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Proton Spin BRANWK

 The Proton is a composite particle, and so we expect its
properties to arise from the quarks and gluons

 For example:
— Charge—-> +1 = 2/3 + 2/3 -1/3. Only quarks contribute.
— Momentum-> carried by both quarks and gluons.

— Spin ?
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Proton Spin BRANSK

 The Proton is a composite particle, and so we expect its
properties to arise from the quarks and gluons

 For example:
— Charge—> +1=2/3 + 2/3 -1/3. Only quarks contribute.
— Momentum-> carried by both quarks and gluons
— Spin ?

S, =3 =3AY +Ag+ AL

AY = Quark Contribution ~ 20-30%

Ag = Gluon Contribution—minimally constrained
AL = Orbital Angular Momentum Contribution—?7?
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Proton Spin BRANWK

 The Proton is a composite particle, and so we expect its
properties to arise from the quarks and gluons

 For example:
— Charge—-> +1 = 2/3 + 2/3 -1/3. Only quarks contribute.
— Momentum-> carried by both quarks and gluons

— Spin ?
S, =1=1A¥% + AL

AY = Quark Contribution ~ 20-30%

Ag = Gluon Contribution—minimally constrained
AL = Orbital Angular Momentum Contribution—?7?

We want to measure gluon contribution,
so we |look for polarized pp collider.
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RHIC BRE\WK

RHIC CNI (pC) Polarimeters

Absolute Polarimeter .
(H jet)

‘o BRAHMS & PP2PP (D)

RHIC Run5

47% Polarization
), PHENIX (D) Js =200 GeV

¥

—
++___ , STAR() A
Siberian Snakes

Partial Siberian Snake

BOOSTER

1
¥~ AGS Internal Polarimeter

200 MeV Polarimeter ~— _
Rf Dipoles

RHIC accelerates polarized protons to (presently) 100 GeV per beam
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" Double Helicity Spin AsxmmetrﬁmM

So we have a polarized pp collider—what do we do?

Process

.........................

C{ ________________________ <

S P2

Sy, J:> Hard Scatterin
=P
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" Double Helicity Spin Asxmmetrﬁmﬁ

So we have a polarized pp collider—what do we do?

Sp, = f:> Hard Scatterin
Process

.........................

. ’ C{ ........................ \

Various channels can be used to probe Ag:
— 70wt

— direct photon

— Jets

— Heavy flavor

AT A
L
o, ,t0,_
+- = =i (= + = P <l
+t+ = = €= e -
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Double Helicity Spin Asymmetry™ =

So we have a polarized pp Colllder—what do we do?

Sp, = f:> Hard Scatterin
Process

. ":::::::::_:;:::::::::::\ &, a3 S

Ag?  AgAQ AQ2

Sps ’

Fraction of n? produced

Various channels can be used to probe Ag: e
— Tc+, T e R }{___v,f_--— B
— direct photon 0:3 g E
_ e ]
— Heavy flavor o r 4%

" _04 70 T G
AfL _ e - _ ag * A2 + bgq * Ag AQ + Cec AP
o.+0,_

- = = = e i
++ = =i €=+ <k
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Double Helicity Spin AsxmmetDER‘“‘“‘K

So we have a polarized pp collider—what do we do?

ﬂ:O
P,
Sp, = Y- . Hard Scatterin
L Proces
e :;/ M
-, o \ . ﬁ >m§
Sp. =X P 9 gaq  Aq

Fraction of n? produced

Various channels can be used to probe Ag: a2
_ n+, T oo
— direct photon :: N
— Jets 0.2 H\&
— Heavy flavor 0.1 . *
Alizf _ O,, 0, _ 1 N++ - I?N+- R= L_++ LU pIIIU(Ge\%

oc..+o0,_ P2N,,+RN,’' L,
P=polarization +- = =i &=+ P <&
N = particle yield ++ = =i €=+

L = Luminosity
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PHENIX Detector BROSK

emcal - Direct y, n° detection
< « Electromagnetic Calorimeter
(EMCal):
 High p; photon trigger
» Acceptance: n<|0.35], p =2 x /2
« High granularity (~10*10mrad2)
« Beam Beam Counter (BBC)

« Coincidence between two
L BBCs required for event trigger.
&

PHENIX Detector

West Beam View East

Central Magnet

» Used for Relative Luminosity
Normalization.

« Zero Degree Calorimeter (ZDC)
« Used for Relative Luminosity.

« Used to monitor beam
polarization directions.

l
C South ZDCN
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PH. ENIX SIS
Run5 7% Cross Section |
S
° Con SiStent W|th E 107 PHENIX Run3, Preliminary
preVi ous re SUItS. E 1.;.'2 KKP FF (calc. by W.Vogelsang)
o 10
« Extends previous 1:10-4
results to p; of 20 T 10t
LLI 108 L
GeV/c. m_?E
« NLO pQCD Theory m-ﬂEE
IS consistent with "”:; 9.7% scale uncertainty
. 10° - J'.‘:Iff.l'lll'flﬂlh‘l;{*l: o
data over nine g |
gic
orders of s'h
' g0 : w
magnitude. R e
a-1f
0 5 10 15 20
p (GeVic)
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Uncertainty of A | BRA'SK

o O0,,—0,_ 1 N,. - RN,. P=polarization

A = = 55 n N = particle yield
o, t0, P N++ RN+- L = Luminosity

* For A, detector efficiencies and acceptance
cancel out.

 For RHIC Runj, uncertainty due to Relative
Luminosity Normalization was 2.3x10-4 which is
an order of magnitude lower than our current
statistical error.

* By measuring the asymmetry in forward neutron
production, we can measure the degree to which
the beam polarization is longitudinal. In RHIC
Rund, both beams were ~99% longitudinally
polarized.
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Calculating A | BRE\WK

1. Calculate A (m°+BG) and A, (BG) separately.
2. Get background ratio (wgg) from fit of all data.
3. Subtract A (BG) from A | (m°+BG):

AL (m°+BG) = wr® A (1°)|+ Wgg - AL (BG)

Tw? photon invariant mass °+BG region :

Red : Signal+BG region
Blue : BG region +25 MeV around

- n° peak

BG region :
two 50 MeV regions
around peak
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Run5 ° A, BREWSK
A | (%)
0.08 Theory C.L.
-+ Run 5 (Preliminary),. ——— | |model (%)
0.06= PH-ZENIX
B GRSV-max GRSV-std 17.1-
0.04- 21.7
0.02" W *GRSV-max |0.0-
: Ag=-g| [*GRSV Ag=0 |16.7-
-0.02 18.4
_ is not included.
- R R TN RATRTE TN TR R *GRSVAQ=—9 0.0-
0042 "4 "6 8 10 12 0.7
GRSV: M. Gluck, E. Reya, M. Stratmann, Py (GeV/c) —
and W. Vogelsang, Phys. Rev. D 53 (1996) At input scale:
4775. Q2 = 4 GeV?
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' Expectations of RHIC Run6c BRES®K

\n® A, error estimates for Runé6 |
- 40.06
[ |

« Run6 is scheduled to GRSV-max

begin in ~2 weeks.

*  We expect both 0.02
polarization and
luminosity increases 0 [t g4
* This will decrease our
uncertainty by a factor
of ~4 (~3 when all Run5 0.04
data is considered).

0.04

GRSV-std

III|II]1\

_&\

|

-0.02

un5: <P>=47%,~10 wks., 70% of [data
un6: <P>=60%,7 wks.

A A

IIIIIIII]I[

_0_06 po o v b by Lo b by by g 1 ' A
0 1 2 3 4 5 6 7 8 9 10

p; (GeVic))
Run Int.Lum. Pol. Figure of Merit (P4L)
Run 3 (2003) 220 nb- 27% | 1.17 nb-1
Run 4 (2004) 75 nb-1 40% | 1.92 nb-"
Run 5 (2005) [full data set] 1.8 [2.7] pbT 47% | 87.8 [132] nb-1
Run 6 Expected 11.4 pbt 60% | 1.48 pb-1
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Direct Photon "

« Measuring A, of direct photons can give us a cleaner
measurement of Ag than we get from =%, as the cross

section is only linear in Ag. This linear term, the
Compton process, is dominant (~90%).

2

i r —_— AN

S]U-z Aqu Aq2
o._.—0
_ iy +— * * A2
A, = a4q - Ag AQ + by, "AQ
o, t0, _

Kieran Boyle LLWI 2006—Feb. 21, 2006 16



I sy STONY
PH:-<ENIX

| ] W
Direct Photon I BRASK

Spectra (Subtraction) l

« Direct photon cross

section has been > - PHENIX
measured from Run3. ol Wl Cremnary

» Runb5 cross section T I Run3
analysis is under way. B

 Run 6 may give us a first
measurement of A, for
direct photon, though it
will be a few years

before a statistically 10
significant measurement
IS made. Al

:\ [ ‘ | |1 ‘ | |1 ‘ [ ‘ [ ‘ | |1 ‘ | |1 [ |
0 2 4 6 8 10 12 14 16
p;[GeV/c]

Kieran Boyle LLWI 2006—Feb. 21, 2006 17



HEN STONY
PH-ENIX _ »
Conclusions BREVSK

 Measurements at PHENIX with polarized
protons allow us to constrain the gluon
contribution to the proton’s spin.

« Results for n° A, from RHIC Run5
exclude both positive and negative GRSV
maximal gluon scenarios.

* RHIC Run6 will increase our figure of merit
by a factor of 10 over Run5 and also may
give the first measurement of A| of the
direct photon.
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Backups
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Photon Trigger Efficiency BROWK

= =
YL YL
! 3 x:‘TIH' T I TT{I ] [ [
| - SaNInEn
0.8 l 0.8 . I
0.6 0.6 }
0.4:- n.4:-
n.z:- n.z:-
o B W TR T TS R B S S S R PR T
pt (GeV) pt (G aV)
Detector 1<pT<2 GeV/c |2<pT<3 GeV/c |3<pT<4 GeV/c |pT>4GeV
PbSc 6% 50% 81% 88%
PbGl 21% 72% 87% 90%
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S,
o Minimum Bias ~ Eq. -
(BBC |Z|<30) §10'3— .
« Minimum Bias in &'t -,
coincidence with 1% ",
High Energy 10°
Photon trigger 107 "
(Cluster 0% P,
Energy>1.4GeV) 't .
107" b b b o L

Lo bl
0 2 4 6 8 10 12 14 16 18 20 22
pt (GeVi/c)
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Relative Luminosity ~ BREWK

 Number of BBC triggered events used to
calculate Relative Luminosity.

* For estimate of Uncertainty, fit
?(E) = (f[l + ALLPB(E)P*}(E)}

where
r(i) = Nzpc(1)
Ngec(1)
* 0R=1.0e-4

« A, of BBC to ZDC consistent with zero
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Local Polarimetrx at PHENIX

« Use Zero Degree Calorimeter :
(ZDC) to measure a L-R and U-D Lef > i o [Re

asymmetry in forward neutrons. O +
 When transversely polarized, we ]L;.. / e

see clear asymmetry. [ 2 e
»  When longitudinally polarized, w

there should be no asymmetry. 4

e
i proton

hi Physics Asymmetry (blue,north) : SQRT formula Xz = 18.57/6

p[0] = 0.0255 + 0.0011
L l | I p[1]=-0.0711+ 0.0418

pl0] = 0.0259 + 0.0012

GELLOW  loeme

o
[=1

Idea: Use neutron

Raw asymmetry

0.01F

of asymmetry to study
oot transversely polarized
0.02F component.
-0.03
-0.04:
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Measured Asymmetry STONY
During Lonaitudinal

+2/NDF = 82.5/97
p0 = -0.00423+0.00057 q \/79
[, =

BRQ'SK

Runnin

1-St
St =/S% + S

Blue Beam:
<P./P>=
10.2522.05(%)

<P /P> =
99.4810.12+0.02(%)
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