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Workshop agenda:

Organizers: S. Kretzer, A. Ogawa, M. Perdekamp, G. Rakness, W. Vogelsang
 RHIC as a polarized proton accelerator

— M. Bai (BNL) — for summary see W. Fischer plenary talk

* Polarimetry at RHIC
— A. Bravar (BNL) — for summary see W. Fischer plenary talk

* |Inclusive observables
— W. Vogelsang (RBRC/BNL)

* Novel Transversity Properties in Hard Scattering
— L. Gamberg (Penn State/Berks-LeHigh Valley)

« PHENIX results
— A. Deshpande (SUNY-Stonybrook/RBRC)

e STAR results
— J. Kiryluk (MIT)

* pp2pp results
— W. Guryn (BNL)




What carries the proton spin ?

e spin sum rule : /

5 = sAY + AG + Ly + L,

~ 0.1

where

x AG(Q?) = dr Ag(x

Ad e

+ L, 4 quark, gluon orbital angular momenta

W. Vogelsang (RBRC/BNL)



Data

2001-2 (Run 2)

— Transversely polarized p+p collisions (NO Spin Rotators Magnets )
— Average polarization of ~15%
— Integrated luminosity 0.15 pb-1

2002-3 (Run 3)

— Longitudinally polarized p+p collisions achieved
— Average polarization of ~27%
— Integrated luminosity 0.35 pb-1

2003-4 (Run 4)

— 5 weeks polarized p+p commissioning
 Started April 2nd
» Specifically to work on spin tune and AGS polarization
« Commission hydrogen jet polarimeter

2005

— Long spin run planned!
A. Deshpande (SUNY-
Stonybrook/RBRC)



Spin Asymmetry Measurements

Single Transverse Double Longitudinal
PR 1 N RN, 4 GO 1 N .—RN_
Vo +o, P N+RN LS 1o PP, N_+RN._

Statistical significance: P** . j Ldt

Require concurrent measurements:
e magnitude of beam polarization, £, RHIC polarimeter
e direction of polarization vector at interaction point

e relative luminosity of bunch crossings with different spin directions:

L,
R =— and R =
L

\ -

* spin dependent yields of process of interest: N;and N;
J. Kiryluk (MIT)




= RHIC stores up to 120 bunches per ring

Relative Luminosity Measurement (STAR BBC)

= Precision of relative luminosity monitoring critical: for A, ~1% 8A /A, ~5% if SR/R~103

- different bunches injected with different spin orientations

- collision luminosity can vary with spin combination

= | uminosity ~ BBC coincidence rate ( large cross section of ~27mb)
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Forward =° Production

Run-2 STAR collaboration, PRL 92, 171801 (2004)

“; Data 3.4<n<4.0
& ¢ 71° mesons ((n)=3.8)
w, 10 | NLO pQCD calc.
a — KKPF.F. (n=3.8)
= - Kretzer F.F. (n=3.8)
"o
S,
&
”m
T qr
L
. Normalization .
1 Uncertainty=17%°-,,
10}
[(pp=15 17 19 21 .22 GeVie.
25 30 35 40 45 50 55 60 65

E. (GeV)

0.013)

o
.p

CNI
N =

A, (Assuming A

o
N

o
o

-0.2

0

%ﬁspﬁv

e 7’ mesons
O Total energy

Collins ®
Sivers
Initial state twist-3 }

Final state twist-3

(pT}—10 1113 15 18 21 24 GeV/c

02 04 06

D.B

Xp

* pQCD calculations consistent with measured large-n n¥ cross sections

e Large transverse single-spin effects observed for Vs = 200 GeV pp collisions

Collins effect = transversity

Sivers effect = orbital angular momentum

Additional measurements required to disentangle contributions



Midrapidity Ay Results from PHENIX
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A. Deshpande (SUNY-
Stonybrook/RBRC)
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e Sudakov effects e factorization ?

W. Vogelsang (RBRC/BNL)



s Transverse Single Spin Asymmetries
BBC Run-3 (Preliminary) Results
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Strong pseudorapidity dependence
J. Kiryluk (MIT)



How do we get longitudinal polarization?

Ring
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Beam _ . . . . .
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Measured Asymmetry (x1 0'3)

Measured Asymm
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J. Kiryluk (MIT)



Longitudinal Polarization at PHENIX

Spin Rotators OFF
Vertical polarization

Spin Rotators ON
Correct Current !
Longitudinal polarization!

A. Deshpande (SUNY-
Stonybrook/RBRC)



E*d’c/dp® (mb-GeV 2.¢c?)

Aclc (%)

(Data-QCD)/QCD

PHENIX midrapidity 7° cross section (2002 Run2)

Phys. Rev. Lett. 91
241803 (2003)

— Kretzer NLO

a)
Results consistent with pQCD

I PHENIX Data calculation

— KKP NLO

Favors a larger gluon-to-pion FF
(Kniehl Kramer Potter)

Important confirmation of theoretical
foundations for spin program

Run3 results reproduce Run2 results

I Y v Confirm the Run-3 data reliability
3 D B l and consistency

= ] v Run3 data reaches even higher
3 ‘ p;s; results will be finalized soon

15 A. Deshpande (SUNY-
pr (GeVic) Stonybrook/RBRC)
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PHENIX A, | Result and Discussion
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A. Deshpande (SUNY-Stonybrook/RBRC)




A for p+p—> jets at Vs = 200 GeV

— sensitivity to gluon polarization
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The pp2pp Experimental Setup

* Elastically scattered protons have very small
scattering angle 8", hence beam transport magnets
determine trajectory of scattered protons

* The optimal position for the detectors is where
scattered protons are well separated from beam

protons

| | | * Need Roman Pot to measure scattered protons close
to the beam without breaking accelerator vacuum

Elasic trigg er d etector
(scintillator)

w-detector (silican)

Scattere d y-det ectar (silicon)

proton

W. Guryn (BNL)



Elastic Events: Co-linearity and dN/dt

Note very clean data set!

X,y VS. X, arms:AU-AD at the Pots

Entries 206089

xxAUAD

[ O, VS 0,4 arms:AU-AD atlP

Entries 206089

thxAUAD

2 = LI L L B B LB R — Mean x -0.01155 2 L B L Y L B B L LB B — Mean x 0.08116
E : Meany 0.1177 C Mean y 0.09559
150 -~ |RMSx  0.502 150 {RMSx  0.7136
C " |RMS 0.4985 C JRMSy  0.7093
C ; 0 4 3 = 1 13 12
1= T20606] 2 1= 12006034 4
E 6 0 0 E "2 0
0.5 3 0.5 3
oF- = oF- =
0.5 = 0.5 =
A1 ; —f -1 f— é
st E st E
-2:| e i v b v e b v by b By \: _2:|.| 1 |"‘..| v e by v b b e by Ly \:
-2 -1.5 -1 -0.5 0.5 1.5 2 -2 -1.5 -1 -0.5 0.5 1.5 2
[ -t distribution for Arm A | dNdtArmA
= L T e e e e e s e e e e e e —| Entries 206089
ook ' ' v oormes|| ESE- Of stat. error Run 2002 Run 2003
- RMS  0.005795
5000(— undertiow 0|1 Nuclear slope AB 1.6 GeV/c)2 | 0.35 (GeV/c)2
C Overflow 65
4000— ]
- ] Raw asymmetry Ag, 0.007 0.001
3000 —
- ] Total cross section 2-3 mb
2000 .
C ] AcyTOt
1000— —
:I 11 | ‘ 1 1 1 | 11 11 | 1 11 | | 11 | Il | 11 Il 1 | 1 11 11 | \:
00 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

W. Guryn (BNL)



Some plans for polarized proton
run in 2004-2005

* Longitudinal:
— Midrapidity jets
— Midrapidity n°
— Forward rapidity n°
* Transverse:
— A\ for forward rapidity n° vs. x and p+
— Midrapidity di-jets

Lots of physics to come from this
burgeoning program at RHIC!



	Spin Physics at RHICSummary of Workshop R1b: Spin Physics at RHIC: First Results and Status of the First Polarized Proton C
	Workshop agenda:Organizers:  S. Kretzer, A. Ogawa, M. Perdekamp, G. Rakness, W. Vogelsang
	Data
	Spin Asymmetry Measurements
	Forward p0 Production
	Midrapidity AN Results from PHENIX
	Longitudinal Polarization at PHENIX
	PHENIX midrapidity p0 cross section (2002 Run2)
	PHENIX ALL Result and Discussion
	ALL for                       at ?s = 200 GeV? sensitivity to gluon polarization
	The pp2pp Experimental Setup
	Elastic Events: Co-linearity and dN/dtNote very clean data set!
	Some plans for polarized proton run in 2004-2005

