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PHENIX Detector at RHIC PH-<ENIX
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Single Transverse Spin Asymmetries in pp Collisions PH-<ENIX
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Features:

" Forward non-zero asymmetries.
"  Asymmetries consistent over an order of magnitude in sqrt(s).
" Several theoretical frameworks to explain the results.



Transverse Spin Effects in p'p Collisions PH-<ENIX

An (1l1) Higher-twist effects

Twist-3 quark-gluon/gluon-gluon
correlators

Expectation: at large p., Ay~ 1/p+

A

So far, fall-off with p; has not been

observed!
T »
Graphic from Zhongbo Kang JUT
(I) Transversity quark distributions (1) Sivers quark-distribution

and Collins fragmentation function
Correlation between proton & quark spin
+ spin dependant fragmentation function
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Quark transverse CoIIiXs FF Sivers?jfstribution

spin distribution D. Sivers, Phys. Rev. D 41, 83 (1990) 4
J. C. Collins, Nucl. Phys. B396, 161 (1993)

Correlation between proton-spin and
transverse quark momentum




Neutral Pion Cross-Sections Experiment vs pQCD
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New PHENIX Result with Forward Neutral
Pions at Vs=200 GeV
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Close agreement with charged pions from
BRAHMS.
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PHENIX Measurement Strategy PH-<ENIX ‘

1. Ay Measurements
— Sensitive to combinations of all three effects
— At forward and mid rapidity

2. Sivers Measurements
— Heavy flavor
— Back to back hadrons

3. Transversity Measurements

— Interference Fragmentation Function
— Collins in Jets

2012+2013 Runs are projected to produce 33 pb* at 60%
polarization. Projected error bars are interspersed
throughout the talk.
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Underlying Event Kinematics of p-p Scattering at vs=200 GeV PH“ENIX

3.1<n<39,7° -0.35 <n < 0.35, 1’
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(i) Muon Piston Calorimeter Ay,

TN
PH ENIX

Photon merging effects prevent two-photon =° analysis for e

E>20 GeV (p>2 GeV/c)
62 GeV
20 GeV - 0.65 x:Two-photon =° analysis
200 GeV

20 GeV - 0.20 xg: “Single clusters”.
Yields dominated by n°'s but also get
contributions from:

" Electromagnetic

— Direct photons

— Decay photons (n, etc)

— Estimated using Pythia (TuneA)
® Hadronic: (z*-, K*-, etc.)

— Estimated with Pythia+GEANT.
Initial estimate is <10% contamination in lowest
energy bin with decreasing fraction as
deposited energy increases

— Qualitatively consistent with expected detector
behavior
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(i) Forward SSA A n° in MPC at Vs=62 GeV
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(i) Forward SSA A, Cluster in MPC at Vs=200 GeV PH--ENIX

x->0.4, Integrated Luminosity 33.0/pb, Polarization 0.60
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(i) Mid-rapidity, |y|<0.38, A n%, 1 Analysis PH ENIX

Similar analysis to existing PHENIX A,

1. Measure Ay in mass window of:
. i2 1400
— 70 (Signal+Background) - - 70
— n (Signal+Background) 8 1200
— Background @) 1000:
: : —
2. Determine background fractions (r) -
3. ASignaI B Aﬁignal+Background _rAﬁackground 300,:_
N o 1-r .
Asymmetries binned in p; for: 600
" inclusive selection 400&
" with xz>0.01, x<-0.01 - N
200~ n
Previous n® Ay measurement done with 2002 Z)_J | .
dataset. % 02 04 06 08 1
MYV
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(i) Results for mid-rapidity ©° Ay, PH-<ENIX

2002 Published Result 2008 Preliminary Result

PHENIX Preliminary,\'s=200 GeV, [n|<0.38
— Vertical Scale Uncertainty: 4.8%
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" Previous result shown to be sensitive to gluon Sivers function.

" New result will be published with 20x smaller error bars.
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(i) Mid-rapidity 7° and n Ay PH-<ENIX

PHENIX Preliminary,\'s=200 GeV, |<0.38
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(i) Mid-rapidity 7° Ay |Xg[>0.01
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(i) Mid-rapidity n Ay |X->0.01 PH-<ENIX

PHENIX Preliminary,\s=200 GeV, ||<0.38
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PH ENIX

1. A, Measurements
— Sensitive to combinations of all three effects
— At forward and mid rapidity

2. Sivers Measurements
— Heavy flavor
— Back to back hadrons

3. Transversity Measurements
— Interference Fragmentation Function
— Collins In Jets

16



(i) Constraints on Sivers Function: Heavy Flavor PH-<ENIX

D meson A

» Production dominated by gluon-gluon

fusion at RHIC energy

R oa

R

» Gluon transversity zero
- Asymmetry cannot originate from
Transversity x Collins

« Sensitive to gluon Sivers effect

Theoretical prediction:

. 0.3
;50-25; |A\lmax for D hadrons
= "F  PRD70(2004)074025 -
0.2 ) ~——
045 aq £
0.1
0.05 /
o T
-0.055-
04 .
- AnS(leImlnolet al, Plhys. Rlev. D 7|O, 074925 (2(|)04)
0138 06 04 02 0 02 04 06 08

Xp

Gluon Sivers=Max
Quark Sivers=0
Gluon Sivers=0

Quark Sivers=Max
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(i) Constraints on Sivers Function: Heavy Flavor PH

“ENIX

PHENIX: no reconstruction of D meson
Exploratory measurements of A for single muons
Dominated by charm production in current kinematic range

» Predicted asymmetry smeared by decay kinematics

« Measurements will be enhanced significantly by the inclusion of precision
tracking: VTX (installed) and FVTX (to be installed for next run).
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(i) Constraints on Sivers Function: DiJet Production PH-<ENIX

Azimuthal distribution of Di-Jet production in pp
Suggested in: Boer, Vogelsang, Phys. Rev. D 69, 094025

Counts

Beam is in and out of page
Look at back-to-back jet
opening angles

Sensitive to Sivers function only!

No Collins-type effects



(i) Constraints on Sivers Function: DiHadron Production

N
PH ENIX

PHENIX Detector
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E 13% scale uncertainty (acceptance) not included
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ol l'll il o
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-0.01 f— Beam View East
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Works in progress...
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PH ENIX

1. A, Measurements
— Sensitive to combinations of all three effects
— At forward and mid rapidity
2. Sivers Measurements
— Heavy flavor
— Back to back hadrons
3. Transversity Measurements

— Interference Fragmentation Function
Already covered in Anselm Vossen’s talk

— Collins In Jets

21



(i) Collins Jet+Hadron Measurements

" Measurement originally

proposed in:
F. Yuan, PLB 666 (2008) 44-47

" Measure:

P(Pa,S)*+p(Ps)=>
jet(P)>H(Py)+X

Define two angles:

¢g proton spin direction
¢, hadron angle around
jet axis

0.1

0.05

— Collins Contribution to A,
\s=200 GeV

| 1 | 1 1 I 1 1 1 | 1 1 1 1 | 1 1 1 |

0.2 0.3 0.4 05 x_ 06

Measure: azimuthal
modulation of sin(Q,- @)

Model dependent calculations
show that Collins effect can
produce large forward single
sSpin asymmetries.
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(i) PHENIX Collins Measurement PH-<ENIX

Planned measurement:

" Measure near-side jet axis using PHENIX
central arm.

— Central arm recently upgraded with large acceptance
silicon tracker (| n |<1.2)
" Measure away side neutral pion in forward
region using MPC.

Projected asymmetries:

" Added transverse spin processes in Pythia to

predict the asymmetries for various transversity
distributions.

" Collins function taken from analysis of
SIDIS+BELLE data.

23



(i) Predicted Collins Asymmetries PH-<ENIX

| Dihadron Correlations (Central+MPC) 33 pb™' (Run-12+13) |
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O

Transversity tuned to produce:
25% of PHENIX forward A,
100% of PHENIX forward Ay
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Summary PH FENIX

PHENIX has exciting measurements for the near-term of RHIC running.
(Exciting long term opportunities covered in other talks!)
" Figure of merit (P2L):

ondisk: 2.3 pbt

projected: 11.9 pb-

Planned Measurements

" Inclusive Ay asymmetries

— High p; results at forward rapidity.

— Precision results at mid rapidity for both m° and n mesons
"  Sivers asymmetries

— Di-hadron correlations at mid rapidity

— Heavy flavor asymmetries
Results will be significantly enhanced by precision tracking upgrades.

" Collins asymmetries

— Interference Fragmentation Function asymmetry at mid rapidity (covered in
Anselm’s talk)

— Jet+Hadron Collins measurement. oe



	Current and Near-term Transverse Spin �Measurements at PHENIX 
	PHENIX Detector at RHIC
	Slide Number 3
	Transverse Spin Effects in p↑p Collisions
	Neutral Pion Cross-Sections Experiment vs pQCD
	PHENIX Measurement Strategy
	Underlying Event Kinematics of p-p Scattering at √s=200 GeV
	(i) Muon Piston Calorimeter AN
	(i) Forward SSA AN 0 in MPC at s=62 GeV
	(i) Forward SSA AN Cluster in MPC at s=200 GeV
	(i) Mid-rapidity, |y|<0.38, AN 0, η Analysis
	(i) Results for mid-rapidity 0 AN
	(i) Mid-rapidity 0 and η AN
	(i) Mid-rapidity 0 AN |xF|>0.01
	(i) Mid-rapidity η AN |xF|>0.01
	Slide Number 16
	(ii) Constraints on Sivers Function: Heavy Flavor
	(ii) Constraints on Sivers Function: Heavy Flavor
	(ii) Constraints on Sivers Function: DiJet Production
	(ii) Constraints on Sivers Function: DiHadron Production
	Slide Number 21
	(iii) Collins Jet+Hadron Measurements
	(iii) PHENIX Collins Measurement
	(iii) Predicted Collins Asymmetries
	Summary

