XIV Workshop on High Energy Spin Physics
September 20-24, 2011
Dubna, Russia

Transverse Spin

Physics in PHENIX

| ™
K. Oleg Eyser

1lrg;r-ltlhiet\llx collaboration R I V E RS I D E




The Proton Structure
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The Proton Spin Structure

Polarization experiments
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The Proton Spin Structure

3 Polarization experiments
 Helicity

Valence quarks

Sea quarks

Gluons
s Transversity

L)

V momentum j'}) & momentum }J

[ * ] What is the connection to orbital angular momentum?




Transverse Spin Asymmetries




Transverse Spin Asymmetries

" PLB 261, 201 (1991)
| PLB 264, 462 (1991) +

' ANL ZGS ] FNAL Qc},
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Proton-Proton Collisions

Initial State
pQCD
Final State

(;1’3c:b'T(jz')lr)T — ffX)

6" (qgq. > q,q)
ily ki
«FF. (z.

T .
oC Qi (llﬂ kgf ) ) G(ll) X dJC dJC .1
| R

How valid is factorization for hadronic collisions?

Are the separate contributions universal?



A Unified Approach

Collinear QCD factorization vs.
TMD parton distribution functions

Phenomenological approach in overlap region

soft p; breaks 1/ py shape not
factorization yet observed

q~Q coll. fact

twist-three quark-gluon
correlation functions Tg, T,

i > Ay



Measurements

Initial state Hard Scattering
interaction Transversity interaction
Sivers effect Twist-3 Collins effect

—v\ Transverse Asimmetries "—

Inclusive A, (central/forward)

Hadron Correlations (back-to-back)

Interference Fragmentation Functions Upgrades
A Jet correlations/structure
A Drell-Yan
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Polarized Proton Collider

Siberian Snakes
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The PHENIX Detector

PHENIX Detector
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The PHENIX Detector
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Kinematics$ @ Vs = 200 GeV
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Ay : mid-rapidity n®and n
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Phys. Rev. D 74, 094011
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Partonic Cross Sections

» quark-gluon dominated

» gluon-gluon at low p
(Sivers)

» quark-quark at large p+
(Sivers+Collins)




Forward A, @ 62.4 GeV
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Isospin Dependence

- e PHENIX 1° 3.1<13.7
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Forward Ay(n )
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X Cross check with two polarized beams
33 Background contribution
¥ Difference in fragmentation

mass, strangeness, isospin



Forward Asymmetries
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[18] No strong dependence on Vs from 19.4 ~ 200 GeV
Slight differences in pseudo-rapidity and/or p;



Forward A for Clusters
MPC Vs =200 GeV
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p+ Behavior
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Interference Fragmentation

IFF x transversity
input e*e- annihilation
few percent @ Belle
Forward direction
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Hadrons in Jets

0.1 Collins Contribution to A, y=3.3|
_ J8=200 GeV —y=3.7
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PLB 666 (2008) 44-47
¥ Direct Collins measurement of fragmentation
X3 Expect large asymmetries in forward direction



Polarized Drell-Yan Production
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PHENIX Decadal Plan Upgrade

re-shower
—-snower
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Measurement

Physics

Drell-Yan

Identified ho*- IFF

Hadron in jet
Jet A

Direct photon A
Identified h*- A

Sivers function
Transversity distribution
Boer-Mulders function

Transversity distribution
Collins effect

Sivers function

Sivers function

Sivers function
Collins effect




Drell-Yan Feasibility

3 Fast Monte-Carlo
studies with
effective detector
smearing

3 QCD background
decreases with
increasing rapidity

> Drell-Yan reduced
signal
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Global Analysis

3 A. Prokudin,Z.-B.Kang _ 3 o
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> Mechanism for transverse asymmetries is diverse

XM PHENIX measured non-vanishing asymmetries in
forward direction

X3 Clean channels needed to disentangle effects

X3 Ambitious upgrade scheme as
outlined in the PHENIX
decadal plan

3 Still open many questions vdence
TMD factorization 9.%4. 39 Q4

Universality
Orbital angular momentum

Gluons
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Functions,
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Luminosity & Polarization

Polarization Longitudinal Transverse
2002 | 200 15 - - 0.15| 3.4x103
200 27 0.35/1.9x103 - -
200 40 0.12| 9x103 - -
200 49 (47) 34 2x10" 0.16| 3.5x102
200 57 (51) 7.57.9%x101 2.7| 7.0x 10"
62 48 0.084.2x103 0.02| 4.6x103
200 46 - - 52| 1.1x100°
500 35 14| 2.1x 101 - -
200 55 16| 1.5x100° - -




