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= RHIC Spin Program
= Polarised Proton Acceleration — Updates

= First Results
— Gluon Polarization in the Proton
— Single Transverse Spin Asymmetry
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-~ by Quark Spin'Is
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— Gluon Spin

— Orbital Motion
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= Not distinguish Down and Strange
= |Insensitive to Gluon

= Objective is

= Obs¢t

Proton

Neutron



Parten Distrbution EURctions

1 Oz DisirioLtion)

m—

unpolarized distribution

No Transverse Gluon Distribution



Helicity: Amplitudes;and. PDES

- Parion Disidoution jscogadiac ioi=aEiel
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= For Proton (spin=1/2) there are 3 possibilities




PreC|S|on Data iemLbIS

x=06.32E-5

1 Precisiof
\Wide Klnematlcal
Range

— Q7% evolution
agrees with pQCD

= Notes

— Only Fixed Target
Spin Experiments
_So far...

= Need a Collider to
extend kinematical

coverage
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DAGHEDISHIBUNERS

= GGlobal OCD Analvsis to Extract F rrﬁZ&E —

___ Quark and Gluoen'Distributions
— (ala MRST, CTEQ)

= Four Independent Distributions are often
extracted — e.qg. AU(x,Q?),AD(),AS("), Ag/(")

— In unpolarised case, even more

3
T ————

. U1U1d1d_ls1§1clb1t1 .
ﬁa.&w endent

measurements g,”(x, Q2 and'g,"(x,Q?)
— % evolution helps?
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Polarised PDI=

Asyrametry Analysis Collaboratior)
ugano ariel N Siaiio, PRD (2004)
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- Brlef Hlstory

— 1990: Polarized Collider
— 1991: RHIC Spin Collaborglis
— 1993:

— 2002: First Polarized Proton Collision!
— Additional support from DOE and NSF



\What. De\We Measure.at. RHIC?

1 We rreaisire ol eisvaiairas for cross secijons

B 1 — — — .

A2 double helicity asymmetry: —
_— Useful in extracting Ag(x), Ag(X) etc.

o(++)—o(+-)
o(++)+o(+)

AL =

A, :Parity Violation Ay Transversity.
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RHIC Spin Run2 2 Runs —>Run4
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Integrated Luminosity

— ~7hb2/day
ST =707
= Run-3:A |
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1 inoeroved PolaflsEiofn) s AGS
— —With'a new: Helical'Snake: 40% > 50%
— Eurther imprevement with additional snake ' Is expectead
— iIn Run-5-—
= Established a better working point at RHIC
— Previous tune ~ 0.22 2> ~ 0.70
— Better beam life time and polarisation obsenved

= Established a vacuum improvement withr NEG
coating

‘Fszignificantly higher beam current can be expected in E
2uUn-5 T T—
wmmi ise et Target

— Need for absolute beam polarisation

= Commissioned Exp’s for Hi-Luminosity
— Luminosity Monitor, DAQ, etc.

—




Run-3|Run-4| Goal | Gain |Remark
# of bunches 55 55| 120 2.2
beam intensity 0.6 0.8 2.0 2.5|NEG coating to reduce e-cloud
beta* (m) 1.3 1.3 1.0 1.3
emittance 10| 20m| 20r 1.0
useful vertex (%) 50 50/ 100 2.0/200 MHz storage RF cavity
Net Gain 35.5
Uptime (%0) 10 50 70 1.4|{improve stability
Lavg/L peak 0.5 0.7 1.0] 1.43
Net Gain 2.00
Total Gain 70.91
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WREIRIDE

1 We glzad gore sielisi
~pp collisions are so sensitive tor Ag(X) so that i —

___already provides similar constraints to two decades

- of polarised DIS experiments
— (yes, our preparation also taking a decade)

= Caveats:
— Applicability of pQCD:
= some confirmation with xsection measurement DONE
= |ntrinsic-k;, fragmentation functions

, L(no)/AL |et) are sensitive to - *"H—s_i
ﬂ‘é‘* ’ £k
IS very Important to have both lepton and hadron

scattering data to reveal possible systematics
Involved.




(PHENIX)

= Cross Section Is
well described
by the pQCD

over 8 order of
magnitude!
AESERSItVITY Tor
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Function
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Large Asymmetries Ay
inpion productions

= Could be explained as

— Transversity x Spin-dep
fragmentation (Collins
effect), or

— Intrinsic-k; imbalance
~ (Slvers effect) , or

— Higher=twisiteiiecis
— Or combination of above

——

0.2 0.4 0.6 0.8
X



PHENIX Resulis; Central Rapidity

1 ZERO 2sYInrnenys

PHENIX Preliminary

Polarization scaling error ~30% not included

1 1.5 2 2.5 3 3.5 4 4.5 5
p; (GeV/c)

e




STAR Results;

4 Larce Asvearietey

0.013)

= o distinguish models;
|et axis reconstruction
IS required

= Probably...Ay requires

large Xg; which is only
achievable in hi-p; In

CNI_
N =

A, (Assuming

Central rapidity (small
. Xsection)

= Global Analysisiwith
HERMES restults
would be beneficial

—
P

)
=

-0.2

& 1" mesons
0 Total energy

— Collins ®
v+ Sivers
—— Initial state twist-3 |
— — Final state twist-3

(= 1.0 1.1 1.3 15 18 21 2.4 GeVic

I:I..

L l L L L l L L
0.2 04

X

0.8

F



-“‘Eutﬁ @Prosp@ct




Glugg F(mrrm | Dognifeligs EE F=

—10% Contamination from
Anniniation




Arr=Ac/c
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Reconstructed xgluon

W. Vogelsang et al.

X-reconstructed using jet



Impachei PHENIX Pronpt.Rheion
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Global Analysis...
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Sl Wil EEN
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M. Hiral et al.
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— Direct Prole
= ENAL E704
— High-pi-m?
— High-mass Multi-y pair
= DESY HERMES
— High-pT hadron pair
— Indirect Probe
= NLO Analysis by SMC

, *2a00 PRD58(1998)112002
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EREUITENNEXPEMMENTS — Photon}gluc
— HERMES High-pT
_hadron pair
— RHIC Spin
= Prompt Photon (+ jet)
= Jet
* |[nclusive hadron

= Heavy flavor (charm,
bottom, J/y ...)

.~ _ COMPASS —

A

Gluon Compto
uon Fusion

- = Open charm "SEUture Possibilities
= High-pT hadron pair — EIC

— Polarized HERA
— TESLA-N
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‘nrougn pure V-A- '
) - - —*——-_aﬂ—-___

— Chirality 1s fixed - ideal for spin structure studies

~ =« W couples to weak charge ~ flavor

— Flavor Is (almost) fixed = ideal for flavor structure
studies

= Parity Violating Asymmetry A, :

———

.. e _ AU00d05)-Ad0C k)
J. Soffer et al. U(Xa)d ()%) +d (Xa)U()%)



RHIC pp Vs = 500 GeV
JL dr = 800 pb!

AL (W)
¢ A fW™)

MUon Arms

— STAREndcap
Calorimeter provides
similar sensitivity

— A ~Au/u(x)~0.7-0.9 (!) at
large-x

weuChanm,assoeciated W
= production williprebe, As

N@sPWe) GSOSLO(A)

= Studies for upgraded —— BS(Ag=0)
Energy and Luminosity
are underway...

“, Nedrd
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REIC.Spin@ne EHERMES, SIDIS

n C‘B—rﬁmentar! ~ | RHICpp Vs =500 GeV
- JL dr =800 pb!
— RHIC W

= No fragmentation
ambiguity

= X-range limited

= Useless for transversity — 7
studies X e A

— HERMES Semi-
Lnelusive DIS
= \Wide x-range
= Couldiberused for B Dacaby
T transversity studies Q= My

....... GS95LOIA)
——— BS(Ag=0)
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4 Drell- (e Procueiion of Lagion Pelfs

——

— Clean;, butlew statlstlcs (QED process}
— Precision.will'be improved by L upgrade

D (%) (%) + (1> 2)
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PHENIX Muon _
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4 6 8§ 101214161820

O. Martin, A. Schaefer, M. Stratmann, W. V ogelsang PRD60 (99) 117502



~ Enormous yield could

overcome the smallness

off asymmetries

— No mixture with Gluonic

contribution
= Caveats:

— Control of systematics
will be the key for the
SUCCeSS

= A-~0.2% = 0.1%(if
S BE=70%)

— A7 IS C0S2¢ moment:

statistics will be divided

Into several ¢-bins

200 GeV

SO0 GeV
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I
= -1
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[ ISR’ VI
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T

500 GeV, 800 pb™ |

200 GeV. 320 pb |
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SinglediienSVEISEsSpInVASYMINENIES

_I

[fwe plewve ciglelyZar of fiplell sieiie eftzif;
~ polarnization... ' .
... — We can use Spin
~ Transfer Double :

Spin Asymmetry 5
to probe Transversity!

A o hy(x) ®ar

Spin Transfer Double Spin Asymmetry

&® (Spin Dep. Frag. Fn.) |

@pw

Can be studied In
e+e- collisions
- BELLE




e | | Projet XV =500 GeLV
\ielatienn Jet Productlon <0.5, JL. dr = 800 pb

— Contact Interaction: (Scale A=20Tev

en=-1 K
A) /7 Mz-200 Gev/el
= CDF A>1.8 TeV | | " flipped SUCS)

= DO A>2.4 TeV P
/SM_

= RHIC Spin Reach A~3.3 TeV ' Mz=Mz
GeV/e2

, flipped SUGS)
— New Gauge Boson Z L

= Need higher energy to
provide useful information

_ 200 GeV/2




RICLSPINLISOA0MAN

YEa P(Y0) | WWEEKS E gl GV GOCIS
(Com/Ph) =NEngy

mm 8 (5/3) 01 11200 GeV | Transverse Spin

—- Systematic Studies

2008 30 SN(S1S)H 0rE5 Pl 200/ GEV A FEengittudinaiiSin
Gltlor) PolelfZziion7

2004 |50 5(5/0) 11200 GeV | RHIC Commissioning
Polarized Gas Jet Target

2005 70 7 (2/12) 10919 [ ZOONEEV N GIUeNIRGI aliZalieNn
900} GEVS NEOMIMISSIONINGELZ

2006/7. |70 | 19o(5/44 %m Gluon Polarization
| = —- 5 F

2008/2) [ 70 19/ (5/04)| 400/ph 2500 GeV.  [W-Rhysics




RHIC-Spin

Gluon Polarization

Quark Polarization

Transversity

Pol. Fragmentation
. Role of Strangeness

Ongoing Unpolarized Studies
ete- Data HERA-I|
...LEP, BELL

Strangeness Nuclear Physics




SLUITIff]El

- Afigr sheleleelolee)f Efifo)fis
t0 produce pPhysSIcs results
— Gluon polarization by «° production

— Single transverse spin asymmetry for hadron
production

= Run-4 machine commissioning was Very
successful

ERWIER fUrther improvements,on machine
_performamee-exmtm giresults are coming
“soon! [EE LR
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