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Project Timeline in Context
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Gluon polarization

PHENIX AL measurements

* High priority from outset of PHENIX collaboration

* Precise 7 AL from Run 13: significant nonzero gluon polarization!
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Gluon polarization

PHENIX AL measurements

* High priority from outset of PHENIX collaboration
* Precise 7 AL from Run 13: significant nonzero gluon polarization!

* Precise direct photon Ay from Run 13: positive gluon polarization favored at 2.8¢
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Gluon polarization

PHENIX AL measurements

* High priority from outset of PHENIX collaboration

* Precise 7 ALL from Run 13: significant nonzero gluon polarization!

* Precise direct photon Ay from Run 13: positive gluon polarization favored at 2.8¢
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Gluon polarization

PHENIX AL measurements

* High priority from outset of PHENIX collaboration

* Precise 7 ALL from Run 13: significant nonzero gluon polarization!

* Precise direct photon Ay from Run 13: positive gluon polarization favored at 2.8¢
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Gluon polarization

Where EIC comes in

* DIS scaling violations in g, provide low-x sensitivity to AG

* Also probed with heavy flavor AL

 Strong constraints on AG and AX — indirect constraint on parton OAM
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Sea quark polarization

Single spin asymmetries of W+ at RHIC

o . . o . . o . . . g + +
Longitudinal single spin asymmetries in mgxnmally parity violatingud - W" = e™ + 1,
provide flavor separated access to A, Ad
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Sea quark polarization

Single spin asymmetries of W+ at RHIC

o . . . . . . . o . . 7 4 +
Longitudinal single spin asymmetries in mz_1x1mally parity violatingud - W™ = e™ + v,
provide flavor separated access to A, Ad

» Fit with RHIC W boson results indicates negative polarized sea quark asymmetry, Ad — Ai
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Sea quark polarization

Single spin asymmetries of W+ at RHIC

» Longitudinal single spin asymmetries in maximally parity violating ud - W+ — et + v,
provide flavor separated access to A, Ad

 Fit with RHIC W boson results indicates negative polarized sea quark asymmetry, Ad — Aii
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Are sea quarks polarized in the proton? v/
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Sea quark polarization
EIC impact

» SIDIS with pions and kaons provide precise determinations of flavor separated ii, d + strange
quark helicities with unparalleled reach to low-x

0.04
—— DSSV 14
0.03 +EICDIS /s = 45 GeV
B +EICSIDIS /s = 45GeV
0.02 Bl EICSIDIS /s = 140 GeV

0.01

0.00

—0.01

—0.02

—0.03

Rl I B T T T B T T T T T R T T B U A T T
h h i
Nucl. Phys. A. 1026, 122447 (2022)

Devon Loomis | RHIC AGS User Meeting 2025 | May 20th, 2025 17



Transverse spin physics

Powerful probes of multiparton correlators at PHENIX

* PHENIX has explored a wide range of transverse single spin asymmetry measurements of
single-inclusive high-pr observables

* Factorized in terms of higher-twist multiparton correlators (related by kr moments to
polarized TMD PDFs, FFs)

 Different observables — different correlators e.g. heavy flavor Ax for initial state trigluon
correlator

LEFT

Ac(st) x T®) (z,2) @ 67 @ D(2) + dq(z) @ 6p @ DB)(z, 2)

\ - [ —
T(3) (.CU, .’,U) X ;/ % ﬁ‘ D) (z, z) X (‘5‘ >
\ >

Kang, Yuan, Zhou, 2010

J. Qiu
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Transverse spin physics

Powerful probes of multiparton correlators at PHENIX

Open heavy flavor (trigluon initial state)

0.08~ pl+p s e’ + X . Open Heavy Flavor e”
0 06:— s = 200 GeV « Open Heavy Flavor e
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PRD 107, 052012 (2023)
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Transverse spin physics

Powerful probes of multiparton correlators at PHENIX

Open heavy flavor (trigluon initial state) Direct photon (quark-gluon/trigluon initial state)
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PRD 107, 052012 (2023)

Transverse spin physics

Powerful probes of multiparton correlators at PHENIX

Open heavy flavor (trigluon initial state)
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Open heavy flavor (trigluon initial state)

Transverse spin physics

Powerful probes of multiparton correlators at PHENIX
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Transverse spin physics
Polarized TMDs at the EIC

 SIDIS factorized in TMD framework — EIC directly sensitive to TMDs in wide x, Q2 domain
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: S 5. 107°
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0)\ """"" 0.1
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Transverse spin physics

Polarized TMDs at the EIC

 SIDIS factorized in TMD framework — EIC directly sensitive to TMDs in wide x, Q2 domain
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* PHENIX measured nonperturbative transverse momentum effects with dihadron angular
correlations — investigate acoplanar momentum broadening as a function of hard scale

* Differences in p+p and Drell-Yan predicted due to TMD factorization breaking
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Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

Nonperturbative
momentum broadening
with hard scale resembles
Drell-Yan. More theoretical
investigation into TMD
factorization needed!



Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

* PHENIX measured nonperturbative transverse momentum effects with dihadron angular

correlations — investigate acoplanar momentum broadening as a function of hard scale

* Differences in p+p and Drell-Yan predicted due to TMD factorization breaking

* In p+A: Cronin effect? Radiative energy loss within the nucleus?
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Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

* PHENIX measured single spin asymmetries in transversely polarized p + A collisions

 Striking dependence of asymmetry on A observed at forward (but not central) rapidity

PRD 107, 112004 (2023)
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Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

* PHENIX measured single spin asymmetries in transversely polarized p + A collisions

 Striking dependence of asymmetry on A observed at forward (but not central) rapidity
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Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

* PHENIX measured single spin asymmetries in transversely polarized p + A collisions

 Striking dependence of asymmetry on A observed at forward (but not central) rapidity

* UPC contributions in very forward neutron asymmetry!
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Nuclear effects in cold QCD

An exploration of p+A observables at PHENIX

* PHENIX measured single spin asymmetries in transversely polarized p + A collisions

 Striking dependence of asymmetry on A observed at forward (but not central) rapidity

* UPC contributions in very forward neutron asymmetry!
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Nuclear effects in cold QCD

EIC observables

* Transverse momentum broadening of back-to-back hadrons in e+A would be signature for
onset of gluon saturation

0.50 %I TtT. ] | | I [ I I | ] | | | ] I ] 1 ] | | I
- pr e >2GeV mep
| trig _ _assoc oep smeared i
> > 1 GeV
0.40 B Pr prfp ecAu -
- 0.2 < Z:Lrlga 20 <04 oeAu smeared |-
O
VS
< 0.30
<
QO 0.20 ¢
0.10|

[ I T N T I R N N

2 25 3 35 4 45
Nucl. Phys. A. 1026, 122447 (2022) A¢ (rad)

Devon Loomis | RHIC AGS User Meeting 2025 | May 20th, 2025

0.00




Nuclear effects in cold QCD

EIC observables

* Transverse momentum broadening of back-to-back hadrons in e+A would be signature for
onset of gluon saturation

 Ratio of single spin asymmetries in e+A to e+p provides sensitivity to higher twist TMDs and
their medium modification
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Summary

* PHENIX has had a long, successful cold QCD program that has taught us much about:
1. The building blocks of proton spin
2.  Multiparton correlations in proton structure and fragmentation
3. Nuclear effects in cold QCD

* EIC physics will build on these measurements from PHENIX/RHIC and much more!
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