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Summary of forward results
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Colliding-Beam Spin Physics: Only at RHIC

Longitudinal Spin program at STAR
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Strong constraint on the size Af) from RHIC data for 0.05<x<0.2.
STAR data contributes strongly to global fits a®ideFlorian et al., PRL 101 072001, 2008.

Run 9 ran polarized protonsv=500 GeV for the first time. W spin program was
described in other talks.

Transverse Spin program at STAR
Large asymmetries are observed in the forward negio

New forward detector has allowed higher kinemadach and extensions beyond
inclusivett data.



STAR Detector 4

Run 8+: Forward
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Bunch-by-bunch polarization from colliding beams at
STAR Fill- 9947 Run 8 Data
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Bunch Number at STAR

~3.50 (statistical) measurement of
polarization per bunch per hour
See also J. Kiryluk (STAR) ArXiv:hep-

Statistical uncertainties only ex/0501072v1, 28 Jan 2005



Why high x at a Collider?

High rapiditytts (n,~4) from asymmetric partonic collisions
Polarization here:

valence quark spin °
effects

:

Mostly high-xvalence quarkn low-xgluon
(0.3<x,< 0.7, 0.001<x,<0.1) 1

Polarization here: low
x-gluons and other
partons

p+p—> 1P, n. =3.8,Vs=200GeV

p+pon’n =38 Kretzer
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Run 3, 5, and 6 asymmetry data from FPD: Theory
can predict xdependence based on Sivers function

fits to /1T asymmetries...
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..but rising P dependence Is not predicted by the

same fits
Ay p+p —> m°+X at vs=200 GeV BI AbeleV Et al (STAR)
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Heavier mesons also accessible at high X
Di-photons in FPD with E(pair)>40 GeV (Run 6)

M,, In energy bins
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See Steve Heppelmann, for the STAR Collaboration,

ArXiv:0905.2840(20009)




FMS provides nearly 20x the coverage of previoﬁos
forward detectors at STAR
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FMS provides nearly 20x the coverage of previoﬁls
forward detectors at STAR

476X 3.8—cm cells, 788 X5.8—cm cells

wn
o
T
<
3
it
N

-25 |

-50 | N ¥

-75 | = —

-100 |
1 I 11 1 1 I 11 1 | I 11 1 | I 11 1 1 I 11 1 | I | I T | I | I I | I 11 1 | I 1
-100 -75 =50 -25 0 25 50 75 100
| x (cm)
Run 5 FPD




FMS provides nearly 20x the coverage of previoﬁfs

forward detectors at STAR

476X 3.8—cm cells, 788 X5.8—cm cells
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FMS newly commissioned for Run|8




FMS Acceptance allows azimuthal dependence t6 be
measured and extends data to higher X
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..and higher P

An

p+p — 7+X at vs=200 GeV
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p+p — w°+X at vs=200 GeV
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Search for spin @ signal in Run 8 data

Run 9057004, Event 4474
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Motivation: Artru String fragmentation model of the Collinsesft
predict that a spin-1 particle should haymositeasymmetry from a
scalar particle (see Artru, ArXiv:1001.1061 (2010))

CW




See A. Gordon, Moriond 2009 Proc.16

High B w selection ArXiv:0906.2332

Look at all triplets of clusters with E>6 GeX¥Xpply fiducial cuts of 1/2
cell from all module boundaries. Mass distribution of two clusters of
Associate clusters with® andy: the triplet associated witth,

STAR Preliminory

Chooser® to be pair with mass closest to 0.13%000 N hi
GeV/&. Simulation indicates that this gives [ Run 8 data
correct association for nearly all events. -

Require that M¢°) be within 0.1 | |
GeV/c? of 0.135 GeVc2 — i

4000 | ]

Kinematic cuts to reduce QCD
background (reat® decays with a
third EM-rich hadronic cluster in ;40

2000 | -

the FMS) :
P, (triplet)>2.5 GeV/c O kst cod pllapd e o o
*E(triplet)>30 GeV 0 0.10.20.30.4050.60.70.809 1
P (photon cluster)>1.5 GeV/c M(yy) GeV/c

*P;(n%)>1 GeV/c.



Mass distribution of all triples
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Statistical power of current dats.

Use mass fits to generate random samples the | — ICare Snal-Bacrond. |
same size as the data for signal and background.”: -

For a given value of 4 the probability of amw

going to the right is

P. = (PaeaAn<COS(R)>+1)/2, where we assume the oo 55 0 i
w are distributed uniformly ipso <cos@Q)>=2/Tt,

and we use R ,,,=50%.

and
P=1-R

see next
page

4

For a “background” everdtssume

background asymmetry isso =P, =0.5

For each set, calculate

N(left)-N(right)

Raw asymmetry =\ aty+N(right)

Repeat 1000 times for each value qf Ahe
mean of raw asymmetry distribution divided t | Ay(w)>0.3
the RMS is then a measure of the abilityto 0t ..

distinguish A, from O.
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Background breakdown from simulation

Backgrounds can have a non-zero To test background simulation calculate mass of

asymmetry and need to be well understood. the w decayy-cluster with all other clusters not in
triple. M(y,4" cluste)=lowest of those.

Pythia+GEANT
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Plot dominated by®r® events, but
neR is significantly underpredicted.

Is non-photon background underpredicted by
simulation? Can other cuts reduce this backgroy
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Mid-rapidity jets to measure Collins Asymmetry

Collins effect predicts asymmetry around jet L
axis from transversity of initiating quark. Jet
Higher B jets have enhanced qq contributions. S
Calculate azimuth A
Use BEMC for neutral particles and TPC of Iead”_‘g hadron >
for charged patrticles to reconstruct jets. around jet axis N Beam axis
b, ., in the x-y plane [V5=200 GeV Leading " distribution Vs=200 GeV
0 - - A - 161
() zof B
S 10 2 14
D o B
Q’ % 10? ]
o %w; T 12|
2 :: 10 % E 101
,,.E‘m|'..‘..1.""\"‘.':':'l'..'.f\'u'u'\..-'..'.l.m (D 0—
40550 20 0 0 10 20 30 40 N~ "L 80
Jetpx(GeV) N k
Jet P (GeVic) o r
. : = 50
Full azimuthal coverage for jets N 40
of ;
- ' 20
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See Robert Fersch, Progress in HighPRysics at

RHIC, http://iwww.bnl.gov/riken/php/agenda.htm Tt Py (GeV/c)



Mid-rapidity jet expected statistical uncertainties

| Collins Asymmetry Statistics vs. z: 1*
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(Jets in forward hemisphere of
barrel calorimeter for each beam
are analyzed. West side has less
restrictive fiducial cut because of
Endcap EM calorimeter.)

- “Blue” beam polarized (Blue beam goes westward, tdvizandcap calorimeter)

Estimated expectation is asymmetry ~ 0.03

(using HERMES+COMPASS+Belle data for transversiigl a
Collins fragmentation, see Anselmino et al, PRD0Az1032

(2007))
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Conclusions

Large single spin asymmetries are observed in fahaaection, for
both inclusiver® andn signals.

Run 8 measurements of Aave extended fange for inclusivets at
high Xc and also confirmed previous measurements.

An observed negative asymmetry towould be an exciting test of a
theoretical understanding of the Collins effectt(ArArXiv:1001.1061

(2010)).

Work in progress:

W - Tty

Central Jets Collins effect



23

Outlook

STAR has reported observation of largeJXp->e*e production

Run 8 p+p at/s=200 GeV

All FMS cluster pairs are 1o swtisical]  O€€ Chris Perkins,

examined. 160;— *TAR errots only ArXiv:0907.4396

i 150 Preliminar
Isolation of R<0.5 for all clusters. ™t d

140

AT
E(pair)>60 GeV and |[E1- - } {
E2)/(EL1+E2)<0.7 130_* Hl H{
120
1] | Fit shown is gaussian

. : R | B
In addition a P>1 GeV/c cutis 110 ‘ ‘ T ‘ T
put on each cluster to reduce ?L WL k + flat background
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Possible Near-term future transverse spin
measurement: Drell-Yan betweer dnd upsilon

Mass

Factorization theorems allow
intercomparison of p+p and DIS data.

See
J. C. Collins, D. E. Soper, and G. Sterman, Nuic}/sPB.
261, 104 (1985); Nucl. Phys. 808, 833 (1988)

Sivers effect predicted to have
opposite sign to SIDIS.

S. J. Brodsky, D. S. Hwang and I. Schmidt, Phys.. Eett
530, 99 (2002); Nucl. Phys. B42, 344 (2002);

J. C. Collins, Phys. Lett. B36, 43 (2002);

3) A. V. Belitsky, X. Jiand F. Yuan, Nucl. Phys.@86, 165
(2003);

4) D. Boer, P. J. Mulders and F. Pijlman, Nucl. Phy$6B,
201 (2003).

5) (HERMES collaboration) Phys. Rev. Lett 94, 01200
(2005)

6) (COMPASS collaboration), Nucl. Phys.7B5, 31 (2007).

High x quark
from polarized
proton Heavy virtual ;
g photon e
$)

o

Low x anti-quark
from unpolarized
proton

Requirements to measure Drell-Yan:
Discrimination of neutral EM clusters
from charged to redua® backgrounds

Hadronic/EM discrimination to reduce
all hadronic backgrounds

Do we need a charge sign
measurement?



End
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