy particle and nuclear physics.
This is especially true when one tries to extract partonic level information in QCD
events. The efficiency of the experimental cut for the signal and remaining backgrounds
are usually estimated with event generators. Since RHIC is a unique machine for both
heavy ion and polarized proton beams, special extension of the event generator is
necessary.

In this talk, we addressed the needs of more detailed analysis of previous
experiments on key reactions, especially prompt photon production, since most of
theory calculations underestimate the cross section. To obtain a reasonable agreement,
inclusion of intrinsic transverse momentum (k;) is desirable. We also addressed the
importance of direct measurement of k,. This kind of analysis have to be extended to
cover W production, Drell-Yan production of lepton pairs, open heavy flavor
productions, and finally new processes such as compositeness search and so on.

There are many things to do to come to complete understanding of the reactions in

hadron collisions. But we should hurry up, since we are going to take real data soon!



Needs of Event Generator

from experimentalist’s viewpoint

* Experimentalists can touch only Initial and Final
state particles

— parton emission f,,(x)
— initial state radiation

~ hard scattering (may include new physics) do/dt
— final state radiation
— fragmentation D, (z)
~ decay

— underlying event

* Experimentalists often aim
to find new physics

— sensitivity for new physics / background studies :
— geometrical acceptance for FSPs from physics of interests B/
— systematic uncertainties in interpretation of results :

Summary of the Last Meeting

» Polarized EvGen vs Unpolarized EvGen+Asymmetry
— Quick studies showed similarity. What Precision?
e Event Generator vs analytic calculation (NLO, Resummation)
— Detailed comparison may show some discrepancy
e Library of Pol-PDF in addition to Unpol-FDF
— interface needed for ) prediction 2) quick test of obtained FDFs
e Intrinsic Transverse Momentum of Partons
— could be large at RHIC --> small-x data become “useless” if unknown
* New Processes
— parity violation in jet production --> parity violation in 0772
— Quarkonium production: popular color octet model with epin dependence
e Polarization Effects in Fragmentation
~ 2 pion correlation in final state
e Comparison of PYTHIA, HERWIG and ISAJET



Partonic Kinematics - LO va NLO

prompt photon example

*Simple minded reconstruction of
partonic kinematice
pp CMS = parton CMS
*What is x carried by gluon?
x=x;2 Nol
better estimation?
e What is 0?7
*Q?=p*?
*0%=(p;/2) *¢
Q=2 pp) %

EvGen and Resummed Xsection
| W production
* Signal = High-p lepton --> affected by p,W
¢ EvGen used: RESBOS, VBF = Full Event Generation?

T = ] N
/\10 E C
N Py D09/ W e daa £ i F Data |
¢ \ (12 pb™) , SpCCP ;
e 10 E g‘ g E mrsr?Z) ) ;
< r S !
%m_st ‘\ﬁ . gr Jdo.f.= 105 (< 120 Gev/c) |
z t N\ -
i AN ! f
P & x
:
- ! ¥ T—— |
10 SL Arpold-Kau‘mann (0 (af)N\—?‘—'ﬁ Seind ¥ldo.f. =171 (< 200 GevV/c)
i resummation \ N !
10_6?_1_14 b L d e ”'E;k 20 4"' 619 36 100 "“C 140 160 183 "J‘
0 20 40 80 S0 100 120 140 10 180 200 : : o e
o' {Gev/c) '



Unpolarized parton distribution
flavor structure of valence quark

» Spin-flavor structure studies with W assume knowledge on

u(x) and d(x)
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Unpolarized parton distribution

flavor structure of sea-quark

o Charge Symmetry is a : FNAL-E&GGC results
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Parity Violation Beyond SM

P. Taxil, J.M. Virey PLB 364(1995)161-167
PV in Jet Production due to quark Compositeness (scale:A)
— should be reflected to single particle production
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Charmonium Production

Asymmetry Prediction Yield Estimation with Color Octet
with Color Octet Model Model by Naoki

using COM in PYTHIA (hep-ph/9706270)
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See D. Kharzeev's transparencies at Spin Discussion at
http://rikweb.rhic.bnl.govirsc/write-up/Kharzeevikharzeevi.html



Spin Dependent Fragmentation

to measure A, g(x)

R.L Jaffe, Xuemin Jin, Jian Tang hep-ph/9607560
* Asymmetry A, <A.g®al ®A.G
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Summary

* Many efforts to be ready for RHIC Spin Physics
— theory, experiment, and accelerator

* Event Generator for polarized pp should be ready for
many reasons

* This meeting:
— progress report
— further steps to be discussed



Recent Progress in Theoretical Studies of

Spin Physics
Andreas Schafer (Regensburg)

I review a few results from recent papers which focuss on RHIC spin
physics. However, many of the authors participate in the workshop and I
avoid overlap with their talks. Instead, I focuss on a few topics which are
relevant for RSC but are either not yet well understood or a slightly periph-
eral to the main interest of RSC.

1.) The lack of a firm theoretical prediction for the small z asymptotic
behaviour of g;(z) limits strongly the relevance of DIS data because the
most interesting QCD predictions address sum rules. Recently an interesting
proposition was made by Kwiecinski et al., the problems and merits of which
are shortly outlined.

2.) Higher-twist effects can be studied especially well in spin physics. Fur-
thermore the size of single-spin asymmetries suggest that they are large. I
argue that nuclear effects for higher twist effects can be large and cite some
work by Guo et al. on this subject. If pQCD at smallish Q2 would break
down this would affect most seriously the whole field of high-energy heavy-
ion physics. I argue that it in this context it is interesting to study single
spin asymmetries in p(pol.)+A.

3.) I review the situation of orbital angular momentum distributions for
quarks and gluons in the nucleon. I suggest that the production ratios for
different cc-Mesons in the collision of polarized protons might provide a way
to access the gluon orbital angular momentum distribution directly.

4.) I review recent developments for Off-Forward-Parton-Distributions and
pose the question whether they could be investigated at RHIC.
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Higher - twist effects for QCD- processes
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Figure 2: Evolution of orbital angular momentum. The GRSV LO gmax scenario
is used as input for the polarized parton distributions at g2 = 0.23 GeV?. At this
scale_the missing angular momentum of :0.43 unitsis.evenly distributed amoung

Lo(z.p2) and L(z.u?), which are assumed to have the same shape as u,(z, 1)

and g(z. ug). respectively.
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New Processes and Parity Violating Asymmetries

Jean-Marc Virey?
Institut fir Physik
Universitat Dortmund
D-44221 Dortmund, Germany

We have presented the apparent sensitivity of the RHIC Spin experiment to some
new physic contributions, from the analvsis of the Parity Violating (PV) asymmetry
ATV (= do~~ —do*t/do~~ + do**) defined for jet production (do = do;_,.;). Since the
experiment will begin next year, we greatly emphasize the need of detailled simulations
at the level of Monte Carlo Event Generators.

In the first part, after a brief review on the theoretical motivations for the presence of
some new quark-quark Contact Interactions (CI) and of a light leptophobic Z’ boson, we
have presented the sensitivity of the RHIC to these models, using conventional experimen-
tal parameters for polarized proton-proton collisions. It appears that the RHIC, on one
hand, is able to cover some regions in the parameter space of the different models which
are unconstrained by present experiments, and also by the expectations of forthcoming’s
(e.g. Tevatron Run II). On the other hand, the RHIC is a unique facility to obtain crucial
informations on the chiral structure of the new interaction. It is important to note that
the integrated luminosity is a key parameter for this polarized analysis.

The second part was devoted to an’emphasis of the need of simulations from event
genecrators. in order to take into account carrefully the experimental conditions and the
properties of the detectors. Some opened questions which have to be clarified by such
simulations are, for instance : What are the truc acceptances and efficiencies for jet recon-
struction needed to determine the actual effective integrated luminosity 7 Is it possible
to use single particle production, on one hand, for an easier treatment within detectors,
or on the other hand. to reduce the backgrounds of the gluon’s subprocesses 7 What are
the magnitudes of the systematic errors on AL} 7

The last section concerned the potentialities for new phyvsics of the RHIC! with polar-
ized neutrons. i.e. if the option of polarized [{c? is seriously envisaged. In the framework
of p — n collisions. the measurement of A} could detect the presence of a new charged
boson N7 unconstrained by present experimental data. And if some new physics effects
arve detected in p — p ocollisions. it could be very interesting to run in the n — » mode
to constrain the scalar sector of the theory. through the presence or absence of trilinear
quark mass terms.

Pemail: virey @eathert physik un-dortmund.de
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kr Issues

M.J.Tannenbaum
BNL/PHENIX
March 15, 1999

e k7 isrelated to the net transverse momentum of a hard-scattering
jet-pair, or a Drell-Yan pair, or a pair of high py photons, or the v+
Jet pair for direct photon production.

e In leading order QCD or the Quark-Parton model, all the above
pairs are coplanar with the incident beam axis: k7 = 0.

¢ However, early Drell-Yan and inclusive high pr particle studies
showed that k7 was measurable and non-zero. Systematic measure-
ments were made at the ISR and Fermilab.

e Some experimentalists and theorists may view the issue of kr
differently—Experimentalists: multi-soft gluon, Gaussian;

Theorists: Hard-NLO gluons. power-law.

e The definitive work on kp, actually on the pr distribution of
Drell-Yan pairs was made by G. Altarelli, R. K. Ellis and G. Mar-
tinelli in Phys. Lett. 151B, 457 (1985), based on the ISR measure-
ments. = should be incorporated into event generators.

e The effect of k7 on the Gluon Spin structure function is mainly
that it leads to an uncertainty in the value of Bjorken x of the in-
clusive direct photon measurements. This is illustrated and ways to
measure kp are discussed.

EVENT GENERATOR WORKSHOP MARCH 15, 1999

19



0¢

50.4

0.3

0.2

0.1

Uncertainies in x estimation
— PYTHIA prompt photon
— pr Vs gluon’s x

counts

5000

e naiive formula
— xp=2p/sqrt(s)
e evaluation with simulation

counts

500

ITII‘TTIIIIIIIIIIIIIIIIllllllIIIll'Ill’,Tr
-

O Vvs=200GeV

counts

100

0O s=500GeV

[ W IR ST AT AR

1
3
3

.

3

1
'
.
[
¥
1
.
\

1
1

counts

lll‘l’lllllllllllfif
1t

=
20 -

pr (Gev/c)

Parton kinematics

1T TT T 1rroi[rrzy T
T | T T

T

1 [ I I

i

g

o
0 0.2 0.4 0.8 0.8

Xy

vs=200GeV photon py 10—15Gev/c

-

STLINLENLI B LN L B A AL

Laa

L1

11 [T WS W A W

s}
Q 6.2 0.4 0.6 0.8 1
Huy
vs=500GeV photon py 10— 15Gev/c

:...luv-i-:!‘v:s'..._}é LA BN N LA B S B
C 3 20000 E =
- Je r 3
5 1 10000 F -
olAi 117 a1 1y g3 0 Il RS N RN
Q0 0.2 0.4 a.6 0.8 4] c.2 0.4 0.6 0.8

V5=200GeV photon p; 15~20GeV,

*y

>
LN

V5=500GeV photon p, 15-20GeV/c

MM R AL B LS SIS I WAL NI B B N 0 B0 e
[ i 5000 —
r ] 2500F 3

O‘Llllll Llllllllll— 0 1} l'llll'lllllll:
Qo 0.2 0.4 0.8 0.8 o} 0.2 Q.4 0.8 0.8 1

2p Xy

Vs8=200GeV photon p, 20—25GeV

Vs=500GeV photon p; 20—25GeV/c

LPRARLEN BNLANLENL I BN BB A Bt

[

1000

TTrrTT

141

P sl s b by

o L4
4] 0.2 0.4 0.8 4R

vs=200GeV photon p, 25—-30GeV/c

]
0 0.2 04 0.6 0.8 1
“y
Vs=500GeV photon p, 25~30GeV/c



1<

Parton kinematics

* Uncertainty by k; - initial radiation

— error estimation in the data interpretation

— what can we learn for QCD reaction itself ?

default setting
k=(1-2)Q?

Z - splitting
fraction of
initial radiation

counte

g

T TV rrrprrT

Al L I L L.l ' VI |
0 6z 04 06 08 |
Xy
~5=200GeV photon p, 10—11GaV/¢

0.4 E
0.35 E
03E

o A

P

1 T

0.25
0.2
0.15
a.1
0.05 [T VL

D:llLlllL:'l'f ilirea gl

0 a.1 0.2 0.3 0.4 0.5
va=200GeV photon p, 10—11Gev/c

|-:'|:ln1';l|'rlri|i|rlnnluu At

2
3
~
E
e
5

initial radiation
off

Xq

aoolllllll

e [l
- o Q11784
- L ] Mma_mj
500 F- e =
o ALCHM mu_-
400 F =
300 | ‘E
200 F =
100 | =
pbha i} T e
0 g2 04 0.8 0.8 1
Xy

ve=200GeV photan p; 10—11CaV/¢c
0.5 SARSRERAARHL REXEBERREEIC| s
0.45 Eoofnra, Sl -. 210104
L _E . A
04 :
0.35 F 3
03F =
0.25 =
02 f 3
015 F 5
E J
01 f =
0.05 F- AR -
D :l Lt.) l Ll 1} I 1189 ’ Ll IlJ Ll l:

0

a1 02 03 04 05
vs=200GeaV photon py 10—11Gev/c



volume 151B, number 5,6

PHYSICS LETTERS

21 February 1985

LEPTON PAIR PRODUCTION AT ISR ENERGIES AND QCD

G. ALTARELLI
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Motivated by some recent results from the ISR we have considered all available data on the production of Drell-Yan
pairs by high energy proton beams. We show that the lepton pair cross sections and gt distributions are correctly described
by QCD using the known distributions of partons in the proton and acceptable values of the QCD scale A. No other free
parameter is required. Within the accuracy of the data no appreciable intrinsic transverse momentum is needed.

We have recently made [1] a theoretical reevalua-
tion of the QCD description of lepton pair production
in hadron—hadron collisions. A full treatment of the
complete transverse momentum (g1) dependence was
given including the large amount of theoretical infor-
mation about this process which has been accumu-
lated over the last few years. The resulting ¢y and y
distribution reproduces the correct perturbative be-
havior {2] at large g1 and contains the soft gluon ex-
ponentiation at leading [3] and next-to-leading {4,5]
double logarithmic accuracy. Upon integration over
gt it reproduces the known perturbative results [6]
for the total cross section and rapidity distribution
do/dy (including the terms of order a which give rise
to the “K-factor™). The phenomenological implica-
tions for W/Z0 production at the CERN collider and
for the physics of the future Multi-TeV colliders have
been discussed in detail in refs. {1,7]. On the experi-
mental side, new data from the ISR [8] on Drell~Yan

! Work supported in part by the “Ministerc della Pubblica
Istruzione™, [taly.

0370-2693/85/S 03.30 © Elsevier Science Publishers B.V.

(North-Holland Physics Publishing Division)

lepton pair production have recently been presented
(/S = 62 GeV). The investigated range of lepton pair
mass Q was extended up to Q =25 GeV and the ¢
distribution of the pair was measured. This set of data
completes a series of excellent experiments on lepton
pair production [9—11] performed over the years at
the ISR which is now being dismantled.

In view of this theoretical and experimental prog-
ress it appears timely to make a complete analysis of
all the available data on (continuum) lepton pair pro-
duction in both p—p and p—p collisions. We shall con-
centrate our attention on the data set at large values
of the pair mass @, i.e. above the T resonances (Q
> 11 GeV). These data are most appropriate for a
comparison with the asymptotic QCD predictions
which are only valid if Q is large enough. For complete-
ness we shall also extrapolate our calculations to values
of Q in the range Q = 5-9 GeV between the J/¥ and
the T. The relevant set of data also includes Drell—Yan
p— N processes at /S = 19-27 GeV {12] and p—p
processes at ISR with /S = 44, 62 GeV. If we also in-
clude the results from the CERN collider on W/Z©
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mental confirmation of this factor in proton—proton
scattering at the ISR.
We now consider the g and y distribution, which

is given by [1]

dg = N( d_z_b_ e"iQTbR(bZ, QZ’y)es(bz,Qz.)’)
d0? de2 dy o
+ Y(qL, Qz,y)) . )

where N = 47a2/90Q2S, the kernel R and the regular
term (at g = 0) Y are given by eq. (57) and (62) of
ref. [1}, and

2 4« k
S(b2, 02, y) = f dk ( _1
X {{1 + Da (k)] n(Q2/kY) - 3}. ®)
wo ~ Vs=62 GeV 7

11<Q<25 GeV/c?

129

100
a
=
2
-~ 80
8
.‘é
< 80
40
20
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(¥}
o
-4

gy (GeV/¢)

Fig. 2. The data on gy distributions at /S = 62 GeV and large
pair mass from ref. {8} (o) and ref. {11] (o) compared with
the theoretical predictions for the parton densities of ref. [15]
with A =0.1-0.2 GeV. The data on the curves are all normal-
ized to the same area. No intrinsic g is included.
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Here A is the maximum value of g at fixed y:

ApIVS = [(1+ 7)2[4ch¥(y) — 7]112 | G
and D is given [4] by
wD=(§ ~ir?—3n). (¢

In ﬁg. 2 the data at /S = 62 GeV for the normal-
ized g distribution do/dgrdy aty=0and Q= 11—
25 GeV are compared with the theoretical curves wit
A =0.1-0.2 GeV. The relatively good precision of t|
data and the accuracy of the theoretical fit can be
better apprecxated if one notes that fig. 2 is a linear
plot. do/qu is often displayed on a logarithmic scale
where only the gross features of the data can be re-
produced (see for example fig. 3 which refers to the
extrapolated predictions at values of Q below the T)

In figs. 4, 5 the average transverse momentum
(g7’ is plotted as a function of \/7 at fixed values of
VS (\/§=27.4,44, 62 GeV) and as a function of 1/

i ]
Vsx 62 Gev
0 * S<0 <8 GeV 4
E 3
= 9 k
> - -
g A= 02 GeV
3 1= I3 -
< 2
r .
T G ]
hel
S S [ ZE
=3
©

T

o

/Ll vl L

TTTEYTTT

qr (Gev/q)

Fig. 3. Data on the g7 distributions at /S = 62 GeV and rel
tively small vaiues of the pair mass [11] compared with the
theoretical curves obtained with the parton densities of ref.
[15] with A =0.1-0.2 GeV. No intrinsic g is included.
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Fig. 5. (qT) versus JS at fixed /7 = 0.22. The data at NG
=19, 27.4 GeV are from ref. [12], at /S = 44 GeV from ref.
{11] and at /S = 62 GeV from refs. [8,11]. The curves are
the theoretical predictions obtained by using the parton den-
sities of ref. {15] and A =0.1-0.2 GeV. No intrinsic g is in-
cluded. At large values of /S, (qT) increases linearly with JS.
At smaller values of\/.S—' marked deviations from the linear law
are visible, which are due to soft gluon and scaling violation
pre-asymptotic effects.



Quakonium Productions

T.-A. Shibata
Tokyo Institute of Technology/RIKEN
shibata@nucl.phys.titech.ac.jp

March 16, 1999

Abstract

Quarkonium productions in the polarized
proton-proton collision were discussed. The emphasis
1s put on the charmonium productions from polarized
gluon-gluon collisions. The simulation was done by
T. Sakuma of TITech and N. Hayashi of RIKEN. The
present work was done in collaboration also with Y.

Goto and N. Saito of RIKEN.

It is known that the color singlet model do not re-
produce the CDF data satisfactory. In the framework
of the color octet model, the model parameters were
first determined using the CDF data.

The simulations for PHENIX were done with PYTHIA
and the polarized gluon distribution functions. It is
shown that the spin asymmetry of charmonium pro-
ductions is sensitive to the choice of the polarized gluon
distribution function. It is essential to further under-
stand the charmonium production mechanism both ex-
perimentally and theoretically.
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Stefano Frixione

Event Generators

at Fixed Order in QCD:
Jets and Isolated Photons

In this talk I will present phenomenological results relevant for isolated-
photon and jet production at RHIC.

I will briefly describe how to calculate partonic cross sections in pertur-
bative QCD beyond leading order, and the infrared safeness of observables
will be discussed. I will then concentrate on the problem of defining isolated-
photon quantities. After reviewing the standard definitions which can be
found in the literature, I will illustrate an alternative definition which has
the virtue of being completely independent of the parton-to-photon fragmen-
tation functions. and still it is well-defined order-by-order in perturbation
theory. This results in a cleaner estimate of the theoretical uncertainties
affecting the predictions for isolated-photon production.

I will then turn to the discussion of a general method, which allows the
computation of any infrared-safe quantity in any kind of hard collisions. at
NLO accuracy in QCD. The method is based on the subtraction procedure,
and therefore does not involve any approximation, neither in the matrix ele-
ments nor in the phase space. Furthermore, the method is completely univer-
sal, and does not require any algebraic manipulation of the matrix elements.
This results in several computer codes, which work in a manner similar to
(although they are very different from) ordinary Monte Carlo parton shower
codes. and which are available upon request.

Finally. T will present predictions for jet and isolated-photon production
at RHIC. It will be shown that RHIC has a great potential for improving

the knowledge of the polarized gluon density. if the design luminosity will be
achieved.
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Comparisons between Sphinx, Pythia+Asymmetries and LO/NLO

QCD. Oliver Martin. Universitv of Regensburg. Germany

The extraction of polarized parton distributions is only possible with
a correct simulation of the physical processes involved. There are several
theoretical approaches to calculate spin dependent observables respecting the
experimental cuts. A LO/NLO QCD calculation is based on the analytical
polarized and unpolarized cross sections which are integrated using the Monte
Carlo method. The NLO (and higher order) corrections can also be modelled
using a LO cross section supplemented with parton showers. as it is done by
PYTHIA and its polarized version SPHINX. Even though PYTHIA is an
unpolarized code it can be used to calculate asymmetries by calculating and
binning the asymmetry event by event. Since the comparisons between the
methods have by far not been completed vet. this is only supposed to be a
status report.

All three methods obviously have to agree on the LO QCD result, which
can be obtained in the event generators by switching off everything but the
hard subprocess. Indeed the SPHINX and PYTHIA results for the unpolar-
ized cross sections for the production of inclusive jets. prompt photons and
prompt photons plus jet agree on the 1 percent level. whereas agreement
within the (5 percent) statistical error was shown for the polarized case.

mefr'hlncr on initial and final state radiation leads to deviations for large

transverse jet energies. The origins still must be studied. The results of
DVTT—TT/\ and tha T0O) jat and nramnt nhatan cndne hy Qtafana Frivians and

YTHIA and the LO jet and prompt photon codes by Stefano Frixione and
Lionel Gordon differ by about & percent and are therefore not satisfactory.
More work remains to be done here also.

The parton showers are based on the collinear singularity and therefore
underestimate hard ration off an initital or final state parton. They compen-
sate for it by allowing multiple radiations to occur and effectively sum part
of the perturbation series to all orders. It is therefore interesting to see in
how far NLO calculations agree with the results of an event generator. With
the standard shower parameters of PYTHIA 5.6 the inclusive one-jet rates
show large differences of up to 40 percent and the asymmetries also differ
by as much as 20 percent. However. tuning the parton showers leads to an
improved agreement so that the rates and asymmetries differ by about 10
percent only.
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LO QCD vs. PYTHIA (HI+Shower, tuned)
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Problems with and Alternatives to Prompt Photon Production

L.E. Gordon

Summary:

Despite years of effort by theorists and experimentalists, prompt photon pro-
duction has still not yet lived up to its potential to tightly constrain the gluon
distributions in hadrons. Useful information on gluon distributions have certainly

been nhfmnpr] but many unresolved theoretical and some experimental issues are

still hampenng us from exploiting the full potential of this process. All this has im-

mANArTtan roancanmMmanroac nr o ; C‘r\‘lh NTACTaTM xr faro 1rar ™ NATAT T 10T
tant for the RHIC h di t+ nhot ducti
yuuum consequences 10T the nillC spin program, where direci paoton proauction

is expected to be one of the main processes measured in order to constrain the spin
d pCLlU.CI.lla gj.uu.u. Lubbnuul.luu Ul bhc llu(,lcuu LXU

Recent phenomenological studies of collider and fixed target data using NLO
QCD calculations have lead to differing conclusions concerning both the compati-
bility of the various data sets, and whether it is necessary ,useful or even consistent
to supplement fixed order NLO QCD calculations With:kT smearing effects in order
to better fit the data.

One recent study concluded that since no single set of scales and structure func-
tions can be made to fit all the various prompt photon data sets, then it is possi-
ble that the sets are simply incompatible, while another concluded that parton kr
broadening from soft gluon radiation can be consistently used to bring theory into
agreement with experiment.

Everyone admits that there are still serious outstandmg 1ssues such as poorly
known photon fragmentation functions, possible infrared sensitivity of the NLO cal-

cn]nfvnn u-/]nnn isolation is 1mn]nmpn+nr] and larce renormalization and factorization

Wicualds Wallil 15ULGuIUIl 35 L puCliCl vl aaill L&l gt L aiillausad il qull iaviidaunia

scale sensitivity of even the NLO calculation in some important kinematic regions.
This has lead to the suggestion that large gr (gr > Q/2) lepton pair production
may be used as a surrogate for direct photon production since it completely avoids
the problems with isolation and fragmentation.

Despite its problems, recent measurements of direct photon (and photon + jet)
production cross sections at HERA are showing promise in shedding some light
on the gluon distribution in the real photon. And the case of the gluon in the
photon before HERA has many parallels with the case of AG before RHIC, thus
developments at HERA should be at interest to us here.
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Unpolarized Parton Distributions:
Current Status and Open Issues

Global QCD Analysis of Parton Distributions
Scope of Experimental Input

Theoretical Considerations/Uncertainties
Issues for new (1998/9) global analyses
Recent Results and Comparisons

Open Issues and Challenges

Comments on Uncertainties of Parton
Distribtions

BNL Polarized Event Generator Workshop
Wu-Ki Tung 1999
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What goes into Global QCD Analysis of Parton
Distributions?

In principle

= Experimental data on all available hard scat-
tering processes

= NLO QCD Hard-cross-sections (or beyond) for
these processes

= Parametrized functions for the non-perturbative
initial parton distributions
4+ NLO QCD-evolution of these functions

o Global fitting of theoretical calculation

(based on factorization theorems of PQCD) to the
experimental data, to determine the fundamental
QCD constants (Agep, i, ¢ == quark flavors) and
the non-perturbative PDF parameters.

In Praclice

Many subtleties and complications ... most due
to imperfect theory and/or experiment.

= This Workshop and This Subgroup e

Physical processes and experiments *

DIS — Neutral Current (e, on p,d)
SILAC, BCDMS, NMC, U665, H1, Z0US
DIS — Charged Current (v, 7 on nucleus)
CCFR{IN, 1)
Drell-Yan — continuum (lepton-pair)
E605, 2866 (d/p ratio)
Drell-Yan — W and Z
CDF (W-lepton-asymmetry)
Direct Photon Production
WATO, sl ET06, F1 i a0 o
Inclusive Jet Production
CDF, DO
Lepto-production of Heavy Quark
H1l, ZEUS
Hadro-production of Heavy Quark

[

*

Red color indicates “New” for current analysis
R T T PR T IR S EI LN TR Y N O T A L

O
FEARS T LA N ,-i",:,(- cElien



OK

Comment

NLO Stability NLO-Exp
: ScaDep discrep.

ues on Theoretical Input
size

-~
]

<
A

Is

Sensi-
tive to

DIS

DY
Dir. Ph.

Incl. Jet

OK

0-300% Soft-gluon Res.?

o8

o]

~

Paaeud

OK?

refine HQ QCD
refine HQ QCD

o

M
50-100%

L
M
L

5-M
M

G4
Gq
5,C
5,C

(

(
. need better theory to make full use of existing/future data

nta: reliable processes to perform quantitative global analysis

4.
} ;Q:&

L-H>C
H-H->C,B
Red

Ma
To determine the Gluon distribution at present, need DIS + DY + Jet

Obvious observations:
5

cd
Ce]

Major/Typical Issues Confronting Current Global

Analyses
Heavy Quark Schemes: new th. feature
Zero-mass-HQ-parton: “convaentional” scin
No HQ parton at all : I(4y-flavor sch
On-mass-shell HQ partons | ~ generalized My
s¢ly. CWZ(77), ACOT(87-98) ; TR(97)
Direct photons; pin the gluons?

Are current expts consistent?
Is current theory sufficient for the task?
Apanasevich, etal, 9808467; Aurenche, etal, 9811
Quark flavor - d/u large {(small} @
Interplay of charge asymmetry data:

E866, Wasym, NMC
Deuteron target effect and Target mass correc-
tion? Bodek& Yang, 9809480;

...... AN ) SO IO,

Kuhimann talk & CTEQ paper in prep.

The strong coupling constant a(on.)
Determined by global fit, or set to best current
value?

NLO QCL or Beyond?



Comparison of MRS and CTEQ
Global Analyses

Previous versions of general MRS and CTEQ anal-
yses vielded very similar results — due to similar
choices of th./exp. input.

uncertainties of PDFs.
(Specific diff., eg. CDF high pr jet, due to clearly
identified difference in choices of parametrization.)

« New MRST and CTEQS5 Analyses
(Both fit input DIS and DY data well)

Open Issues and Challenges

The Gluon Distribution

SM & New Physics searches
s Can the theory of Diy . #h, at fixed-tardget ener-
gies and B-prod. at colliders be improved, to ren-
der these processes indep. sources of information
on the gluon?
e Can double and triple diff. s of jet production
give more detailed information on the gluon?

s Better measurement of direct photons produc-

| { MRST | CTEQS

l tion at collider energies?

conventional,
HQ sch. on-shell (ACOT),
& fixed-flavor

on-shell (TR)

ud Quark Differentiation
Precision W-, Z- physics:

3 WAT70 ]x‘T 'S -
Dir.Ph. (/ WAT0, E706)

e Systematic study of the uncertainties most rel-
evant for precision My measurement at Runll

(+/ E706)
Incl. Jet - CDF + DO

Deut.Corr. e -

e Better understanding/controt of deuteron, heavy

as(mz) fixed: 0.1175 fixed: 0.118

rute
target ("EMCT) and deuteron {large x) correc-

tions

- Greater differences in gluon, charm differences
than before,

= Beware of scheme difference {espedcially for HQ
ProCesses).

s Power-law {(highoer-twist) corrections



An earlier study of the range of G(x, Q)

Gluon Variations That Are Consistent
150 With DIS+Drell=Yan Data Sets
............. +18% L]
1.0k
¥ osl : \_\
J Q = 5 GeV .
) | 1 1 1 1 1 i I
~
~
< MRST Main
< 1.5k MRST Upper Gluon
2 - MRST Lower Gluon
ol MR |
0.5
Q = 100 GeV
1 Il | i 1 S I 1 | R
107 107° 107 0.1 0.2 0.3 0.4 05
. Parton x

Note the new MRST gluons relative to the range.
Clearly more definitive work is needed.

Strange and Heavy Quarks:
QCD Physics

s Resolution of the discrepency of NC-CC sing
o aneh di-mnon determination of strange (violat
N

i
of the DIS “charge ratio” (5/18) rule)

e NC and CC production of charm. bottony:
non-perturbative (intrinsic) charm?

Theory and phenomenology of QCD beyond NLO:
How do 2- (or more) scale problems affect PDF
analysis?

e W-, Z- (- jets) X soc.
dakov resummations

- 4 distributions © Su
s Snallee (BEKLY resummeation
s Lorge v (threshold) resummation

s FPower-law corrections



Parametrization of polarized parton distributions in the nucleon

Y. Goto!, N. Hayashi', M. Hirai?, H. Horikawa®, S. Kumano?, M. Miyama?,
T. Morii®, N. Saito!, T.-A. Shibata®, E. Taniguchi®. and T. Yamanishi®

5 4 LS, 5 4. Qilll

'Radiation Laboratory, RIKEN. Saitama 351-01, Japan
2Department of Physics, Saga University, Saga 840-8502, Japan
*Faculty of Human Development, Kobe University, Kobe 657-8501, Japan
4Department of Physics, Tokyo Institute of Technology. Tokyo 152-8551, Japan
®Department of Management Science. Fukui University of Technology.
Gakuen, Fukui 910-0028, Japan

Experimental data on the polarized structure functions have been accumulated for
the last several years. The structure function g, is measured with the proton, deuteron,
and 3He targets. We study the parametrizations of the polarized parton distributions in
the leading order (LO) of a, and in the next-to-leading order (NLO) [1]. The polarized

distributions are provided with a number of parameters at Q=1 GeV?. Considering the

positivity condition and helicity retention property. we propose the following distribution:

Aflr.Q3) = L (145,07 flr QR . (1)
L4
where f,(z.Q3) is an unpolarized distribution. The parameters ;. %, and A, are deter-
mined by fitting the available experimental data on the spin asvmmetry. 4; = gi(z. Q?)/
Fie.Q% = g)(x.Q%)2x (1 + R(z,Q%)/Fy(x.(%). Here. the first moments of Au,
and Ad, are fixed by the semileptonic decav data by assuming the SU(3) svinmetry.
We can reduce the muuber of free parameter from 12 to 10 by using those fixed first
moments. The subscript 7 denotes the type of the parton distribution: Af, = Au,.
Ad.. Ag. or Ag. We compare the theoreticel asvmmetries 4, with the experimen-
tal data and minimize > = E(A‘{”“‘ - A""’"”'")‘-’,r’((f.%,{m,;)3 by using the CERN subrou-
tine MINUIT. We got minimized x? which is the \3/(1.(),1‘::308.84/339 for the LO. and
2/ d.o.f=304.25/339 for the NLO. The total y* for the NLO is smaller than the one
for the LO. We found that the analvsis including the NLO effect is verv important.
and it is necessary to extract information on Ag. Omr research activities are listed at

heep: //www.rarf.riken.go.jp/ract /rhic/ theory/ pol-pdi.hinm]
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e Structure Function g,
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e Initial distributions

A= ) £ ). (=

e Constraints
1) Positivity condition

Ve ~ ~ 2l -~ ~ D
Af (x,00)[< fi(x,04)

2) Counting rule for the helicity dependent
parton distributions

fT _ (1 . x)2i2——1 ’ f\L - (1 . .X)2n—1+2

fi>>f, (x—>1)

b)

t

Af (x,00)
2

- =1 for x—>1
L (. M \
Ji Ay )

So, we obtain the following conditions for
the 12 parameters,

o, =20, y.#-1, A >-0,



We assume the SU(3) flavor symmetry for
q(x) at initial Q,2,

Au(x)=Ad(x)=As(x)

and, the first moments n,,, 17,, are fixed,

N, =M, = F+D
<77MV+;r7dv: 3F—-D

F=0.463 £ 0.008, D=0.804 £ 0.008
n, =0.926, 1, =-0.341

We determine A to satisfy the requirement

n. = jj A f(x,A)dx,

mi

We must determine 10 parameters by the y °-fitting !
auv > 7uv ’ adv ’ ydv >
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4 2—fitting to the data (Proton, Neutron, and Deuteron)

Zz _ Z | (Afl,‘;m B Alc,ail )2

o data 2 | (o'lf’““’ = \/errsysz +err, )
Which is minimized by the CERN subroutine MINUIT.

l
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We analyzed with the following conditions;
The unpol PD GRV94 (by PDF-Lib)

Initial Q,° ~2=1GeV?
Number of flavor N;=3
AQCD ’ ALO — 232 Mev,

Ao = 248 MeV



Semi-exclusive reactions in pp collisions

M. Maul, Nordic Institute for Theoretical Physics (NORDITA)
Blegdamsvej 17, 2100 Copenhagen, Denmark

Recently in [1] the idea was proposed to study semi-exclusive events in electron
proton collisions at HERA. The simplest reaction in such a case would be e +
p — jet + m*+X. Kinematicaly this process is analogous to the corresponding
elastic reaction in exclusive meson production, and the factorization theorems
which apply for the exclusive case are also valid in the semi-exclusive case.

The basic idea is to look for events, where a large rapidity gap between the pro-
duced hadron and the produced jet exists. In this case soft interactions in the
production process of the final meson are excluded and consequently the pro-
duction process can be described by a hard scattering amplitude times the wave
function of the produced meson. This is & much more direct access than the
tracking of leading particles in the end-particle spectrum, where the production
mechanism can only be described in terms of fragmentation functions, which are
unknown objects of their own, and where the underlying physics is from its na-
ture of a soft type and is not really understood so far.

It would be of great interest to compare the semi exclusive pion production to
the corresponding process in pp collisions. In this case, to account for the color
neutrality, two jets, a quark jet and a gluon jet, have to be produced, i.e. p
+ p — 774 jet; + jeto + X. We then have to require two rapidity gaps, one
between the gluon jet and the produced meson and a second one between the
quark jet and the produced meson. If the two jet momenta and the momentum
of the produced meson can be measured with good accuracy, then we are from
a kinematical point of view in the same situation as in Drell Yan and can get
hold of the two momentum fractions z; and z. of the scattered quark and the
scattered gluon, so that all theorems that apply for Drell Yan can be also applied
to this process.

The very interesting point for such a reaction to be compared with the corre-
sponding ep reaction is that we might be able in this way to get hold of ’in
medium effects’ in the pp reactions. Such effects have been studied so far for
J/¥ production: While in the ep case the color singlet model is successful, a
consistent description seems not to be feasible up to now in pp, however it was
indicated in [2] that the existence of a cloud of gluonic comovers could account
for most of the signatures in pp charmonium production. It would be of great
interest, whether such an effect could be observed analogously in semi-exclusive
7% production including all the possibilities of polarization.

(1] S. J. Brodsky, M. Diehl, P. Hoyer, S. Peigne. hep-ph/9812277.
2] P. Hoyer, S. Peigne (Nordita), Phys. Rev. D39:034011,1999.
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8. Sem. OXclusive 7z* Production

in PP collisions
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Higher-Order Contributions to Prompt Photon Production
L.C. Bland, Indiana University

One of the primary goals of the RHIC spin program is to determine the contribution
gluons make to the proton's spin. The dependence of photon production on the helicities of
colliding protons promises to be one of the most sensitive probes of the polarized gluon
distribution. The STAR spin program will focus on observing photons in coincidence with
‘away-side’ jets. thereby enabling an event-by-event reconstruction of the initial-state partonic
kinematics. This method enables the possiblity of directly extracting AG(x) from the measured
longitudinal spin asymmetry A;, (Fig. 1).

The assessment of the expected value for A;, is based on the PYTHIA 3.7 event
generator, extended to account for polarization observables. PYTHIA is widely used to predict
the expected experimental backgrounds to photon production associated with high-p, ©°(m%
production and is extensively used for designing experimental triggers. A reasonable question to
ask is how well does PYTHIA describe existing data? For high-p; hadron production. it is
straightforward to compare PYTHIA predictions to measurements made by the UA1 detector at
CERN (Fig. 2). Over the range of the measurements, PYTHIA. operated in its default mode,
gives a reasonable description of the data. The comparison for photon production is less
straightforward to make because of the complex conditions employed in most experiments to
extract the prompt photon yield from the prolific neutral meson production background.
Employing only the UA1 isolation condition, but not the other conditions used to analyze the
data, the PYTHIA ‘direct photon’ processes (including the gluon Compton process and ¢g
annihilation) significantly underpredicts the UAI inclusive photon data (Fig. 3a). The other
more complex cuts used by the UAT group. if applied to the PYTHIA predictions. would result
in even smaller values for the photon production cross section.

The question now is whether there are other mechanisms within PYTHIA that can
produce high-p, photons, and whether these mechanisms are constrained by experiment. The
answer to both questions is yes. The CDF group has recently compared their pp — y + 2 jet
data sample at Vs=1.8TeV to ‘bremsstrahlung’ photons arising within the initial and final-state
parton shower model in PYTHIA. The event generator adequately explains most of the CDF
data. We can now compare this yield to the UA1 data (Fig. 3b). With only the isolation cut, this
‘fragmentation’ photon yield overpredicts the UA1 data. Once again, the other, more complex,
cuts used by the UA1 group would result in smaller yields, suggesting that PYTHIA might be
able to fully explain the inclusive photon cross sections at Vs = 546 and 630 GeV.

With these two mechanisms for producing photons, we can predict the photon yield
expected at RHIC at Vs = 200 GeV (Fig. 4). From the PYTHIA simulation, the ‘direct photon’
processes are seen to dominate at this low energy. It is expected that the *fragmentation photon’
yield increases more rapidly with energy than does the ‘direct photon’ yield. Turning to the
polarization observables. in contrast to the ‘direct photon’ processes, processes resulting in
‘fragmentation photons’ are found to have A, =0 (Fig. 5). By combining the polarization
observables from all the subprocesses contributing to both the ‘direct’ and ‘fragmentation’
photon yields, the proton longitudinal spin asymmetry. A,;. is found to be only slightly reduced
relative to the ‘direct photon’ subprocesses alone (Fig. 5). This suggests that prompt photon
production can still serve as a quantitative measure of the gluon polarization within the proton.
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What are the contributions from higher-order processes?

From calculations (Gordon & Vogelsang). we should
expect important contributions to the photon vield
from higher-order processes.

PYTHIA includes only LO pQCD processes. Higher-order effects are modeled
via ‘parton showers'. The above process is contained within PYTHIA via
so-called ‘fragmentation photons’. Comparison betweenp + b — 7+ 2 jet
data and the PYTHIA ‘fragmentation’ photon vield has been made by

the CDF group atNs = 1.8 TeV (PRD 57, 67). Good agreement is found.

p+p—y+jet+X Ns=200GeV 75pb’ (PYTHIAS5.7)
(includes UAZ isolation condition)

Go1000 -

[

SRR
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=> a larger radius isolation cone is essential to reduce
the vield from ‘fragmentation photons’
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What is the influence of
‘fragmentation photons’ on
polarization observables?

Cuts applied to simulation:

10 <py 4 < 20 GeV/c UA2 isolation condition

-0.3 < Mt < 1.3 (for leading jet) max[ x_,x_]> 0.2, where
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RIKEN BNL Research Center

Workshop on Event Genreator for RHIC Spin Physics
Physics Department
March 15-19, 1999

AGENDA
Monday, March 15 (Room 2-160):
09:30-10:30 Introduction {Naohito Saito]
10:30-11:00 Coffee
11:00-12:00 Recent Progress in Theoretical Studies of Spin Physics [Andreas Schaefer]
13:30-14:30 New Processes and Parity Violating Spin Asymmetries [Jean-Marc Virey]
14:30-15:00 Coffee
15:00-16:00 kr Issues (TBC) [Mike Tannenbaum]
Tuesday. March 16 (Room 2-160):
09:15-09:45 Quarkonium Production [Toshi-Aki Shibata]
09:45-10:00 Coffee
10:00-11:00 Special Spin Discussion: Transversity and Interference Fragmentation Functions
{Robert Jaffe| (no proceedings package)
11:00-11:15 Coffee
11:15-12:15 Event Generators at Fixed Order in QCD: Jets and Isolated Photons [Stefano Frixione]

Wednesday. March 17 (Room 2-160):

09:30-10:30 Comparisons Between Sphinx, Pythia+Asymmetries and NLO QCD [Oliver Martin]
10:30--11:00 Coffee
11:00-12:00 Potential Problems with, and Alternatives to. Prompt Photon Production at Colliders

[Lionel Gordon]

Thursdav. March 18 (Room 2-160):

09:00-10:00 CTEQ Parton Distribution Functions [Wu-Ki Tung]
10:00-11:00 Special Spin Discussion: Spin Measurements with HERMES [Naomi Makins]
{(no proceedings package)
11:00-11:30 Coffee
11:30-12:30 Parametrization of Polarized Parton Distributions in the Nucleon [Masanori Hirai]

Friday, March 19 (Room 2-160):

09:30-10:30 Semi Exclusive pp Reactions {Martin Maulj
10:30-11:00 Coffee
11:00-12:00 Higher-Order Contribution to Direct Photon Yields {Les Bland]
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OSCAR II: Predictions for RHIC
Y. Pang/M. Gyulassy
July 8-16, 1999

Coulomb and Pion-Asymmetry Polarimetry and Hadronic
Spin Dependence at RHIC Energies

E. Leader

August 18, 1999

For information please contact:

Ms. Pamela Esposito

RIKEN BNL Research Center

Building 510A, Brookhaven National Laboratory
Upton, NY 11973, USA

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

EVENT GENERATOR FOR RHIC
SPIN PHYSICS

MARCH 15-19, 1999

@ % ;,qz $F 7 I
52

;')‘l'
35
Li Keran ] Copyright© CCASTA
Nuclei as heavy as bulls
Through collision
Generate new states of matter.

T D Lee
Speakers:
L. Bland S. Frixione L. Gordon
M. Hirai R. Jaffe N. Makins
O. Martin M. Maul A. Schaefer
T.-A. Shibata M. Tannenbaum W.-K. Tung

J.-M. Virey
Organizers: Naohito Saito and Andreas Schaefer



