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RHIC making transition to Electron Ion Collider

2
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EIC science case

3

http://arxiv.org/pdf/
1212.1701v3.pdf

https://arxiv.org/pdf/
1708.01527.pdf

https://www.nap.edu/catalog/
25171/an-assessment-of-us-
based-electron-ion-collider-

science

https://www.bnl.gov/ec/files/
eic_cdr_final.pdf

https://arxiv.org/pdf/
2103.05419.pdf

https://indico.bnl.gov/event/
15297/contributions/61818/

attachments/40377/67413/EIC-
brochure2021_D11.pdf

https://www.bnl.gov/eic/science.php

• Precision 3D imaging of protons and nuclei 
• Solving the proton spin puzzle 
• Search for gluon saturation 
• Insights on Quark and gluon confinement 
• Nuclear modification of quark & gluon distribution

http://arxiv.org/pdf/1212.1701v3.pdf
https://arxiv.org/pdf/1708.01527.pdf
https://www.nap.edu/catalog/25171/an-assessment-of-us-based-electron-ion-collider-science
https://www.bnl.gov/ec/files/eic_cdr_final.pdf
https://arxiv.org/pdf/2103.05419.pdf
https://indico.bnl.gov/event/15297/contributions/61818/attachments/40377/67413/EIC-brochure2021_D11.pdf
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Photon-induced processes before EIC era
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Ultra-peripheral heavy ion collisions can be used to trigger γ-γ or γ+Au collisions

Breit-Wheeler Photonuclear

Talk by Ashik Ikbal
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Ultra-peripheral p/A+A collisions provide opportunities to study photoproduction

Photon induced processes at EIC vs. RHIC

Deep Inelastic Scattering Ultra-peripheral Collisions 

Q2  ~0.001 GeV2

WγN ~10-40 GeV

 x ~ 10-3 -10-2 

Q2  =10 GeV2

WγN =100 GeV

 x =10-4 

Typical 

kinematics:

Approximate 

kinematics:
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Hot QCD topics that bridge RHIC and EIC science

• Microscopic structure of the baryons
• Collectivity in small system
• Imaging nuclei in the pre-EIC era
• Forward hadron production

✓
✓
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High Virtuality Q2, Large Bjorken x
Deep Inelastic Scattering terminology Camera terminology

High Pixel, Low shutter speed

https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/

Imaging a proton at the EIC

https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/
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https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/

High Virtuality Q2, Medium Bjorken x
Deep Inelastic Scattering terminology Camera terminology

High Pixel, Medium shutter speed

Imaging a proton at the EIC

https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/
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https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/

High Virtuality Q2, Small Bjorken x
Deep Inelastic Scattering terminology Camera terminology

High Pixel, High shutter speed

Imaging a proton at the EIC

https://www.quantamagazine.org/inside-the-proton-the-most-complicated-thing-imaginable-20221019/
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https://en.wikipedia.org/wiki/Proton 
https://en.wikipedia.org/wiki/Baryon 

Structure of a proton (baryon)

https://en.wikipedia.org/wiki/Proton
https://en.wikipedia.org/wiki/Baryon
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Outline: What carries the baryon quantum number ?

11

G.C. Rossi and G. Veneziano, Nucl. Phys.B123(1977) 507; Phys. Rep.63(1980) 149 
Kharzeev, Phys. Lett. B, 378 (1996) 238-246

https://en.wikipedia.org/wiki/Proton 
https://en.wikipedia.org/wiki/Baryon 

Baryon number is a strictly conserved quantum 
number & assumed to be carried by the quarks 
but never proven

https://en.wikipedia.org/wiki/Proton
https://en.wikipedia.org/wiki/Baryon
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Puzzle with how a baryon is stopped during collision

12

Kharzeev, Phys. Lett. 
B, 378 (1996) 238-246

 y=0 (Ycm)

 Ybeam

-Ybeam

If baryon number flows with valence quarks, then they should end up 
near Ybeam and not near y=0 or Ycm

✓

✓

✘

Should be hereNot much here
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Stopping the valence quarks during collision

13

Kharzeev, Phys. Lett. B, 378 
(1996) 238-246

Time available Time required

Transverse planeLongitudinal direction

Available time for valence quark stopping is too short 

t

z

-Ybeam  Ybeam

 y =0 (Ycm)

✓✓
✘
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What makes is possible to scan along the µΒ axis ? 

14

Baryon stopping helps dope the QGP 
& map the QCD phase diagram

Global data show exponential dependence of baryon density with rapidity shift

Midrapidity net-baryon density

ALICE Collaboration, Phys. Rev. C 88, 044910 (2013)



G.C. Rossi and G. Veneziano, Nucl. 
Phys.B123(1977) 507; Phys. Rep.
63(1980) 149 
Kharzeev, Phys. Lett. B, 378 (1996) 
238-246

P. Tribedy, ECSR, BNL, Sept 9, 2022 15

Can gluons trace the flow of baryon number? 

1
1/3 1/3

1/3

Baryon number flows 
with the valence quarks

Baryon number flows 
with the junction

String-junction made of gluons

What happens if baryon number 
is carried by the string-junction?

carry
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What if string-junctions carry baryon number instead of valence quarks? 

Junction is made of infinite low-x gluons 
so they have enough time to be stopped

Pulling a quark stops a 
meson not a baryon, you 

have to stop the junction to 
stop a baryon
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How a baryon junction can be stopped? Kharzeev, Phys. Lett. B, 378 (1996) 238-246

Baryon projectile

Field of target

(Junction or Pomeron)

Quarks fragment as 
mesons at large y  

Junction is 

stopped at y~0

Three features: stopped baryon at y~0 will be soft (low pT), can have different flavor 
and many mesons will be produced in the process between y=0 & y=Ybeam

fig: Navarra
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Testing the baryon junction conjecture in experiment



P. Tribedy, CETHNEP, VECC, Nov 15, 2022 1919

How do we test it experimentally ? Brandenburg, Lewis, 
Tribedy, Xu, arXiv:
2205.05685

1.Charge vs. baryon stopping in isobar collisions at RHIC
2.Rapidity dependence of baryon density in photon-induced processes
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Correlation between charge and baryon stopping

1. Valence quarks carry charge & baryon number A=Mass number ⟹ Baryon 
Z=Atomic number ⟹ Charge

2: Valence quarks carry charge & junctions carry baryon number

Isobar systems can be used to reduce systematics
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Kharzeev, Phys. Lett. B, 378 (1996) 238-246Predictions from Regge Theory

� � e0.16 Ybeam �
�
e�0.58(y+Ybeam) + e0.58(y�Ybeam)

�

Junction stops another junction Junction stopped by Pomeron

Cross section follow exponential 
rapidity (y) dependence with specific 

values of the exponent ~ 0.5

Ba
ry

on
  y

ie
ld Target proton

Projectile proton

Rapidity

y=0

Ybeam-Ybeam

� � e±Ybeam

Difficult to see exponential 
fall in symmetric collisions

Total
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2

Npart

dNp�p̄

dy

����
A+A

= NB e��B(Ybeam�Ycm)

Fit to global data on central A+A:

NB = 1.1 ± 0.1, �B = 0.61 ± 0.03

Brandenburg, Lewis, Tribedy, Xu, arXiv:2205.05685

0.42 � �B � 1

Midrapidity baryon density slope is consistent with baryon junction prediction

Predictions form Regge theory 
& baryon junction picture:

Midrapidity baryon production in A+A collisions
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Brandenburg, 
Lewis,Tribedy, Xu, 
arXiv:2205.05685

Baryon free projectile: photon-induced processes

23

� � e0.16 Ybeam �
�
e�0.58(y+Ybeam) + e0.58(y�Ybeam)

�

� � e0.16 Ybeam �
�
e�0.58(y+Ybeam) + e0.58(y�Ybeam)

�

� � e±Ybeam

✓

✘

✘
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Brandenburg, 
Lewis,Tribedy, Xu, 
arXiv:2205.05685

24

� � e0.16 Ybeam �
�
e�0.58(y+Ybeam) + e0.58(y�Ybeam)

�

� � e0.16 Ybeam �
�
e�0.58(y+Ybeam) + e0.58(y�Ybeam)

�

� � e±Ybeam

✓

✘

✘

Junction as baryon carrier: 
PYTHIA (Quark as baryon carrier): 

� � e0.58(y�Ybeam)

� e2.14(y�Ybeam)

Baryon free projectile: photon-induced processes
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Stronger rapidity dependent stopping 
in γ+Au ≫ Au+Au  

Interesting rapidity dependence of soft baryon stopping observed in RHIC 
photonuclear events, stay tuned for more results

Nicole Lewis (STAR collaboration), QM 2022

25

Measurements in ultra-peripheral collisions from STAR

✓

✘

✓
✓
✘

Triggering photonuclear processes 
with STAR detector
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Opportunities at the EIC

PDF equivalent of baryons ?

Low momentum PID detector (TOF) needed 

EIC yellow report, arXiv:2103.05419

x

BD
F

Q2 = 1 GeV 2  

Q2 = 10 GeV 2  

?
?
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Origin of collectivity in small collision system
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What is collectivity? 

Au

Au+Au 200 GeV Run# 17172038

Au

Au

Au

γ

Δφ~0, Δη~large  
(Correlation pattern repeated 

over wide phase space)

Δφ~0, Δη~small  
(Correlation over a  

narrow phase space)

28

Collectivity ⟹ observation of a specific pattern or behavior that is 
followed by most of its constituents in a system
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FIG. 1. Two-particle correlation function in relative pseudo-rapidity and azimuthal angle showing long range ridge-like
structure in high multiplicity p+p, p+Pb as compared to peripheral Pb+Pb collisions. Figures are taken from [6, 13, 43]

vation of sizable Fourier harmonic coe�cients vn(pT ) up
to n = 4 and its higher order moments of the azimuthal
correlation generally attributed to anisotropic flow. Most
importantly, several characteristics, such as the mass de-
pendence of both hpT i and vn(pT ) have been found to be
similar to what is seen in A+A collisions.

However it is worth to mention that some striking con-
trasts also exist. Unlike in A+A collisions, where the
observation of jet-quenching has been one of the pillars
of the discovery of a strongly interacting Quark Gluon
Plasma (QGP), so far no evidence of (mini) jet-quenching
has been found in small systems [49–52]. Even though the
standard jet-quenching analysis in small-systems is com-
plicated due to trigger bias e↵ects, the absence of such
phenomena may provide important insights with regard
to the theoretical interpretation of the observed phenom-
ena.

B. General theorectical perspectives

It is useful to first address the question about the ori-
gin of long-range azimuthal correlations (shown in Fig.1)
from a more general point of view and formulate our the-
oretical expectations based on previous observations in
small and large systems. While causality arguments im-
ply that any long range rapidity correlations must origi-
nate from the very early stages of the collision [44], this
leaves open the question how the observed momentum
space correlations are created dynamically during the
space-time evolution. Specifically one can, at least from a
theoretical point of view, distinguish two di↵erent mech-
anisms whereby momentum space correlations of hadrons
produced in the final state reflect

i) intrinsic momentum space correlations of the par-
tons produced in initial (semi-) hard scatterings

and/or

ii) position space correlations between initial state
partons, e.g. the initial state geometry, which are

transformed into momentum space correlations due
to final state interactions.

While in any realistic scenario, both kinds of correla-
tions i) and ii) contribute to the long-range azimuthal
correlations, their relative strength depends on the mag-
nitude of final state e↵ects. In low-multiplicity p + p

collisions for example, the dominant source of long-range
azimuthal correlations is due to the production of back
to back (mini-) jets. Since in this case the density of pro-
duced partons is low, the typical (semi-) hard partons
produced in the initial scattering escape the interaction
region without final state e↵ects significantly a↵ecting
their back-to-back correlation. Considering on the other
hand soft particle production amidst large parton den-
sities in nucleus-nucleus collisions, it is well established
that the azimuthal anisotropy of say pT � 1 GeV parti-
cles is dominated by the final state response to the initial
state geometry. In this case the mean-free path of a typ-
ical (semi-) hard parton is small compared to the system
size, such that the initial state momentum correlations
of ⇠ GeV partons are destroyed during the equilibration
process. Therefore, the subsequent dynamics of the equi-
librated QGP can be accurately described by relativistic
hydrodynamics.

Even though it is sometimes possible to choose the
kinematics such that one mechanism dominates over the
other, there are various examples in-between where both
initial state and final state e↵ects are important. One
prominent example includes the behavior of jets in heavy-
ion collisions. While highly energetic jets can escape the
interaction region without equilibrating, they can loose a
significant part of their energy through interactions with
the softer medium. Even though the dominant correla-
tion of the leading high-pT particles is still due to the ini-
tial back-to-back correlation, the path length dependence
of the energy loss in the medium also leads to an addi-
tional correlation with the initial state geometry. Such
correlations are reflected e.g. by the high-momentum
vn(pT ) measuring correlations between soft and hard par-
ticles.
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FIG. 1. Two-particle correlation function in relative pseudo-rapidity and azimuthal angle showing long range ridge-like
structure in high multiplicity p+p, p+Pb as compared to peripheral Pb+Pb collisions. Figures are taken from [6, 13, 43]
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cles is dominated by the final state response to the initial
state geometry. In this case the mean-free path of a typ-
ical (semi-) hard parton is small compared to the system
size, such that the initial state momentum correlations
of ⇠ GeV partons are destroyed during the equilibration
process. Therefore, the subsequent dynamics of the equi-
librated QGP can be accurately described by relativistic
hydrodynamics.

Even though it is sometimes possible to choose the
kinematics such that one mechanism dominates over the
other, there are various examples in-between where both
initial state and final state e↵ects are important. One
prominent example includes the behavior of jets in heavy-
ion collisions. While highly energetic jets can escape the
interaction region without equilibrating, they can loose a
significant part of their energy through interactions with
the softer medium. Even though the dominant correla-
tion of the leading high-pT particles is still due to the ini-
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p+p p+pp+p
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Plasma (QGP), so far no evidence of (mini) jet-quenching
has been found in small systems [49–52]. Even though the
standard jet-quenching analysis in small-systems is com-
plicated due to trigger bias e↵ects, the absence of such
phenomena may provide important insights with regard
to the theoretical interpretation of the observed phenom-
ena.

B. General theorectical perspectives

It is useful to first address the question about the ori-
gin of long-range azimuthal correlations (shown in Fig.1)
from a more general point of view and formulate our the-
oretical expectations based on previous observations in
small and large systems. While causality arguments im-
ply that any long range rapidity correlations must origi-
nate from the very early stages of the collision [44], this
leaves open the question how the observed momentum
space correlations are created dynamically during the
space-time evolution. Specifically one can, at least from a
theoretical point of view, distinguish two di↵erent mech-
anisms whereby momentum space correlations of hadrons
produced in the final state reflect

i) intrinsic momentum space correlations of the par-
tons produced in initial (semi-) hard scatterings

and/or

ii) position space correlations between initial state
partons, e.g. the initial state geometry, which are

transformed into momentum space correlations due
to final state interactions.

While in any realistic scenario, both kinds of correla-
tions i) and ii) contribute to the long-range azimuthal
correlations, their relative strength depends on the mag-
nitude of final state e↵ects. In low-multiplicity p + p

collisions for example, the dominant source of long-range
azimuthal correlations is due to the production of back
to back (mini-) jets. Since in this case the density of pro-
duced partons is low, the typical (semi-) hard partons
produced in the initial scattering escape the interaction
region without final state e↵ects significantly a↵ecting
their back-to-back correlation. Considering on the other
hand soft particle production amidst large parton den-
sities in nucleus-nucleus collisions, it is well established
that the azimuthal anisotropy of say pT � 1 GeV parti-
cles is dominated by the final state response to the initial
state geometry. In this case the mean-free path of a typ-
ical (semi-) hard parton is small compared to the system
size, such that the initial state momentum correlations
of ⇠ GeV partons are destroyed during the equilibration
process. Therefore, the subsequent dynamics of the equi-
librated QGP can be accurately described by relativistic
hydrodynamics.

Even though it is sometimes possible to choose the
kinematics such that one mechanism dominates over the
other, there are various examples in-between where both
initial state and final state e↵ects are important. One
prominent example includes the behavior of jets in heavy-
ion collisions. While highly energetic jets can escape the
interaction region without equilibrating, they can loose a
significant part of their energy through interactions with
the softer medium. Even though the dominant correla-
tion of the leading high-pT particles is still due to the ini-
tial back-to-back correlation, the path length dependence
of the energy loss in the medium also leads to an addi-
tional correlation with the initial state geometry. Such
correlations are reflected e.g. by the high-momentum
vn(pT ) measuring correlations between soft and hard par-
ticles.

p+Pb (High-Multiplicity)
p+p

p+p

p+pp+p
p+pp+p
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FIG. 1. Two-particle correlation function in relative pseudo-rapidity and azimuthal angle showing long range ridge-like
structure in high multiplicity p+p, p+Pb as compared to peripheral Pb+Pb collisions. Figures are taken from [6, 13, 43]
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Pb+Pb (60-70%)

Fig. 4. The long-range ridge like correlations in di↵erent collision systems. Figures are
obtained from Refs.83–85

like the default mode of pythia, in this case the sampled gluons are not
associated with separate MPIs and are already assigned to strings.4 The
strong growth of transverse momentum with multiplicity is already gener-
ated at the gluonic level, i.e. in the CGC initial state before hadronization.
This is because, in some sense, the concept of parton showers, MPIs, and
color-reconnection is already built in the framework of CGC. In the flux-
tube picture, di↵erent independent ladders, as shown in Fig.2(right), that
produce gluons, are correlated over a length scale of 1/Q

2

S . One finds that
the typical number of produced gluons to be Ng / Q

2

SS?, i.e. proportional
to the number of flux tubes. Also since the saturation scale is the only
scale in the CGC, one finds the typical momentum of produced gluons to
be hpT ig / hQSi, leading to hpT ig / p

Ng/S?. One naturally expects a
strong growth of average transverse momentum with multiplicity in CGC.
Such a dependence is already incorporated in the IP-Glasma model that ini-
tializes the CGC+Lund model and get propagated to the level of hadrons.
The e↵ect of mass ordering comes purely from the Lund string fragmenta-
tion.

4.3. Long-range ridge-like correlations

The experimental two-dimensional di-hadron correlation function in �⌘ �
�� is shown in Fig.4 for p+p, p+A and A+A collisions. One of the most
striking observations in high multiplicity p+p (and also p+A) collisions in
recent times has been the appearance of near side (�� ⇠ 0) ridge-like struc-
ture in such correlation functions that spread over a long range in pseudo-
rapidity83,84,86–89 as shown in the left and the middle panel of Fig. 4. The
interesting feature of this data is that the structure of such correlations
looks very similar to what has been observed in heavy ion collisions85,90–92

as shown on the same plot. Like heavy ion collisions, the ridge-like compo-
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A+A → p+A → p+p → e(γ)+A → e(γ)+p → e+e: at what size does it set in?
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3He+Au d+Au p+Au

v2(3He+Au) < v2(d+Au) < v2(p+Au)

 PHENIX collab, Nature Physics 15, 214–220 (2019), 
Phys. Rev. C 105, 024901 (2022)

v2(3He+Au)~ v2(d+Au) > v2(p+Au)

PHENIX results decisively establishes hydrodynamic final state is essential 

What drives it in small system? 

13

• Long range Δη correlations emerge from early times (causality) 
• Azimuthal structure formed by the medium response to the 

fluctuating initial transverse geometry

B j ö r n  S c h e n k e ,  B N L

Interpretation: Strong final state effects

Initial energy density 
distribution

Hydrodynamic 
 expansion

Hydrodynamics (final state)

Color Glass Condensate 
(initial state momentum) 

v2(3He+Au)~v2(d+Au)>v2(p+Au)
Testing hydro by controlling system geometry
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v2 and v3 ordering matches "2 and "3 ordering in all three systems
—Collective motion of system translates the initial geometry into the final state

R. Belmont, UNCG AUM 2020, 22 October 2020 - Slide 11

Nature Physics 15, 214–220 (2019)
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Collectivity in photon-induced process

WγPb (LHC) ~ 844 GeV, dNtrk/dη (HM) > 10 Do we observe collectivity in 
such collisions ?

γ+Pb event by trigged in ultra-peripheral Pb+Pb collisions by ATLAS
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Search for collectivity UPC collisions at the LHC
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Figure 9: An example of the template-fitting procedure for a selected ?T range. The left plot displays the LM data
with open markers and the simultaneous fit in the green dotted line. The lower panel displays the pull distribution. In
the top panel of the right plot, the solid red line shows the total fit to the HM data in black markers. The dashed
green line shows the scaled LM plus pedestal, while the dashed blue and dotted magenta lines indicate the two
flow contributions to the fit, . ridge

2 = ⌧ [1 + 2E2,2 cos(2�q)] and .
ridge
3 = ⌧ [1 + 2E3,3 cos(3�q)], shifted upwards

by �.LM (0) for visibility. The middle-right panel shows the pull distribution for the template fit in the top panel.
The bottom-right panel shows the same set of data and fit components, where the scaled LM distribution has been
subtracted to better isolate the modulation.

has a significant e�ect on the extracted E2,2 and E3,3 values. The resulting E=,= values are positive in all
selections, with one exception: in the ?0T-dependent results with a single HM selection, the E2,2 value for
3 < ?T < 5 GeV is negative. Additionally, the E2,2 value for 2 < ?T < 3 GeV is significantly lower than
that for 1.2 < ?T < 2 GeV. In these selections, the E3,3 values also rise significantly. The template fits to
these selections are shown in Figure 12, and are discussed further below.

5.2 Factorization test

In the flow paradigm, a two-particle azimuthal modulation characterized by a E=,= value arises from the
product of nonzero azimuthal anisotropies, E=, for each particle. These are related via E=,= (?0T, ?1T) =
E= (?0T)E= (?1T), or E=,= (?0T, ?1T) = E= (?T)2 if 0 and 1 are selected from the identical particle ?T range.
Thus, a single-particle flow coe�cient E= (?0T) may be determined from two-particle E=,= values through

E= (?0T) = E=,= (?0T, ?1T)/E= (?1T) = E=,= (?0T, ?1T)/
q
E=,= (?1T, ?1T) for a given selection on reference particle

1. To test whether the E=,= values in data are compatible with this picture, a factorization test can be
performed in which E= values for particle 0 are compared for di�erent particle 1 selections. The results of
this test for the E2 values as a function of # rec

ch are shown in Figure 13. The test demonstrates that while the
E2,2 values for di�erent ?1T selections may be di�erent, the E2 values obtained for particle 0 as a function

15

long-range di-hadron 
correlations observed

ATLAS collab., Phys. Rev. C 104, 014903 (2021)

Hints of collectivity observed, does the medium experience fluid dynamic evolution ?
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p+Au

Small system collectivity: future measurements

d+Au

γ+ Au ⟺ ρ + Au

??

Is photon-ion collision like d+Au 
or p+Au ?

d+Au beam energy scan (PHENIX)

p+Au rapidity scan 
(sPHENIX + STAR 2024)

C. Aidala et al. (PHENIX Collab), Phys. Rev. C 96, 064905

STAR BUR for Run 23-25
sPHENIX BUP 2022 (sPH-TRG-2022-001)

 ATLAS Collab,Phys. Rev. C 104, 014903 (2021)

W�,N (RHIC) = 10 � 40GeV

We can test if photon-ion collision system exhibit fluid behavior 



P. Tribedy, CETHNEP, VECC, Nov 15, 2022 3434

U+U Au+Au Ru+Ru O+O p+Aud+Au3He+Au

Collectivity search from RHIC to EIC

STAR collaboration, Phys. Rev. Lett. 95, 152301  
Phys. Rev. C 80 (2009) 64912 

larger Q2

dipole+A (EIC)

Will γ*+A be 
the next small 
system ? 

ρ + Au

 PHENIX collab, Nature Physics 
15, 214–220 (2019)

p/d/3He + A Photonuclear

STAR Collab. QM 2022 EPIC collaboration, 2030+

RHIC system scan sets the stage for collectivity search at EIC 

Testing hydro by controlling system geometry
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v2 and v3 ordering matches "2 and "3 ordering in all three systems
—Collective motion of system translates the initial geometry into the final state

R. Belmont, UNCG AUM 2020, 22 October 2020 - Slide 11

Nature Physics 15, 214–220 (2019)
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Summary

What drives collectivity? Will fluid-like behavior be seen in photon-induced events?

RHIC small system collision established that fluid-dynamic evolution essential
UPC can be a doorway to study collectivity at the future EIC 

Many exciting new opportunities for young students: 
1. RHIC took data on O+O, d+Au, possible O+O run at the LHC
2. RHIC run 2023-25 will collect large dataset on γ+Au collisions ??

What carries the baryon number and how it is stopped? 

1.Charge vs. baryon stopping in isobar collisions at RHIC
2.Baryon stopping in γ+A processes (RHIC/LHC UPC & EIC) 

Two approaches identified to explore: 


