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Gluon Density in the Nucleon
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Particles from high energy collisions can be used to probe and take “snap shots” of the partonic structure of

the proton.
Results from DIS: Gluon density rapidly increases towards small x

» gluon splitting
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Gluon Saturation

Gluon density

Balitsky-Fadin-Kuraev-Lipatov (BFKL) evolution equation

Balitsky-Kovchegov (BK) evolution equation

ON(x)

splitting

aIn(1/x) = asKprk ®N (x)

linear

recombination

a,N?(x)

nonlinear

o Rapid rise of gluon density caused by gluon splitting = Linear evolution

A Color Glass Condensate framework

Q4(Y)

saturation
region

} BFKL
Gy
5 L
A 2
Osg B(‘:ID og <1 ln(Q )

o At a certain point the gluon increase should be tamed by gluon recombination = non-linear evolution

o New regime of QCD: Gluon saturation (Q? < Q?,) where gluon recombination = gluon splitting

o Saturation region is easier to access in nuclei: Q o< A/3
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Looking for Saturation

o Color Glass Condensate successfully described the strong suppression of the inclusive hadron yields in dAu
relative to pp owing to gluon saturation effects.

» Can be further tested in di-hadron correlation and nuclear dependent transverse single spin asymmetry

measurements
Di-Hadron Correlations 024 [ Azimuthal Correlations
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Saturation Signhatures

Decrease x, Q*:

. C. Marquet, NPA 796, 41 (2007) . C. Marquet, NPA 796, 41 (2007)
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. . pT2= ‘ e _____
2. Lower py hadron: very sensitive to pr 08 - RHIC e\
Yu, P “u :
‘ 0.6 - - pry=35GeV ] o
pTle_y1 + proe” 2 Y1 =3.5,y, = 2.0 if:‘
o large x4 smaII Xy Js i -
pTl + Pr2
P 2
Y2, P2

M. Posik, 152023 June 19t -23, 2023, Copenhagen 5



Saturation Signhatures
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Di-tY Measurements at STAR

Measurement

o pp, PAl, pAu and dAu collisions at \/syy = 200 GeV

0.0 Forward Meson Spectrometer (FMS)
o NN - n"n"X, detected by FMS (2.6 <71 < 4.0)

Event Activity (E.A.)

l.
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N /]
N

o Energy deposition in BBC characterizes the “centrality” of the collisions

/
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Observable:
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pr and A Dependence

x107° STAR 15 STAR, PRL 129, 092501 (2022)
- — . 00 .
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Event Activity Dependence
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Suppression increases with E.A., highest E.A. data is
consistent with predictions at b = 0;
o No broadening is observed
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Relative area (pAu/pp)

Relative width (pAu/pp)
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What About dAu?

Single parton scattering .
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Two 1% generated from the same hard scattering

*M. Strikman et al., PRD 83, 034029 (2011)

Double Parton Scattering (DPS) » 10
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o DPSis predicted” to be enhanced and not negligible at forward rapidities; different in pp, pA and dA
o Open questions: Two ° generated from the same or different hard scattering? DPS affects the

correlation?
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Di-m® Measurement in dAu at STAR

0.2 — x10°
: STAR preliminary o pp 3oL i VS = 2(3)0 cz‘.)ev
- |'syn = 200 GeV * pAu NN — n 4+7°+X
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Challenging to conclude the forward di-%correlation measurement in dAu
o Y PID: much higher background in dAu than pp and pAu
o Pedestal: much higher in dAu than pp and pAu; stable in pp and pAu

Di-n® measurement favors cleaner pA than dA collisions
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E.A/ Centrality Dependence in dAu

Area ratio (dAu/pp)

W

N

—t

| STAR preliminary Trigger a° P, | PHENIX PRL 107, 172301 (2011)/ php Thesig
[ \Syy =200 GeV * 15-20GeVle [ ys =200 GeV Trigger cluster p_
NN = 2O+%4+X ® 20:25GeVle I NN - cluster+n®+X * 1.6-2.0 GeV/c
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. PP
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central dAu
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In the overlapping pr range (1.6— 5.0 GeV/c) of two collaborations, no clear suppression or E.A./centrality
dependence in dAu relative to pp

Suppression observed only at very low pr (p7

cannot reach
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Investigate Saturation via Spin Asymmetries

o The transverse single spin asymmetry, Ay is sensitive to dol — dg 8
QCD fields near a struck quark, the nuclear dependence Av®P'P) = dg?; + da;f: B
of Ay should be sensitive to phenomena that modify the
local fields = gluon saturation
o There are predictions that in the saturation region that
Ay would scale as A'Y/3, and scale as A above the Ay’ A) = da,ITA - dU%A _
saturation region [Phys. Rev. D95 (2017) 014008] Aoy + d0py

o STAR measured % Ay and its nuclear dependence in transversely polarized pp, pAl,

and pAu collisions y/syy = 200 GeV in the FMS [Phys. Rev. D103 (2021) 072005]
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Ay Nuclear Dependance

STAR Summary
= Measured Ay for 7°
= 26<n<40
h
] -_ p—L
0.17 < xp (= 2BL) <081

= 152 <pr <707

" <P> =-0.06 1+ 0.04
PHENIX Summary

= Measured Ay for positively charged
hadrons
" 14<n<24

h
= 0.1 <xp(= 2%) <0.2

= 1.8GeV/c<pr<7.0GeV/c

= Fits from PHENIX measurements favor

exponent P = —0.37%9-12

o STAR observes weaker nuclear dependence than PHENIX

Ay (PAA _ (pp)

0.17<xF<0.21

STAR Fit to Ratio=A"

[ = P=-0.075 +0.036 (Typel)

F = = ' P=-0.049 £0.042 (Type2)

N D o oN

PHENIX: PRL 123 (2019) 122001

- (a) PHENIX
'_ D+p VS_M= 200 GeV

h*, 0.1 <x_<0.2
1.4<n<2.4

p+Au

o More pp and pA data is critical to understanding observed behavior
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Future Measurements with STAR Forward Detector

STAR Forward Detector: 2.5<n <4
e Successfully completed its commissioning run in 2022

)

Three new systems:
Forward Silicon Tracker (FST)

Forward sTGC Tracker (FTT)

Forward Calorimeter System (FCS)

Future STAR data with forward detector

Year | System Vs (GeV)
2023 Au+Au 200
. 2024 | p+p, p+Au | 200
| . > ,. 2025 Au+Au 200
“ To explore nonlinear gluon dynamics With
~10%/VE ~20%/VE 0..

. . expanded observables beyond 1t"'s:
>0%/VE+10% * Di-h*/": access lower p; down to 0.2 GeV/c
charge separation 0.2<p<2 GeV/c . Di-jet

photon suppression with 20-30% 1/p+ - Direct photon (-jet)

* Forward h*/-Ay
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Summary

» Di-hadron measurements at RHIC provide insights into the understanding of

nonlinear gluon dynamics in nuclei

» Di-hadron measurements favors “cleaner” pAu collisions rather than dAu collisions

» A\ measurements at RHIC provide additional observables to study gluon dynamics in

nuclei

» New STAR Forward detector allows for nonlinear gluon dynamics to be investigated

beyond ° observables.

Additional pp/pA running at RHIC is critical to understanding physics
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Backup
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Normalization in d+Au from PHENIX

Forward-forward Middle-forward
PHENIX, PRL 107, 172301 (2011)

| ‘y IdA ; RdA\A

Area ratio - 1
Used at STAR dA~0a4/Opp N

coll

d+Au 60-88 p™  d+Au 0-20 p™ )

++ 0 0.5-0.75 GeV/e ® 0.5-0.75 GeV/e RdA~@, N.on = 15.1 for central collisions
0 0.75-1.0 GeV/c ® (.75-1.0 GeV/c

. 51.0-1.5GeV/e |4 1.0-1.5 GeV/c]

103 frag 102
XAu
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How to describe suppression?

From PhD Thesis

PHENIX, PRL 107, 172301

_Forward-Forward

2 fwd
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o In the highest associated p; bin (red box), no clear suppression or centrality

dependence is observed

19


https://drupal.star.bnl.gov/STAR/system/files/MEREDITH_THESIS.pdf

