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RHIC Spin Outline

The key points for RHIC Spin are;

Spin structure of proton
Strongly interacting probes

P=60%, L=2x10"31, root(s)=200
GeV in 2006

Polarized atomic H jet: absolute
P, pp elastic physics

Very forward n asymmetry

Cross sections for pi™0, jet,
direct photon described by
pQCD—include new result for
low p_T region

Helicity asymmetries: sensitivity
to gluon spin contribution to
proton

Photon+jet: gluon pol. vs.
X_gluon

W boson parity violating
production: ubar and dbar
polarizations in proton

Very large transverse spin
asymmetries in pQCD region

Future: transverse spin Drell-
Yan
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EMC at CERN: J. Ashman et al., NPB 328, 1 (1989):
polarized muons probing polarized protons
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AY = Au+Ad + As =12 + 9(stat) +14(syst)% ‘ “proton spin crisis”




* What else carries the proton spin ?

1 1
— How are gluons polarized ?

— How large are parton orbital angular mom. ?

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

* What are the origins of large observed
single-transverse-spin asymmetries ?
What do they tell us about the nucleon ?
— Transverse quark pol.? Correlations spin / parton K ?
Orbital angular momentum? Spatial distributions?



DIS




Probing the spin structure of the
nucleon in polarized pp collisions

Reaction Dom. partonic process | probes | LO Fevnman diagram
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RHIC Polarized Collider

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
i P BRAHMS & PP2PP
.

Siberian Snakes

Spin Rotators

longitudinal polarization )
(long P ) Spin Rotators

Pol. H™ Source (longitudinal polarization)

<« Helical Partial Siberian Snake

% "¥— AGS pC Polarimeter
Strong AGS Snake

2006: 1 MHz collision rate: P=0.6



2002

2003

2004

2005

2006

RHIC Spin Runs

P L(pb*1)
15% 0.15
30% 1.6
40% 3.0
50% 13
(P4 x L =0.8)
60% 46

(P4 X L = 6)

Results
first pol. pp collisions! disc.
large n asymmetry
pI*0, photon cross section,
A_LL(pi"0), 3 PRLs
polarized hydrogen jet, PLB

warm snake (RIKEN); large
gluon pol. ruled out

cold snake; first long spin
run (prelim. to Kyoto)



RHIC Polarimetry
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Recoll Silicon Strip Spectrometer

For p-p elastic scattering only:
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‘ A, in the CNI region @ Vs=13.7 GeV \

2004 Data
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Ay and r; results at Vs= 6.9 GeV

z0.06
- Set r¢ as free parameter
0.05 =2 Imr5=-0.152 £ 0.014
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& 1 is not zero at Vs=6.9 GeV ! y2/ndf = 35.5/9

& I has Vs dependence ? > Not improbable; theoretical prediction
using A\P¢ @24GeV/c, 100GeV/c and Ay @100GeV/c.



A, collection In the CNI region
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Polarization Measurements
2006 Run

Polarization (Blue) [Fill#7537 - 7872]

Polarization [%]

80

70

60

50

40

30

20

O Online

LI
4 |I 1 1

® Offline

R B B | P I

= =

7600 7650 7700 7750 7800 7850
Fill Number



Very forward
neutron
asymmetry
from p-p
collisions at
RHIC-PHENIX

Manabu
Togawa (Kyoto
Spin06)

‘C ross section of forward neutron production ( integrated in 0<p;<0.11x; (GeV/c) )
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PHENIX and STAR
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STAR:

PHENIX:

High rate capability

High granularity

Good mass resolution and PID
Limited acceptance

Large acceptance with azimuthal symmetry

Good tracking and PID
Central and forward calorimetry

Silicon Vertex
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Exd’s/dp ® (mb-GeV2c?)

(Data-pQCD)/pQCD

Cornerstones to the RHIC Spin program

Mid-rapidity: PHENIX
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Forward: STAR
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pp — jet X: STAR

And Jets and Direct y

pp — v X : PHENIX

PHENIX Data

—— NLO pQCD
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From soft to hard

PHENIX: hep-ex-0704.3599
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Exponent (e-=PT) describes our pion
cross section data perfectly well at
pr<~1 GeV/c (dominated by soft
physics):
o=5.56+0.02 (GeV/c)!
v2/INDF=6.2/3

Assume that exponent describes soft
physics contribution also at higher
pTs = soft physics contribution at
pT>2 GeV/c is <10%

For AG constraint use pi0 A, data
at pT>2 GeV/c



Probing AG in pp Collisions

D AR, ®Af,®de .4k @ DY
_do" -do" T

do* +dot > f,®feds """ @D
a,b

AL

Double longitudinal spin
asymmetry A IS
N o sensitive to AG




Measuring A,

_do,, —do,_ 1 N, -RN__. R L

ALL i d6++ +d0+— ) | I:)1|:)2 | N++ o RI\I+— | ) L+—
(N) Yield
(R) Relative Luminosity
v BBC vs ZDC

(P) Polarization
v RHIC Polarimeter (at 12 o’clock)
v’ Local Polarimeters (SMD&ZDC in
PHENIX and BBC in STAR)

v Bunch spin configuration alternates every 106 ns
v" Data for all bunch spin configurations are collected at the same time

= Possibility for false asymmetries are greatly reduced
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Large gluon
polarization
scenario IS not
consistent with data

A  ilets

STAR Preliminary Run5 (Vs=200 GeV)

GRSY Models:
“AG=G": AG(Q%=1GeV?)=1.9
“AG = -G”: AG(Q%=1GeV?)=-1.8
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“AG = std”: AG(Q=1GeV?)=0.4 ___ -
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Run3&4: PRL 97, 252001
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From o to X

gluon
i ' [
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From A, | to AG (with GRSV)
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Calc. by W.Vogelsang and M.Stratmann

“std” scenario, AG(Q?=1GeV?)=0.4, is
excluded by data on >3 sigma level:
22 (std) = *min>9

v Only exp. stat. uncertainties are included

(the effect of syst. uncertainties is
expected to be small in the final results)

v" Theoretical uncertainties are not included
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Extending x range is crucial!

Gehrmann-Stirling models
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Simulation for STAR by Les Bland

5
D *p - +jet+X with STAR + EEMC at
Vs = 200 GeV (320 pb™") + /s = 500 GeV (800 pb™7)
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Parton kinematics is well
constrained, event-by-event

Lower X data provided by
Vs=500 GeV data is essential
for reducing extrapolation (to
lower X) errors

- see next talk,
J. Dunlop
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Transverse spin: pion A_N

--very large forward asymmetries
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A Fundamental Test of Universality:
Transverse Spin Drell Yan at RHIC vs
Sivers Asymmetry in Deep Inelastic Scattering

« Important test at RHIC of recent fundamental QCD
predictions for the Sivers effect, demonstrating...
attractive vs repulsive color charge forces

« Possible access to quark orbital anqular momentum

« Latest development from DIS: first direct evidence of

Sivers and Collins effects (recent new results at DIS 2007 in M{inchen,
April 2007, HERMES, Diefenthaler et al.)

« Requires very high luminosity (RHIC II)

 Both STAR and PHENIX can make important,
exciting, measurements

* Discussion available at http://spin.riken.bnl.gov/rsc/




Attractive vs Repulsive Sivers Effects
Unique Prediction of Gauge Theory !

Simple QED
example:

Same in QCD:

AsS a result:

DIS: attractive Drell-Yan: repulsive

E

Sivers|pig = —Sivers|py




Experiment SIDIS vs Drell Yan: Sivers|,,= — Sivers|yy

Sivers Amplitude

HERMES Sivers Result
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Concluding Remarks

High luminosity and high polarization achieved!

Delta G: direct photon; global fits with RHIC, DIS;
new vertex and forward detectors

Transverse spin renaissance!
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