Single Spin Asymmetries at RHIC

F.Videbaek
Physics Department,
Brookhaven National

October 22, 2004 Single Spin Asymmetries at RHIC




pp spin analysis
Overview

Introduction

Kinematic variables

RHIC and transverse Spin.

PHENIX results

STAR results

Spin in BRAHMS

— methods

— Preliminary Physics results

— Prospects for future measurements

October 22, 2004 Single Spin Asymmetries at RHIC




Single Transverse Spin Asymmetry

A =(ct-0)/(c"+0)

Where the spin cross section is determined with the spin
direction defined by ky, x k;

Simple (naive) QCD predicted early these to be small.

Non-zero Single Transverse Spin Asymmetry (SSA/ A,) requires
— Spin Flip Amplitude

— Phase difference

The study of these may help uncover transverse quark structure of the
nucleon.
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Transverse Single-Spin Asymmetries

Left Right
Low energy data (FNAL E704 ) show
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Single Transverse Spin Asymmetries

* The non-zero values have been explained in
terms of several models as

— Transversity x Spin-dependent fragmentation
function in the outgoing (Collins effect)

— Intrinsic-k; imbalance in the initial nucleon
(Sivers effect)

— Higher-twist effects

— Or combination of above
= Other channels were measured in Ay(p T p > 7X)
E704 results Ay(p T p > AX)

DNN(pr%AX)
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RHIC experiments

= PHENIX and STAR has an extensive SPIN program,
primarily focused on measurement with longitudinal
polarization to address fundamental questions about
the spin structure of the nucleon e.g. as AG the spin
content due to gluon.

STAR has a dedicated program for transverse spin
measurements at large x., while PHENIX have
iInvestigated mid-rapidity a bit.

BRAHMS has developed a program to measure
transverse single spin asymmetries at intermediate x
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PHENIX Results: Central Rapidity

. . Ay for both
Polarization scaling error
~30% not included charged
I hadrons and
neutral pions
consistent
PHENIX Preliminary with zero.
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[Large Analyzing Powers at RHIC

First measurement of A, for forward m° production at \s=200GeV
From Run-2 data where the Polarization was rather small ~ 25%.

Similar to FNAL E704 result at Vs = 20 GeV
i

2 mesons h agreement wi’rh.several models including
Total energy different dynamics:

Collins

<o+ Sivers
Initial state twist-3
Final state twist-3
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Questions Raised by STAR

- pr dependence?
* Xp<0?

Ay with mid-rapidity
correlation?

- Spin dependence 1n jet?

* Heavy flavors??
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RHIC Run3 data analysis for FPD

FPD East North & South
“Cross ratio” method

A4 = 1(\/NLT'NRi‘\/NRT'NL¢ j

P —\/NLT-NR‘L +—\/NRT-NL‘L

FPD West South
@ Single arm measurement
- - T ]
I {N'—RN
beam beam +RN

positive Ay, = more 1’ going

to polarized beam 2 measurements are consistent
ULLWUNEI ££4, £LUU4 vinyie v noymnmni@ — averaged




Measurement of Ay
for forward 7° production at Vs=200GeV

p+p—> 74X at vVs=200GeY

(e <n>=4.1 (preliminary)
LY <7>=3.8 (PRL 92(2004)171801)

Larger significance to be non-zero &
positive than published data

he first measurement of negative x;
y has been done, and is consistent
ith zero

Sensitive to twist-3 gluon-gluon
orrelation

*AR <prr(GeV/ /)= 1.1 - 2.1
i | | <’Tp¢>(Ge¥f—"c)= 1.1| — 2.4
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X and p; range of the data
ptp — 7+ X, Vs = 200 GeV, <n> = 4.1

4
5[ Correlation between 10
<pre> and <xg.> for
PRL 92 (2004) 171801

\

Correlation between
CPres AN x>
for <n>=4.1

Bin beundaries for A,

1 1 I 1 1 1 1
60 70 8O a0
100 X %,

Mapping of Ay in Xg and p; plane has begun !
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Time Of Flight Wall
Multiplicity Arrays

Beam-Beam Counters
& Zero Degree Calorimeters

The unique feature of BRAMS is the large rapidity coverage.




What does the measurement consist of

» A, =(c"-0)/(c"+0)
Where the spin cross section is determined with the spin
direction defined by k, x ki,

The k are the momenta of the beam and detected particle
respectively. In the BRAHMS FS thus the spin direction point
down.

Experimentally this is determined from
A =1P¢g

With € = (N*-N-)/ (N* + N°) where the is the yield of pion in a
given kinematic bin with the beam spin direction (up). The
normal RHIC definition of + thus is down just to confuse you.
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Variables

* The kinematic variables of interest are Feynman x
(x¢) and pr.
= The BRAHMS acceptance in these variables are

Nominal coverage for 2.3, 3 [FrErr eI

Mean x 33.73

and 4 deg in X-p; space. s fase
Thus is in range of 1-3

GeV/c.

The <pt> value at .25 is ~

1.6 slightly larger than for

STAR 1°
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Measuring raw asymmetries.

e= (N* - N°)/ (N* + N°) equation assumed that each bunch
has same luminosity.

This needs need not be the case and the generalized
equation is

= (N*/L* - N/L") / (N*/L* + N/L°)
=(N*-L*N)/(N*+L*N-)where L=L*/L-

The Polarisation pattern is +-+-+-... for the Blue beam
And ++--++--++--++--_ .. for the Yellow beam (away from
spectrometer).

For all the data runs used in the last ~4 days of the RHIC

run the polarization is ~45%. There are some issue with
the measurements of Blue polarization using the CNI.
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RHIC in RUN-4
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development though a =
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Luminosity vs Bunch

Luminosties for + and — are : }

deduced from the live rates T o osss:aon
of several set of measures

*BB coincidencs

«/DC coincidences

*INL coinc

*Misc singles

+

BBC(live) / zdc(live) 11818

All these found to be within
a range of .5-.8%.
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Track Selection Criteria

Spectrometer Triggers

Momentum from FS track

Tracks being clean through spectrometer.
-30< InelVertex <30 cm

Good Bunches Only (selected per store)
0< Mass < .400 (or .350)
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Entries 2320081
Mean x 21.75
Meaan y 0.5433
RMS x 33244
BRMS 0.3476
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Individual bins for PID

FS§.fRich.fRadius {({G.fTrigger&0x0200)!=0)&&(FS fRich.fMass>0&&abs(F5.fP-30)<2.5)} htem p

Entries 11760 FS.fRich.fRadius {{(G.fTrigger& JLAA| &abs{FS5.fP-25)<2.5)} htemp

Mean 8.378 12000

30+-2.5 J RMS 07168

2000 Entries 65244

25+-2.5 J Mean 8.074
RMS  1.056
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FS fRich.fRadius {{(G.fTrigger& )1=0)8&( Babs(FS.fP-35)<2.5)} htem p

Entries 1639
35+-2.5 Mean 8.618
RMS 0.5193

220
200
180
160
140

Cut used (mass<.4)
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Yields that can be
analysis

46K 26K
N

Integrated yields of T, K

negative at 2.3 deg

and proton in X range
O . 1 5 —O . 3 5 Rich Mass for 0.15<xf<0.35

25000~  positives

20000
15000

10000
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n €Vs. X * 100

<g>~—0.035 => A = -0.08 +- 0.005 +-
[0.015] in 0.17 < x < 0.32
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n+ evs. xg * 100

35 40

<e>~+0.02 => A, = +0.05 +- 0.01 +-
[0.015] In 0.17 < x¢ < 0.32
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" with yellow Pol.

This corresponds to negative xg, and is consistent with O.
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The proton An is consistent with 0. Analyzing power
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Conclusions

BRAHMS has obtained the first preliminary result for
single spin asymmetries for p+ and p- in 200 GeV pp
collisions at RHIC in the x range of 0.17 to 0.32.

The value for t+ and ©- are significantly different from
each other and the - < 0 at ~ 3 sigma level and rnt+
>0 at ~ 1 sigma level

The negative x for pions are consistent with O (as
also found by STAR)

The protons is found to have An ~O0.

The upcoming run-5 should enable BRAHMS to
extend the measurements to xF ~ 0.45 and to get
some information on p,-dependence at xF~0.25
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