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Current Knowledge on Gluon Polarization

DSSV NLO Global Fit* [ Phys. Rev. Lett. 113, 012001 (2014) ]
PRD80. 034030 (2009) R AREREEaES
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Quark polarization was relatively well

-0.02

constrained by DIS, SIDIS experiments.
[ L Ax’=1 (Lagr. multiplier) 005 . .

oo I a2t s Q% = 10 GeV? o * Sea quark polarization not so well .
i i Known. = S. Park's Talk
*Including DIS, SIDIS data and * The Gluon polarization was poorly
RHIC data before 2006. constrained.
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http://arxiv.org/abs/1404.4293

Gluon Polarization and Double Helicity Asymmetries (A,)

Theoretically: p ﬂ
f, A 0N
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Experimentally:

1 N**—RN*"

Ay =
PgPy N** + RN+~
i -4
Where Pg y is the polarization of Blue (Yellow) beam.

And R is the relative luminosity:

oL =& =

L+
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PHENIX Central Arm Forward Muon Spectrometer

2012 PHENIX Detector fpCa RPC3
° ZDC South “ | ZDC North
3 Mu MulD
Il ' .
&
_ =
Aerogel '{F-E . A South Side View North - |
West Beam View East - - 18.5m =60 ft -
® Energy measured in EM Calorimeter e Silicon strip tracking and vertexing
(PbSc + PbGl) (FVTX)
e Momentum/Tracking in Drift Chamber e Momentum measured in cathode strip
(DC) + Silicon Barrel (VTX) tracking chambers (MuTr)
e PID with Ring Imaging Cherenkov o uE ID from larocci tubes interleaved
Counter (RICH) with steel absorbers (MulD)
° |n| <035, Ap=2x % e 12 < |n| <22, Ap=2m
® Muon Piston Calorimeter (MPC) 3.1 <
In| <3.9
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Recent PHENIX Measurements Sensitive to Gluon Polarizations

* Fina I ized Ana |yses: Polarized proton runs

600

« 2012,2013 510 GeV 0 A, at central _ | s
rapidity 1

* Phys. Rev. D 93, 011501(R) — Published

7/ January 2016 300_
¢ 2013510 GeV J/y A, at forward rapidity
+ arXiv:1606.01815 — Submitted to PRD, 3 = | P

#
2012 P=52% 7 2009 P=34%

Integrated polarized proton luminosity L [pb]

z
. 2012 P=59%
June 2016 100 | /2011P=48%ﬂ
g - 2009 P=56% 2006 P=55%
P i R P 2005 P=47%
Zasib® emmmm==ZE— — —— 2003 P=34%
. . | . 0 = d . | 1 1
Ongoing analyses: 0 2 4 6 & 10 12 14 16 18 20
. Time [weeks in physics]
* Central:

e 2013 charged pion A — | T. Moon's Talk

* 2013 direct photon A |

* 2013 Jet A

* 2009, 2011 di-t° A,
* Forward:

e 2011, 2013 500, 510 GeV ° A |

——p | M. Patel's Poster
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arXivl1501.01220
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https://arxiv.org/abs/1501.01220

n° A, measurement procedure

PHENIX Central Arm

® Reconstruct m° peak with y pair in Electromagnetic
Calorimeter at PHENIX (PbSc and PbGl).

® Workhorse channel at PHENIX:
® large cross section

¢ finely segmented EMCal:
* An:0.01, 0.008, A¢: 0.01, 0.008 for PhSc and PBGI

® high p; photon trigger.

B =WEL

® Inclusive asymmetry and side band
background asymmetry: . Run13 Diphoton Invariant Mass

2500

o

Entries 4.329626e+07
Mean 0.1526
RMS 0.05819
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0 Cross Section at 510 GeV

PHYSICAL REVIEW D 93, 011501(R) (2016)

10
o pp — °+X |n|<0.35 \s=510 GeV
“'E MSTW, DSS14:u= pTI2, P 2pT
§ 102 § * Cross section results are given for
3
s F 0.5 < p;< 30 GeV/c.
:g 10° [ PHENIX
° |
- el * The cross section is well described

- by NLO perturbative QCD.
108 [
- 10% scale uncertainty

10"° not shown 1 1
. :
3
a
a
@)
g
o
o
3 : l .
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P, (GeV/c)

U.S. DEPARTMENT OF ofﬁce of

ﬁENERG Crinnea Haiwang Yu (NMSU), SPIN2016, UIUC 8




n® A, results at central rapidity (Jn|<0.35)

e 200 GeV results published in Phys. Rev. D 90, 012007 (2014)

510 GeV results recently published Phys. Rev. D 93, 011501(R) (2016).
 The results follows positive trend with p; and /s as predicted by NLO pQCD.
e Additional constrains on gluon polarization and extended Bjorken x
coverage down to ~0.01.

- pp = 1%+X |n|<0.35

. B 510 GeV: Runi2-13

0.02 510 GeV: rel. lum. uncertainty

- @ 200 GeV: Run6-9 (PRD90,012007)
= 200 GeV: rel. lum. uncertainty

- 510 GeV /200 GeV pol. scale uncert. 6.5%/ 4.8% g

-
< 0.01

| Theory curves: LSS10p (dashed), DSS VI* (solid) and NNPDF1.1 (dotted)
|

o o005 o1
XT(=2pT/\!§)

PRD 93, 011501(R) (2016)
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mprove the knowledge of Ag

- pp — 1°+X [n|<0.35 Vs=510 GeV
PRD80. 034030 (2009) 0.02 -
i Rel. lum. uncertainty
| 6.5% pol. scale uncertainty not shown
0.4 ‘ ' 0.05 | = DSSV’I4 with 90% CL band
I x(Au + Au) 3 0.01F
03 0 < L
L . PHENIX
02| -0.05 I
Phys. Rev. Lett. 113, 012001 (2014) B
1 0
0.1 [ -0-1 — -I I L I L I T T rr I L l LI I =
> g i
Jois SN [ PRD 93, 011501(R) (2016)
: y K _ [ imiDssvx 0 5 10 15
- 0.02 g._. é i 90% C.L. region; G v/
= s DSSV ‘ p, (GeVrc)
0 . e
More data at central rapidity.
002 ['Phys, Rev. Leftt. 113, 012001 (2014) |
02 ] Q{=10GeV*
-0.04 XAg """"""" : ]
0.02 o1 N
e R IN S~ JdxAg(x) L bl ety - ]
______________ 0 F= ey i :
A r ‘:- Q--- | 1
-0.02 o5 Fe Q| T IRHIC { rangel ]
[ L Ax’=1 (Lagr. multiplier) ’ S J
004 |- T Ay’=1 (Hessian) Q' =10GeV* 0.1 0.1 S e i
[ SR : : T DSSV* ]
102 0! 10?2 0!y [ - - - DSSV ]
_0.2 3 1 Ll L 2 1 L 1 I 1 111
10 10 - x 1

Go forward!
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Jip production at RHIC

Forward Muon Spectrometer

RPC _
L 00(44, J/¢
» +
Az, | “
ZDC South o J ot
MulD -
-
o 0.1} Phys. Rev. D56 (1997) 7341
Y South Side View North ¥
= 185m =60t >
At RHIC energies J /1 production is 0.01} T
dominated by gluon-gluon fusion. I——
0 100 200 300 400 500
VS (GeV)

Ao Ag(x1)Ag(x2
A = 7 = q99-J/v g( ) g( ) qq to gg ratios of unpolarized (solid) and

g(x1) g(x2) polarized (dashed) processes
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http://arxiv.org/abs/hep-ph/9706541

Forward Muon Spectrometer

| I‘l‘“--

ZDC South

= - S E
MulD — E
: .. incl. 90% C.L. variations
_____ DSSV* E
A South Side View North ¥ [ - - - DSSV ]
:_‘ L 1 L1 11 III 1 L L1 1

18.5 m = 60 ft > -0.2 L N
: 2 -1
107 10 0 x 1

ggl—> Jy + X > p'p+ X

At RHIC energies J/1 production is v
dominated by gluon-gluon fusion.

The A;; for J/i can be written (LO):

A = A_G — q99~I1/¥ Ag(x1)Ag(x2)
g gx1) g(x2)

-4 -3 -2 -1
10 10 10 Momentum Frac:tion1

from Pythia simulation
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JiY A, Measurement Procedure

Outline

* Analyze south and north arm separately, and
divide data from each arm into 3 p; bins. So 6

subsets total. " PHENIX p+p510GeV | —4— Data
* Fit each subsets for 20 J/l.|J mass window and [y | o | D Sketendreghn
backeround fraCtlon " || A —4— GPR BKG. estimation
g 104 i of “? i —#— Data after BKG. extraction

* CB shape for J/{, Gaussian for '
* Gaussian Process Regression (GPR) for background shape

* Sideband region is defined as M, €
[1.5GeV,2.5GeV]

* Calculate A% in the 20 J/) mass window

dN/dM,.., [(50 MeV/c?)

 Estimate the background asymmetry from a

sideband

. { .‘LLM_L_LJ..L.{;l_Ll_J.LLlL .J._LJ_.L_L.I...LLJ_-L_L.L.J..J.J_-L_I....

AllY — At —r x A€ 15 2 25 3 35 4 45 5 55 6

- 1—7r M. [GeV/c?]

Gaussian Process Regression (GPR) background
\](AAmCl )2 + r2 (AABKG')Z fraction extraction
LL
A —
LL

1—1r
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JiY A, at Forward Rapidity Results

Submitted to PRD. arXiv:1606.01815 NNPDFpol 1.1: Nucl. 616 Phys. B 887, 276 (2014).
Re-weighting method: Nucl. Phys. B 849, 112 (2011)
<060
g2 01 (a) 5’04‘
S A r . 2 _ 2
< o4 PHENIX p+p 510 GeV ; @"=10Gev
-y = 0.2
0.08 pHENIX 2013 Data B
- — PYTHIA+NNPDFpol1.1 20 range N N
0'06:_ assuming aﬁﬁ"”“’*‘=1 ORI
0.04[- 0.2}
0.02\- ol S - NNPDFpol1.1
- l i + PHENIX 2013 A’ assuming &y '~ = 1
o ! P RN -
P P D D 10 102 10" 1
0.0% 1 2 3 4 5 6 7 X
P, [GeVic] * Currently the constraining power on gluon
polarization limited by large production
-, 0.06 . .
S i ®) mechanism uncertainty.
0.04F
i ’ * Favors positive gluon polarization under
0.02] _ - _
i l assumption that @99°//% = 1. We are looking
of forward to future experimental and theoretical
N I S progress to pin down the 499°//¥.
T2 1.4 1.6 1.8 2 2.2

v Universality test of the helicity-dependent gluon

densities and QCD factorizations.
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Ongoing Forward n° A ;| Analyses

* Muon Piston Calorimeter (MPC) 3.1 < |n] <3.9
e 2011 MPCcluster ALL result is finalized. 2013 data analysis underway.

* Could extend the constraints on Ag down to x ~ 103,
8, e o1 S NEN T
&y Central Magnet ‘ﬁ\{b —eme— DSSV* ]
\ (’o,) g\,‘)o | - - - DSSV
/Ife 0(2‘0 02 ,3 el > Ll 1 L
R S/ 4510 10° 10° 0 ox 1
\ 5
i X X4
d'u— Eniries 382434 Entries FE2434
- L 35; Mean ©0.0812% Maan 04183
I M 25§
MuTr ok I‘I
\ 15_— ’_|_|J
U 10—
South Side View North S 5? !J
D: _!Q—'_I,_I'I_'T\I 1 Liil I‘ 1 1111 II 1 11 Ilnn-h
MPC Clusters Fraction from 10* 10° 10°? 107 1
Pythia simulation at 500 GeV %
0003 7T
g - FAT 1o
§ i 0.002 i ALL 1=
8 08 C ] >
g0 0001 4 |<
o r N | ] (W
0.6— L | 1 U
oal Il direct y C 1 |
| == =
| - . T — V
0.2— 0 h- r Blshs(;)ﬂ%zc(,)Lliand ] s
L [ other -0.002 - } proj. incl. 2° data: 7 InNo
= 7% 7% r 510 GeV,3.1 <inl<3.9 b o
0 8 0. 10 T
Cluster p_ (GeVic) -0.003
3 4 5
pr [GeV]
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Charged Pion A,

PHENIX Central Arm

2012 PHENIX Detector
PC3 entral TE
agnet

Aerogel

T. Moon's Talk

YOZ=We6L

West Beam View East

* Charged Pion A;;, Analysis on-going with

PHENIX 2013 data.

* Complementary measurement to neutral pion 004
A, measurements with large statistics.

E+
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L~ a,AgAg + a,Aulg 0

n ~ aggAgAg + adgAdAg 0.04

0.1

Previous Charged Pion A;, Results and expected
statistical precisions for currently on-going
analysis based on 2013 PHENIX data.

A, inm* production at Vs = 200 and 510 GeV

ALL

0.08

0.06

0.02

TIIlTIlllII'III'III

-@- Projected AE_ @ 510 GeV

=f— Projected AIL @ 510 GeV

~@- A}, @ 200 GeV (PRD91,032001)
? Al @ 200 GeV (PRD91,032001)

— DSSV14 (AG > 0) for =’

—— DSSV14 (AG > 0) for n*

-0.02

Illllll
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M. Patel's Poster

PHENIX Central Arm % s PP @510 GoV, antisk, R =03 ot
2012 PHENIX Detector 3 nc>=3
o 10 nc>=3 && cf>0.1 && cf<0.9
_ nc>=3 && cf>0.2 && cf<0.8
10°

104

10°

10?

BOT=WeL

10

20 I 40 60 : IBO l100I l 120l 140
P, reco (G€V/C)
Used Charge fraction (cf) and number of constituents (nc) cuts to
reduce high pT background.

Beam View

e Jet A, measurements on-going with

PHENIX 2013 data. [Jet A, ar5T0GeV ]
0.035 —+— STAR Run-12 (R=0.5)
 Comparable statistical uncertainty to o‘::: S p—
the STAR 2012 Jet measurement. 0.02

0.015

T[T IIIIIIIII'['IIII[]IIIIHIIIIIIIIHIIIIIIT
-
-
——
—_——
[P —
—_——

0.01
* Independent check of STAR data. 0.005 ot + +
-0.005
0.0 o5 604 6.06 6.0 07 0.42 044 696 048 0.2

xr=2p /s

EVENERGY ™= iangYu(NMSU), SPIN2016, UIUC 17




PHENIX Central Arm

s T © o
g  § e T i
0.8 — N
5 7 =
3o A —atgoTHg ]
Tos-  fiéo3s Trataorte
-% 05 (s=510 GeV . Beam View
03~ arXiv:1609.04769 ] 0-155_ ] %IX Run 6 PHENIX Preliminary
02— ] 0.1 GRSV-max
g q I 7 : |
.:-.r\i\I‘I.I.I.I.I.I.I.I\\\\\I\\\\\\\\.i 0-055_ GRSVestd.---
O3 4567 891011121314 1516 17 18 19 20 O 7w
pr [GeVic] 00sE | T L GHSY g=0
A 0.1F
g DA 0.15F §
Apr = —Afa(qg — 7q)
g _0_252_ 8.3% scale uncertainty not included
-O.Si P R R R R S R
6 8 10 12 p (‘Elev,c)
* Direct Photon A, Analysis on-going with PHENIX 2013 ———— g .
& & Runé 5 =200 GeV i
data. 015/ ® & Run9 .5 =200 GeV
. . #® ® Run 13 /5 =510 GeV
* Large statistics. 0.10} : ;
* Very clean production mechanism. 005} _ _ _
* No fragmentation function involved. 5 000 - b S| MO | AU S
* Better constrained of the kinematics than m° A,,. cossl | | '
—0.10
-0.15¢ i
020 6 5 10 12 12

p, [Gevic]

EVENERGY ™= iangYu(NMSU), SPIN2016, UIUC 18



http://arxiv.org/abs/1609.04769

Impact on Gluon Polarization of the RHIC Data

1.5

Projection with and without pseudo-data for current and

future RHIC measurements up to PHENIX Run-2015.

2015 - 2016:

* Published Include in Global fittings

* Published/Submitted Not Include in Global fittings

2009 200GeV Central T A,

2012, 2013 510GeV Central % A,
2013 510GeV Forward J/Y A,

* Ongoing

ﬁ U.S. DEPARTMENT OF

2013 510GeV Central t* A,

2013 510GeV Central direct photon A,
2013 Jet A, at central rapidity

2009, 2011 di-m° A,

2011, 2013 500, 510GeV Forward m° A,

Office of
Science

arXiv:1602.03922

DIS + SIDIS

LI IIIIII

LI IIIIIII

90% C.L. constraint
—— DSSV 2014

with 90% C.L. band

Q?=10 GeV?

msm RHIC projection |
data < 2015

mmm EIC projection

T 171 ll||I'|

rrrrrm

Vs=78GeV -

1 1 IllII|,|
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https://arxiv.org/abs/1602.03922

Opportunities at PHENIX IP beyond 2020

Proposed sPHENIX:

* Tracking, EMCal and HCal covering -1 <7 <
land |[@p|<2m

* Expecting CDO soon

 ~8times acceptance of PHENIX EMCal

e ~2time DAQ rate of PHENIX

* Better Jet Energy Scale uncertainty

A, 15=200GeV

CT10,DSSV14, DSS14
® 2005+2006+2009 data
m  sPHENIX projection

Illlllllllllllllll

-
—y
L
o

f

IIIIIIIII

* Significantly improve the statistical
precision of the m®A |, Jet A and Direct
Photon A | measurements.

AO'OBIIII]IIAIIIIIIIIl‘llll!ll

fsSPHENIX: J. Lajoie's Talk
* Forward Spectrometer.
* LOl stage

* Small x: 79, Jet and Direct Photon

Cold QCD topical group formed recently

Detector at PHENIX IP for EIC

U.S. DEPARTMENT OF Ofﬁce of

ﬁENERG Crinnea Haiwang Yu (NMSU), SPIN2016, UIUC 20




Summary and Outlook

Run12, Run13 1% 4,, at central rapidity (|n| < 0.35) published at PRD Rapid
Communications.

* Could reduce the global fit uncertainties on Ag(x)

 Extend the Ag(x) constraints down to x ~ 1072,

* We are looking forward to the new global fit including this data.

Runl3 J/y A;, at forward rapidity submitted to PRD.
* Sensitive to gluon polarization down to x ~2 X 1073,
* Universality check for the QCD factorization of the gluon helicity dependent P.D.F.
e Could improve the gluon polarization precision at smaller x with further knowledge
on the production mechanism.

Many analyses also sensitive to Ag are on-going.

Possible opportunities at PHENIX IP for gluon polarization measurement with new detectors
beyond 2020.
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RHIC Plan 2017 - 202X arxiv:1602.03922

Year 175 (GeV) Delivered Scientific Goals Observable Required
Luminosity Upgrade
2017 p'p @ 510 400 pb'l Sensitive to Sivers effect non-universality through TMDs Ayfory, W*, Z°, DY AP Postshower
12 weeks and Twist-3 T, #(x.x) to FMS@STAR
Sensitive to sea quark Sivers or ETQS function
Evolution in TMD and Twist-3 formalism
. . . ASin(¢s_2¢h) ASin(¢s_¢h) d 1 N None
Transversity, Collins FF, linearly pol. Gluons, ur gr ~~~ modula
Gluon Sivers in Twist-3 tions of A*in jets, A5y ¥*) for jets
Ay for J/® in UPC
First look at GPD Eg ur T " None
, 2023 p'p @ 200 300 pb™ subprocess driving the large Ay at high xand n Ay for charged hadrons and flavor Yes
g 8 weeks enhanced jets Forward instrum,
é evolution of ETQS fct. Axfory None
a properties and nature of the diffractive exchange in Ay for diffractive events None
< p+p collisions.
A 2023 p'Au @ 200 1.8 pb’! What is the nature of the initial sta
2 8 weeks nuclear collisy If the beams are longitudinally polarized at ei-
E Nuclear dependence of I ther STAR or sSPHENIX during the proposed Vs
= 200 GeV p+p running in 2023, it would be
Clear signatures for § : :
THEEE T possible to increase the data sample for the two
2023 | p'Al@ 200 ;2-6 pﬁ" A-dependence ofi  main channels of the RHIC AG program, inclu-
WEEKS ¥ . s g . b
A-dependence of TMI  S1VE mid-rapidity jets and neutral pions, by a fac-
tor of 3. With the projected integrated luminosity
1
A-dependence for St of 300 pb~ (see Table 1-2) the other channels
202X | pp@510 | 11f! T™Dsatlowana  Such as direct photons and charged pions are ex-
S 10 weeks pected to show sensitivity to a non-zero AG for
5 o quantitative comparisons of the va  moderate x (x>{.05), though with significantly
s = factorization and universality in leg . . .
® £ proton collisic  Smaller statistical power compared to jets and
@ | 202X | pr@s0 | L fo 4g( atsmall - pentral pions.
weeks X

av ap - 1
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© i o st
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Q_ | — J— — .0".&-,:“3.:?:’:000 .0 0,‘
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) 00 —_—— 0 oo é 0.04 4< T<5 GeVic ;
10 20 30 So03l 7 Pr ,‘
= VU™ 9<p <12 GeV/c -
P, (GeVl/c) = :
0.02— .
: . 0.01— x1 %
FIG. 1. (color online) The probability for two photons from i
7° decay to be separated by the PHENIX EMCal clustering 107 1072 = p 6_1
algorithm vs 7° pp; obtained from GEANT [19] simulation for x

the two-photon energy asymmetry cut a < 0.8.

PRD 93, 011501(R) (2016) arxiv: 0810.0694
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