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Outline
• Small systems:

• Forward di-hadron correlations 
• Collectivity in 3He+Au, d+Au and p+Au

• Initial Stages of A+A:
• Effect of deformation on vn - ⟨pT⟩ correlations and ⟨pT⟩ fluctuations
• Longitudinal de-correlations, (anti)-particle v3, elliptic flow at high pT

• Ultra-peripheral collisions and strong field effects:
• Photoproduction of J/ψ in d+Au collisions 
• Photoproduction of low pT di-electron in UPC & peripheral A+A
• Probing nuclei with linearly polarized photons
• Search for the Chiral Magnetic Effect

• Forward upgrade and STAR beyond 2021+

Talk by Xiaoxuan Chu (Tue 18:40) 
Talk by Shengli Huang (Tue 18:40)

Talk by Jiangyong Jia (Thu 16:35)

Talk by Maria Stefaniak (Tue 18:40)

Talk by Xiaofeng Wang (Wed 18:45)

Talk by Daniel Brandenburg (Wed 19:25)
Talk by Xiaofeng Wang (Wed 18:45)

Talk by Ting Lin (Thu 16:35)
   Talk by Jie Zhao (Thu 15:55)



Small Systems 
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• Forward di-hadron correlations 
• Collectivity in 3He+Au, d+Au and p+Au
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Forward di-hadron correlations in p+A collisions Talk by Xiaoxuan Chu
                  (Tue 18:40)
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Breit-Wheeler Process
e

e-

+

Two real photons 
colliding to create a 
real e+-e- pair

Xiaoxuan Chu DNP2020, Oct. 31 4

STAR forward detector

East

West

p+p and p+A collisions at ,)) = 200 GeV
• Au, Al beams → A dependence
• Forward rapidity hadron production 

• can access low-x gluons
• with high-x quark probe

• The high energy photons form shower at 
FMS, can be reconstructed: cluster finding, 
shower shape fitting

• π0 decays into two photons, is constructed 
from a pair of photon candidates

p
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• Less suppression in pAl
compared with pAu.

• pAu: suppression depends on 
BBCE and is enhanced in “high 
activity” events. 

• pAl: indication of enhanced 
suppression in “high activity” 
events.

STAR Preliminary

Event activity dependence in pAl

STAR Preliminary

STAR Preliminary

Kinematics probe 
gluons inside nuclei
at small-x 

GBW model:
Stasto et al., Phys. Lett. B, 

716(2012) 430-434

Area of C(Δφ) : 
p+p > p+Al > p+Au

Width of C(Δφ) : 
p+p ~ p+Al ~ p+Au

Suppression of back-to-back π  pairs in p+A relative to p+p increases with A & event activity0

Albacete et al., Phys. Rev. D 99, 014002 Event Activity (∑EBBC, A-going)

√sNN = 200 GeV

√sNN = 200 GeV
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Forward di-hadron correlations in p+A collisions

More significant suppression of area at lower pT and no modification of width
Saturation frameworks correctly predict the systematics of area suppression in p+A

Event Activity (∑EBBC, A-going) Event Activity (∑EBBC, A-going)

p+Au, pp √sNN = 200 GeVp+Au, pp √sNN = 200 GeV
STAR PreliminarySTAR Preliminary

Talk by Xiaoxuan Chu
                  (Tue 18:40)
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v2(3He+Au) ~ v2(d+Au) > v2(p+Au), ordering consistent with PHENIX results, role of final state is established

Collectivity in small collision systems
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csub
n (sys) = craw

n (sys) � cn(pp)
Nch(pp)

Nch(sys)

csub
n (sys) = craw

n (sys) � cn(pp)
c1(pp)

c1(sys)

Y (��)template(sys) = F � Y (��)(pp) + Y (��)ridge(sys)

Talk by Shengli Huang
                    (Tue 18:40)3He+Au d+Au p+Au

0.2< pT  < 2.0 GeV/cref
|Δη| > 1

Consistent results using different methods 
of non-flow subtraction that decreases v2
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STAR results: v3(3He+Au) ~ v3(d+Au) ~ v3(p+Au), using different methods & coverage from PHENIX 
Cross-experiment task force working to understand the apparent STAR-PHENIX discrepancy

Collectivity in small collision systems
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3He+Au d+Au p+Au

0.2< pT  < 2.0 GeV/cref
|Δη| > 1

Consistent results using different methods 
of non-flow subtraction that increases v3

Talk by Shengli Huang
                    (Tue 18:40)
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n (sys) = craw
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Nch(sys)
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n (sys) = craw
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Y (��)template(sys) = F � Y (��)(pp) + Y (��)ridge(sys)



Initial Stages of A+A
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• Effect of deformation on vn - ⟨pT⟩ correlations and ⟨pT⟩ fluctuations
• Longitudinal de-correlations, (anti)-particle v3, elliptic flow at high pT
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Giacalone, Phys. Rev. Lett. 124, 202301 (2020)

v3 (less sensitive to shape) & ⟨pT⟩ correlations are positive 

v2 (sensitive to shape) & ⟨pT⟩ correlations are negative in central U+U

Anti-correlation of v2 and ⟨pT⟩ indicates possible sensitivity to deformed shape of Uranium 

Au+Au results → good baseline for nearly spherical shape 

Nuclear deformation & vn - ⟨pT⟩ fluctuations 
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Energy density (✏) from IP-Glasma model (at ⌧ = 0)

Schenke, Tribedy, Venugopalan 1403.2232

U+U (Tip-Tip) U+U (Side-Side) U+U (Random)

Prithwish Tribedy Quark Matter 2014, Darmstadt, Germany 13/23

Energy density (✏) from IP-Glasma model (at ⌧ = 0)

Schenke, Tribedy, Venugopalan 1403.2232

U+U (Tip-Tip) U+U (Side-Side) U+U (Random)

Prithwish Tribedy Quark Matter 2014, Darmstadt, Germany 13/23

Tip-Tip U+U
Small v2  & high ⟨pT⟩

Side-Side U+U
Large v2  & low ⟨pT⟩

Energy density (✏) from
IP-Glasma model (at ⌧ =

0)

Schenke, Tribedy, Venugopalan 1403.2232
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Au+Au (Baseline)

Talk by Jiangyong Jia
                  (Thu 16:35)

Poster by Chunjian Zhang (Mon 19:40)  
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Giacalone, Phys. Rev. Lett. 124, 202301 (2020)

Higher order fluctuations of ⟨pT⟩ show difference in central U+U and Au+Au → sensitivity to deformation

Nuclear deformation & ⟨pT⟩ fluctuations 
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σpT =

√
⟨δpT δpT ⟩
⟨⟨pT ⟩⟩

ΓpT =
⟨δpT δpT δpT ⟩ ⟨⟨pT ⟩⟩

⟨δpT δpT ⟩2
Standard 
Variance

Intensive 
Skewness

Talk by Jiangyong Jia
                  (Thu 16:35)

Poster by Chunjian Zhang (Mon 19:40)  

Energy density (✏) from IP-Glasma model (at ⌧ = 0)

Schenke, Tribedy, Venugopalan 1403.2232

U+U (Tip-Tip) U+U (Side-Side) U+U (Random)

Prithwish Tribedy Quark Matter 2014, Darmstadt, Germany 13/23

Energy density (✏) from IP-Glasma model (at ⌧ = 0)

Schenke, Tribedy, Venugopalan 1403.2232

U+U (Tip-Tip) U+U (Side-Side) U+U (Random)

Prithwish Tribedy Quark Matter 2014, Darmstadt, Germany 13/23

Tip-Tip U+U
high ⟨pT⟩

Side-Side U+U
low ⟨pT⟩

Energy density (✏) from
IP-Glasma model (at ⌧ =

0)

Schenke, Tribedy, Venugopalan 1403.2232

A

u

+

A

u

(

n

o

-

d

e

f

o

r

m

a

t

i

o

n

)

A

u

+

A

u

(

s

i

d

e

-

s

i

d

e

d

e

f

o

r

m

e

d

)

C

u

+

A

u

(

a

s

y

m

m

e

t

r

i

c

)

Prithwish Tribedy

Quark Matter 2014, Darmstadt, Germany

12/23

Au+Au (Baseline)



STAR overview, P. Tribedy, IS 2021

More on flow and de-correlation & 3D initial state 
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rn(�a, �b) =
Vn�(��a, �b)

Vn�(�a, �b)

RHIC de-correlation 
results do not follow 
beam rapidity scaling

Poster by Maowu Nie (Mon 19:40)

Talk by Maria Stefaniak
                     (Tue 18:40)
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More on flow and de-correlation & 3D initial state 
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rn(�a, �b) =
Vn�(��a, �b)

Vn�(�a, �b)

RHIC de-correlation 
results do not follow 
beam rapidity scaling

Isolating flow & global mom. 
conservation at high pT

Anti-(particle) v3: 
constraints on 
initial state 
models at low √s

Poster by Maowu Nie (Mon 19:40)

Poster by Niseem Magdy (Sun 19:45)

Talk by Maria Stefaniak
                       (Tue 18:40)



Ultra-peripheral Collisions & Strong Fields
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• Photoproduction of J/ψ in d+Au collisions 
• Photoproduction of low pT di-electron in UPC & peripheral A+A
• Probing nuclei with linearly polarized photons
• Search for the Chiral Magnetic Effect



STAR overview, P. Tribedy, IS 2021

0 0.5 1 1.5 2
)2 (GeV

ψT, J/
2 p≈-t 

1−10

1

10

210

310

)2
/d

td
y 

(n
b/

G
eV

σd

 = 200 GeVNNsd+Au STAR Preliminary
 + Xψ J/→*+d γ 25 GeV≈ 〉 *pγ

 W〈
| < 1

ψJ/
|y Total data 

n-tagged data 
Coherent: Hulthen 
Incoherent: No fluc. 
Total = Coh. + Incoh. 

14

Photoproduction of J/ψ in d+Au UPC

Recap of Preliminary Result
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n-tagged data 

The idea was the following:

- Based on HERA, H1 Elastic Nucleon 
and Nucleon Dissoc. distributions for 
template on incoherent production.

- Use a free exponential function for 
coherent production.

- Perform a combined fit. 

Without knowing the answer, this is the 
best we can do. 

However, there is an apparent pitfall that is 
the incoherent contribution should go to 
zero @ t = 0. 

Here the slope parameter ~ -8.2 +/- 1.0 GeV-2, and dsigma/dt |t=0 ~ 300 +/-40 nb/GeV2 3The coherent diffractive component extracted constrains gluon distribution inside deuteron

1. Coherent contribution (~exp(-b |t|) )
2. Elastic nucleon (ep HERA & other templates)
3. Nucleon dissociative (ep HERA)

Prediction:
Hulthen+CGC 
Mäntysaari, Schenke, 
Phys. Rev. C 101, 
015203 (2020)

b=8.5 +/- 1.0 GeV-2 

Fit to data:
Coherent + 
Elastic nucleon + 
Nucleon disso:  
ep H1: 
Eur.Phys.J.C 73 (2013) 6, 
2466

Overlay of prediction

Total cross section is a combination of:  

Without sub-
nucleonic & QS 
fluctuations 

Talk by Xiaofeng Wang
                     (Wed 18:45)
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Predictions from CGC – H. Mantysaari and B. Schenke
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RHIC This describes our data very well!

(https://arxiv.org/pdf/1910.03297.pdf)

5

15

Photoproduction of J/ψ in d+Au UPC

Recap of Preliminary Result
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The idea was the following:

- Based on HERA, H1 Elastic Nucleon 
and Nucleon Dissoc. distributions for 
template on incoherent production.

- Use a free exponential function for 
coherent production.

- Perform a combined fit. 

Without knowing the answer, this is the 
best we can do. 

However, there is an apparent pitfall that is 
the incoherent contribution should go to 
zero @ t = 0. 

Here the slope parameter ~ -8.2 +/- 1.0 GeV-2, and dsigma/dt |t=0 ~ 300 +/-40 nb/GeV2 3Data at large t (mostly incoherent) favors CGC predictions with sub-nucleon scale and QS fluctuations

1. Coherent contribution (~exp(-b |t|) ) 
2. Elastic nucleon (ep HERA & other templates) 
3. Nucleon dissociative (ep HERA)

b=8.5 +/- 1.0 GeV-2 
Overlay of prediction

Total cross section is a combination of:  

Talk by Xiaofeng Wang
                     (Wed 18:45)

Prediction:
Hulthen+CGC 
Mäntysaari, Schenke, 
Phys. Rev. C 101, 
015203 (2020)

Fit to data:
Coherent:  
~exp(-b |t|)  
Elastic nucleon: 
ep H1  
Nucleon disso: 
ep H1 
Eur.Phys.J.C 73 (2013) 6, 
2466 With sub-

nucleonic & QS 
fluctuations 
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 Breit-Wheeler Process and 
vacuum birefringence
eB > eBC � m2

e � 108T

STAR Collaboration, arXiv:1910.12400 

Photoproduction of low pT electron-positron

16

Excess of low pT electron-
positron production studied 
in 54.4 GeV peripheral Au

+Au collisions

Constraints on B-field 
strength & linear 
polarization of photons

2020/10/9 12

∆𝝓 Distribution

Quantity Value Τ𝝌𝟐 𝒏𝒅𝒇

C 62.5 ± 5.3
Τ8.9 8-𝐴4∆𝜙 % 20.8 ± 11.8

Xiaofeng Wang, Preliminary Status Requests

• Pair 𝑝𝑇< 0.15 GeV/c is used to select 𝛾𝛾 → 𝑒+𝑒−, ∆𝜑 = ∆𝜑 𝑒+ + 𝑒− , 𝑒+ − 𝑒− .

need preliminary status

First study of azimuthal angular modulations of in 
peripheral AA and its energy dependence

γγ→e e  
(A+A 80-100 %)

γγ→e e  (A+A UPC)

STAR Preliminary

Δφ ([e  + e  ],[e  - e  ])+ - + -

-+

-+

Talk by Xiaofeng Wang
                     (Wed 18:45)
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Probing nuclei with linearly polarized photons
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Talk by Daniel 
Brandenburg
(Wed 19:25)

⟨cos(2Δφ)⟩ modulation,

Polarized γ+A  
producing ρ→π + π

Observation of two-source interference effects, amplitude shows structure & sensitivity to nucleus shape 

Interference  
due to two 

nuclei

+ -

Sampling deformed collisions at RHIC
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Sampling deformed collisions at RHIC
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Search for the Chiral Magnetic Effect

18

Background subtracted signal

• More rigorous syst. assessment underway
• Likely dominated by stat. errors
• Current best knowledge: 2-3sstat

J. Zhao (STAR), NPA982(2019)535
J. Zhao (STAR), arXiv:2002.09410

Au+Au 20-50% Sub-event Full-event

fCME (9±4±7)% (12±4±11)%
QM’18
QM’19

2,
2

2,

2
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Case of CME from this analysis is fCME (Ru) > fCME (Zr)

�� = ��sig + ��bkg

   Talk by Jie Zhao
             (Thu 15:55)

Isobar results 
are coming soon

fCME =
��sig

��

Four equations, four unknowns:



Forward upgrade and STAR beyond 2021+
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Prospects of initial state physics: why STAR and RHIC ?Backup
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detector will make it possible to study the differential transverse flow in forward rapidity, where 
the space-time picture of the QGP is expected to be very different. By correlating that with 
information at mid-rapidity, they also provide detailed information on the pT dependence of the 
longitudinal asymmetry and decorrelation effects. In turn, this information will elucidate the space-
time dynamics of the QGP in the longitudinal direction and hence provide unique/critical input for 
current theoretical effort in tuning the 3+1D hydrodynamic models. 

 
Figure 2-38: (left panel) The pseudorapidity coverage in η1 × η2 of the STAR detector prior to the 
removal of FTPC in 2012.  (Right panel) The projected η1 × η2 acceptance after the iTPC and 
forward upgrade. 

 
Finally, STAR can take advantage of the flexibility of the RHIC machine to measure these 
observables in different collision systems and beam energies. As an example, it would be highly 
desirable to measure the p(v2) and event plane correlations in U+U and Cu+Au collisions where 
the QGP properties are similar to Au+Au collisions but with completely different collision geometry. 
For the measurement of event plane correlations in STAR, experiences from LHC experiments 
[112] show that it is very important to have multiple non-overlapping detectors that provide 
independent measurement of φn as well as cross-checks to control the systematic uncertainties.  
 
 
2.4.3 Event-shape engineering 

 
The granularity and large acceptance of the forward detectors will enable STAR to sort 

events according to their apparent ellipticity or triangularity and then measure the vn signal in the 
mid-rapidity with the TPC (see Figure 2-39). This event shape engineering technique was 
proposed in Ref. [112], and recently successfully applied to ALICE and ATLAS data analysis [113].  
The proposed implementation in STAR would be to first Fourier expand the multiplicity in the EPD, 
and then study the response of the collective flow signals (including radial flow) at mid-rapidity via 
TPC to various EPD selected shapes. The study performed by the ATLAS collaboration shows 
that the v2-vn correlation with in a fixed centrality not only provides a means to directly separate 
the linear and non-linear effect in v4 and v5 but also the intrinsic initial geometry correlation 
between E2 and En. Figure 2-40 shows that the measured v 2− v4 contains a quadratic term that is 
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detector will make it possible to study the differential transverse flow in forward rapidity, where 
the space-time picture of the QGP is expected to be very different. By correlating that with 
information at mid-rapidity, they also provide detailed information on the pT dependence of the 
longitudinal asymmetry and decorrelation effects. In turn, this information will elucidate the space-
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removal of FTPC in 2012.  (Right panel) The projected η1 × η2 acceptance after the iTPC and 
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Figure 2-38: (left panel) The pseudorapidity coverage in η1 × η2 of the STAR detector prior to the 
removal of FTPC in 2012.  (Right panel) The projected η1 × η2 acceptance after the iTPC and 
forward upgrade. 
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Prospects of future measurements (A+A)

Anticipated O+O: more insights on collectivity in small collision system
Au+Au: 3D initial state, space-time structure of vorticity with hyperon PH(η)

Global Vorticity Transfer

January, 2021 Ting Lin - Initial Stages 2021 13

Improved PID, extended ) coverage by iTPC and Forward detectors

• How exactly is the global vorticity dynamically transferred to the fluid?
• How is the local thermal vorticity of the fluid transferred to the spin angular momentum of the 

produced particles during the process of hadronization and decay?
• Rapidity dependence of Λ, Ξ, Ω -# at STAR, probe the nature of global vorticity transfer: Initial geometry 

and local thermal vorticity + hydro predict opposite trends. 
• Can we reconcile 1% with vector meson spin alignment 2&&? Strong force field effect? 

• Precise measurements of .$$ of K*, ɸ, J/ѱ. 

STAR collab., e-Print: 2012.13601 [nucl-ex]

Au+Au

O+O

Forward Silicon Tracker (fall 2021)

Small Thin Gap Chamber (fall 2021)

Forward Calorimetry
(Jan 2021)

EPD (2018)

iTPC (2019)

    SN0755 : The STAR Beam Use 
Request for Run-21, Run-22

Talk by Ting Lin (Thu 16:35)
Poster by David Kapukchyan (Sun 19:45)
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Direct photon & Drell-Yan measurements with STAR 
forward upgrade → strong constraints on nPDF,  
High statistics p+p/A → more insights on small system collectivity

Prospects of future measurements (p+p/A)

p+Au

p+p

Kinematics of RHIC 
measurements is 
close to EIC 

Talk by Ting Lin (Thu 16:35)
Poster by David Kapukchyan (Sun 19:45)

Forward Silicon Tracker (fall 2021)

Small Thin Gap Chamber (fall 2021)

Forward Calorimetry
(Jan 2021)

EPD (2018)

iTPC (2019)

    SN0755 : The STAR Beam Use 
Request for Run-21, Run-22
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Summary & Take Stay Home
  Interesting systematics of suppression of back-to-back forward di-hadron pairs in p+A relative to p+p 

STAR observes consistent system independent v3 in p/d/He+Au with three non-flow subtraction methods

v2 -⟨pT⟩ correlation and higher order fluctuations of ⟨pT⟩ hint sensitivity to deformed nuclear geometry

Photoproduction of J/ψ in d+Au UPC studied with different template to extract the coherent component

Observation of two-source interference effects in polarized γ+A collisions, sensitive to colliding nuclei

First observation of azimuthal angular modulations of di-electron in peripheral Au+Au at 54.4 GeV

The STAR Forward Upgrade is progressing very well, initial state physics will be of paramount interest

Isobar results to make decisive test of CME is coming soon, new techniques, prospects beyond isobar

Longitudinal de-correlation, (anti-)particle v3  and high pT v2 revisited, many new insights

More from Xiaoxuan Chu

More from Xiaofeng Wang

More from Ting Lin,  David Kapukchyan (poster)

More from Jie Zhao

More from Shengli Huang

More from Jiangyong Jia, Chunjiang  Zhang (poster)

More from Maria Stefaniak, Niseem Magdy (poster), Maowu Nie (poster)

More from Daniel Brandenburg 

More from Xiaofeng Wang


