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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997
at Brookhaven National Laboratory. It is funded by the "Rikagaku
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of
Japan. The Center is dedicated to the study of strong interactions, including
spin physics, lattice QCD, and RHIC physics through the nurturing of a new
generation of young physicists. '

During the first year, the Center had only a Theory Group. In the second
year, an Experimental Group was also established at the Center. At present,
there are four Fellows and eight Research Associates in these two groups.
During the third year, we started a new Tenure Track Strong Interaction
Theory RHIC Physics Fellow Program, with six positions in the first academic
year, 1999-2000. This program had increased to include ten theorists and one
experimentalist in academic year, 2001-2002. With five fellows having already
graduated, the program presently has eleven theorists and three
experimentalists. Of these eleven RHIC Physics Fellows, five have been
awarded/offered tenured positions, and this. will be their final year in the
program.

Beginning in 2001 a new RIKEN Spin Program (RSP) category was
implemented at RBRC. These appointments are joint positions of RBRC and
RIKEN and include the following positions in theory and experiment: RSP
Researchers, RSP Research Associates, and Young Researchers, who are
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research
Associates and Visiting Scientists also contribute to the physics program at the
Center. :

RBRC has an active workshop program on strong interaction physics
with each workshop focused on a specific physics problem. 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 proceedings,
which can therefore be available within a short time. To date there are xx
proceeding volumes available.

The construction of a 0.6 teraflops parallel processor, dedicated to lattice
QCD, begun at the Center on February 19, 1998, was completed on August 28,
1998. A 10 teraflops QCDOC computer in under development and expected to
be completed this year.

N. P. Samios, Director
April 1, 2004

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886.
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3 June 2004

Hello Spinners—

This set of RHIC Spin Collaboration meetings provided information
for the three spin speakers for the NSAC subcommittee (chaired by
Peter Barnes) review of RHIC. The charge of the committee, the
agenda, and then the three presentations follow.

The presentations were

RHIC Spin

Werner Vogelsang, Physics Overview

Matthias Grosse Perdekamp; Experimental issues/upgrades

Mei Bai, Machine Goals

Gerry and Akio



U.S. Department of Energy
and the
National Science Foundation

February 18, 2004

Professor Richard F. Casten

Chairman -

DOE/NSF Nuclear Science Advisory Committee
Wright Nuclear Structure Laboratory

Yale University '

New Haven, CT 06520

Dear Professor Casten:

The recent 2002 Long Range Plan (LRP) developed by the Nuclear Science
Advisory Committee (NSAC) provided a set of recommendations for exploiting
opportunities for research both within the United States and elsewhere. Further
guidance is requested from the NSAC by the Department of Energy (DOE) at this
time beyond these recommendations in the LRP in the area of heavy-ion nuclear
physics. Effective use of the Relativistic Heavy Ion Collider (RHIC) and
investments in new capabilities and initiatives at RHIC and elsewhere were
identified as the means to exploit the potential scientific opportunities of this
subprogram. The limitations on the implementation of this guidance, imposed by
projected funding, make it timely for an updated assessment of the scientific
priorities in this area, especially in light of new results obtained at RHIC. It is
important that the available resources are directed to optimize DOE efforts, in
coordination with the Nuclear Physics program at the National Science
Foundation (NSF), for a strong national research program in this scientific area in
the coming decade. :

The NSAC is asked to examine current and proposed U.S. efforts in heavy-ion
nuclear physics and identify what scientific opportunities should be pursued, in
the context of U.S. and international capabilities and available resources, to
ensure an optimized national research program. In your examination of these
facilities and research activities, please respond to the following questions:

‘What scientific opportunities should be addressed and what facility and
instrumentation capabilities should be used and developed, including those
supported by NSF and outside the United States, in order to maintain a
strong scientific program in the coming decade?

‘What opportunities can be pursued with funding at the FY 2005 Budget
Request level ($158.9 million) and an assumed constant level of effort into
the out years? What is the appropriate mix of facility operations, research,
computer support, investments in instrumentation and accelerator
capabilities, and detector and accelerator R&D that will be needed to
optimally exploit these opportunities?
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What are the priorities of the scientific opportunities that could be pursued
with additional funds beyond this constant level of effort?

Your perspective should primarily focus on the 5-year period FY 2006-2010. The
impacts and benefits of pursuing these prioritized activities, as well as the impact
of not being able to pursue an activity, should be clearly articulated. The resulting
plans should be consistent with a set of research milestones recently established
for the heavy-ion subprogram and validated by NSAC, unless it can be
demonstrated that new information would suggest that these milestones should be
amended. We request that an interim report be submitted by July 31, 2004, and a
written report responsive to this charge be provided by September 30, 2004.

Thank you very much in advance for your efforts in addi:essing this important

issue.
_ Sincerely,
%aymond L. Orbach Michael S. Turner
Director _ Assistant Director
Office of Science _ Directorate for Mathematical
and Physical Sciences
cc:

Bradley D. Keister, NSF



NSAC Sub-Committee Members

Committee Members

Chairperson: Peter Barnes

ex-officio: Richard Casten

Page 1 of 1

Last updated by Liz Mogaverg
Last modified 05/17/2004 12:46:19

Member Affliation E-mail
Los Alamos National
Peter Barnes Laboratory. pdbarnes@lanl.gov
Richard . . . .
Casten Yale University rick@riviera.physics.yale.edu
Bradley California Institute of
Filippone Technology brad@krl.caltech.edu
Carl Texas A & M Universi @comp.tamu.ed
Gagliardi exas niversity cggroup cémp. amu.edu
Thomas Michiean State Universi 1 h 1 4
Glasmacher ichigan State University | glasmacher@nscl. msu.edu
Iézlsls;gl(gn Lund Unjversity hans-ake.gustafsson@kosufy.lu.se
Ulrich Heinz | Ohio State University heinz@mps.ohio-state.edu
JBaa::r:I?r 2 Stony Brook University jacak@skipper.physics.sunysb.edu
Lawrence Berkeley National .
Peter Jacobs Laboratory pmjacobs@lbl.gov
Thomas Jefferson National .
Kees de Jager Accelerator Facility kees@jlab.org
John Jowett | CERN john.jowett@cern.ch
ﬁielfler Columbia University arb@phys.columbia.edu
Urs European Organizaton for .
Wiedemann | Nuclear Research urs.wiedemann@cern.ch

http://nsac2004.bnl.gov/members.

6/25/2004



NSAC Subcommittee on Heavy Ion Physics

Page 1 of 3

May 18, 2004

NSAC Subcommittee on Heavy Ion Physics

Agenda, Public Sessions
Large Seminar Room, BNL Physics Dept.

June 2 - 6, 2004

Please note: you will need Acrobat Reader 6.0 to read some of the PDF files.

8:30 AM Wednesday, June 2

I. Opening Remarks,
A. Welcome
B. Charge to NSAC and Subcommittee |
C. NSAC HI Review: Motivation and Process

IL. Physics Opportunities with Heavy Ion Reactions
A. Recent Progress at RHIC
9:15 Star Collaboration assessment
9:30 Phobos Collaboration assessment
9:50 PHENIX Collaboration assessment
10:05 Brahms Collaboration assessment

10:25 Coffee
B. Opportunities for the Future( part 1)
10:55 Evolution of Physics-goals
11:35 Evolution of Physics-goals
12:15 Next ten years of physics at RHIC
1:00 Lunch

2:00 The physics opportunity at the LHC

I11. Experimental Programs
A. RHIC
2:30 BNL Long-term plan for RHIC
3:15 RHIC Luminosity Upgrade
(Electron Cooler & EBIS Source)
4:00 Coffee
Unpolarized Collisions
a. STAR- Future Program
TOF Barrel Upgrade
Silicon MicroVertex Detector

4:30

5:15

5:45
6:15 END Wednesday
6:30 Reception

http://nsac2004.bnl.gov/Subc_Public. 5

Praveen Chaudhari

Dennis Kovar/Brad Keister
Peter D. Barnes

Raimond Snellings [15]

Wit Busza [10]

Yasuyuki Akiba [15]
Flemming Videbaek [10]

Miklos Gyulassy[20]
Jean Paul Blaizot [20]
Bill Zajc [25]

Bolek Wyslouch [15]

Sam Aronson [25]
Thomas Roser [25]

Tim Hallman[25]
Richard Majka[15]
Howard Wieman [15]

6/25/2004



NSAC Subcommittee on Heavy Ion Physics Page 2 of 3

: ‘May 18, 2004
8:30 AM Thursday, June 3
III.LA RHIC Experimental Programs
Unpolarized Collisions (cont.)
8:30 b. PHENIX- Future Program Axel Drees [25]
9:15 Silicon Vertex Tracker Craig Ogilvie [15]
9:40 Nose Cone Cal/W boson trig. Ken Barish [15]
10:05 ¢. Forward Physics at RHIC Les Bland [20]
10:40 Coffee
d. New Detectors
11:10 New General Purpose Detector Thomas Ullrich [20]
Opportunities for the Future( part 2)
11:45 Evolution of Physics-goals Dima Kharzeev [20]
12:25 Evolution of RHIC Physics Ed Shuryak [20]
1:05 Lunch |
2:00 Evolution of Physics-goals Berndt Mueller [20]
2:40 Lattice QCD for HI physics Frithjof Karsch [20]
GSI
3:20 HI Physics Opportunity at GSI Bengt Friman [20]
3:55 HI Physics and Experiments Peter Braun-Munzinger[20]
FAIR@GSI
4:30 coffee
RHIC SPIN K
4:50 Objectives for Spin Physics at RHIC Werner Vogelsang [20]
5:25 Experimental Issues/upgrades Matthias Perdekamp [20]
6:00 Machine Goals Mei Bai [15]
6:25 END Thursday
http://nsac2004.bnl.gov/Subc_Public 6 6/25/2004
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MAY 18, 2004

8:30 AM Friday, June 4
ELECTRON-ION COLLIDER
8:30 Overview-Electron Ton Collisions Raju Venugopalan [20]
9:05 Realization at e-RHIC Richard Milner[20]
9:40 Detector Issues for e-RHIC Abhay Deshpande [15]
10:05 Realization at e-LIC Rolf Ent [20]
10:40 Coffee
LHC
11:00 Physics Overview Keijo Kajantie [20]
11:35 ALICE ‘ Thomas Cormier [15]
12:05 ATLAS Helio Takai [15]
12:35 CMS Russell Betts [15]
1:05 Lunch
Ferinilab
2:00 Gluon physics at the Tevatron Mike Albrow[20]
IV. Physics — Computational Issues
2:35 Dynamic Modeling of RHIC collisions Steffen Bass [10]
2:55 Data processing requirements Bruce Gibbard [10]
3:15 Coffee
V. The HI physics community
3:45 The RHIC User Community Vicki Greene [10]
4:00 Comments and Discussion from the Floor [60]
V1. Long Range View
5:00 Theory Outlook : Larry McLerran][20]
5:30 BNL Outlook Tom Kirk [20]
Final Questions from the Subcommittee
6:15 END Friday
End of Public Sessions
Subcommittee Executive Sessions: _
Saturday, June 5 8:00 AM to 7:00 PM
Sunday, June 6 8:00 AM to 1:00 PM
http://nsac2004.bnl.gov/Subc_Public. 7 6/25/2004






Objectives for Spin Physics
at RHIC

Werner Vogelsang
RBRC & BNL Nuclear Theory

NSAC Review Meeting 06/03




Outline:
"« What have we learned so far?

_« What are the challenges in QCD spin physics
over the next ~10 years?

. What do we expect from RHIC,

and what is the impact of other activities
?
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Exploring the nucleon: at the forefront of QCD

low-energy
models:
vSB, confinement, ...




-'Main goal of QCD spin physics:

To understand the spin structure of
hadrons in terms of quarks and gluons |

. * The way to do it:
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Famous examples:

.

(P,S|§q+v"7°q|P,S) x axial charge quark spin

(P,S|gic"” v q|P,S) « tensor charge transversity
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What are the probes ?

Polarized DIS pp scattering

a powerful probe of quarks a powerful probe of gluons
(but sees gluons, too!) (but sees quarks, too!)



What have we learned so far ?

- the main lesson: The nucleon spin is quite subtle !

Quark Model

fo oA
o

gluons, q pairs, orbital, interactions, renormalization

1 o N
3 = (S0) * (S0) + (L) + (L) |

=~ 0.1
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- # Result of the hugely successful program of polarized DIS
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+ QCD scaling violations
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Hirai, Kumano, Saito

0.3

0.2

~-- AAC03
- GRSV
--- BB

= LSS xAF(x)

0.1

AY = Au+ Aii+ Ad+ Ad + As+ AS

1 [* |
(Sq) = = / dx AX(x)
| 2Jo |

gluon polarization ?

Ag(x) = (B

weak constraint from
scaling violations
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Challenges in QCD spin physics

a 'l'\g Q b pin piy RHIC

* What else carries the proton spin ? '
— How are gluons polarized ?

— How large are parton orbital ang. mom. ? ' “DVCS”
TP —VP

* What are the detailed patterns of
quark & antiquark polarizations ?
— Flavor asymmetries in sea ?

e Is there significant transversity in the nucleon ?

 What are the origins of large observed =
single-spin asymmetries ?
— Correlations between transverse spin and
parton k. ?

Complementary information : HERMES, COMPASS, Jlab, eRHIC
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Challenges in QCD spin physics

« What else carries the proton spin ?

— How are gluons polarized ?

— How large are parton orbital ang. mom. ?

« What are the detailed patterns of
quark & antiquark polarizations ?
— Flavor symmetry breakings in sea ?

e [s there significant transversity in the nucleon ?

* What are the origins of large observed
single-spin asymmetries 7 |
— Correlations between transverse spin and
parton k. ? |
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Gluon polarization

. a key contributor to the proton spin ?
1

Q) in QCD

1
(Sg) = | dxAg(xQ?) x

« some model predictions (Q = 0.5 GeV):

‘f”‘i:_;‘.@ «&
i

. % . . g e

g U L NPT .

Sy, Y e P 4°§ i % oS A B Ok 4% ORTR E; CRERES D

S I L8 RS Ll e bRED, BBl FRREREREDL
Pl : B K
o

arra

S.) = +0.8 (Bho et al.. chiral bag)

o,

¢ e e
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» gluons subdominant in inclusive DIS

+ Q evolution — need large lever arm

* single out “photon-gluon fusion”
~g —¢c€, ~vg— hTh™X  [very difficult theory !]

o gluons are “leaders” at hadron colliders ...
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| pQCD: +NLO

pp— jetX, pp— nX, pp— vX, pp— QQ X
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Data/Theory

10

& WATO0 ¥s=23.0 GeV
% NA24 Vs=23.8 GeV
s UA6 Vs=24.3 GeV
s E706 \5231 6 GeV
o ETO6V 5:38 8 GeV

- R806 V5=30.6 GeV

- R806 Vs=44.8 GeV

0 .
n production
by proton beams

£
i

[ NLO Theory
- U=pg /2
- CTEQ4M parton dlstnbunons
| Stat and sys uncertainties combined
0.2 0.3 0.4 05 0.6

KT—%
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Near-term example: spin asymmetry for jet production

2

on €8
.....

n rrer G SR
e e 0, i, .

s T\ £ T e o e
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0.1

-1

0001 001

Y

008 IN\Q
0.06

0.04

Ag=0 input
|

.
00 @

0
Jager,Stratmann, WV

Ag=-g input t N
] l 3 1 1 1 | 1 1 1 ]
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Mid / long-term at RHIC: “rare prﬂbes”

 gluon polarization from pp =YX L=100/pb
| Frixione, WV
0.8 [T T T T T T

left: Eqy=200 GeV | Re=04, In,|<0.35

[ right: Eg=500 GeV »
: solid: GRSV STD

, ) 4+ dashed: GRSV MAXp
0.2 -1 dotted: G8—C i

10 <0 30 40 60 <0 30 40 50
Pty (GEV) PT’y (GBV)



"o . . ] . . % * efw
» main information is at x; ~ 2pyp/v/s

typically, 0.025<x,<0.3 @ Vs=200GeV
0.01<x,< 01 @ +s=500GeV
~* to get integral, may need to expand this:

* forward pp scattering

* scaling violations at small-x at eRHIC
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Challenges in QCD spin physics

« What else carries the proton spin ?
— How are gluons polarized ?
— How large are parton orbital ang. mom. ?

« What are the detailed patterns of
quark & antiquark polarizations ?

— Flavor asymmetries in sea ?

* Is there significant transversity in the nucleon ?

* What are the origins of large observed
single-spin asymmetries ?
— Correlations between transverse spin and
parton k. 7
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Detailed information on (anti)quarks

0.4 | —— ———— :
' CTEQ6M
L Q=5GeV

ol
|
]

Qul
+
]

0.3

0.2

0.1

0.0

~0.1 i i
0.01 0.02 0.05 0.10 0.20

ol
AV
-

- Polarized case: Al — A

most models predict A >0 Ad <0
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« remarkably, there is a very powerful way at RHIC:

oL — O_ |
AL — L parity violating
T 4 + o_
unpol. — )
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« complementary to semi-inclusive DIS :

o
s
s et g
A O
@ 5
N < f
\_W_&
s
e \: B
R
s
,__\%‘

HERMES, COMPASS, JLab —> eRHIC

~« probe properties of nucleon on very different scales !



Challenges in QCD spin physics

» What else carries the proton spin ?
— How are gluons polarized ?

— How large are parton orbital ang. mom. ?

* What are the detailed patterns of
“quark & antiquark polarizations ?

— Flavor symmetry breakings in sea ?

* Is there significant transversity in the nucleon ?

« What are the origins of large observed
single-spin asymmetries ?
— Correlations between transverse spin and
parton k. ? |
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Transversity

Q- @

e the unknown “leading-twist” distribution functions
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* the physics involved:

 relativistic / dynamical effects

* “odd chirality” — helicity-flip, ¥SB

* no mixing with gluons

* tensor charge (relevant for EDM)

(Plqioc"™+°q|P) = /ﬁiIL

40

+

dx [ 5q(x) — dd(x)]



e Opportunities for measurement ?

% not in inclusive DIS:

“Collins effect”

e N
o F

* opens numerous possibilities in é:p,r & ppT scattering



Challenges in QCD spin physics

e What else carries the proton spin ?
— How are gluons polarized ?

— How large are parton orbital ang. mom. ?

« What are the detailed patterns of
quark & antiquark polarizations ?

— Flavor symmetry breakings in sea ?

e [s there significant transversity in the nucleon ?

| * What are the origins of large observed
single-spin asymmetries ?

— Correlations between transverse spin and
parton ky ?
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‘ /' T —%
e
,/'I M\ﬁw iy
A L—-R
N = -
L+ R

(Assuming A$"'=0.013)

o
>

o
N

AN
n
(=]

STAR

e 1°mesons
O Total energy
—  Collins

Sivers

--— |nitial state twist-3
- — Final state twist-3

pp= 101113 15 1.8 21 24 GeV/ic

02 04

|
0.6

0.8
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* not really understood so far
% simple collinear hard scattering: no asymmetry

* transversity & Collins effect are probably involved
* multi-parton correlations ?

% exciting possibility: Sivers

knows about parton orbital angular momentum
[connection to “generalized parton distributions” of DVCS 7]

* many exciting theory issues: factorization, universality, ...
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¢ Excellent opportunities for direct measurement:

lepton-nucleon: ¢p' — ek proton-proton:

Sivers < sin(® — Pg)
- Collins «» sin(® + Pg)

+ Drell-Yan, ...



Conclusions

Over the next ~10 years, RHIC will
provide new and groundbreaking
information on most open questions

o
[y

e important interplay with:

* complementary information from lepton scattering
fixed-target HERMES, COMPASS, Jlab — eRHIC

* etforts to understand nucleon spin structure
from QCD: lattice, models, ... |
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RHIC SPIN: Experlmental Issues

Matthias Grosse Perdekamp, UIUC and RBRC

o Physics Goals

0 The Experimental Method:
Polarized Proton Collisions

o First Résults. from STAR and PHENIX
o Future Runs
o Upgrades |

0 Summary

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004
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Spin Physics at RHIC

o Spin Structure of the Nucleon 2}

=> Helicity Structure

=» Transverse Spin Structure :
> This talk!

o Spin Dependent Effects in Fragmentation

=» Study Collins and Interference Fragmentation y
= Lambda Fragmentation

0 Spin Dependence in Fundamental Interaction

=» Search for Parity Violating Interaction

o Spin Dependence in pp Elastic Scattering

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 31 2004
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Spin Structure of the Proton

[HERMES I GeVpol e, =~ pol O (LT] DIS

| COMPASS L6G Gevf ;;mL @ pok GO {L/T) DI, quasireal Photons

JLAR Hall a6 Gev gmi gl Ha Wi {high =)

Hall B CLAS Gl pal, & g, H. I Resonance ragion

Hall © R5& § G\ pal. pd. M3 Hesonance region

SAMPLE Bates 200 MeW pol. & wnped, H K Elastic

WAk AL 855 MeV pol, ¢ sl H.L Elsagiz

JLAR GO i Gev pal. o~ urpnl W, Elastic

Jlab HAPPEX 6§ eV pol. o~ wrpgt. M Elastic

" &g@%é ol -
””””””””” STAR 300 GeV pol. p Jetprodvction, divest Phatons.,.
Helicity average distribution PHENIX 200 GeV pol. Jetproduction, direct Phetons,

quarks q(x) - well known BELLE 8deVe 35 GeV e Fragmentation.
gluons G(x) : moderately well known

| Helicity difference distribution |
- quarks Ag(x) : moderately well known | |
| gluons AG(x) : unknown

T TR

Helicity flip (fransversity) distribution
quark& 6q(x) unknown

R R U

R RTIIN

E“"‘leid started with po!anzed source
and targets about 1975 Yale/SLAC collaboration |

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3¢ 2004
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Proton Spin Structure at Hard Scales

RHIC Spin
Gluon polarization Inclusive jets, hadrons or
| Photons efc. in STAR and
AG(x) PHENIX

G(x)

Flavor sepa_rati?n of Single lepton asymmetries
quark polarizations A, (e,i) in W-production in
Ax)/  AG(x) STAR and PHENIX

q(x)’ q(x)

Transverse spin struc- A; in Collins- and Interfe-

ture of the Nucleon rence-fragmentation and
&%) Ay in STAR, PHENIX and
A(x) Ay in BRAHMS

Elsewhere

Open charm and/or high p;
hadron pairs at HERMES,
SMC, COMPASS (Future:
E160, NA59 follow-up, eRHIC,
TESLA-N)

Double spin asymmetries

- in semi-inclusive hadron

production at HERMES and
COMPASS

Transverse single spin asym-
metries in semi-inclusive deep-
Inelastic scattering at HERMES,
COMPASS, Jefferson Laboratory

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues _ BNL, June 31 2004
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Gluon Polarization at Low Luminosity:
Inclusive Jets and Hadrons: (1pb~1<ILdt<§£pb*1, 0.4<P<0.6) |

A, ininclusive jet production (STAR)

Jager, Stratmann, Vogelsang hep-ph/0404057

A, ininclusive 110 production (PHENIX)

Vogelsang hep-ph/0405069

0.l T T T T T T T T T 1 T T al T T T B T T T
- A, (Jels X 0 Input:
0% F LL( ) Input: 1 s ALL,(TT) Angl(;): G0 1
" [Ldt=3pb? AGI=6E9 3 ™ L {1 dt=3pb ‘ :
s F penog - [ i
w - P=0.4 GrRSV: 1 wwg | P=0.4 -
g standard - i )
R i AG(x)
- GRSV:
a b T 1 ™™ F standard |
B : AG(x)_=0 - AG(x) "
N it ] oo | AG(x)y .
- x\\ /",,-—-— e AG(x)=0 .
ana | - AG(x)=-G(x) B -ﬁ*i:-{_il__— =
) _ . l 1 A ' L ] X L i 1 1 | 1 i 1 1 ] 1 ;:-N\I-H‘ 1
Iy 1 i k) 5 10 15
GRSV standard AG(x) pr[GeVic] p+[GeV/c]

= Gluon distribution from NLO pQCD fit to DIS data on Ay, Gluck
Reya, Stratmann, Vogelsang Phys. Rev. D63:094005, 2001

NSAC Subcommittee on RHI

RHIC Spin: Experimental Issues

Expected in run 05: [Ldt =5pb' P =0.5
All required instrumentation in STAR
and PHENIX is in place!
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Gluon Polarization at Moderate Luminosity:
Charm Production: (fiat> st P-0.6

from Wei Xie, PHENIX

A, for single electrons in PHENIX

A€ s o
A - s i :
LL T —t
Do % ¥ Silicon Vertex Detector
B | o o Upgrade!
| [ ILdt-32pb 1 :
% g1l - [Lot=320ph7
< T o GS-A/BIC:
N AG(xy) parametrization
015 from Gehrmann and"
- o Stirling Phys.Rev. D53
- Afer MYD cut . | 6100-6109,1996
_&21-l 1 I. 1 ‘ L. .1 I T . . | l . l- | S A | l L. 1.1 l | S . | l Ll L1 | 1 1 L jGA(X)dX 1 8

- ' JGg(x)dx =1.6/
1.5 2 BA 2 35 | 1.5 5 B
| | _electron Pt(Gev)| [Gctidx=02

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 34 2004
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Reconstricted xAGlx)

Sensitivity to Gluon Polarization at RHIC

=
oo

=
.

L

Vs =200GeV, [Ldt=320pb’

from Les Bland, STAR

PHENIX and STAR are sensitive to AG )

o
% % . _ mﬁspm
prpoytjert X, £=07 {JE=500GeV, [Ldt =800 pb 24
; . — 0.8 : ’ ,
B ! i w2 042 oall | #E=232 GS-A/BIC:
i G5-AT1 [ n=lexkoa2| T |0 =0212007 i
_ _‘*:-x _ | & =0.58+031] H g =1.524078 - fAG(xgc)i p:rametriza(t;on
= S04, - rom Gehrmann an
B + ¥ 1941 0=2. 820511021 lp=—311£0.05 7 stirling Phys.Rev. D53
N 1 T *x 7 i - 6100-6109,1996
] =124l 1 [ o 1 0o m__ ~
1| n=1.81+0.24 - 0 re \%‘- v ¥ }gAExggx=1.g
a =08 £0] 5 ~ . = 1Gg(x)dx =1.
[ p=2g2t0H] | 7 1, GS'B L 7 -02+ GS C | 1 1Gc(x)dx =0.2
Q.01 0.1 Q.01 0.1 0(11 0.1
Xgiuon >

through several independent channels:

Inclusive photons, inclusive jets, jet-
photon, J/y production, heavy flavor
production

..)

Good control of experimehtal

and theoretical uncertainties!

NSAC Subcommittee on RHI

RHIC Spin: Experimental Issues

BNL, June 31 2004
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Sensitivity to Gluon Polarization at RHIC

from F-H Helnsms DIS 2004 o

¢+ STAR at RHIC {1 + jet, 320 pb™ P=70%)
0.6 ff ,,,,, ¥ 5%2’.’,?;!* &l&d&@*iiﬂw

- & GRIC gtz hinhin
0.4 - o
- I
P

£§ 1 Q@HF&%% ﬁmmaa? {agﬁm f:ﬁgrmt -
£§ & COMPASS prajection 02.04: open charm
~108 | - ® COMPASS projection 02-04: high p,

| HERMES Phys.
. Rev.lelt84:2084- |
e, 2588,2000 §

. SMC, B. Adevaetal,

(1) RHIC data at hard scale < pQCD
applicable for the extraction of
polarized pdfs.

(I RHIC spans a broad range of x

gluon

=» Determine first moment JAG(x)dx =
gluon contribution to the proton spin!

e (”') Assumes data sample of 320pb! at

\s=200 GeV and 800pb! at Vs=500
GeV; P=0.7. (This is baseline spin!)

(IV) Upgrades extending kinematic

 hep-exf0402010 coverage to low x decrease error on
6 o n L JAG(x)dx (low x behavior has been
T » R critical in proton spin structure in the past:
10 10 SLAC E80/E130 vs EMC = spin ctisis)
Kg
NSAC Subcommittee on RHI BNL, June 31 2004
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_ NSAC Subcommittee on RHI

W Production in Polarized PP

Collisions

Single Spin Asyrhmetry in the naive Quark Parton Model

wr Au(xl ’

My)

u(x,,

Tuchusive i Frodpction, R0 OGeV e

SFVTTETER AL L ERA N L

. Ekl ‘3;
- 4 dommates for E
a ¥ ;;L:‘ M 7 boses %

]JT>2OG6V C pE b e

i.‘ Hoaviowmn "3}

......

l._fzs

Bventsi(1 {}tz"iffc}

£k iz ﬁm‘ 21

AT NIRRT IR ) I R

kgt

i X s

g

SRS FYVRR FURYS EYOYS RTY: F YT LTI TATR r%
a 't 18 ts %9 8% w0 A5 x:s 5

ﬂt_gﬁse’% il

M)

, X, > X,

Parity violation of the weak
interaction in combination with
control over the proton spin
orientation gives access to the
flavor spin structure in the proton!

Experimental Requirements:

=> tracking at high p+

=»event selection for muons
difficult due to hadron decays
and beam backgrounds.

RHIC Spin: Experimental Issues

BNL, June 34 2004
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Can We Connect Observables: inclusive
A, (lepton) with quark polarizations?

> Access to quark polarizations throu Af ( p” )
T
measurements of inclusive longitudin ().

single spin asymmetry?

- Yes! Complete theoretical treatm Q.

Yuan at NLO pQCD (Nucl. Phys.B 0.4

0.

from first principles by Nadolsky -

666(2003) 31).

» Machine and detector requirements:
~ [Lcdt=800pb-1, P=0.7 at Vs=500 GeV
- Upgrades: o Muon trigger in PHENIX

" o Forward tracking in
STAR

8
&

2

O

1.2<y,< 2.4

—— G5-4
v R &5&'8
T GREV-EONT valence

APp— (W —=1v,)X
v s =500 GeV, L = 800 pb’"

0 20 40 60
pTu[G V]

LBLINLI 5 LI LN LB BLRLELE LA

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004
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from Naohito Saijto, PHENIX

Quark Polarization: RHIC vs HERMES

1.0

: | RIIC pp Vs = 500 GeV
— W-production at RHIC Lt = 500 pb !
« No fragmentation ambiguity $ A (W)

« x-range limited SEoA (W)

Al

L]
U

— Semi-inclusive DIS |
e Wide x-range 0 .-~

 Limited sensitivity to sea
flavors

* Fragmentation functions
poorly known at low scales T4
(HERMES) 0= My

—mmmm GSOSLOAY

- BS(Ag=0)

3,
™,

| HHERMES Semi lnclisive

(L3 PO e AN Dara by Surgn 2000)

ke 1!
X

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004
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Transverse Spin at RHIC

| (A) Physics Channels for Low Luminosity

() Measure Ay :

STAR Phys. Rev. Lett. 92:171801, 2004

=
FY

(Assiiming Ai’“ﬁ&.ﬂ“ﬁ 3
)

[Ldt=1-10pb™ /5 =200 GeV

Ay(pp, > h+ X)

—
¥ 7 mesong
& Tababeregy

e CalHEAR

=1 Slvars

e initiR] sfate wist-3 |
~ - Finf shake bwigde3d L

puns

"

% e
‘g R Sl
R |
e T 1 3 AE B 21 34 Geds
B R T e D e R g e A e
#* .2 4 &6

Separation of intrinsic transverse
quark spin (fransversity) from trans-

yerse momentum effects (Sivers)?

(1) Boer and Vogelsang (hep-ph/0312320):
azimuthal back to back correlation
between hadrons in opposite hemisphere
jets:

Clean channel for Sivers effect!

NSAC Subcommittee on RHI

RHIC Spin: Experimental Issues BNL, June 3 2004
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‘Transverse Spin at RHIC

(B) Physics Channels for high L

Transverse Spin Physics Elsewhere

HERMES, COMPASS and Jefferson Lab

[Ldt=30-100pb™ /s =200 GeV

(] Collins Effect in Jets:
A (pp, > 7w+ Jet + X)

J.C. Collins, Nucl. Phys. B396, 161(1993)

o z*, 7" Interference Fragmentation:
4(p.p—> (", 77)+ X)

J. Coallins, S. Heppelmann, G. Ladinsky,
Nucl.Phys. B420 (1994)565

R. Jaffe, X.Jin, J. Tang Phys. Rev. D57 (1999)5920

; ' Statlstlcal sensitivity for AT with 32pb1

S
R o —

[y ke BT

Separate transverse quark spin (transversity) and
transverse momentum contributions (Sivers) in semi-
inclusive deep Inelastic scattering: :

o low scale leads to significant theoretical ambiguities

o Final data set from HERMES available in mid 2005

Brahms A measurements from 2004
and 2005 polarized proton runs!

- Brief PHENIX and STAR runs on A, and back-to-back
correlations as | Ldt/week>1pb- 1/week (20067?)

- Brief PHENIX and STAR runs on A;
as | Ldt/week>10pb-1/week

Spin Rotators:
Give flexibility!

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3@ 2004
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The successful Development of a novel Expenmental Method

Polanzed Proton Colllsmns'

Siberian Snakes

source: Thomas Roser, BNL

Absolute Polarimeter (H jet)

RHIC pC Polarimeters

. BRAHMS & PP2PP

‘Siberian Snakes

[ 200 MeV Polarimeter | BOOSTER\,

Helical Partial
Snake

Run 04 achieved:

J_ 30 241
=200GeV, L veak™ 6x10 cm s

P.~45% , 55 bunches
New working point with long beam
and polarization lifetimes

Time to tune accelerator complex

Liarrm i

| AGS Internal Polarimeter|

Measure: A (jets), A (T10)

AGS pC Polarimeter

Commission strong supercon-

ducting AGS shake (see M. Bai's
talk)

NSAC Subcommittee on RHI

RHIC Spin: Experimental Issues

BNL, June 34 2004



LS

An Example: High Energy Proton _
Polarimeters for p=20-250 GeV/c

High Energy Polarimeter Requirement for RHIC Spin
U Absolute RHIC polarimeter

O Fast relative RHIC and AGS polarimeters for monitoring and tuning

[ Local Polarimeters to confirm spin orientation at collision point

RHIC polarimetery relies on newly observed spin asymmetries:

o Sizeable elastic proton-Carbon spin asymmetries at high energies
- J. Tojo et al. Phys. Rev. Lett. 89:052302, 2002
o Very forward neutron asymmetries
> A. Bazilevsky et al. AIP Conf. Proc. 675: 584-588, 2003
o Spin asymmetries in forward multiplicity production as seen by
beam-beam counters in STAR

> J. Kiryluk, AIP Conf. Proc. 675, 424 (2003)

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004
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Run 04 The Polanzed Jet Target for RHIC

Courtesy Sandro Bravar, STAR
and Yousef Makdisi, CAD

Polarized Hydrogen Gas Jet Target
thickness of > 10!2 p/cm?
polarization > 93% (+1 —2)%!

no depolarization from béam wake fields

Silicon recoil spectrometer to measure

* The left-right asymmetry Ay in pp elastic
scattering in the CNI region to AAy < 1073
accuracy.

e Transfer this to the beam polarization

> Calibrate the p-Carbon polarimeters

» In 2004 we expect to measure Py to 10%

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3¢ 2004
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Number of elastic pp events

g

-~ Jet profile i
FWHM ~ 6 mm .

As designed

S B @ B
= £ 8 3
RRAE KRN AR TR,

A
o5 ]
a8

; ik, ~§)vi.fs-; i?i..;.i it v' A T D I R A
£ 100D 20000 30D0Q 4DGDQ 50000 S0O0G FOOOD HOGOD

Hor. pos. of Jet 10000 cts. = 2.5 mm

Data collected so far in this run:

TDC:1ct=1.21ns

" EHNLZ Fanans | Recoil protons
w . 0 T T elastic pp —pp

, o ; g ’
ERH e T e crbos e s« ik o o i me v
‘ ;
¥ £
; t
352

asb

qar

4 4 ¥ . G i % G
. [y 2 [N " . L M e el
pol : : 1 i £ =
SEA S 0 I KV R S EPT F R I S .
T ke e 4 1
H € * 13

5 i i « i O
o ‘}'ﬂ 2“ ﬂﬂv &%

CNIpeak A, ADC:let= 4 kev
1 < E rpe <2 MeV

prompt events o source -

and beam gas Calibration;z

'.‘!z¢lv>§.1.1if'l‘!“:v‘.
E IR T I - I | T

* 100 GeV ~ 700,000 events at the peak of the analyzing
power (~ 3 x 10° total useful pp elastic events)

* 24 GeV ~ 120,000 events at the peak of the analyzing
power (~ 5 x 10° total useful pp elastic events)

NSAC Subcommittee on RHI

RH‘IC Spin: Experimental Issues

BNL, June 3 2004



The RHIC Spin Collaboration

Forum to Coordinate Spin Issues for RHIC accelerator
and Experiments: Develop overall Spin Plan

Participating groups:

o _ Two groups bring significant additional
= RHIC-accelerator-spin group (to DOE) funding for RHIC physics
' RHIC Experimental Collaborations:| (HI + spin):

STAR, PHENIX, BRAHMS, pp2pp o IUCF NSF grant for STAR endcap
- Spokesman: Gerry Bunce EM-calorimeter: ~$6M

o RIKEN support for PHENIX (eg. fun-
ding for one muon spectrometer),
RHIC + AGS snakes and RBRC:

~ $70 M from 95-04.

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues ~ BNL, June 3 2004
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First Results: T1° Cross sections

‘Run 02, jLdt ~ 0.2pb"! -

PHENIX 10 cross section a |n|<0.35 STAR 10 cross section a 3.4<n<4.0

Phys.Rev.Lett.91:241803,2003 Phys.Rev.Lett.92:171801,2004

O - i} X R Dats 34240
B 2 _ _
= 1 3 \ __ ® = mesons 038 |
E “ T 15« U ST ¥ 3 % - 2 " i”& wk
a i PERREL it ?-g i “&,, - Kretzer EF, {12385 ¢
B e B AP ALY . BT A :
E , < .
o A
fﬂ w ik

.

- 1¢ .

& : % .

LA B EAS AT AE 21 \ge\save

E} roioda doa s 1 PR SR I i i g PR TR Y P Y
5 25 30 35 40 45 50 5% 60 €5

E._{GeV)

0 Good agreement between NLO pQCD
calculations and experiment

-> can use a NLO pQCD analysis to extract
spin dependent pdfs from RHIC data!

(It BCE D

o (EeVic)

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues - BNL, June 31 2004
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First Results: Ay,

PHENIX A(1%) and Ay(TT0) at |n|<0.35
C. Aidala, DIS 2004, to be published

T

015" Polarizstion sealing arror ~30% not inciuded

PHENIX Preliminary

3
Ty
g =

fcdeioctbodiotad sb et b ttoti o b cinind

D I ¥ S SN B B S R £

o, {GeVic)

Run 02, JLdt ~ 0.2pb™!, P~0.15

STAR A (1% at 3.4<n<4.0
Phys.Rev.Lett.92:171801,2004

* 1 mesons
Q  Total energy

P .
F )

- ollins
ree Givers o
e initial state twist-3 >
- = Final stabe fwist-3

uming Af‘*"‘;g,m &)

02 1
g g L - e ;
'5.‘! . L . oA . , o “ 3
< S

.0 I DU

8 21 24 BeVa

P S 18 L L34S

o B2 B4 0.6 “Ta
X

4.2

o First spin results from RHIC
- A, sizeable in forward X
= Ay, compatible with 0 at n~0

(as expected from pQCD)

o Experiments are ready for spin
measurements at low luminosity
- relative luminosity ~ 5x104
- trigger
-> polarization analysis
-> data analysis

NSAC Subcommittee on RHI

RHIC Spin: Experimental Issues BNL, June 34 2004
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First Results: A,_,_

PHENIX A, (11°) at |n]<0.35, hep-ex/0404027
plot from Vogelsang hep-ph/0405069

(3035

Standard
GRSY AG(x)

sttt E

fﬁfﬂ'_ ' AG(x)=0

Input: _

Run 03, fLdt ~ 0.2pb™!, P~0.25

- First results on longitudinal double

spin asymmetries from RHIC

->consistent with DIS sample

—>result disfavors large AG

>eg JLdt = 3pb-! and P-0.4 (2005)
errors will reduce by factor 8

- I | AG(X)=-G(x) Experiments are ready for spin
i { | ] measurements at low to moderate
I L _ lummosmes'
105 - e | -
. PHENLY - - relative Ium|n05|ty ~5x10-4
i _ o ] -> trigger
i 65% scale uncertainty from polarization | - polarization analysis
o ! ' l e ‘[f& E— - data analysis
14 " T U a 138 D
Py fGeV]
NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 31 2004
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Future Operations for Polarized Protons

Highest Priority for Polarized Protons: Long polarized proton runs for
optimization of the accelerator complex for polarized protons

Use 32 week scenario from the 20 year planning

study for RHIC at BNL, December 31st, 2003:
(http://iwww.bnl.gov/henp/docs/20year_BNL71881.pdf)

“A very modest 3% ($4M) increment in the constant-effort annual RHIC funding will
increase the running to 32 weeks per year and, most importantly, result in as much
as a 30% gain in physics data taking time and, in 6 some scenarios, nearly double
the nef physics output over a four-year sequence of runs. In fact, we concluded and
indicate in this report, that 27 weeks per year is sub-critical for the type of running
required for the RHIC program and 32 weeks is really the proper threshold level for
a healthy program in both heavy ion and spin physics at RHIC.

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004
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" Possible Schedule for Future Runs

example: STAR 32 week scenario = all schedules subject to further advances
in RHIC operations! -

L= 6x103°cm2s! - 8x10%'cm2s1

P=0.45 0.5 0.7 et
VS oo 200 GEV eveeeeerer e

2009 ....

2004 2005 2006 2007 2008

pp 5+1  5+10 5+11 0 5+9 2 156pb-"

Transverse Physics = ———— >

Ay, (hadrons, Jets) Ay (charm) R direct photons m—— ——————-

1%} T — T N .
Lo oadzt 1 ET— 3 . b
i b A’-l» Avp K 3 o n{. s % ‘ o Bott(}m phySICS
F [ -3:ph ] . .« L l’ i ) y, 7, - .
ass F N -4 . 5 i ' - P W-phySlCS ﬁ
ang - e ARk f,,,,.,,.;%,\ - : : S T
0 - Y 3oy \ I T ‘
3 ‘5#-[.‘ ‘.e’ o ;
e : e i
3 — Ca
age |o# ' S A T . - ; bbbt i 7 : ; A
i TR G Au L A
i " ﬁ;tmc\,] m (o e et . BES ""’é«» ‘ S i £k : el
A . V=
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Impact of Upgrades on RHIC Spin

)  Upgrades required for core spin program
flavor separation of spin dependent quark distribution
in W-production
STAR: integrated forward tracking
PHENIX: muon trigger

[I) Upgrades aimed at a pfecision measurement of
the first moment JAG(x)dx = constrain orbital angular mometum?

STAR: micro vertex detector

PHENIX: Silicon Vertex Detector, nose cone calorimeter

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 34 2004
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Measuring the First Moment of AG(x)

cc—oeX

— better S/N at low p; XAG(x) - —
+ pr=2-4GeVic > 1-4GeVic 12 ——rrm—— —
e x=0.05-0.1 —» 0.01-0.1 1 LGs9s xAG(x4GeV) NLO -
bb—e/+displaced- oz L & — _
vertex 061 (O ..... 1L tpho"c'mn
— larger statistics I - S
‘comparing with ep ool
coincidence channel 0 = '
* x=0.04-0.15 —» 0.02-0.3 Juaee T
-0.2 Ll il Lol L
cc—DX, B-Jly 0.001 0.01 0.1 1
' . X
photon+jet

NSAC Subcommittee on RHI | RHIC Spin: Experimental Issues BNL, June 34 2004
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Summary: Polarized Proton Collisions

o A new experimental method has been successfully developed
and we are beginning to exploit a truly novel experimental tool
on proton spin structure.

o Fixed target DIS experiments are carried out at comparably soft
scales and are subject to diverse theoretical uncertainties. Leader-
ship in the field will shift from DIS experiments to RHIC spin.

o Focus on sufﬁciént operation time for polarized protons to optimize
accelerator performance early = maximum physics output.

o Integrated forward tracking (STAR) and muon trigger upgrades
(PHENIX) are necessary for W-physics.

o Measurement of gluon spin (first moment) contribution to the proton spin
requires larger kinematic range - eg. silicon vertex detector in PHENIX

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues : BNL, June 3 2004
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Comments on Charge and Questions

Questions communicated by Carl Gagliardi

'1) How does the anticipated time-line for the spin program mesh with

those of the competition?

From 2005 double spin asymmetries in inclusive jet and hadron production
will compete successfully in accessing gluon polarization. In general the

DIS experiments are in a difficult situation due to (a) theoretical uncertainties
at low scales (b) limited statistical precision (c) limited kinematic coverage.
In transverse spin physics early A, measurements at Brahms play an
Important role and will be complementary to information from SIDIS.

2) How do the planned/required PHENIX and STAR detector upgrades
impact the spin program?

Two upgrades: integrated forward tracking in STAR and the muon trigger upgrade
are needed for the core spin program (W-physics).

Upgrades which add channels (heavy flavor) and in particular increase the
kinematic coverage will make it possible to measure the first moment of
the gluon polarization with increasing precision. This will be important in

Discussing the spin sum rule for the proton (-> orbital angular momentum
Contribution?) ‘

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues

BNL, June 3 2004
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Comments on Charge and Questions

Questio'ns communicated by Carl Gagliardi

3) How do PHENIX and STAR plan to trade off between longitudinal and
transverse spin running over the next several years in order to maximize
the physics output?

This depends on the luminosity profile. Separate rotators at STAR and PHENIX give
the possibility to re-act flexible and on short time scale. An example is given in the
Talk: measure Ay whenever the weekly integrated luminosity is high enough to

carry this measurement out quickly!

4) What is the minimum amount of beam time required by the RHIC Spin
program over the coming years in order for it to meet its primary

goals? What additional physics impact would be achieved with 25% more beam
time? :

We endorse the position in the 20 year plan that 32 weeks are best suited for
the parallel advance of the heavy ion and spin physics program at RHIC. 25% more
beam in the near future is likely to accelerate the learning curve and lead to high

Integrated luminosity sooner (similar to the order of magnitude breakthrough in
HI running in the 2004 run).

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 34 2004
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Comments on Charge and Questions

Charge from Peter Barnes
a. What has been accomplished so far in the RHIC spin program
1) Design, construction, installation and commissioning
- of all accelerator spin related hardware but the strong
superconducting helical snake in the AGS (expected 2005).
2) Development of high energy proton polarimeters for RHIC
and the AGS: relative CNI polarimeters, absolute hydrogen
gas jet.
3) Precision control of the betatron tune of the machine and
a working point with long beam and polarization life time.
4) Experimental verification (pi0 cross sections) that pQCD at
RHIC energies provides a solid framework WhICh can be used
for extracting spin pdfs.

9) First spin asymmetry measurements. Development of required
analysis techniques.

b. Physics goals over the next 10 years:
a) determine the gluon polarization over a broad kinematic range
b) study the spin flavor structure of the sea in the proton (W-production)

¢) Study and characterize novel transverse effects found in SIDIS (transversity vs Sivers)
d) Precision measurement of the first moment of the gluon polarization.

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3 2004



cL

Comments on Charge and Questions

Charge frc‘)vm Peter Barnﬂe»s
c. What specific machine and detector capabilities and investments are
essential to drive the program forward.

1) sufficient operation with polarized protons (32 week scenario)

2) upgrades to make W-physics possible
3) upgrades to extend kinematic range for the experiments: precision measurement
of the first moment of AG. '

NSAC Subcommittee on RHI RHIC Spin: Experimental Issues BNL, June 3@ 2004
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