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Nucleon spin physics

e Spin puzzle
« Origin of the nucleon spin in the quark-gluon

pi(iture1
—=—AX 4+ Ag + L Orbital angular momentum
2 2 Gluon spin
Quark spin

* Quark-spin contribution is only about 30% of the
nucleon spin

 Longitudinal-spin (beam axis direction)
asymmetry measurement
e Gluon polarization measurement
« Anti-quark polarization measurement using W
boson
e Transverse-spin asymmetry measurement

« Understanding of orbital motion inside the
nucleon and orbital angular momenta of quarks
and gluons
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Polarized proton acceleration at RHIC

« Keeping and monitoring polarization from the
polarized proton source
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Polarized proton collision experiments

[ uon elescope nner upgrade
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 PHENIX detector
* limited acceptance
* high resolution central EMCal
* high-rate trigger and DAQ
« forward muon detectors

[ ELECTROMAGNETIC
CALORIMETER
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G/luon polarization Ag

« Positive gluon polarization

. Obtained by DSSV and NNPDF

groups with the QCD global
analysis

 including 200 GeV polarized
proton collision data at RHIC

e 2014 press releases

e gluon+gluon & quark+gluon
reactions for large yield

Sl 4 L+

« STAR Jet asymmetry
« Large acceptance

« PHENIX n® asymmetry

« Limited acceptance with high-
performance EM calorimeter
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PHENIX direct photon

proton%
* A, measurement Sor¢ U tuon

2

 Golden channel to access gluon hoton
polarization as hard interaction
mostly quark-gluon reaction

-2 or &
proton beam

Vs = 200 GeV Vs = 510 GeV
Preliminary result (unpublished) Phys. Rev. Lett. 130 (2023) 251901
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[ransverse asymmetry measurement

. . Left Right
A, (transverse single-spin ; o
asymmetry) measurement [ iz &
. dGLeﬁ _dGRight X

v =
a’aLeﬁ +d0Right
« Azimuthal angle modulation

Large A, for forward hadron
production

e similar results in wide Vs

Phys.Rev.D 103 (2021) 092009

TMD (Transverse Momentum , B0« sinsoocev 27<n<so, mispaser
Dependent) function and Tod T Sanemevgreen
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effect o5 b bt %H-
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PHENIX direct photon

« Study of orbital motion of quarks and
gluons inside the nucleon

« PHENIX experiment

e 1 meson, n meson, J/y, charged hadron, muon
& electror?(heavy ﬂav\clj)r), direct photon

 Direct photon pmmm@E

%5, gluon
%S

Phys.Rev.Lett. 127 (2021) 162001 e
Sensitive to initial gluon dynamics at midrapidity

Successful measurement of gluon motion inside proton beam
the proton

Restriction to the tri-gluon correlation function

0.02 T iso ™
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PHENIX heavy flavor

« PHENIX open heavy flavor proton beam ;
at midrapidity S o < .
 Phys. Rev. D 107 (2023) gluﬁagffm+
052012. heavy flavor
 Gluon fusion process luggsss——
« Sensitive to initial-state gluon 2or < ,
« et asymmetry measurement proton beam

e Lepton-decay channel
e Restriction to the tri-gluon
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Polarized p+A collisions

PRL 123, 122001 (2019)

« Prediction of reduced A, in polarized p+A  <oos- PHENIX @
collisions due to the gluon saturation ooa hpwp  |ow=200GeV
« Color Glass Condensate (CGC) calculation ol M e,
0.02—
« PHENIX charged hadron Ay: 14 <n <24 I
¢ 0.1 <x<02,18<p,<7GeV/c 0.01~
. As_g_mmetries_ consistent with A/3 dependence as 0 A
initially predicted by CGC related nuclear effects f Al
o Hovvever,grobed x and scale too large for R
expected CGC effects P Ty
« S. Benic and Y. Hatta, PRD99, 094012 (2019) : % : '2 R
. . . 3 4 5 6
e Twist-3 fragmentation + gluon saturation NS
¢ 0.2<x,<0.7,15<p;<7GeV/c 0= 1.2170c0 0056y2)
* No strong A dependence
B B
PRD 103, 072005 (2021) o
0.17<x 1-'<0‘21 0.21<x 1-'<0‘27 0.27<x " <0.37
2 2 2 Y
18 STAR Fit to Ratio=A" 18 STAR Fit to Ratio=A" 18 STAR Fit to Ratio= A"
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SPHENIX experiment

« Completion of the RHIC
Spin program
« Data collection for the

PHENIX experiment
completed in 2016

* Physics from
longitudinally polarized
proton collisions almost
completed

* Physics from
transversely polarized
proton collisions still
remains
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sPHENIX detector

« Large, uniform acceptance

e 21 coverage in azimuth
e -1.1 <n < 1.1 geometric coverage

° FuII E NV & Syevale
hadronic

calorimetry
e High precision
tracking

e High precision
vertexing, DCA

e Huge Au+Au
samples w/
unbiased

trigger
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Physics at sPHENIX

o Study QCD phenomena discovered at RHIC with

unprecedented precision

« Jet correlation and jet substructure

« Parton energy loss
« Upsilon spectroscopy

e Cold QCD & spin physics

p " bt
vary momentum &
* s..c.s @ngular scale of probe

o Jet physics

~

Y(1s) 0.28fm
Y(2s) 0.56fm
Y(3s) 0.78fm

85 8 85 W 105 11
invariant mass (Ge\ic®)

vary size of probe

(Euarkonium spectroscopy

sPHERIL X
Cold QCD Parton energy loss °
vary temperature of vary mass & momentum of
QCD matter probe
study proton spin,
transverse- plh oton
momentum, and cold giuon
nuclear effects
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Hadron and EM calorimeters

« sSPHENIX have kinematic reach out to ~70
GeV for jets, kinematic overlap with LHC

sPHENIX Experiment at RHIC
Data recorded: 2023-07-16 00:54:00 EST
(=l
s PHER X Run [/ Event: 21707 / 3154

Collisions: Au + Au @ S = 200 GeV

Central Au+Au collisions in calorimeters
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Hadron and EM calorimeters

SPHENIX Preliminary . | |
| AutAu sy = 200 GeV -xoem. o | S 10°
0.8" i .

—

* Energy correlation of
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Tracking detectors
» All trackers installed in position (March 30, 2023)

-

1\

i Y i ' + # L .
i} ! ik . -_'.-': . . b, L i £ T
it e RN " S A |
; b ] AN N |
b y =Y ; :
=N W, M, b el Fip e 1 .
i . h
b | 1| . - i/ s ok
: f y ; y ’ Vi
i | | X 3 3
e | 9 i
”
. " %
)

January 29, 2024



[racking detector commissioning

TPC event display in
Au+Au at 200 GeV

07/11/2023 .
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SPHENIX experiment

e Direct photon

proton beam
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e Sensitive to initial-state gluon

SPHENIX experiment

* Open heavy flavor
e Gluon fusion process

« Restriction to the tri-gluon
correlation function

e efasymmetry measurement
« Lepton-decay channel

« D-meson asymmetry
measurement
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« Polarized-p + A collisions

« PHENIX charged hadron A4y : 1.4 <n < 2.4 Sowm
¢ 0.1 <x<02,18<p,<7GeV/c
« Asymmetry consistent with the Al/3

dependence first predicted by the nuclear

effect associated with CGC

« STAR®? A,:2.6 <n<4.0
« 0.2<x<0.7,15<p,<7GeV/c

* No significant A-dependence
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Summary
« Completion of the RHIC spin program

« Data collection for the PHENIX experiment completed
in 2016

e Physics from Ion%itudinally polarized proton collisions
almost complete

. Phlysics from transversely polarized proton collisions
still remaining

« SPHENIX experiment
« Study of orbital motion of quarks and gluons inside
the nucleon
e Direct photon
 Open heavy flavor
« TMD Sivers effect
e Transversity

« sSPHENIX fully installed and operational in RHIC
Run 2023

« Detector subsystem performance consistent with
expectations, hougp some debugging and
commissioning work remaining
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