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Experiments at RHIC
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Gluon saturation at low x
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H1 and ZEUS, JHEP01, 109 (2010) 
Parton Distribution Functions:  
Rapid increase of gluon density through gluon splitting… 

…tamped by gluon recombination 

linear evolution non-linear evolution

‣ Saturation scale QS
2: balance between gluon 

splitting and recombination (Q2 < QS
2)


‣ Transition from linear to non-linear gluon dynamics
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Probes of saturation

‣ Suppression of inclusive hadron yields in p(d)+A relative to p+p by gluon saturation effects 

4

Forward p-A collisions:

High-x quark from p 

interacting with a low-x 
gluon from A
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‣ RdAu <1 below 2GeV/c and decreases with η 


‣ “Such effects are consistent with the onset of saturation in the Au nuclei gluon density at small x 
values which modifies the shapes and magnitudes of the RdAu and Rcp ratios at all transverse momenta.”

Probes of saturation (inclusive)
Suppression of inclusive charged hadrons with BRAHMS 
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Suppression of inclusive charged hadrons with PHENIX

‣ RCP decreases with η and in central collisions


‣ “The forward rapidity suppression is in qualitative agreement with the expectation 
of shadowing and saturation effects in the small x region in the gold nucleus.”

6

dAu collisions √s=200GeV 

Probes of saturation (inclusive)
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Probes of saturation

‣ Suppression of inclusive hadron yields in p(d)+A relative to p+p by gluon saturation effects 

‣ Suppression of di-hadron correlations (D. Kharzeev, E. Levin and L. McLerran from NPA 748 (2005) 627-640)
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Forward p-A collisions:

High-x quark from p 

interacting with a low-x 
gluon from A

CGC predictions : suppression + 
broadening (not observed)

Azimuthal correlations between 
2 final hadrons in pp and pA

pA collisions : multiple interactions with 
the gluons in the nuclei  
→  smearing of the away-side

pp: 2 back-to-back particles
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Reaching the saturation regime
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→ Easier to reach in central collisions involving heavy nuclei
x

J. L. Albacete et al., PRL 105, 162301 (2010)

→ Low-pT and forward measurements

‣ Large QS
2 

 

 

 

 

 

‣  Low x

High y Low pT

High A

Low b

C. Marquet, NPA 796, 41 (2007) 
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The Solenoid Tracker At  RHIC
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The Forward Meson Spectrometer

p+p, p+Al, p+Au and d+Au collisions 
at  √sNN = 200 GeV 
NN→𝜋0 +𝜋0 +X  

𝜋0  detected by FMS 
Event activity measured with BBC
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Di-𝛑0 correlations with STAR
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Play with x and QS
2 


‣ Vary pT of trigger 𝛑0 and associated 𝛑0 → scan x 


‣ Vary event activity (E.A.) → scan QS
2 


‣ Vary nuclei (p, Al, Au)→ scan QS
2 

away-side
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Di-𝛑0 correlations in “high activity” pAu 


11
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pT and A dependence

→ Suppression at low pT

12

Area: integral of away-side peak 
after pedestal subtraction

Low pT

For a given pT (x - Q2 phase is fixed): vary A


‣ linear suppression with A1/3


‣ Slope from the fit: -0.09 ± 0.01 

Higher pT



Audrey Francisco 	  	                           Non-linear gluon dynamics at RHIC                                            17/11/22

Event activity dependence in pAu 

13
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Event Activity (E.A.) dependence

→ Suppression increases with E.A. for both pAl and pAu


→ Data at high E.A. consistent with predictions at b=0


→ No observation of broadening
14

Low E.A.

High E.A.

E.A. (event activity): energy deposited in BBC in nuclei-going direction 
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Results in d+Au
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‣ Away-side correlation: suppression dependence 
on pT, rapidity and centrality 


‣ π0 PID: much higher background in d+Au than 
p+p/Au combinatoric contribution is large in d+Au


‣ Contribution from DPS?
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Plans for STAR measurements

‣ Run 23 and EIC

16
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Inclusive direct photon measurements at STAR

‣ Direct photon measurements: g+q→𝛄+q, probes not 

subject to the strong interaction from the final state 

‣ STAR forward upgrade: better constraint on gluon 
distributions with higher delivered integrated 
luminosity in pA 
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Di-hadron correlations at EIC

Constrain sat. and nosat. models a lot with limited statistics of 1 f-1


‣ Strong suppression is reproduced by sat. model not by nosat. model (EPS09 nPDF) including energy loss 

Effects from intrinsic 𝑘T, initial and finail-state radiation (Sudakov effect), fragment 𝑝Tfrag
 
 are investigated: 


‣ Near side peak (charged hadron Vs neutral pions) width mainly affected by final state parton shower and 
fragment 𝑝Tfrag


‣ Away side peak width dominated by initial state parton shower

18



Audrey Francisco 	  	                           Non-linear gluon dynamics at RHIC                                            17/11/22

Summary
‣ Access saturation regime -> forward correlations in p+A 


• Understand collective dynamics of gluons


• Investigate inner landscape of nuclei: initial state input to eA/pA/AA


‣ Comparison of pp to pA: suppression from multiple gluon interactions


‣ Ideal measurement: low pt, high sqrt(s), forward, central collision, heavy nucleus


‣ Scan in x - Q2:


•  pt for both trigger and associated particles: scan in x ->vary gluon density


• event activity


• Comparison of pAu and pAl : A dependance of Qs


‣ Cleaner measurement in pAu than dAu


‣ Future measurements with STAR forward upgrade and EIC: expanded observables in pAu and 
complementary probes

19



Back-up

20
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Energy loss effects

21

dAu collisions at 200GeV
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Simulated x

25
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Simulated 𝑸𝟐 

26
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Pedestals

27
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Background from dAu vs pAu

28
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Future measurements at RHIC

30
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STAR Forward Meson Spectrometer: FMS

Pb-glass EM calorimeter covering 2.6 < η < 4 and full azimuth 
– Neutral pions / eta / EM jet-like events 
– Direct photons with addition of Pre-shower before 2015 run 
– Drell-Yan and J/ψ with addition of Post-shower before 2017 run 
‣ 33



LHC results

34
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