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Motivation: The Spin Puzzle

* How do the quark and gluons combine to make up the exact 1/2 of the proton

spin?

Proton

Gluons

1

JPROTON - 9 - <Sq>+ <SG>+ <Lq>+ <Lg>
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Motivation: The Spin Puzzle

* How do the quark and gluons combine to make up the exact 1/2 of the proton

spin?

Proton

Gluons

Jproron == = <Sq> <SG> + <Lq> + <Lg>

only component known precisely to date, about |/3 of total spin
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Motivation:What do we know (before

RHIC)?
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D. de Florian et al. Phys. Rev. D71 094018 (2005)
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Outline

| .Experimental Tools

* Polarized protons as a probe for the spin structure of the nucleon
* RHIC and the STAR experiment

2.Determining AG

* Accessing the gluon polarization in p+p collisions

* Inclusive probes at STAR: Jets, neutral and charged hadrons

3.Future Probes for AG

e Constraining distribution functions with correlation measurements

4.Accessing Quark Polarizations
* W boson production at RHIC

* Forward tracking upgrade
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I. Experimental Tools
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Polarized Protons to probe the Nucleon Spin Structure

Inclusive Jet production (200GeV: Solid line / 500GeV: Dashed line)
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Inclusive signals are diluted by g-q
scattering, but relatively well studied
in the kinematic regime.

Underlying event complicates signal/
scale extraction

Collider (theoretically) allows a wide
range of CM energy scales

Opposing strengths & weakness make
pp and DIS complementary
programs
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RHIC: The World’s first Polarized p+p Collider

Absolute Polarimeter (H{ jet) RHIC pC Polarimeters
\ _ > /
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The STAR Detector

Silicon Vertex
Magnet —Tracker

E-M

Calorimeter

Time Projection
Chamber

Time Of
Flight

———=l

Electronics
Platforms

Forward Time Projection Chamber
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The STAR Trigger

* Main trigger: Beam Beam Counters (BBC),
coincidence of both sides of the interaction

Interaction

» trigger on non singularly diffractive p+p events

* additional trigger on high electromagnetic energy
deposit in the calorimeters

* High tower trigger (HT): (AnxA = 0.05 x 0.05)
* Jet patch trigger (JP): (AnxA® = 1.0 x 1.0)

» + more sophisticated Level-2 triggers to select
photon and pion candidates
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Longitudinal Spin Physics: Asymmetry Measurements

|
e 2 <8 =0, _ 1 N,-RN_ rom~ pp:. f Ldt

Versus -
“" G +o_ PP, N _+RN_

> <)

Ingredients:

* Polarization: measured by RHIC polarimeters

* Relative Luminosity R measured with the STAR BBC & scaler system (relative
luminosities for each bunch crossing available)

L++
L

+—

R =

e Spin dependent yields N.,, N..:number of detected particles for a given

combination of beam polarization directions
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Flavor Structure of the Proton Spin

* Flavor structure of the proton sea can be probed via W#* production: flavor
separation possible

d+u — W~
d+u —-W*

RHIC: 500 GeV CME in p+p collisions
=the quark is usually a valence quark (large x)

= contributions from s, ¢ quarks are small

* Measure parity-violating single spin asymmetries:

= > g .

PV
Versus A I = s

-
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Quark / Anti-Quark Polarizations

A u,Ad at scale Q°= 6400 GeV? AT, A d at scale Q’= 6400 GeV?
’;: 0.35: I+ Q
5 O — X 0.04r
:J‘ 0.3: < | . .
025t /- o polarizations well
025 / : \\\\\\ \\\\\\ .
determined
0.15/) .o_ — = —
013“,‘, , DNS max . e
5 el GRSV std * Large uncertainties for

DSSV

GRSV val sea quarks: reflected in

¢ Valence Quark

anti-quark polarizations

W= pr > 20GeV/c W pr > 20GeV/c > Particularly good

DNS max - DNS max discrimination between
GRSV std ] ‘ 5 GRSV std

DSSV DSSV models at forward (or

GRSV val —— - GRSV val

backward) rapidities
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Strange Quark Polarizations

* The polarization of anti-strange quarks in the proton can be probed via the

polarization of Anti-Lambdas
GRSVO00 - M. Gliick et al Phys.Rev.D63 (2001) 094005
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* Measurement: Longitudinal Spin transfer Dy, the Lambda polarization for a

—

Llll111111111111111111111l 11111!11111

Typ. Acc. at RHIC
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"Ll

given beam helicity

» Lambda polarization measured from angular distribution of decay into p TT
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Il. Determining AG

#\n Frank Simon: STAR Longitudinal Spin Program 22.07.2008 14 %
AVRAYSS 3



Accessing Ag at a Proton Collider

longitudinal spin asymmetry

ALL =

O,++ _ O,+—

ot +0"

_ E AfyAf g X AC 15 cx X D

Fofs Jals XOup_cx X D¢

Phase |

pp—=n" "+ X Requires Dj, for
pp — 7'+ X interpretation
pp — jer + X No FF! Average over
partonic kinematics
pp —> jet+ jet  No FF! Reconstruct
partonic kinematics.
Statistically limited until 2006.

X200 -

Phase 2

Ag

Ag

pp = jet+y

pp—=y+X

e Reconstruction of partonic
kinematics

o Statistically limited - requires
high luminosity

e challenging pion background
subtraction

S
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Models for the Gluon Polarisation |

Q%=1 GeV?

* For comparisons of data to theory

L - GRSV-?STD Ag = AQgq
PO S W— A— ST four scenarios are used:

: ; K s (PRD63, 094005 (2001)
Afssn GRSVAZERO AG = 0 L — R PRD70, 034010 (2004) )

- GRSV-MAX Ag=g

 GRSV-STD: Best fit to DIS data
* GRSV-ZERO: No gluon polarization

* GRSV-MAX: Maximal positive gluon
polarization

* GRSV-MIN: Maximal negative gluon

polarization

* Based on NLO pQCD Calculations
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Kinematic Coverage

500 GeV 200 GeV

Q=1 GeV? \ \

- GRSV-STD A =AQgy

T

- GRSV- MAXAg g

B GRSVZEROAg' L

065<;c<02

"y
o
A

" used in global analysis

* Different center of mass energies allow to

G(Q?) = /01 Ag(z, Q?)dx explore a wide kinematic region in x
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Models for the Gluon Polarization Il

Parton Distribution Functions xAG(x)

snEE DSSY 2008
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* A large variety of global analyses of polarized DIS data, one including RHIC

results (DSSV 2008)
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Probes for AG @ STAR

* Flagship Measurement: Inclusive Jets
* Uses STAR main TPC, Electromagnetic Calorimetry
* Inclusive Hadrons:

* Neutral Pions, identified with the electromagnetic calorimeters
(both barrel and endcap)

e Charged Pions, identified via specific energy loss in the main TPC

e Connection to gluon polarization:

e through comparison with NLO pQCD calculations with fixed AG

* global analysis allows to extract AG

» All probes use the same underlying processes

» Different systematics in each measurement
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Jet Finding in STAR

Midpoint Cone Algorithm (hep-ex/0005012)

- Collinear and infrared safe -

Y
detector

* Jet Cone Radius = 0.4/ 0.7 (from 2006 on)

e Split/Merge = 0.5

* Neutral Energy Cut R < 0.8(0.9) to
remove backgrounds

particle

* Use Simulation (MC) to provide correction
to RAWV jet yield
PYTHIA 6.205 (CDF Tune A) +
GEANT (Geisha)

¢

X
, '-"..‘ -~ Corrected PYTHIA JETS
i = X
— GO~ DATA JETS
< oy \J Jet Yield GEANT JETS
J q
\

«
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Charged Pions: Extraction

low p,: particle ID via TOF high p.: particle ID via TPC dE/dx
% 24 = 075 K-8% 170
_ 100 R e ' K +8% 170
2.2 s e -8% 170
“6 s 2.5 GeV/c T
2} =] —e +8% 170
£ - 06 w— p -8% 170
1.8 . - __———Pp+8% I70
6 — 1 8% 170
02 =P — T +8% 170
1'4 0.45 :— <7
1.202 04
- 10? -
1 0.35 [
0.8 03f-
L L = 5 g, L u L L1 TR R E NORE 5S4 Vi S0 O EETIVOR TR SN hati St Oak GO o (T SR RN Wl 7 S TR T
0.5 1 1.5 2 2.5 3 3.5 4 1 05 0 *0.5 1 15 2
p (GeV/c) log,«(P)

e Time of flight measurement used to separate 1T, K, p at low p, (< 2.5 GeV/c),

limited by time resolution

e Specific energy loss in the TPC can be used at high p, to provide 11, K, p

separation (pt > 2.5 GeV/c) since the TT dE/dx is higher than that for K and p
in the relativistic rise region
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Charged Pions: Sensitivity to the Sign of AG

* Opposite sign for polarization of valence u and d quarks

» Charged pion production in q g scattering is sensitive to the sign of AG
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Neutral Pion Reconstruction

Barrel EMC:
tower size (AW x An)0.05 x 0.05

10 invariant mass: 7., = 2E,E,(1-cos0)

EMC Tower
Pb-Sc R D

2% Electromagnetic .-~

5X0 EMC

= SMD becomes crucial for T1°

reconstruction for p, ~ 5 GeV/c (photon

separation equal to tower size)

Front plane

Shower Maximum Detector 20 veto calorimeter hits that have a charged
gas chambers i

Back plane I
Keles 05 track leading to them

An =0.1

* T1% candidates accepted for 0.1 <y < 0.9 (2006:-0.9 <y < 0.9)
* 119 has to be able to fire the trigger (but does not have to be the triggering particle)

* rejection of beam background found with pattern recognition code
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Neutral Pions: Identified Particles within Jets
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e vy invariant mass spectrum well understood

* High - energy TT° direction correlates well
with jet axis -> leading particles

* <z> consistent with PYTHIA expectations
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Extended Coverage: Neutral Pions in the EEMC

diphoton invariant mass hMassAny
S EEMC SMD P Entries 37058

. g : 3 Mean 0.2243
2500 RMS 0.1997

pane / ol EEMC e 0000
tie-rod \‘ 2000— I ‘p1 : L X

15001

e EEMC invariant mass spectrum: well described by phenomenological fits to
signal + background

* Higher background contributions compared to BEMC
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STAR Longitudinal Data Summary

-

<pol>

Sampled b)
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STAR Longitudinal Data Summary

<pol> Sampled b) Analyzed (b

5 o o <St pp collisions

30 0.3

45 0.4

50 3.1

60 6.8

transverse spin, high L development
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STAR Longitudinal Data Summary
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STAR Longitudinal Data Summary
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STAR Longitudinal Data Summary
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STAR Longitudinal Data Summary

-
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Sampled b)

Analyzed (b
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STAR Longitudinal Data Summary

-

<pol>

Sampled b)
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STAR Longitudinal Data Summary

-
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pQCD works: Cross Sections
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Asymmetry Measurements: Systematics

e Common Systematics:

* Polarization (obtained from RHIC CNI Polarimeters, overall scale uncertainty)

e Relative luminosities (at the level of 10-3)

e Non-longitudinal polarization component (at the level of a few times 10

* Analysis Specific Systematics:

* Trigger and reconstruction bias (jets, charged pions)
* Beam background (all)

* pt scale (jets)

* Yield extraction, particle identification (neutral and charged pions)

» Different systematic effects in each measurement, global analysis of all
observables very powerful

» Determination of systematics often limited by statistics
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Jet Systematics: Resolution & Reconstruction

true vs. observed i : : :
* Finite momentum resolution and reconstruction efficiency

4 together with steeply falling cross section affects
Efficiency reconstructed jet pt

» Changes sub-process contributions!

do /dpr
7

| —>
pr(jet) %
4 S
& Resolution B
- i 3
o <
N 3
N ) m

pr(jet)

lllIIllll

* Large Detector-related effects:
Resolution ~ 25%, Efficiency ~ 10%

» Corrections made to final pt
distributions using PYTHIA + GEANT 5 10 15 2 25 30

DETECTOR Jet pT (GeV)
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Jet Systematics: Trigger Bias

o STAR triggers on localized electromagnetic energy deposit in the calorimeters

» can lead to a bias by changing the subprocess contributions (gg, qg, qq):

» quark jets tend to fragment harder and tend to contain more energy in a harrow cone

around jet axis
| Asymmetry (JP1, STD) |

Pythia[A_LL] - shifted Geant[A_LL] (JP1 Trigger)

Calculate MC

5 5 Asymmetries for

— GRSV-ZERO Particle and Triggered
— GRSV-STD Detector jets using
L various GRSV AG

5 | scenarios

0.03

0.025

0.02

0.015

0.01 Shift pt of the Detector

Jets

0

0.005

Maximum difference in
asymmetry of detector

°2E1 Shifted detector jet and particle jet is the

0-015 ;. DeteCtor - - . g 1 1 i L1 1 1 i 1 L1 1 i 1 1 L1 i 1 1 1 1 i 1 1 1 1 systematic.
0.01F- : 10 15 20 25 30 35

Shifted Jet pT (GeV)

0

0.025 ..

Pérticl'e

0.005 [

» pt dependent systematic on AiL of up to 5 x 10-?
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Systematics: Neutral Pions

* No trigger bias, since TTV are directly triggered on

» fragmentation uncertainties are hidden in the fragmentation functions

* |eading systematic: Background in

Invariant mass spectrum

* Low mass background from cluster
splitting

* combinatoric background

* additional background contributions
(combinatorics within parent jets, ...)

|II||III|III|III|III|lll|

p Systematic on ALL evaluated by

tll|lllIIllIlllIlllllll'lll-l—

T
¥R + + Lr ik
) + F ++ IJ‘ _1u-1_ e

11

- .
b e
-+

1 ; u—#%ﬂ&}ﬂﬁmﬁ? = F\-I—L_; ...;:L-.;:-::T +1_ e — * . .
. 0.4 06 0.8 : =1 studying asymmetries outside the

invariant mass [GeV/c2]  TT° mass region (statistics limited)

Systematic error on ApL from background: up to ~0.01
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Jet Longitudinal Asymmetry ArL

STAR p +p — jet + X at \s=200 GeV 0.2 <n<0.8

0.151 PRL 97,252001 (2006)
- - = GRSV-std
< [ — . GRSV Ag=ginput 2003/4 . ] . .
010 .. GRSV ag=0inpu * AL for inclusive jet production,
- GRSV Ag = -g input p—— s .o
0.05- s compared to predictions based on
oi_:: s e s - i GRSV parameterizations for
} 1 polarized gluon distributions
-0.05— +
040
0.5
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Jet Longitudinal Asymmetry ArL

4 STAR Data
- GRSV-std
- GRSV Ag=g
- =+ GRSV Ag=0
GRSV Ag=-g

pp—jet+X

1+9.4% scale uncertainty from
polarization not shown

IIIIIlIltIIIIlIIIIIIIIIlIIII

I | | | | I | | | | | 1 | 1 | I | I-I-l ]

10 15 20 25 30
P, (GeVic)

(3]

e Confidence level calculated wrt
GRSV predictions for different AG:

* Positive values beyond GRSV-std
(best fit to DIS) are clearly disfavored

Frank Simon: STAR Longitudinal Spin Program

-

PRL 100, 232003 (2008)

* AL for inclusive jet production,
compared to predictions based on
GRSV parameterizations for

polarized gluon distributions

e o o o 0 0@ ] Pol.uncertainty

I T TTTII

GRSV DIS

L IIIIIII

I Illlllll

GRSV Ag=0

10°

— GRSV-std

[ lllllll

.
R B I

0.5 K )
Ag(Q2=04GeV?)

Ap-Lgztt

| I | I I I I

-1 0.5
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Comparison to other Global Analyses

=
n

ZEROGsC
DSSV DNS2_#
LSS2 ¢ EDNS1

g
S

L3SS3

Confidence Level

LSS1STND

o
W

STAR Preliminary

AAC1
2005 pp—ojet+X ¢

AQC2 BB2 GSB
L, BBIMAX | GSA,
0 0.5 1

Integral AG (0.02-0.3) at @*=1 (GeV/c)?
* The 2005 STAR data exclude a broad range of models with AG larger than

GRSV-std

» Counterexample GSC: node at x ~ 0.1, large first moment at small x
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Jet ALL: Improvements with 2006 Data

4 2006 STAR Preliminary
— GRSV-std
- GRSV Ag=g
- - = GRSV Ag=0

GRSV Ag=-g
== GS-C

1 / \
e
s

T T T T T T T T T

\I‘.Illllll

Online polarization
1 | 1 | 1 | I | 1 | 1 | 1 | 1 | | 1 | | | | | |

* Significant improvements with 2006
Data:

e Full BEMC, Jet Finder extends into
EEMC: Acceptance increased

* Increase in luminosity and

polarization

* Jet cone radius increased to 0.7

O 2005 STAR Final

10 15 30 35
P; (GeVl/c)

* Decrease of statistical errors by a
factor of 3 -4 (for pt > |3 GeV)

» Corresponding increase of
sensitivity to models

-

Frank Simon: STAR Longitudinal Spin Program

O 2006 STAR Preliminary

T TTTI

T IIIIII|

| GRSV DIS ®
I

| IIIIlIIl

o,
g,:
<1a

L IIII|I|
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Neutral Pions: Mid-rapidity

P+p — 1 + X at\/s = 200 GeV and -.95 <1 < .95
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

— GRSy Ay «  STAR 2006 Preliminary n°

— GRSV Ag=-
—— GRSV A 3 = gg . STAR 2005 preliminary ©t°
— GS-C

Illlll

\

I

10 12 14 16 18
P [GeV/c]

o GRSV scenarios with large positive AG
excluded

e 2006 X?*/ndf: ~11.4 (max), ~0.3 (std)

» Significantly smaller statistics than jet

measurement

#R Frank Simon: STAR Longitudinal Spin Program
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* Preliminary results for 2005 and
2006

* acceptance increased by ~ 2.4
due to completion of BEMC

STAR preliminary p+p — ° + X at Js = 200 GeV 0.1 <11< 0.9

I LI LI LI
—— GRSV standard | STARlpreIimiInary
—— GRSV Ag=0
—— GRSV A g =-ginput
—— GRSV A g = g input

0.1

|

o

)
-
°°||||||||||||

-—
-
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Neutral Pions: Forward Rapidity

—

p+p->1°X, \s=200Gev, 1.0<1<2.0 ® Preliminary results for 2005 and 2006
.15
<

» Extension of acceptance
Vogelsang Prediction(GRSV) STAR 2006 Preliminary n°

0.1 - * Significant reduction of background in

s 2006 through additional shielding in

AG}=0

IIII|IIII|IIII

accelerator tunnel

2005: beam background dominant sytematic

—0.15

~
3

=
i

a 0.1
I

] 1 |
10 12

Mon Apr 7 15:19:26 2008 pT[Gev/c]

IIIIIIIIIIIIII

* Statistical precision comparable to mid-

rapidity results

IIIIIIIIII

» Smaller sensitivity to AG due to smaller

LI

1 1 l 1 | — 1 I 1 | — 1 I 1 | — 1 I 1 | — 1 I 1 | — 1 I 1

asymmetries 3 4 5 6 7 8
p, [GeV]
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Charged Pions

P +p — n*+ X at Us=200 GeV P +p —  + X at s=200 GeV

— GRSV-STD

—hG= 0

—AG= G
AG=-G

|II|II|I|

|

|

2005 STAR Preliminary 2005 STAR Preliminary

_llllllllll
_|IIIIIIII

]Illllllllllllllllll[lllllllll[lllllll ll[llllllllllll]lllllllIllllllllllllll

3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
©* P (GeV/c) x P (GeV/c)

* Consistent with neutral pions x trigger bias  input scenario: GRSV-std

N
N

* trigger bias is the largest systematic:

* most charged pions are subleading particles due

A, (trig) - A | (pythia)

to the calorimeter trigger 0

'r

* away-side asymmetries (less bias) consistent with 0.005

—-BBC
BBC+JP1
—-BBC+JP2
v e b v b e b v e b b

e 2006 Analysis ongoing 00 I
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111. Future Probes for AG
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Impact of Inclusive measurements

N S
[ — DSSV 1
- — DNS — DSSVAy’=1 |
"} --- GRSV DSSV Ayx’=2% {

[ GRSV maxg :
I~ GRSV ming

de Florian, Sassot, Stratmann,Vogelsang
arXiv: 0804.0422
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1 I 1 ) 1 I 1 I 1 1 4L I
—— all data sets § PHENIX

x-range: 0.05-0.2 “o o 2IAR

j (a)E:"-..\
[ IS T A N S S SR M 1

-0.2 0 0.2
Ag1’ [0.05-0.2]

e Early RHIC data (2005, 2006
preliminary) used in a global analysis
together with DIS and SIDIS data

» evidence for a small gluon polarization
over a limited region of momentum

fraction (0.05 < x < 0.2)

22.07.2008 %
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Inclusive Measurements: Increasing Precision

0.06
0.05
0.04
0.03
ALL
0.02

0.01

Projected sensitivity STAR pp — jet+X

A 200 GeV /50 pb'! 60%
v 500 GeV /300 pb'70%
GRSV-std

— DSSV

— — GS-C

GRSV-std

— DSSV

llllIlllllllllllllllllllllllllllllllllll

005 01 015 02 025 03 035 04
Xt

2pr

/3

LT

projected statistics based on measured yields and syst. error floors

-
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e Substantial increase in
integrated luminosity
expected for 2009 run

* 500 GeV running for W
program will also yield a
arge inclusive dataset

Higher energy at same

DT gives lower Xg, Xq

» less quark polarization,
but higher statistics

22.07.2008




Impact on Global Analysis

0‘3 -_ T T T T I ‘\| —_ B 10 ]
- \ . 410 = all data sets 1 —-—+- PHENIX = 15
L xAg w/Run 6 ' - > 1r - - -- STAR 1 Ay
0k . 1 %X F \ x-range: 00502 1r SIDIS 1 K
e T T T T e v ’ 405 - - | 410
T R SN T _: - RUN 6 ] : :
» " - ~:~\:::\~\. E 400 :_ _: -_ _- 5
O i | 1F ]
: 395 |- aF E
0.1F - i 1F 1 0
: T GRSV : B 1 I 1 1 1 I 1 1 1 I L 1L 1 7
02F - DNS . - -0.2 0 0.2
0 3:_ ] : \i ————— Agl 100502]
E XAg W/Run 9 \\ DSSV E i T I T T I T T T | T 1L T ]
02F \ _' 410 - —— RUN9 - 15
ol S T \ . 2 L 1C i A 2
T T ~. \ - X F 1F 1 Ax
o1E T T - 405 |- 1L 110
- eIN N - B 1r i
O g™ T : 400 |- =l I s
0.1F - i 1t i
[~ — — . GRSV max. Ag . 1k 3 40
0o e GRSV min. Ag projection for run 9 stats 1F | :
- ‘ —_ 1 1 1 1 1 I ) 1 1° 1 1 1 1 1 1 | L 1 | 1 1 1 I 1 1 1 I 1 1L 1 I 1 1 1 I 1 1 1 I 1 ]
107! X 1 0.2 0 0.2 0.2 0 0.2
Agl, [0.05-0.2] Agl, [0.05-0.2]

* Significant increase in precision expected with a global analysis of the
anticipated 2009 data
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Correlation Measurements

* Gluon polarization - Correlation Measurements:

® access to partonic kinematics through
Di-Jet/Di-Hadron production
Photon-Jet production

PTs51]3

99.49. 99

PTy 574 M = /71755
N3+ 1 =In L
1 n3(—n3) na(—mna) "2
1@ % (pT3€ T PTe ) cos 0 = tanh (773 _ 774)
2
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Di-Jets: Data Understanding

e 2005: Data / MC comparison shows very good agreement over many variables

M [GeV/c?] 1 lcos(6*)l

9.386 /6 4.396/9 2.511/6
0.153 5F 0.8834 5p 0.8672
0.9943 =+ 0.0098 E : : : 0.9995 =+ 0.0101

30 40 50 60 70 80 90 .
M [GeV/c?] 5 Icos(6*)l

M:\/M ;. 773;774
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Di-Jets: Upcoming Measurements

* High sensitivity to gluon

STAR: east barrel - endcap STAR: west barrel - endcap
- 0.06 - 0.06[

polarization with anticipated A S R S 0 T
MC i |NLO B - p+p—>|et3+|et4+x
-
>0 pb

—— GRSV std - - == GRSV std - 0.055 \/§.=200 Gev
e NLO calculations and MC 0.03
o 0.02
based on PYTHIA with an

—— GRSV m03
0.01

0.05

—— GRSV zero 0.04
= GS-C(pdf set NLO)

® 50pb” (P =60%)

0.03F

0.02F
0.01

evaluation of partonic

o (1]t )

-0.01F

l1]lll]1[11]ITI]ITI1]ITI1ITI]]ITI]lll1

asymmetries at leading order oo

1.0< n, < 2.0,-1.0< n, <0.0
L1 1 1 |

available 002530 0.0

M [GeV/c?] M [GeV/c?]

STAR: east barrel - east barrel and west barrel - west barrel STAR: east barrel - west barrel

- 0.06 - 0.06[ : :
< < C | Scale uncertainty

¢ Combination of different 0.05 0.05(-| ] GRsV std
- | I DSsV
0.04f : :

0.04

STAR regions provides access

0.03 0.03}

to different x regions

0.02 0.02F

0.01

M = \/x1x298 " oF.

-1.0 <n3<0.0, -1.0 <n4<0.0
0'0<n:3<1'0’ 0.p<n4<1.p

0.01F

0

I1IITIIIII1IIT11ITI1]ITI]IIl]]lfl]l{ll

M [GeV/c?] M [GeV/c?]
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Di-Jets: Upcoming Measurements

* High sensitivity to gluon

STAR: east barrel - endcap STAR: west barrel - endcap
- 0.06 - 0.06[

polarization with anticipated &%+ 7 T — 2008
0.0 ..i..|NLO 0.05F--. P +P — jet, +jet, +X

50 Pb_| [ |~ GRSV std --- GRSV std : \E;=200c;?ev

[ | — GRSV mo03 C
0.04 0.04

= GRSV zero
[ | == GS-C(pdf set NLO)

e NLO calculations and MC 003 & sopwipaony | 0.03f
. 0.02f 5 0.02f
based on PYTHIA with an T :

evaluation of partonic

of === e 5 5 o€

asymmetries at leading order ot ? :0 2 PP

. -0.02 -0.0
available %0.07 ) . 0.22° % 0.04 <

X3
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o 0.06r : : : : : o 0.06f : : :
. . . < C 5 5 5 ! gt < C [ Scale uncertainty
e Combination of different 005t L 005 [0 GRS st
F s 4 | I DSSV ; :
0.04 ! ; gt : 0.04F AR R s St SRR

STAR regions provides access I _
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to different x regions NV = .

- . rd . . P -

- : . : g B

0.02f AT : - ; 0.02f
(3 . . g f

0.01--Z-- g 0.01 =%
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Direct Photon - Jet Correlations

* Direkt Y - Jet dominated by qg - Compton process: 90% from qg

0.50 0.3

o
La
i 2

GRSV-std =100 GeV '

2 < 0.25
/ n=3 GeV

|, DSSV =100 GeV - 0.2

STAR projected
HERMES
SMC

COMPASS

'l. 1 | : :Illilllilllill
_050 R A e ] Lo vl 4 6 8 10 12

14
J GeV/
102 . 107 1 Py aric)

. - .  Y/TT° ratio at mid-rapidity
e LO estimate of statistical uncertainties for

50 pb! with 100 % efficiency and no » Challenging background from
background, pr > 10 GeV inclusive hadron channels

» Significantly more stats at lower pt Studies ongoing!

#R Frank Simon: STAR Longitudinal Spin Program 22.07.2008 %
Ap-Lgztt



IV. Accessing Quark Polarizations

-

Frank Simon: STAR Longitudinal Spin Program 22.07.2008
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Longitudinal Spin Transfer

( 1) AR PO SO ST NN SOOI SOOI DRI S
- * |Lambdas reconstructed from
33500
S T T N . decay into proton and pion in the
’ 7L =SSR RIS SR O OSSN SO SN S main TPC
2000 : RN
A B unsnminvnon s P R v s N s s o NN o e
[11] SERIRREE NMNERGERY SONES | RO RS SR e . A A BJP2
500 Iy .............. . YT I E L RN N NI TIT IR R T T IR A R R ITT I AN IIIIIIT ' E . . ‘ K MB
~ Ty, 0 STAR Preliminary " A MB
108 1.0 14 41 112 143 144 145 148 LL =
Mass{GeV] 0.2
015
0.1
* Proof of principle measurement 0.05F-
- &
. . || IR—G - SEI—— ——G————————————" —————————
* Extension to higher pT and o
-0.05— &
possibilities for triggering are o4E-
being explored 015 <n>=0.55
-0 :lllllllllllllllllllllllllllllllllllllllllllllllll
: 05 1 15 2 25 3 35 4 45 5
pr [GeV/c]
*ﬂ\n Frank Simon: STAR Longitudinal Spin Program 22.07.2008 47 %



W Bosons at Forward Rapidity: The Challenge

RHICBOS W simulation at 500GeV CME

W* for CTEQ5M W for CTEQ5M

—h

... Total ,cro,és:section:, 1 44 ,,,,,,,,,,,,,,

LAY <2

do/dp, (pb/GeV)

POO0O0O0O0O00O0
~-NDwbhuoo~N®O

S—
>
Q
o
Ko
&
-
]
©
©

¢ VW identified from their
leptonic decay

|

o

4 40
Pr (GeV) Pr (GEV)
W* for CTEQSM W for CTEGSM separation in the EEMC

0

» Good electron - hadron

-
O=DNWRARUOTONO®OO

O \H‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH‘HH

__Total ,cro,és:section:, 1 347 ,,,,,,,,,,,,

Total cross-section: 420 » Charge-sign identification

Nocuts ,,,,,,,,,,,,,,,,

for high pt electrons in the
EEMC acceptance

do/dp; (pb/GeV)

» Precision tracking at
forward rapidity
| <n<2

O= NWHARUTONO®O®OO

c HH‘\H\‘HH‘HH‘\H\‘\H\‘HH‘HH‘HH‘HH

%
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W Measurement: Sensitivity

STAR projections for LT=300 pb', Pol=0.7, effi=70%, including QCD background, no vertex cut

* Large asymmetries

| Forward A (W+) for positron | [— GRSV-STD | Forward A (W-) for electron |
. —— GRSV-VAL
dominated by quark oA - oo ax :
| E E : : | = = = DNS2005-MIN 0.6
— DSSV2008 )

polarizations: Consistency Bt | o STAR ot

check with DIS data,
100 pb-!

e With 300 pb!' a strong
impact constraining the

N N N AN Y TN N N A (S NN S N A _Olﬁ_llj B T T - B TN TN TN N N S I
UnknOWH Sea qual"k lepton ET (GeV) lepton ET (GeV)

Backward A (W+) for positron | Backward A (W-) for electron

polarizations

0.4 : : : : : 0.4

lepton ET (GeV) lepton ET (GeV)
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The STAR Forward GEM Tracker: FGT

* 6 Triple-GEM disks,
subdivided into quarter
sections

* provide coverage of
EEMC acceptance over
the full extend of the
interaction diamond in

500 GeV collisions

* spatial resolution
~ 70 ym, demonstrated
with prototypes in
beam tests

» expected installation in
Summer 2010
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Prototype Beam Test

detectors with

orthogonal 2D strip

. * Test of 3 triple - GEM

¢| readout at FNAL
‘ * GEM foils manufactured
\ ,\.\;‘ \ <
Beam N\ * APV25SI readout
! N A i .
AN ¢ n ‘(j; electronics
&“" it :
% ' “‘, /! 'A";{
o1 },’;,
. = J ,
”‘&‘f'//
- = e
b -
1)
o F A~
= Z
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Beam Test Results

* Test detectors use larger readout strip pitch than final FGT design

g4000-" T L * Spatial resolution of ~ 70 pm
3k N : Ca
8 3500 Ciiminary G, = 61.2+ 0.6 um - demonstrated, central distribution
u = res ., ~30um . _
3000 o= 5336 6.5m- of good events yields ~ 50 pm
2500 Ocomp = 88.5um 7
5 a = res ~72um -
2000 =
1500 — _ o
E E =: :l LI .l L l.l l-:l.l -I- I -I.--I .l:-ir:;_l:.l- f‘sl:.-:
1000 — . % - preliminary . . :n:. e "3
- . o 2000 ° - sak —~
5001 E £ 0 b pr S .
: ] > - A 1
I R T TR S BSNPIU e To= | T T S S e N -t _
°.1 0.5 0 0.5 1 5 1900 - Z
residual Det1 X [mm] £ ? ]
@ 1000 %7, -
© ;
* Good charge sharing between readout a o ]
coordinates achieved :
050000 1500 2000

Det 0 amplitude horizontal [a.u.]
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Conclusion

STAR has established a diverse program to explore the spin structure of the proton in
longitudinally polarized p+p collisions

Currently inclusive probes, with jets as the flagship measurement, are providing

constraints on the gluon polarization AG

* First RHIC measurements have been used successfully in a global analysis, providing new
constraints on the polarized gluon distribution

In the near future:

* increased statistics and different CM energies for inclusive probes will yield additional

constraints

* correlation measurements (di-jet, di-hadron, Y-jet) will provide better resolution in x

With 500 GeV collisions, the study of (anti-) quark polarizations becomes possible
through W boson production

 STAR FGT will allow WV identification at forward rapidities
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Conclusion

STAR has established a diverse program to explore the spin structure of the proton in
longitudinally polarized p+p collisions

Currently inclusive probes, with jets as the flagship measurement, are providing

constraints on the gluon polarization AG

* First RHIC measurements have been used successfully in a global analysis, providing new
constraints on the polarized gluon distribution

In the near future:

* increased statistics and different CM energies for inclusive probes will yield additional

constraints

* correlation measurements (di-jet, di-hadron, Y-jet) will provide better resolution in x

With 500 GeV collisions, the study of (anti-) quark polarizations becomes possible
through W boson production

 STAR FGT will allow WV identification at forward rapidities

Vibrant transverse spin program, too! See next talk by Mirko Planinic
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