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= Exploring the spin structure of the proton

e SPIN: Fundamental property of elementary = Where is the spin of the proton then?
particles such as mass: AG and (L' + L)
Quarks and Gluons:
Fundamental e At present, the Gluon polarization, AG/G, is onl
Proton: components of Theory P b po'art " ‘ 4
: , oorly constrained (only indirectly) from e/p -
SPIN J=1/2 of strong Inferaction - Is?ccn"r);r'in ex er'imin‘rsy 4 F
Quantum Chromo g exp
Dynamics (QCD) e Need: New generation of experiments to explore
. . . the spin structure of the proton: polarized
 Fundamental question: How is the proton spin proton collisions at RHIC which allows to access
made up? directly AG/G!
on > :
Q‘d‘ Sp; RHIC spin program: I

Spin

Quo?

& Y J=L_Lasincerir | | . |
5 e E 2 2 e Unique multi-year program colliding polarized

protons for the first time ever has just started...!
e Explore various aspects of the spin structure of

the proton in a new domain:

L
2

= Electron (e) / muon (u) - proton (p)
scattering experiments found that fraction
of proton spin carried by quarks is small:

= Spin structure of the proton (e.g. role of gluon)
= Spin dependence of fundamental interactions
AS ~1/3 = Spin dependence of fragmentation

= Spin dependence in elastic polarized pp collisions
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= Asymmetries

e Measurement of asymmetries (A): Principle approach to study spin effects!

® An asymmetry quantifies the difference between different initial spin
configurations for a particular process

e Example: Single transverse-spin asymmetry

S

Versus A N =

+ - .’
'C’T" ) oYy _8 _}: ______

P: Beam ~
= Study left/right asymmetries! E:szamn ~ Right detector (R)
e Ultimately at RHIC, any combination of beam e First year (FY02): transverse (T/1)
polar‘iza‘rion (Iongi‘rudinal (+/-) /transverse polarized collisions
(T/1)) is possible, which allows to explore
different aspects of the proton spin structure e Second year (FY03): transverse (/1) and

longitudinal (+/-) polarized proton collisions
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= Experimental and theoretical remarks on Ay

e Several approaches beyond the basic "naive QCD
calculations” yield non-zero A values at RHIC
energies:

e Basic, "naive QCD calculations” (leading-twist,
ignore masses of quarks) predict: A =0

e Non-zero values of Ay have been observed at the FNAL
experiment E704 for:

p+p—on’+X

pep = 43, Y2200 GeY, E_=25 Gey , 1500 nb|

D
[

Vs = 20 GeV (10 X smaller than at RHIC), 0.5 < p, < 2.0 GeV € [ Dewctoratz=7socm, =45em S | w0
e F Caleubatons for p_= 1.5 Geli: /;
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0 020405608 -0.] F Riu ond Starman modal, k ="Eﬂ'-hju'|' P
g [ leadingm® . T
. C ldlng B
e Does the E-704 effect persist to RHIC 015 mding o H‘n‘
energies? [ Projested stotistics (150000 -
. . . _u.'z-IIIIIIIIIIIIIIIIIIIIIIIIIIIIII'-II
e Challenge to theory community to explain this & W d 5 IEF' 9 . Ba
measured effect! ion energy (6et]
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= First polarized proton run (12/20/01 - 01/24/02): transv. polarized proton beams

e Aim at STAR during first polarized proton run: = Exploratory measurement of a single

transverse-spin asymmetry:

p+rp—on’+X

Forward n° (m® — yy) production

x¢ (~ E o/E

e Asymmetry:

beam) i

0.1-0.6and p;~1-4 GeV

&= PA, =

Ny /Ly =Ny /L, _Ny—R-N,

N,/L,+N,/L, N,+R-N,

e Determination of Ay requires
three measurements:

1. Spin dependent event yield: Ny,
2. Relative luminosity: R=L,/L,

3. Beam polarization: P
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e A, : DIFFERENCE over SUM - In general
quite small = Require therefore:

1. Statistical precision

2. Control of systematic effects
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e RHIC performance in FY02:

Beam energy: 100 GeV
Inst. luminosity: ~ 1+ 1030 st cm2
Integrated luminosity: ~ 0.3pb!

Bunch crossing time: 213ns

S

Polarization: ~ 0.2 at injection approximately maintained
at 100GeV (transverse)
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. Polarimeter

2 x 10! Pol. Protons / Bunch
e = 20 t mm mrad

FYO3 devices
After FYO2

AGS Internal

AGS pC Polarimeter

e Expected RHIC performance in FYO3:

= Beam energy: 100 GeV
= Inst. luminosity: ~1- 103! st cm

= Integrated luminosity: ~ 3 pb! recorded at STAR (long.
polarization)

= Bunch crossing time: 107ns
= Polarization: ~ 0.4 from AGS (trans. and long. at RHIC)

Bernd Surrow

NATIONAL LABORATORY

BNL, 10/23/2002



m Upgrade of the STAR detector
Upgrade program of the STAR experiment for the first

STAR Detector polarized proton collisions:

Silicon Virrex
Coils Magnet =Iracker

7 EM e Beam-Beam Counter (BBC)
Calorimeter

Tiieraies i = Relative luminosity measurement

— Chamber

— Time Of
Flight

= Rejection of beam-gas event in pp collisions
= Minimum bias trigger
= Beam funing to make collisions at STAR
= Luminosity monitor
e Forward-Pion Detector (FPD)

= Electromagnetic calorimeter system: Prototype
setup of 3 Pb-glass arrays and 1 Pb-scintillator

Electronics
Platforms

calorimeter
N 4 FPD = Energy and shower profile measurement (n® — vy)
BBC H | | ‘ BBC East = Event yield for Forward ° production
West | : East ]
: ml LT — sl T 111 e
i } ] e Commissioning of EM-calorimeter (Barrel)
l I | |' H modules and trigger
—_— e Commissioning of spin scaler system
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m Beam-Beam Counter (BBC)

e Hexagonal scintillator array structure at +3.5m from IP:

= . inner (outer) diameter 9.6cm (48cm) of
18 pixels

NI/ ' = Quter annulus: inner (outer) diameter 38cm (193cm) of
18 pixels
\‘\...., | -

e Singe scintillator ftile:

= 1 cm thick scintillator

= 4 optical fibres for light
collection

= ~ 15 photoelectron/MIP

Version 4/16/01- 2
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m Forward-Pion Detector (FPD)

Top
« NS calorimeters are mounted Ph-glass
close tothe beam pipe a
distance of ~7.6m east of the
STAR IR
Bearm pipe
ﬁl:n')
Maorth an SaLth
Ph-scintillator s 5(} Ph-glass
(near pos'n) o s E g X
nil t.':l p-l- -~ EE
.l:.il.jiill..l : 'W‘ (N-IquV'IrC
E!!!EEE!!!E!S!!!! l at E=25 Gev:l
— ShY strips
- 2tower prototype of endcap EMG - Ph-glass defectors
sampling calorimeter built by IHEF Protvino
for FRAL E-704
¢ preshower detectors Bottom
Ph-glass - ~18radiation lengths
| P - ] - shower-maximum detector
' ' to measure transvierse profile + Cerenkow detector
- ertensively tested at SLAC
Goldhaber Fellow Presentations BROOKHFEAUEN Bernd Surrow

NATIONAL LABORATORY

BNL, 10/23/2002



m  Measurement of forward n° production at RHIC

FPD event, Run 1563 , event 8% M= 0.0158 0.0157 Gev® Worth calorimetar (E>20 Gav}, RHIC fill number 2201
EEGD T B EEIGD :—'"I"'I"f‘dwmﬂﬁqﬁ 4 TT T T[T T T T[T TTT[T1 |f}.-r|.dfll1|?3|5| I_.-rli"lﬁ
& s a0 | I, - Peck cta 171.47
= = oez e Transverse shower 350 - Centroid 01330
< 200 <o | [otioz  nmap) . L o Q191 3E—H
E ] pl"Oflle r‘esponse Of bkgnd al S0
200 | 200 [ : P aimum bkgnd 4554
F » ] i bkgnd o2 =2103,
100 | 100 M . detector 250 -
Q o %uﬂ n 1 1 o am WP My 1 r =
20 40 80 BO 100 23 40 g0 BO 100
SMY stip (her) SMY strip (ver) 2 S ]
150 H — Paw trigger _
Z300 P B i —E, — EJ(E, + E5} <= .5 i
5?23 2 Calorimeter and 108 —
I e =
Elig Y Preshower detector I 7
R 50 | ]
0 response
D L1 11 I L1 1 1 I L1 1 I;
LN .1 0.2 0.3 0.4 0.5 0.6 .7
Cluster pair invariant mass {(Gev,/¢h
= Cluster separation in shower = Clearly identified 7° mass
maximum detector and measured peakl
calorimeter energy serves as input
to the % mass determinationl!
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= First measurement of Ay for forward n° production at RHIC

pr+p — AN

= — - e Several approaches beyond the basic "naive QCD
=L . STAR FPD Preliminary Data calculations” yield non-zero A, values at RHIC
0.4 L Assumes A(CNI)=0.013 energies:
- 1.1<p;<2.5 GeV/c = Sivers: include intrinsic transverse component, k,, in
L V/s=200 GeV initial state (before scattering takes place)

= Collins: include intrinsic fransverse component, k , in

~ _ Collins final state (after scattering took place)

O 2 | Sivers

Qiu & Sterman

= Qiu and Sterman: more “complicated QCD
calculations” (higher-twist, multi-parton correlations)

0 e A, is found to increase with
energy similar to E704 result
- Syst. Uncer. = £0.05 e This behavior is also seen by

[ L
O 0.2 0.4 0.6 0.8 1 non-zero A, values
xe = E / 100 GeV
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e First polarized proton collisions ever at STAR experiment at RHIC!

= Summary

e Successful upgrade and commissioning of various new STAR components for the first
polarized proton run at RHIC:

= Beam-Beam Counter (Relative luminosity measurement < 10-3)

= Forward-Pion Detector (Total event sample: 3.5 - 109)

= EM calorimeter modules and trigger (Total event sample: 0.8 - 10¢)
= Spin scaler system

e First measurement of single transverse-spin asymmetries Ay, for forward m° production at
RHIC (= Probe new domain in QCD)!

= Outlook = A very exciting time is ahead of

us to explore the spin structure
of the proton at RHIC!

e Various upgrade programs are underway at STAR

= Beam-Beam counter / Forward-Pion Detector
= Electromagnetic calorimetry (Endcap/Barrel)
e First collisions of longitudinally polarized protons expected for FYO3!
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= BNL directorate

m STAR Collaboration
m Gerry Bunce

= Les Bland

® Joanna Kiryluk, Akio Ogawa and Greg Rakness!
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