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Motivation

Polarized proton-proton collisions can be used to probe AG

[0 High center-of mass energies (1/s) makes pQCD calculations applicable

[0 Longitudinal double spin asymmetries (Arr) are directly sensitive to
AG. Possible process:

Ag(z1) AG(zy)

Arr - Q —
P TR (g9 — q9)

P

0

— Ay for inclusive 7 production is a

promising candidate.
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RHIC
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Polarized Protons at RHIC

Absolute Polarimeter (H jet) RHIC pC Polarimeters
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[0 Up to 112 bunches (5ns long, 100ns apart)
[ Individual polarization pattern —- different polarizations on very short time scales

[1 Avoid systematic errors caused by time dependent variations of the detector response

[1 Spin rotators around PHENIX and STAR — Longitudinal polarization
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Longitudinal Polarization

Measurement of left-right asymmetries in forward neutron scattering:
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Longitudinal Polarization

Rotators ON: Left-right asymmetries vanish = Longitudinal polarization
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RHIC Performance in 2003

In 2003 RHIC was running at /s = 200 GeV with 56 bunches in each ring.

[0 Intensity per bunch : 0.65 - 10!
Peak Luminosity : 6-10%° cm™2 57!

— Limited by vacuum pressure rise and beam beam interactions

[ Average Polarization: /(P, - P,) ~ 0.26

— Mostly due to polarization loss in AGS
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RHIC Performance in 2003

and in the future
In 2003 RHIC was running at /s = 200 GeV with 56 bunches in each ring.

O Intensity per bunch : 0.65 - 10!
Peak Luminosity : 6-10%° cm™2 57!

— Limited by vacuum pressure rise and beam beam interactions

e Very good performance in this years Au Au run

e Integrated luminosity about a factor 2 higher than expected

[ Average Polarization: /(P, - P,) ~ 0.26

— Mostly due to polarization loss in AGS
e A warm partial snake has been installed in the AGS:
50% Polarization measured at extraction energy.

e Superconducting snake in the AGS for future runs.
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A7 Determination

S -t

Versus

=z

Determination of Ay by measuring yields and integrated luminosities:

Opy4 — 04— ++ same helicity
Apn = +—  opposite helicit
O'_|__|_ + O'_|__ PP y

1 Ny  —RN._

B . o Lt
| (PePy)| Niyy+ RN, _

with = L.

Three quantities are needed :

[1 Beam polarization
O 7 yield

[] Relative luminosities
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The PHENIX Detector

PHENIX Detector
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Side View North

PHENIX Central Arm :

o n| <0.35
e ¢ = 180°

mV-Detection:

e PbSc:
e PbGI:

Trigger:

e Collision trigger: BBC
e High-pr Photon trigger:
EMCal

Luminosity Measurement:

e BBC
o Z/DC



7V Reconstruction

Analyzed data sample : 43.5 - 10° events (=~ 0.22pb~ ') with \/(P, - P,) ~ 0.26.

Red : Signal + BG Photon ID cuts

Blue : BG

Yield

e Shower profile
e Time of Flight
e Charge Veto

to maximize Figure of Merit
e Minimize background (combinatorial +

hadronic)
o Keeping the 7* efficiency high (84% to 93%).
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Data collected with high-pr photon trigger.

pr(GeV/c) | Trig. Eff. PbSc | Trig. Eff. PbGl | Bkgr. contr.
1-2 6% 13% 27%
2-3 54% 60% 15%
3-4 84% 84% 9%
4 -5 91% 88% 8%
—~——
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Background Correction

Background

Red : Signal + BG
Blue : BG

Yield

e Asymmetry of background is
determined from the blue region
near the 7 mass region.

e Background under ¥ peak and
background are normalized (r)
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Ay r-values are corrected for the background contribution:
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7V Cross Section
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Relative Luminosity

The BBC is used as a relative luminosity monitor, because of

[0 Low background (~ 10™%)

[0 High statistics
The ZDC is used as a cross check.

[J Luminosity measurements of BBC and ZDC consistent
[0 Accuracy of luminosity measurement : R = 2.5-10~*

[1 Therefore : 6A;; =1.8-1073
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Determination of Ay y

[ A, Luminosity Formula (I<pT<2) ]
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A, Luminosity Formula (2<pT<3) ]
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[ A, : Luminosity Formula (3<pT<4) |

X2 / ndf
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A, : Luminosity Formula (4<pT<5) |
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[0 Aprp is determined for every fill
[1 Fit of a constant to the data
[1 Final result is the mean value
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po  0.02505

1,

38.09/46
+0.06639

—

[1 Polarization constant within fill
0 Good x?-distribution
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Results

< o A, from pp at \s=200 GeV
Ol Comparison with two NLO calculations:
005: GRSV-max Phys. Rev. D63(2001), 094005
- / GRSV-std Consistency with data:
. | GRevsd)
: I e GRSV-std: CL 21-25%
0,05 e GRSV-max: CL 0.1-8%
(no theoretical uncertainty included)
-0.1- Scaling uncertainty of 65%
p s notinclyded | i,
0 1 3 4 6
p; (GeVic)
0 0
pr(GeV/c) || Bckg. contr. AZLJFbCkg Alﬁjg AT,
1-2 27% | -0.015 4 0.010 | -0.018 £ 0.016 | -0.028 £ 0.015
2-3 15% | -0.019 £+ 0.013 | -0.031 £ 0.028 | -0.017 4 0.015
3-4 9% | -0.018 £ 0.029 | -0.008 £ 0.079 | -0.019 4 0.032
4-5 8% | 0.025 + 0.066 0.26 £ 0.20 0.004 £ 0.072
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Parity Violating Asymmetry Ay,

Parity violating asymmetries

(1 Asymmetries between (++) and (——) )
[0 Asymmetries between (+—) and (—+)
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Systematic Checks

i : : hchi
B u nCh Sh Ufﬂ I ng [ X" distribution from Bunch Shuffling (2.0<p<3.0) | hi2_ ALL_ptl

Entries 2000

[1 Randomly assign helicity signs to every Mean 1014
. 25— RMS 0.2041
bunch crossing :
— Average Polarization 0 o
[1 Determine Ay, for each fill o
[0 Determine the mean value for Ay 101~
[1 Repeat this process 1000 times St
o 05 1 15 N -
x*/DOF
[ A, distribution from Bunch Shuffling (2.0<p;<3.0) | hasym_ALL_ptl
— Entries 2000 . . . .
s0f Mean 8005 e Width of Ay ;-distributions are
- RMS  0.01385 . . .
sof- consistent with errors assigned to Ay
sof- e This indicates that uncorrelated
soF- systematic errors are much smaller than
"3 the statistical errors
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Summary and Outlook

Summary

N B [

Outlook

PHENIX has measured A in inclusive 7" production
First evaluation of the polarized gluon distribution from RHIC
Observed Asymmetry is small

Level of uncertainty is comparable to global fits to existing DIS data

Higher polarizations and higher luminosities expected in the near future

Absolute polarization measurement this year
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