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Outline

* RHIC, polarized proton-proton collider

* STAR and PHENIX

* Unique physics opportunities at RHIC and

selected recent results

 Helicity structure of proton: gluons and quarks

* Studies on transverse dimensions

* Outlook and Summary
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RHIC — Polarized Proton-Proton Collider
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STAR Detector Overview
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Cefnf < 1.0
EMC: 1.08 <|n|<2.0 ~ W
FMS: 2.5 < |T]| <41 4 \: \’ 0 detector in 2017
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PHENIX Detector Overview

TN Central arms Vertex Tracker Muon arms

PH ENIX n[<0.35 1.2<|n|<2.4

\ orward Vertex Tracker

1<In|<3

Mh 2016, next stage — SPHENIX (see J. Huang’s talk)
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Polarized p+p Data Accumulation at RHIC

Year Vs (GeV) L(pb!)  <P>(%)

Polarized protons

600 T T
62.4 - 48 R
2006 — 250/255 GeV
200 6.8 57 — == 100 Gev / 2013P=53%
o
2000 200 25 38 £ 500 /
500 10 55 = /
Long 7011 500 12 48 £ 400 20ITP=53%
£ 1 iment
2012 510 82 56 E (1 experimers)
g /
2013 510 256 56 e 300 / V4
=
2015 200 50 60 L /
5 200 [R012P=52% / 2015P=55%
_ / DA
2006 62.4 0.2 48 5 5009 p=34%0
200 8.5 57 2 ) 2012 (P =59%
< 4 = [7A
2008 200 7.8 45 g 100 7 AULP=48
. g / 2009 _P = 56‘_’/};/2006 P=55%
= | o= 2005 P=47%
Trans 201 500 25 55 . : 7"// 2003 P=34%
2012 200 22 60 0 2 4 6 8 10 12 14 16 18 20
2015 200 50 60 Time [weeks in physics]
2017 510 356 55
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Subprocess Fraction

e
o

e
o

o
’S

e
w

e
N

e
-

o

Probe Gluon Polarization via Hadron/Jet

Double-spin asymmetry:

’.‘ ag qg

pp—jet+X
NLO CTEQ6M
Anti-kT R=0.6
nl<1

Solid: Ys=200 GeV
Dotted: Ys=500 GeV
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0 005 01 015 02 025 03 035 04 045 05
Jetx  (=2p/ Vs)

probed inputs
o= AR _Af

Ay = x a,, ® Df
LL M4 gN fi ®f2 ®a., Dy

Abundant yields of m° and jets at RHIC

Sub-processes directly sensitive to gluon

0:
T ,jet -
* Xgq~pr U Nseen

Constrain gluon helicity-dependent PDFs
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Inclusive Jet A, : first non-zero AG

PRL115 (2015) 092002
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PRL113 (2014) 012001

Nucl. Phys. B887 (2014) 276
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* First evidence of non-zero contributions

from gluon spin at Q*~10 GeV?

* Drive the constraints on AG
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Inclusive Hadron/Jet A;; Results

PHENIX, PRD93(2016)011501

- pp — n°+X [n|<0.35

| W 510 GeV: Runi2-13

- 510 GeV: rel. lum. uncertainty

. ® 200 GeV: Run6-9 (PRD90,012007)
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Z.Chang, SPIN2014

| STAR p+p — Jet+X

—&— 2012 510 GeV R=0.5 |1|<0.9 Prelim.
|~ —@— 2009 200 GeV R=0.6 |n|<1.0 %

......... NNPDF1.1

B Relative luminosity uncertainty P
----- LSS10p R
- —— DSSV'14 e

« PHENIX and STAR released higher statistics ¥ and jet results since then.

e Measurement at Vs = 510 GeV access to lower x values

* Consistent descriptions from 7 and jet at different energy

7/25/2017
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New Preliminary Inclusive Jet A, |

A.Quintero, RHIC&AGS Users‘ Meeting 2017

é 0.04 = é 0.04 =
0035 STAR Preliminary 0035~ STAR Preliminary
= 5):p—> Jets + X - p+p— Jets + X
0.03— s=510GeV 0.03— "
- E DSSV'14
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0.025— _ DSSV'14 [ e 0025/ =~ NNPDF1.1
- | Kot = = 2013, 510 GeV, Anti-k R=0.5, Inl <0.9 (Preliminary)
g [ ) 0.02F- = 2009, 200 GeV, Antik, R=0.6, Inl < 1.0
o = 2013 (Preliminary) =
0.015/— = 2012 (Preliminary) 0.015F-
0.01E ﬁ' 0.01—
0.005— r+ iri *# : 0.005—
0 :_ ana u',‘j.‘é .......... , ...................... 0 :—' """""""""""""""""""""""""""""""""""""""""""""
—0.005:— Saae ‘°~0°5:_ +6.4% scale raint
E 11061: Juﬁ?zﬁxﬂf?ﬁfmwn E from pols::zal.gc?\o?slzwn
~0.01 | R R ] 1 ISPl il I ORinrEinie aienieriii min —0.010 ‘0105' . 0I1 et '0|15' — |012| L 25
0 10 20 30 40 : Parton Jet x, (=2p/ %)

50 60
Parton Jet Py (GeVic)

« New preliminary results from STAR 2013 data (256pb-!) just released last
month.

* Good agreement with 2009 (200 GeV) and 2012 (510 GeV) results with
much better precision.
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Measurement of Di-jet Production

STAR, PRD 95 (2017) 71103

@ STAR 2009 Di-jet Cross Section 0.08— ISIN Di-JetA,
10—15_ — DSSV 2014
E s == == NNPDF Pol 1.1
- - Data 0.06~ —— Scale Uncertainty
— B & I 33 PDF Uncertainty
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e C . M
* Access initial partonic kinematics, NG = \/X1X>

* Initial di-jet A data are consistent with DSSV and NNPDF expectations
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Measurement of Di-jet Production

. ¢ .
S. Ramachandran, DIS 2016 D.Olvitt.Jr, RHIC&AGS Users‘ Meeting 2017
4 0.08
| L 4 0.08
= o < - STAR 2012 & 2013
0.06 —_ STAR Preliminary p+p — Jet+Jet+X % : p+p—s Jet + Jet + X
L 2012 (s=510GeVR=0.5 I <09 : S 006 {s =510 GeV
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04 B | [ 2013 Data (Preliminary)
0 L —DSSV2014  —— NNPDF11 0.04}— [ 2012 Data (Preliminary)
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- N < NNPDFpol1.1
002~ 0.02}— ---DSSVi4
0| Ohe-
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- - from polarization not shown
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[

Extending to Vs = 510 GeV, new results from much larger data samples taken
in 2012 and 2013 agree with the initial 2009 di-jet results, and with the DSSV
and NNPDF expectations.
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Measurement of Di-jet Production

S. Ramachandran, DIS 2016
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« Extending to Vs = 510 GeV, new results from much larger data samples taken
in 2012 and 2013 agree with the initial 2009 di-jet results, and with the DSSV

and NNPDF expectations.

» NNPDF reweighting included STAR 2012 Di-jet results together PHENIX 70
results, further constraining gluon polarization distribution.
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Probe Sea Quark via W Boson

* Great opportunity with W boson production in RHIC

N
p ) . ..
A polarized proton-proton collisions at Vs = 500 GeV
* Elegant process: ud > W+ - e*v, and id > W~ - e v,
* No uncertainties from fragmentation
N
P v * Perfect spin selection in V-A structure of weak interaction
* Flavor-ID from final lepton charge-ID
(LO)
~ ~ ( Au(xy)
AV —Au(x1)d(xz) + Ad(xulxz) < Tl 7
. . L J i - Aa
Single-spin asymmetry: u(x1)d(xz) + d(xy)ulxz) %,xl «x,
\ 1
+ —_
O —O0 ( Ad(xy)
" +0 LS T a0)uln) + 1t dx) Mu(r)
L u(xqy) ’ ! 2




W Cross Section

STAR, Phys. Rev. D 85 (2012) 92010

10* = Theory: FEWZ and MSTW08 NLO PDFs
2 E
e r «*
10 =
T E _ W

- 4
E. r PP e STAR X UA1
0 10° & LWt A Phenix * UA2
s E PP o v ATLAS ¢ CDF
T F - = CMS + DO
pp—> W |

10 =
S10°
e E
s
107
N F
£ pppoZy
5510
©  EppoZiy

1

\s (GeV)

Sampled range

1.0

A

-1.0<n

-0.35 <1 <0.35

11<ml<25

o(pp—W*)x BR(W— [*) total cross section

2013 : f Ldt= 277 pb”

——

—— RHICBOS
PYTHIA

—— CHE

STARW—e
PRD85 (2012) 092010

PHENIXW— e

*

*  PRL 106 (2011) 062001

e PHENIXW-—yu

N
PH-<ENIX
preliminary

50

P T
100

P IR
150

P T ST S R R ST S MR
200 250 300

o(pp—W*)x BR(W— F) [pb]

 PHENIX and STAR both successfully selected W leptonic decay signals.

* Cross section results consistent with theoretical predictions.
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WHIW-

W Cross Section Ratio

M. Posik, S. Fazio, et al. (STAR Collaboration), DIS 2015.

8 8 n
p+p-W'+X—e'+X - ptp — WX - e™+X -~ STARIL= 102pb™"
STAR Preliminary . 7-? STAR Preliminary [Z55% Systematic uncertainty
E - " MCFM-CT10
6 s = 500/510 GeV o E BNs=500/510 Ge) Pl
! 5 EReRclinsleianc il RHICBOS-88S
POOSIET OO ‘ '._
5 L T ‘+ ; 5 RHICBOS-CT10
4 il ‘
of P + ------ - STAR Preliminary J’ L= 102pb" _~"“;~“ .
Systematic Uncertainty
MCFM-CT10 ‘
2 e
: - RHICBOS-BBS ‘
e CHE-CT10 -
1 RHICBOS-CT10 1
0 -1 05 0 Ne 05 1 0 1 1 1 L ! | 1 L L 1 !
n, -0.5 0 05

Unpolarized sea symmetry: Complementary to NAS1, E866, and SeaQuest
Preliminary 2011+2012 results from data of 102 pb-!
256 pb! and 360 pb! recorded during 2013 and 2017

W kinematics reconstructed from its recoil, key for W Ay measurement.
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W A, Results

1 .0 T + T T T -
- W+Zoutet Pi>16 GeV  Pi>30 GeV 1
i Run 12: p+p at Vs = 510 GeV [e] A;: (2012) [m] A,‘; (2009-2012) ]
Run 13: p+p at Vs = 510 GeV [*] A[ (2013) [m] A (2013) ]
0.5 & NNPDFpoll 1 ]
~l — GRSV STD
L — DSSV
L — DNS KKP
! m — DNS Kretzer
0.0
0.5}
1.0p— - + ; — ;
! . . ~— e J
WH+Z—p' e PH:“ENIX *» STAR A[(PRL 113 (2014) 072301) |
i preliminary ~~~~~~~ DSSV E;>25 GeV —
0.5[ -
00— [ b
-0.5F _ —
[ Sampled Luminosity: 53 pb™' per arm (2012)
I Sampled Luminosity: 277 pb ™' per arm (2013)
_1 .0 1 1 1 1 1
-2 -1 0 1 2

N,
PHENIX PRD 93 (2016) 051103 (mid-rapidity)
STAR, PRL113 (2014) 072301

PHENIX measured W A; with central
arms (e* channel) and forward muon arms
(u* channel), consistent with theoretical

predictions within uncertainties

STAR published W A; results as a
function of lepton 1.

W~ A, for negative n, are at the upper
band of the DIS-based expectations. This

implies that Au is larger than expected.
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W A, Results

I I L T I I "'l '
I . /
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W A, Results

STAR, PRL113(2014)072301

9
p+p > W et + v
25<E$<50GeV

- Vs=510 GeV

______

-0.5—- w'w

~ i~ ~{+ STAR Data CL=68%

| — - DSSV08 RHICBOS "
- -.-..DSSV08 CHE NLO
- ----- ... L§S10 CHE NLO
DSSVO08 L0 Ay?/x2= 2% error
- 3.4% beam pol scale uncertainty not shown
1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1
-2 -1 0 1 2
lepton n
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E. Nocera, PoS(DIS2014)204

0.04

0.12

o Sea asymmetry

0.08 X(a - U) X(AU - Aa)
0.06 ‘

0.02

Lot N
g\\%‘i\?\%&\*\\\\\\\\\:‘\\‘ N\

\II|I\I|III|III‘III|III|I

1] S L RLIEEE R\ -
-0.02— —
- Q%=10 GeV? .
008 U= e -
006 || NNPDFpol1.1 x(AT - AG) E
o0sk- L NNPDF2.3  x(@-10) E
r 1 Lol 1 ol 1 Lol
10 102 10" 1

X

Ati > Ad ? Opposite to unpolarized sea.

Motivation for more precise data.

Jinlong Zhang, LBNL
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W A, New Preliminary Results

* Most precise measurements of W A,

with STAR 2013 data (256 pb!)

A |
L p+p > W et + v
i {s=510 GeV 25 < E; < 50 GeV

0 Rel lumi
syst

i wW'w

4§~ 5~ STAR 2013 Preliminary
—_— - DSSV08 RHICBOS

- -=-- ---- DSSV08 CHE NLO
seees e L §§10 CHE NLO

-1 DSSV08 LO Ay2/y2= 2% error
L 3.3% beam pol scale uncertainty not shown
1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1
-2 -1 0 1 2
lepton 1
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W A; New Preliminary Results

p+p oW et + v * Most precise measurements of W A,

B {s=510 GeV 25 < E; < 50 GeV grmm—
with STAR 2013 data (256 pb-!).

* Opverall, consistent with the published

STAR 2011+2012 results and PHENIX

mid-rapidity W/Z A, measurements

* The tendency that W- A; for negative 1,

-0.5 are at the upper band of the DIS-based

T, El

&~ STAR 2013 Preliminary +—e— . . .
o~ STAR 201142012 Data expectations is confirmed with better
2~ PHENIX 201142012
----- DSSV08 RHICBOS . .
- --- -~ DSSV08 CHE NLO precision.

-eees e L§S10 CHE NLO
-1 DSSV08 LO Ay2/y2= 2% error
3.3% beam pol scale uncertainty not shown
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-2 -1 0 1 2
lepton 1

[ H44 Z
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W A, New Preliminary Results

Al - .
L p+p > W" et + v * Most precise measurements of W A,
(s=510 GeV 25 < E7 < 50 GeV g
— with STAR 2013 data (256 pb™)).
° E. Nocera, SPIN2016
0.2 3 —
_ o4l X(AU - Ad) E
Rel lumi r 1
B SYSt [ ] 0.08’._ —
0.06 .
0.04
—0-5 - ) 0'02..’.
i W'WwW of ]
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- s ale's STAR 201142012 Data -0.02[ -
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. - T Dssvos CHE NLO oosl. [77]NNPDFpolts  —MC() - -CasmM
-ses o LSS10 CHE NLO - :
-1 DSSVO08 LO A/42= 2% error 008 ] NNPDFpolt.1+ = MC (n-0) -~ ST E
L 3.3% beam pol scale uncertainty not shown C L L L L]
1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 1 'lo3 10'2 10" 1
-2 -1 0 1 2 X
lepton 1

7/25/2017

Jinlong Zhang, LBNL

17



Probe Quark Transversity via Interference Fragmentation

STAR, PRLI115 (2015) 242501

[
< .08 pl+p > '+, s= 200GeV
C = (m)=+05 +
0.06 o (n)=-05
0.04 2
0.02— i + % m}
: : |
0
- % T
-0.02—
C | | ] | ] |
0.6c °@ o
0.5c (X 5 °
0.4 ;— [e) o
0.3
0z coe e '
0 02 04 06 08 7 12 14

M (GeV/c?)
« First non-zero transversity signal observed in p'+p collisions
* Complementary kinematic regions to SIDIS; important test of factorization and

universality
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Probe Quark Transversity via Interference Fragmentation

sing
uT

Sa o 00— PP ex X * \s=500 GeV
C STAR preliminary
0.06:_ ® {s=200 GeV
0.08—
C L §
0.02— * % §
- ; ; '
°F t
—0.02—
C | . |
S ufE
2 12 o o °
O =
= °F
g s
6;— - [ ] [ ] [ ]
4:_ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
M, (GeV/c?)

« First non-zero transversity signal observed in p'+p collisions.

e Similar results from Vs = 200 and 510 GeV. Small TMD evolution in IFF ?
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Probe Quark Transversity via Collins Asymmetry

pl+p —jet+ 7+ X
%, *%[” STAR Preliminary IL E
$5 | E
I
4k .A
] S  C— o
T ¢ F Y E
_005 __ Closed points: n*; Open points: ©° EL]

E I I I o Vs=200GeV, (pTJm)=12.QGeV/c
0.05 — i) 15 - 500 GeV, ) = 31.0 Gevic S
| S g
L o

. . . -0.05
Collins modulation: sin(pg — ¢y) S , , ,
0.2 0.4 0.6
Z

* First statistically significant non-zero Collins asymmetries measured in hadronic
collisions
«  Similar results from Vs = 200 and 510 GeV. Small TMD evolution in FF ?
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Probe Quark Transversity via Collins Asymmetry

p' + p(Au) — jet + " + X
;r 0.05 [— | B8Y p+p. Vs = 200 GeV (Preliminary 2012)
& | | [l o+. Y5 = 200 GeV (proj. stat. 2012+2015)
.T"E: .5 ®  p+p, \s = 500 GeV (Preliminary 2011)
< | [l o+0. vs = 500 GeV (proj. stat. 2017)

E i I ,
T I

~0.05 | Soeedipoints:x': Open polnte: »°
. . . . 1 1 | 2 " N
Collins modulation: sin(pg — ¢y) o L

First statistically significant non-zero Collins asymmetries measured in hadronic
collisions

Similar results from Vs = 200 and 510 GeV. Small TMD evolution in FF ?
7/25/2017
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Forward A\ — remains mystery

see also J. Huang’s talk

- + - 3 r 0
F [+ zas, ys=49Gev T l < | . T l < | E704, VS = 22 GeV T ]
e

o
0.4~ AGS, s=66GeV ] 0.2~ @ PHENIX, s =624 GeV
[ ™ E704, Vs=22GeV [ L [+ STAR, y& =200 GeV
| © BRAHMS, ys =62.4 GeV L © -f. f u L % STAR, Vs =200 GeV, <>=15
0.3-_0 BRAHMS, Vs =200 GeV t _0_1'_ } 0_15'_0 PHENIX, ys = 200 GeV, <n>=0.
I = [ n [+ STAR, Vs =500 GeV
0.2~ + -02f- . i 0.1

o.1f- } ¢ '0-35' 2GS, Y5 =49 GeV { 0'055_ ¥ % ﬁ 1

I . *ﬁ [ . AGS, Vs =66 GeV ,
- oi* ¥ - W E704, ¥s =22 GeV r ,rq
ol T 04| ® BRAHMS, Vs =624 GeV 0'_@_* H{-f;‘
I . BRAHMS, 15 = 200 GeV -1 j’
C I 11 1 I 11 1 I 11 1 I 11 1 I 11 C l L1 1 l L1 1 l L1 1 l 11 l L1 C I 11 11 1 I 11 1 I 11 1 I 11
0 02 04 06 0.8 0 0.2 04 06 08 0 0.2 04 06 038

Xg Xg Xg

* Surprisingly large transverse single-spin asymmetries

« Nearly independent of Vs over a very wide range (Vs: 4.9 GeV to 500 GeV).
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Forward A\ — remains mystery

M.Mondal (STAR Collaboration), DIS2014

EM-Jet Energy = 40-60 GeV 60-80 GeV 80-100 GeV
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Forward Ay: Heavy Flavor

PHENIX, PRD95, 112001(2017)

p+p — pt+X at Vs = 200 GeV
_ PHENIX x>0 -

(3.4% scale uncertainty not shown)
Twist-3 model 1 (D—p)
Twist-3 model 2 (D—p)

| | |

2 3 4 5
P; (GeV/c)

0.4 p+p — 1 +X at Vs = 200 GeV| p+p — u +X at Vs = 200 GeV| 0.4 p+p — p*+X at Vs = 200 GeV
0.3 | PHENIX x.<0 L PHENIX x>0 i 0.3 - PHENIX x.<0 _
(3.4% scale uncertainty not shown)| (3.4% scale uncertainty not shown)
0.2 T T 0.2
01 m T ¢ T .
i .. 04, 1 ™
< 0 — p [] - <z 0=
""" H m @
01 T 7 -0.1
-0.2 - T 7 -0.2
(3.4% scale uncertainty not shown)
-0.3  —— Twist-3 model 1 (D—p) + —— Twist-3 model 1 (D—-p) A -03 Twist-3 model 1 (D—u) —+
------ Twist-3 model 2 (D—-p) --=----. Twist-3 model 2 (D—y) ------ Twist-3 model 2 (D—p)
) | | | I ! | } I 1 l
0.4 1 2 3 4 2 3 4 5 0.4 1 2 3 4
P, (GeV/c) P, (GeV/c) P; (GeVl/c)
* Dominated by gluon-gluon interactions, and sensitive to gluon Sivers’
function
* Main contribution to single muons: D-meson decay
* Consistent with zero within uncertainties
7/25/2017 Jinlong Zhang, LBNL
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Sivers’ Sign-change
see also M. Grosse Perdekamp’s talk

/}/

x*

A Y
e 7.7.7.7.7. 7. JQVIY) I BE55888 I
attractive repulsive

Sivers (DIS) = - Sivers (DY or W/Z)

* DIS: yq scattering attractive final-state interaction
* pt+p: quark anti-quark annihilation repulsive initial-state interaction
* Experimental test is critical for our understanding of TMDs and TMD

factorization
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First W Ay results

see also B. Mueller’s talk

STAR, PRL116(2016)132301

z 1_ Z 1-
< [ STAR p-p 500 GeV (L =25 pb™) < [ STAR p-p 500 GeV (L = 25 pb™)
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04F FW STy 04 TEW STy
0 6—- ___KQ (assuming “sign change”) 0 6:- _ _ KQ (no “sign change”)
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-0.8 :_3.4 % beam pol. uncertainty not shown -0.8 :_3.4 % beam pol. uncertainty not shown
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-0.5 0 0.5 -0.5 0 0.5
y" y"W

 Initial transverse W A results prefer to the Sivers’ sign-change from an

integrated luminosity of ~25 pb-!
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* Very successful Run-2017, STAR recorded 356 pb-! with 55% polarization,

* Anticipate: Access TMD evolution,

first constraints on sea quark Sivers’ function,

precise data to test for the Sivers’ sign change.

7/25/2017
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Potential of 2017: Drell-Yan and Direct-y

Z.Kang, J.Qiu, PRD81(2010)054020

M.Echevarria et.al, PRD89(2014)074013

L.Gamberg et.al, PRL110(2013)232301
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 In 2017, STAR operated FMS pre-shower and post-shower detectors to select DY and
direct-y events.
* Anticipate DY Ay to = 0.008 in with a delivered luminosity of 400 pb-!

* Direct-y Ay will provide important complementary constraints.
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RHIC Cold QCD Plan — a Portal to the EIC

arXiv:1602.03922

see also J. Huang’s talk

Year 1’5 (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=, 7° DY AND T. Postshower
12 weeks and Twist-3 T, p(x,x) to FMS@STAR
Sensitive to sea quark Sivers or ETQS function
Evolution in TMD and Twist-3 formalism
sin(¢ps—2¢p) ,sin(ds—Pp) V
Transversity. Collins FF, linearly pol. Gluons, Ayr Ayr ) modula- None
Gluon Sivers in Twist-3 tions of /% in jets, Ay @3 for jets
Ay for J/¥ in UPC N
First look at GPD Eg . one
) 2023 p'p @ 200 300 pb™ subprocess driving the large Ay at high xzand n Ay for charged hadrons and flavor Yes
{ 8 weeks enhanced jets Forward instrum.
;: evolution of ETQS fct. Ayfory None
2 properties and nature of the diffractive exchange in Ay for diffractive events None
& p+p collisions.
~ 2023 | p'Au@ 200 1.8 pb What is the nature of the initial state and hadronization in R, direct photons and DY Ry 4u(DY):Yes
- 8 weeks nuclear collisions Forward instrum.
= Nuclear dependence of TMDs and nFF A;i;l(‘i’s“f’h) modulations of /% in None
e
jets, nuclear FF
L Dihadrons, y-jet, h-jet, diffraction Y.es
Forward instrum.
2023 p Al @ 200 12.6 pb” A-dependence of nPDF, R,4p: direct photons and DY Rpu(DY): Yes
8 weeks / Forward instrum.
A-dependence of TMDs and nFF A;‘;‘(d’s—"’h) modulations of /% in None
jets, nuclear FF
A-dependence for Saturation Dihadrons. y-jet. h-jet. diffraction Yes
Forward instrum.
202X p'p @510 1.1 ! TMDs at low and high x Ayrfor Collins observables. i.e. Yes
10 weeks hadron in jet modulations at > 1 | Forward instrum.
and
quantitative comparisons of the validity and the limits of mid-rapidity None
factorization and universality in. lc.zpton-proton and proton- observables as in 2017 run
proton collisions
202X pp@ 510 11 fo! Ag(x) at small x Ajp for jets, di-jets, h/y-jets Yes
10 weeks atn>1 Forward instrum.

Table 1-2: Summary of the Cold QCD physics program propsed in the years 2017 and 2023 and if an additional 500 GeV run would become possible.
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RHIC Cold QCD Plan — a Portal to the EIC

see also J. Huang’s talk

arXiv:1602.03922

Year 1’5 (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=, 7° DY A;\,D T. Postshower
12 weeks and Twist-3 T, #(x,x) to FMS@STAR

SU

ICCCS

stul d

Sensitive to sea quark Sivers or ETQS function

data fakiag.with detector-upgrades

Gluon Sivers rist-3 tions of /¥ in jets, A5 (@5
Ayr for /W in UPC f
First look at GPD Eg o None
‘ 2023 p'p @ 200 300 pb™ subprocess driving the large Ay at high xzand n Ay for charged hadrons and flavor Yes
{ 8 weeks enhanced jets Forward instrum.
;: evolution of ETQS fct. Ayfory None
2 properties and nature of the diffractive exchange in Ay for diffractive events None
& p+p collisions.
~ 2023 | p'Au@ 200 1.8 pb What is the nature of the initial state and hadronization in R, direct photons and DY Ry 4u(DY):Yes
- 8 weeks nuclear collisions Forward instrum.
| During sPHENTX"2023 rfifitng:<- |
e
uring s T gy
L Dihadrons, y-jet, h-jet, diffraction Y.es
Forward instrum.
2023 p Al @ 200 12.6 pb” A-dependence of nPDF, R,4p: direct photons and DY Rpu(DY): Yes
8 weeks / Forward instrum.
A-dependence of TMDs and nFF Ai]‘;‘(‘i’s_"’h) modulations of /% in None
jets, nuclear FF
A-dependence for Saturation Dihadrons. y-jet. h-jet. diffraction Yes
Forward instrum,
202X p'p @510 1.1fb" TMDs at low and high x Ayrfor Collins observables. i.e. Yes
S 10 weeks hadron in jet modulations at > 1 | Forward instrum.
2 AP : titatiye.c i ralidi the lifits od . PN
H1gh-1impact tigasureinEitit-dpportommty arises
proton collisions b
202X pp@ 510 11 fo! Ag(x) at small x Ajp for jets, di-jets, h/y-jets Yes
10 weeks atn>1 Forward instrum.
Table 1-2: Summary of the Cold QCD physics program propsed in the years 2017 and 2023 and if an additional 500 GeV run would become possible.
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Summary

Jet and neutral pion longitudinal double-spin asymmetry measurements
have provided first evidence for and unique constraints on non-zero
gluon polarization.

Longitudinal W measurements have provided first evidence of symmetry
breaking in the polarized sea, Au > Ad

Non-zero transverse asymmetries have been observed at mid-rapidity and
provide sensitivity to quark transversity.

Initial transverse W measurements are consistent with Sivers’ sign
change.

The Cold QCD Plan:

- Look forward to data analysis of the just concluded Run 2017,
successful first stage!

- Proposes modest forward upgrades for a second stage of Sivers,

Collins, and gluon polarization measurements in 2023+



