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WHY RHIC?

* Most of our knowledge of the nucleon spin presently comes from Deep
Inelastic Scattering (DIS) Fixed Target Experiments

— EMC (Nucleon Spin Crisis), SMC, SLAC (E80, E131, E142-E155x), HERMES,
COMPASS, Jlab ==> Still active

— Discovered the possibly large significance of polarized gluon distribution to this
problem: relying on NLO pQCD analysis or di-hadron production from photon-
gluon-fusion events

6 M. Stratmann and W. Vogelsang

 Message from 1990s: {ite/2)/71to)

HERMES

—_ Measure AG by “direct,, methOdS b :— (hadron pairs) _:
— To allow interpretation of asymmetries in [ -
terms of polaized gluon distributions, keep 40 -

the experimental measurements at high
scales/scales
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RHIC POLARIZED COLLIDER

RHIC pC Polarimeters
p— o @ BRAHMS & PP2PP

PHOBOS

Siberian Snakes

— g@

L. =2x107s"cm™
70% Polarization

50 < /s <500 GeV

e Siberian Snakes

!

Spin Rotators

Spin flipper
(longitudinal polarization) . P PP
lenoid Partial Siberian Snak Spin Rotators
Pol. H Source Solenoid Partial Siberian Snake (longitudinal polarization)
~a S LINAC  pooster
4/
200 MeV Polarimeter -~ ~ '4a—AGS Internal Polarimeter

A T |
Rf Dipole w AGS pC Polarimeters
Strong AGS Snake

Installed and commissioned during FYO4 run
B Plan to be commissioned during FYOS5 run
B Installed and plan to be commissioned during FYO5 run
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Polarization
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POLARIZATION IN RHIC

Fill 5324

RUN 4 RHIC pp average
polarization (0.39 +/- 0.03)

Last week 45-50%
polarization seen fill-after-
fill for a luminosity of 0.4 x
103" cm? sec! with
luminosity life times of 7-9
hrs.

AGS cold snake installed
March 2005 (few weeks
ago):
— Commissioning in Run-5
(on going)
— Expected polarization in
Run-6 for Physics >65%
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EXQUISITE CONTROL OF SYSTEMATICS
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PH._ENIX
PHENIX DETECTOR & DESIGN PHILOSOPHY

PHENIX Detector

PC3 Ejentra]
PC2 agnet
=0
MVD
PC1

 Philosophy:

— High resolution at the cost of
acceptance

— High rate capable DAQ

— Excellent trigger capability
for rare events

« Central tracking: Pad chamber,
drift chamber, time expansion

West Beam View East chamber
S &ﬁ@& « Forward tracking: Muon tracker
5  Central arm EM Calorimetry

BR I f e Particle ID: Muon ID, RICH, TOF,
Z-DC Sodth ( . ) MZDJ Nc-rt-h TEC
' ' Global Detectors: Beam-Beam

Counter, Zero-Degree-
Calorimeter

South Side View North
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n° RECONSTRUCTION
1.0 GeV/c<p ;<2.0GeV/c 2.0 GeV/c<p ;1 <3.0GeV/c
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CORNERSTONE OF RHIC SPIN PROGRAM

* Measured un-polarized cross section at Sqrt(s)=200 GeV are well
described by the Next-to-Leading Order cross sections

pp = X
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DOUBLE SPIN: LEADING HADRONS FH ENIX

D! (z)

-
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Fraction of n° produced

qg+gq

T
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A, & BACKGROUND SUBTRACTION

« Calculate A/ (7" + BG1) and A (BG2) independently

{3"_|__|_—{T_|__ 1
ALL —

G"_|_++CJ'_|__ _PP

« Fit n° peak and get the correction factors

Wpag =1—W,o where W, o =

Moy = RV - where R = Lis
N, . +RN,_. L.
,ﬂ.f}
m + BG1

« Subtract A (BG2) from A (7 + BG1) to get A (")

Two photon invariant mass

250001
20000F
15000?
10000"

5000?

%

Red :n° region
Green : BG1 region
Blue : BG2 region

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
M, (GeV/c’)

pr (GeV/c) | n¥ stat. (wpg)
1-2 1151k (31%)
23 510k (13%)
3-4 91k ( %)
i 17k ( 5%)
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GLUON SPIN PROGRAM HAS BEGUN!

« Data taken in 4 weeks in Run 3 & 4 days of 2004
* Longitudinal spin asymmetry measurement at PHENIX

— Beam polarization measurement using p-Carbon CNI polarimetry and
Jet-Polarimetry (See Sandro Bravar’s talk)

— Forward neutron production based local polarimetry Uncertainties improve

— Relative luminosity variations less than 2.5 x 104 A8 stqft(]i
Run Time | Int. Lum. | Pol. PYL

Run 3 (2003) 4 weeks 220 nb~! | 27% | 1.17 nb~!

Run 4 (2004) 4 days 75 nb~t | 40% | 1.92 nb~!

DOUBLE HELICITY ASYMMETRY IN INCLUSIVE MID-RAPIDITY NEUTRAL
PION PRODUCTION FOR POLARIZED -PP COLLISIONS AT SQRT(S)=200 GEV
HEP-EX/ 0404027, PUBLISHED: PRL 93, 202002 (2004)
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PHENIX LocAL POLARIMETER

« Spin Rotator Magnets enable longitudinal collisions in IRs

 PHENIX discovered at low pT and high xF an analyzing power in neutron
production in pp collisions at 100 GeV

« ZDC + Shower Max Detector P, /P >0.99 blue & yellow
PHENIX Collision Point.  ~1800cm
A
® ——# ® {10cm  (+2mrad)
Blue beam
Tert] ¢ o e|right
1«7 ---/'::“:'i“:{i“':""' ]
ex /N AP — "
/ o' \"H-__' ..{" t
/" ¥7 neutron
/ // : E ol
i :
x #;;% 0%
3 i
& : :
proton A A LIC TIPS s A (< 0 S
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A, (% : RUN-3 & PRELIMINARY RUN-4

Preliminary Run-4 « Data from Run-3 and
<j - n0 A, from pp at\s=200 GeV Run-4 consistent:
0.1t +Runa ’ — Ch?/DF =5.7/4
T ¢ Run3 _ _
0.05C ¢ Combined * « Figure of merit of Run3
- and Run4 are: 1.17 and
o g %} e 1.92, respectively
- % — Uncertainties in Run-
-0.05; . :
B 4 smaller in spite of
-0.1- Scaling error of ~65% == Now at 15% significantly fewer
:.i.s.qqt.ipt.:l.u|d.efl.' A I A AT B events
0 1 2 3 4 5 6
p; (GeV/c)
pr (GeV/e) | A7, (Run 4) (%) | A7, (Run 3) (%) | AT, comb. (%)
1-2 0.0= 0.9 2.7 1.3 -0.9=0.7
2-3 0.7= 1.0 -1.3£ 1.3 0.0£0.8
3-4 -1.8£ 2.2 -1.7£ 2.8 -1.8=1.7
4-5 9.7 4.9 0.7+ 6.2 6.243.8
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COMPARISON WITH THEORY

Preliminary

ALL

0.1
0.05

-0.05

'0.1_—

Cis nqt inclulded. |

n0 A | from pp at\s=200 GeV

¢ Combined

GRSV-std

Scaling error of ~65%

e GRSV-std: best fit to DIS data

1
/ AG(z)dr ~ 0.7 at Q% 1 GeV?
Jo
«  GRSV-max

G(z) at Q2

input

— 0.40 GeV?

« Data prefers the GRSV-std
curve (and hence the gluon
distribution and its first moment)

0 1 2 3 4 5 6 — B. Jaeger et al. Phys. Rev.
b, (GeV/c) D67, 054005 (2003)
Confidence Levels
GRSV-std || GRSV-max
4 points (1-5 GeV/c) || 21-24% 0.00-6%
3 points (2-5 GeV/c) || 27-29% 0.01-13%

472972005
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RUN-5 STARTED APRIL 19, 2005

* Run ends June 25
* 8-9 Physics Weeks
— Expect ~5-10 pb-1 with ~45% average beam polarization

— Status Last Week: beam polarization > 45% last week, luminosity
low by factor 3 so far

m0 A, A

0.08; 0.096,

0.06" GRSV-max ﬂ:‘; GRSV-std

0.04 0.002

0.02; R = S

o | U o |

0.02, T 0.004

.0.04-  10pb”, 50% pol \00 i 10pb", 50% pol
427345 6 778 9 10 0008 65 1952353354455

p; (GeV/c) p; (GeV/c)
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NEAR TERM OUTLOOK

* Run-6 a strong siberian snake to go in AGS:
— Beam Polarization 50% ==> 65-70%
— Luminosity expected to increase as well ~65 pb-1

* Helicity asymmetry for n® at Higher pT (> 6 GeV/c) and also relative
sizes of charged pion double spin asymmetries

M. Stratmann et al.

14 4
p; (GeVic) p; (GeVic)

AG > 0= A7 L>A L>A
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PH.ENIX
SUMMARY & OUTLOOK

« Summary

— First measurement of a double helicity asymmetry in neutral
pion production from the RHIC spin program

— AG measurements theoretically clean
* Outlook:
— Uncertainties are large but they will improve with P? Sqrt(L)
— > 45% polarization from store to store already demonstrated in Run-5
— Luminosity development in progress this week
 Upgrades:
— Accelerator: A significance run expected next year
 Run 6: Cold Snake Operational in AGS: Polarization 65-70%
— PHENIX Detector: Run 8,9 physics and detector upgrade

« Forward Detector Upgrades for Parity Violating W production:
X.Wei’s talk

« Silicon VTX detector in increase the x range of AG/G coverage

4/29/2005 ABHAY DESHPANDE 18



Research Plan for Spin Physics For RHIC, Feb. 2005 BNL 73798-2005
AFTER RUN-G6

« Final inclusive nt® production result at Sqrt(s)=200 GeV

—— AAC2004
AAC 1-g limit

-------- GRSV std

cenee- GRSV limit

-
r
-
uuuu
A=

l-‘_h

-0.5— * COMPASS di-hadron

¥ COMPASS di-hadron pmje%tiﬂn
= RHIC n"projection 65 pbh

-
L
--
--------

IIII 1 [ IIIIIII [ 1 | I I I I |
10 10" 1

-
=
3
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RELATIVE LUMINOSITY

Beam-Beam Counter (BBC) used as Relative Luminosity Monitor
— Low background
— High statistics
Zero Degree Calorimeters (ZDC)s used as a cross check
— Different kinematics and acceptance
Bunch by bunch comparison of ratio of multiplicities in BBC vs. ZDC

Achieved relative luminosity precision 6R = §(L++/L+-) < 2.5 x 104
— Estimate limited by ZDC statistics (30 times lower than that of BBC)
Relative luminosity contribution to A, (n°)
— <0.2% for Run3 (27% beam polarization)
— <0.1% for Run4 (40% beam polarization)
A, for BBC relative to ZDC consistent with zero (< 0.1%)
— Strongly indicates that both double spin asymmetries are zero

4/29/2005 ABHAY DESHPANDE 20



