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Nucleon Spin Structure

Naive parton model:

%:%(Auv+Adv)

= Gluons are polarized (AG)

— Sea quarks are polarized: For complete description
SOECEEN ™ Ll iic s e
A$=0.12+0.09+0.14 2~ aTAd 9 z

AZ = AU+ Ad +AS + AT + Ad +AS \ 1
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: . . —=—(Aq+AQ)+AG+L
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Determination of AG and Ag-bar is the main goal of
longitudinal spin program at RHIC



Parton Distribution Functions (PDF)
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Polarized PDF from DIS

Asymmetry Analysis Collaboration
M. Hirai, S. Kumano and N. Saito, PRD (2004)
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From polarized DIS ...

Utilizes virtual photon to probe nucleon spin structure

Inclusive DIS

v Do not have direct access to gluon (probe it
through scaling violation with very poor
precision currently)

v" Can not distinguish quark from antiquark

2
e,

Q|

Semi-Inclusive DIS

v" Probe gluon through photon-gluon
fusion process: low energy scale =
not clean pQCD interpretation

v Access (anti)quark flavor through
fragmentation functions: additional
source of large syst. uncertainties




... To polarized pp collider

Utilizes strongly interacting probes

v" Probes gluon directly

v Higher Vs = clean pQCD interpretation

v' Elegant way to explore guark and anti-
quark polarizations through W production

Polarized Gluon Distribution Measurements (AG(X)):

Use a variety of probes
v'Access to different gluon momentum fraction x
v'Different probes — different systematics

Use different energies Vs
v’ Access to different gluon momentum fraction x



RHIC as polarized proton collider

Absolute Polarimeter
(H jet) RHIC pC Polarimeters

\ BRAHMS & PP2PP (D)

[

> .\
L =2x10%s'cm 2

max

70% Polarizati on

R\ PHENIX (@) 50 < /s < 500 GeV
\ ,, STAR ()
. 4

Spin Rotators

Siberian Snakes

2 x 101 Pol. Protons / Bunch

Partial Siberian Snake
e =20 T mm mrad

I BOOSTER

Pol. Proton Source
500 pA, 300 ps

(1
¥~ AGS Internal Polarimeter

200 MeV Polarimeter v _
Rf Dipoles






Achlevements

Parameter Unit 2002 | 2003 | 2004 | 2005 | 2006
No. of bunches -- 55 55 56 106 111
bunch intensity 1011 0.7 0.7 0.7 0.9 13

store energy GeV 100 100 100 100 100

B> m 3 1 1 1 1
peak luminosity 103%¢cm-2s1 2 6 6 10 35
average luminosity | 1030cm-2s1 1 4 4 6 20
Collision points -- 4 4 4 3 2

Time in store % 30 41 38 56 46

average % 15 3 | 46 | 50 | 60~65

polarization, store




PHENIX and STAR

DETECTOR
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W & High rate capability

{4 High granularity

Good mass resolution and PID
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STAR:
Large acceptance with azimuthal symmetry

Good tracking and PID
Central and forward calorimetry

Forward Time Projection Chamber



RHIC Spin Physics

Eeaction

Dom. partonic process

probes

LO Feynman diagram
>

om — jetis) + X

(as above)
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E*d’s/dp® (mb-GeV2c?)

(Data-pQCD)/pQCD

PHENIX: =0 mid-rapidity

Unpol. Cross Section In pp
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Good agreement between NLO pQCD
calculations and data = confirmation
that pQCD can be used to extract spin
dependent pdf’s from RHIC data.

- Same comparison fails at lower
energies



Unpol. Cross Section in pp
PHENIX: pp—y X

STAR: pp—jet X
PRL 97, 252001
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Probing AG In pol. pp collisions

pp — hX
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Double longitudinal spin
asymmetry A IS
: T sensitive to AG



Measuring A, |

_do,, —do,_ 1 N_-RN,_. R L

ALL B dG++ +dO'+_ ) | I:)1|:)2 | N++ B RN+— | ) L+—
(N) Yield
(R) Relative Luminosity
v BBC vs ZDC

(P) Polarization
v RHIC Polarimeter (at 12 o’clock)
v" Local Polarimeters (SMD&ZDC in
PHENIX and BBC in STAR)

v Bunch spin configuration alternates every 106 ns
v" Data for all bunch spin configurations are collected at the same time

= Possibility for false asymmetries are greatly reduced
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Large gluon
polarization
scenario IS not
consistent with data

A | Jets

STAR Preliminary Run5 (¥s=200 GeV)
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Stat. uncertainties are on level to

distinguish “std” and “0” scenarios? ...
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Run3,4,5: PRL 93, 202002; PRD 73, 091102;

hep-ex-0704.3599
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From soft to hard

PHENIX: hep-ex-0704.3599
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Exponent (e-?T) describes our pion
cross section data perfectly well at
pr<~1 GeV/c (dominated by soft
physics):
o=5.56+0.02 (GeV/c)1
v2INDF=6.2/3

Assume that exponent describes soft
physics contribution also at higher
pTs = soft physics contribution at
pT>2 GeV/c is <10%

For AG constrain use pi0 A, data
at pT>2 GeV/c



From p to X

gluon
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From A, to AG (with GRSV)

-0.01
Scaling errors not included

<, 20.05¢
< -~ PHENIX Preliminary
0.04-
C *Run5 (9.4% scaling error)
0'03; =Run6 (40% scaling error)
0.02:— ) .E’R/S’\_/;std
0.01— } ]
- [
M GRSV[AG =0 :
or 1 1

-0.02— Online Polarization values
used in Runé

| —— ‘ | —— ‘ | —— ‘ | —— ‘ | —— ‘ | —— ‘ | —— ‘ | ——
-0.03 2 3 4 5 6 7 8 o9
P, (GeVic)

-

“std” scenario, AG(Q?=1GeV?)=0.4, is
excluded by data on >3 sigma level:
%(Std)—xmin>9

v Only exp. stat. uncertainties are included

(the effect of syst. uncertainties is
expected to be small in the final results)

v" Theoretical uncertainties are not included
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Extending X range Is crucial!

Gehrmann-Stirling models
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AG: what’s next

Q Improve exp. (stat.) uncertainties
and move to higher pT

Q Different channels 99— gy 99 - QQ
v’ Different systematics O, . Aq AG i — . AG AG
v Different x q G G G

v’ gg—gy sensitive to AG sign

Q pp — y+jetand pp — jet + jet
v' Map AG vs X

0 Different Vs
v Different x

Q Global analysis
v Within pQCD framework



Improve exp. uncertainties

Need more FOM=P4 L (stat. uncertainty ~ VFOM)

STAR Jets: expectations from Run6é (¥s=200 GeV)
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Different channels
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Different Vs
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Reconstriciad X5 GK)

pp — y+ jet 5 o

Simulation for STAR by Les Bland
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p +p - 7+jet+X with STAR + EEMC at
V8 =200 GeV (320 pb™") + s = 500 GeV (800 pb™ ")
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Global Analysis

See M.Stratmann presentation at Long. Spin Workshop

I iy

Results from various channels combined into single results for AG(x)
Correlations with other PDFs for each channel properly accounted
Every single channel result is usually smeared over x = global

analysis can do deconvolution (map of AG vs X) based on various

channel results

U O

NLO pQCD framework can (should!) be used
Global analysis framework already exist for pol. DIS data and being

developed to include RHIC pp data, by different groups

One of the attempts of global analysis by
AAC Collaboration using PHENIX =0
Run5-Preliminary data

Now Run5-Final and Run6-Preliminary =0
and Run5-Preliminary jet data are available
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Flavor decomposition

RH|cpp~l§=50{}Gev.jLdt=309pb' ) Ad +T > W~
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0.4
o2l _ Measured through longitudinal single
R S T— ,/i‘ﬂ‘dw_ spin asymmetry A, in W= production at
N \s=500 GeV
T Au
0.4
o6 | =M
[ |---- GS95L0O(A) ) )
0.8 |— BS(ag=0) First data expected in 2009-2010
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Other measurements

A STAR Preliminary
A
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Helicity correlated kT
from PHENIX

May be sensitive to orbital
angular momentum

Long. Spin transfer to A and
A-bar from STAR
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PHENIX Upgrades

t:: ]
Silicon Tracking Ngc |
VTX (barrel) by 2009 3
FVTX (forward) by 2011 5 : Z
Electromagnetic Calorimetry e | |[E5a ] |
NCC by 2011 2
MPC, already installed! o R {| P
Muon trigger upgrade A= |E | VTX & FVTX | —E|-
L L
By 2009 -3 -2 -1 0 1 2 3
ait
Momentum selectivity in the LVL-1 rapiaity
trigger
- Gé%ﬁ_ ' : l
1 AG( x,i_;;v‘}, NLO Ba§¢|ine_

0.8+ _C Endcap 4

AG from heavy flavor, photon-tagged jets
Expanded reach in x

Flavor separation of spin asymmetries
W physics at 500GeV

Transverse Spin Physics g p— Y > g

10° 10° 10 10




STAR Upgrade

Inner Tracking

L Forward Tracking
Precision vertex - charge sign identification
for high momentum
By 2010 electrons from W* decay
Forward Tracking e ENe)
endcap
1<n<2
Charge sign for high momentum e+
By 2011
Forward Meson
Forward Meson Spectrometer o e s
2.5<1”| <4, A(p:27t ; Iargedacclep_tanct:e
orward calorimeter,
Ready for Run8! reconstruction of jet-like
DAQ (Xlo faSte r) Inner Tracking sres
By 2008 * precision vertexing for charm & bottom reconstruction

AG from heavy flavor, jets
Expanded reach in x

Flavor separation of spin asymmetries
W physics at 500GeV

Transverse Spin Physics



Summary

A RHIC is the world’s first and the only facility which provides collisions
of high energy polarized protons

v Allows to directly use strongly interacting probes (parton collisions)
v High Vs = NLO pQCD is applicable

Q Inclusive =0 and jet accumulated data for A, has reached high statistical
significance to constrain AG in the limited x range (~0.02-0.3)

v AG is consistent with zero
v' Theoretical uncertainties might be significant
Q Extending x coverage is crucial
v" Other channels from high luminosity and polarization
v’ Different \s
v’ y+jet to map AG vs X

Q STAR and PHENIX upgrades strengthen RHIC capability in nucleon spin
structure study

v’ Larger x-range and new channels (e.g. heavy flavor)
v" W measurements for flavor decomposition



Backup: Vs=62 vs 200 GeV
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Backup: Prompt Photons
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Backup: W

RHIC pp ¥s = 500 GeV J L dt = 309 pb’

I— —— A W)
— — AW)

o
Lo
o L
<]

W production o

» Produced in parity violating V-A process o
— Chirality / helicity of quarks defined’

» Couples to weak charge 0.4¢
— Flavor almost fixed 02
.0:
AW, _ Au(X, )g(xb)—éa(xa)u(xb) 0.2}
; u(x,)d(x,) +d(x,Ju(x,) o4

-u.ef Q*=M
X>>Xy: AL (W*) > Au/u(X) 05 | estrmsy
%, >>x.: A (W) > Add(x) N
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Backup: Rel. Lum. In PHENIX

Year [GeV] OR 0A |
2005 * 200 1.0e-4 2.3e-4
2006 * 200 3.9e-4 5.4e-4
2006 * 62.4 1.3e-3 2.8e-3




Backup: SIDIS for AG

----- GRSV-std
----- FNS (Kretzer)
— BB-06

—— HERMES Method Il fet. 1
""" HERMES Method Il fct. 2

o

HERMES (Method II)
Compass (Open Charm) T
Compass (Q° > 1 GeV?) |

O m 0O » @

"

Compass (Q° < 1 GeV?) <
con HERMES

) preliminal




Backup: AZ<>AG

From M. Stratmann

B can one assume that AX is known?

NO, it is misleading to extract only Aq w/o refitting the quarks:

0.4 T
{]_3E XﬁE _:

considerable variation
of quark singlet at input

1
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07 107 10 x 1

constraint from DIS



Backup: from AG to A, |

By Marco&Werner

0.08

0.06

0.04

GRSV: AG(Q2=1GeV2)= —1.76 = +1.89

0.02




