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Results at Initial Stages ‘23
Initial state of the nucleus:

• -  correlations in Pb+Pb and Xe+Xe


•  in hadronic Pb+Pb collisions

• dijet production in  

vn [pT]
γγ → μ+μ−

γ + A

Parallel talks by 

Riccardo Longo (Tue 4:10pm) 
Peter Steinberg (Wed 2:20pm) 
Pengqi (Bill) Yin (Wed 4:50pm)
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Final state effects in small systems:

• Jet-hadron correlations in p+Pb

• Collective behavior in pp with jets

• Correlation between  & UE in ppΥ(1,2,3S)

Other highlights:

• Systematic studies of parton energy loss

•  to constrain 

• … many more in ATLAS HI Public Results

γγ → ττ̄ gτ − 2

Posters by

Melike Akbiyik 
Alexander Milov

Somadutta Bhatta 
Blair Seidlitz

Initial state of the proton: 

• Flow decorrelations in pp (and Xe+Xe)

• Correlation between “centrality” and dijet 

kinematics in p+Pb

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Deformation of nuclei

(parameterized by quadrupole deformation parameters b and g )
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-  correlations in Pb+Pb and Xe+Xevn [pT]
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Measure correlation between v2,3,4 
magnitude and average pT in 

Xe+Xe and Pb+Pb 

Sensitive to fluctuations in the initial state 
geometry and thus a good test of IS models
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As a bonus, sensitivity to the deformed 
shape of the colliding nuclei!

S. Bhatta, poster
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-  correlations in Pb+Pb and Xe+Xevn [pT]
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Multi-differential comparison to models:

Trajectum/v-UPSHydro: Trento IC + 2-D hydro


IP-Glasma+MUSIC: saturation + 3-D hydro
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S. Bhatta, poster

-  correlations in Pb+Pb and Xe+Xevn [pT]
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 nuclear structure with heavy ions!
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Initial state of the EM fields around nuclei 
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 processes occurring 
during a “normal” Pb+Pb collision
γγ → μ+μ−

Di-muon kinematic relationship modified 
compared to StarLight/UPC data 


 investigate origin and test QED models⇒

ATLAS, PRC 107 
(2023) 054907

α = 1 − Δϕ /π

P. Steinberg, Tue 4:10pm
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P. Steinberg, Tue 4:10pm

Initial state of the EM fields around nuclei 
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⇒

ATLAS, PRC 107 (2023) 054907
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ATLAS, PRC 107 (2023) 054907



Dijet production in  collisionsγ + A

10

“Clean” environment for precision probes of 
the nuclear wave function


Access ( , ) “gap” between LHC p+A and 
fixed target data — 10 years before the EIC!

xA Q2

R. Longo, Tue 4:10pm



Dijet production in  collisionsγ + A
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Ready for input to global 
nPDF fits after:

➡  Final results with 

reduced jet energy 
uncertainties


➡  Modeling of nuclear 
breakup probabilities
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ATLAS-CONF-2022-021

R. Longo, Tue 4:10pm

Fully unfolded in: 

●  (Bjorken-  in nucleus)

●  (momentum fraction of

       or resolved  fragment)

●  (jet  sum)

xA x
zγ

γ γ
HT ET
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• Key input for: understanding exotic systems with C.O.M. offset ( ), 
comparing experiments with different acceptance (RHIC small systems), etc.

γ + A
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2.2 What is the Nature of the 3D Initial State?
Pseudorapidity-dependent azimuthal correlations to constrain the longitudinal
atructure of the initial state (vn(⌘))
Initial-state longitudinal fluctuations and the fluid dynamical response of the medium formed
in heavy ion collisions can lead to de-correlations of the direction of the reaction planes  n

(which determines the orientation of the harmonic anisotropies) with pseudorapidity (see
Fig. 50). Such effects are often referred to as a torque or twist of the event shape [20,83,84]
that eventually leads to a breaking of longitudinal/boost/rapidity invariance. The magnitude
of the de-correlation is determined by the details of the dynamics of initial state, and the
distribution of nucleons and partons inside the colliding nuclei.

A different picture when you change rapidity

A different picture when you change rapidity
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Figure 50: (Left) Cartoon to demonstrate the de-correlation of event planes in the longitudinal
direction of a collision from a gluon saturation based 3D-Glasma model [19] and a wounded nucleon
model (WNM). [20,85] (Right) The longitudinal de-correlation of the elliptic anisotropy plane as a
function of pseudorapidity in units of beam rapidity. CMS results are compared to predictions from
two models in the left with STAR projection for Run-23 (using preliminary Run-19 results) from an
anticipated 10 B min-bias events. The colored regions show that the current and future capabilities
at STAR (with iTPC+EPD+FTS) can extend such measurements with good precision by covering
a large fraction of the beam rapidity at 200 GeV – this demonstrates the unique strength of STAR
to study the physics of 3D initial state.

Several promising observables have been proposed to study this effect, Fig. 50 shows one
which can be expressed as rn(⌘a, ⌘b) = Vn�(�⌘a, ⌘b)/Vn�(⌘a, ⌘b), where Vn� is the Fourier
coefficient calculated with pairs of particles taken from three different pseudorapidity re-
gions �⌘a, ⌘a and ⌘b. The observable rn(⌘a, ⌘b) was originally introduced and measured
by CMS collaboration in Ref. [86] and also been measured by the ATLAS collaboration
in [87]. An observable using three-particle correlations that is sensitive to this effect is
the relative pseudorapidity dependence of the three-particle correlator Cm,n,m+n(⌘a, ⌘b, ⌘c) =
hcos(m�1(⌘a) + n�2(⌘b) � (m+ n)�3(⌘c)i [88]. Another, very similar to rn in terms of design
but involving four-particle correlations, is: Rn,n|n,n(⌘a, ⌘b) [18]. As shown in Fig. 50, CMS
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Centrality-dependent jet production in p+Pb
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a proton with large-  ( ) parton 
is “small” and strikes fewer nucleons
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We test the hypothesis that configurations of a proton with a large-x parton, xp
>⇠ 0.1, have a

smaller than average transverse size. The application of the QCD Q2 evolution equations shows that
these small configurations also have a significantly smaller interaction strength, which has observable
consequences in proton – nucleus collisions. We perform a global analysis of jet production data
in proton– and deuteron–nucleus collisions at RHIC and the LHC. Using a model which takes a
distribution of interaction strengths into account, we quantitatively extract the xp-dependence of
the average interaction strength, �(xp), over a wide kinematic range. By comparing the RHIC
and LHC results, our analysis finds that the interaction strength for small configurations, while
suppressed, grows faster with collision energy than does that for average configurations. We check
that this energy dependence is consistent with the results of a method which, given �(xp) at one
energy, can be used to quantitatively predict that at another. This finding further suggests that at
even lower energies, nucleons with a large-xp parton should interact much more weakly than those
in an average configuration, a phenomenon in line with explanations of the EMC e↵ect for large-xp

quarks in nuclei based on color screening.

PACS numbers: 14.20.Dh, 25.40.Ve, 13.85.-t, 25.75.

Hadrons are composite, quantum mechanical systems
with a varying spatial and momentum configuration of
their internal quark and gluon constituents. In su�-
ciently high energy processes, these configurations re-
main approximately fixed during the time of the collision.
Thus certain physical properties of the parton system of
a rapidly moving hadron, such as the total transverse
area occupied by the color fields, may change collision
by collision, a phenomenon we refer to as color fluctua-
tions [1, 2]. These variations in the internal structure of
hadrons have a wide range of observable consequences,
such as inelastic di↵raction [3–5]. In quantum chromo-
dynamics (QCD), the configurations in which a large
(> 10%) fraction of the hadron’s momentum is carried by
a single parton are spatially compact. For these cases, in
the wide range of energies where non-linear (saturation)
e↵ects are expected to be small [6, 7], the interaction
strength of the entire configuration decreases along with
the overall area occupied by color (for a review and ref-
erences see Ref. [8]). Furthermore, while the interaction
strength for such small configurations is reduced overall,
it rises rapidly with collision energy due to a fast increase
of the gluon density at small x. In this paper, we quan-
titatively investigate these properties of QCD systems in
proton– and deuteron–nucleus (p/d+A) collision data at
the Large Hadron Collider (LHC) and the Relativistic
Heavy Ion Collider (RHIC), respectively.

Fig. 1 symbolically illustrates how proton configura-
tions of two di↵erent sizes contribute to p+A interactions.
For many processes, a large number of projectile config-

FIG. 1. Schematic representation of a proton–nucleus col-
lision with a fixed geometry of the target nucleus, with a
more weakly (more strongly) interacting projectile proton on
the left (right). The red tube shows the projection of the
projectile proton’s transverse size through the nucleus, with
impacted nucleons in red. Typical observables have contribu-
tions from both types of events, while large-xp configurations
may preferentially select weakly interacting cases (left).

urations contribute to a studied observable, resulting in
a lack of sensitivity to color fluctuation e↵ects. However,
in processes to which only a restricted subset of projec-
tile configurations contribute, these e↵ects are important
for understanding the experimental data. Historically,
they have played a role in interpreting multiplicity dis-
tributions in nuclear collisions [9] and in describing the
coherent di↵ractive production of dijets [10–12][13].
Experimentally, p+A collisions with a restricted subset

of projectile configurations may be selected with a spe-
cial trigger such as a hard QCD or electroweak process
involving a large-xp (>⇠ 0.1) parton in the proton [14].
In these large-xp configurations, color charge screening
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We test the hypothesis that configurations of a proton with a large-x parton, xp
>⇠ 0.1, have a

smaller than average transverse size. The application of the QCD Q2 evolution equations shows that
these small configurations also have a significantly smaller interaction strength, which has observable
consequences in proton – nucleus collisions. We perform a global analysis of jet production data
in proton– and deuteron–nucleus collisions at RHIC and the LHC. Using a model which takes a
distribution of interaction strengths into account, we quantitatively extract the xp-dependence of
the average interaction strength, �(xp), over a wide kinematic range. By comparing the RHIC
and LHC results, our analysis finds that the interaction strength for small configurations, while
suppressed, grows faster with collision energy than does that for average configurations. We check
that this energy dependence is consistent with the results of a method which, given �(xp) at one
energy, can be used to quantitatively predict that at another. This finding further suggests that at
even lower energies, nucleons with a large-xp parton should interact much more weakly than those
in an average configuration, a phenomenon in line with explanations of the EMC e↵ect for large-xp

quarks in nuclei based on color screening.
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Hadrons are composite, quantum mechanical systems
with a varying spatial and momentum configuration of
their internal quark and gluon constituents. In su�-
ciently high energy processes, these configurations re-
main approximately fixed during the time of the collision.
Thus certain physical properties of the parton system of
a rapidly moving hadron, such as the total transverse
area occupied by the color fields, may change collision
by collision, a phenomenon we refer to as color fluctua-
tions [1, 2]. These variations in the internal structure of
hadrons have a wide range of observable consequences,
such as inelastic di↵raction [3–5]. In quantum chromo-
dynamics (QCD), the configurations in which a large
(> 10%) fraction of the hadron’s momentum is carried by
a single parton are spatially compact. For these cases, in
the wide range of energies where non-linear (saturation)
e↵ects are expected to be small [6, 7], the interaction
strength of the entire configuration decreases along with
the overall area occupied by color (for a review and ref-
erences see Ref. [8]). Furthermore, while the interaction
strength for such small configurations is reduced overall,
it rises rapidly with collision energy due to a fast increase
of the gluon density at small x. In this paper, we quan-
titatively investigate these properties of QCD systems in
proton– and deuteron–nucleus (p/d+A) collision data at
the Large Hadron Collider (LHC) and the Relativistic
Heavy Ion Collider (RHIC), respectively.

Fig. 1 symbolically illustrates how proton configura-
tions of two di↵erent sizes contribute to p+A interactions.
For many processes, a large number of projectile config-

FIG. 1. Schematic representation of a proton–nucleus col-
lision with a fixed geometry of the target nucleus, with a
more weakly (more strongly) interacting projectile proton on
the left (right). The red tube shows the projection of the
projectile proton’s transverse size through the nucleus, with
impacted nucleons in red. Typical observables have contribu-
tions from both types of events, while large-xp configurations
may preferentially select weakly interacting cases (left).

urations contribute to a studied observable, resulting in
a lack of sensitivity to color fluctuation e↵ects. However,
in processes to which only a restricted subset of projec-
tile configurations contribute, these e↵ects are important
for understanding the experimental data. Historically,
they have played a role in interpreting multiplicity dis-
tributions in nuclear collisions [9] and in describing the
coherent di↵ractive production of dijets [10–12][13].
Experimentally, p+A collisions with a restricted subset

of projectile configurations may be selected with a spe-
cial trigger such as a hard QCD or electroweak process
involving a large-xp (>⇠ 0.1) parton in the proton [14].
In these large-xp configurations, color charge screening
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Centrality-dependent jet production in p+Pb
“typical” 
proton

proton configuration 
with large-x parton
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Min bias , but very strong “centrality” 
dependence of inclusive jets in Run 1 p+Pb


Magnitude scales with total jet energy at 
forward rapidity (i.e. Bjorken-  in proton, ?)

RpPb = 1

x xp
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Centrality-dependent di-jet production in p+Pb

BACKUP SLIDES
Repeat measurement, reconstructing 
the two leading jets and estimating 
tree-level  in each event(xp, xPb, Q2)
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Centrality-dependent di-jet production in p+Pb

BACKUP SLIDES
Repeat measurement, reconstructing 
the two leading jets and estimating 
tree-level  in each event(xp, xPb, Q2)

Perform differential scan in  
parton-parton kinematics to map 

out this physics in detail!

2 → 2
Riccardo Longo29/03/2023
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Centrality-dependent di-jet production in p+Pb
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Fix , check dependence on   
physics effect originates in the initial 

momentum state of the proton

xPb xp ⇒
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Final state effects in small systems:

• Jet-hadron correlations in p+Pb

• Collective behavior in pp with jets

• Correlation between  & UE in ppΥ(1,2,3S)

Parallel talks by 

Pengqi (Bill) Yin (Wed 4:50pm)

Posters by 
Alexander Milov



Final state effects on hard probes in p+A/pp?
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Jet+h in p+Pb: measurement design
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Performance of the ATLAS Zero Degree Calorimeter
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Abstract—The ATLAS Zero Degree Calorimeter (ZDC) at the Large

Hadron Collider (LHC) is a set of two sampling calorimeter modules

symmetrically located at 140m from the ATLAS interaction point. The

ZDC covers a pseudorapidity range of |⌘| > 8.3 and it is both

longitudinally and transversely segmented, thus providing energy and

position information of the incident particles. The ZDC is installed

between the two LHC beam pipes, in a configuration such that only

the neutral particles produced at the interaction region can reach this

calorimeter. The ZDC uses Tungsten plates as absorber material and

quartz rods interspersed in the absorber as active media. The energetic

charged particles crossing the quartz rods produce Cherenkov light,

which is then detected by photomultipliers and sent to the front end

electronics for processing, in a total of 120 individual electronic channels.

The Tungsten plates and quartz rods are arranged in a way to segment the

calorimeters in four longitudinal sections. The first section (the one closer

to the interaction point) acts as an electromagnetic calorimeter (32X0)

while the remaining three act as a hadronic calorimeter (1.2� each).

Both ZDC arms have the first hadronic module transversely segmented

in 24 channels and, in one of the arms, the electromagnetic module

is transversely segmented in 64 channels for position information of

the incident particles. Each ZDC module individually provides energy

and trigger information using a dedicated set of quartz rods that are

grouped together and connected to a photomultiplier tube. The ZDC is

specially important in heavy ion physics, providing trigger and energy

measurements of the spectator neutrons dissociated from the colliding

nuclei. In fact, this is the only trigger available for ultra-peripheral

interactions where very little activity is present at central rapidities.

Besides its role in the heavy ions physics program, the ZDC can also be

used to measure the forward neutral particle production in low luminosity

proton-proton runs.

DETECTOR CONSTRUCTION AND OPERATION

The ATLAS Zero Degree Calorimeter [1],[2] plays an important
role in the heavy ion physics program at the LHC [3]. In heavy ion
collisions, there is a significant probability that at least one neutron
will be detached from the nuclei and continue to travel forward with
the beam momentum, even for semi-central collisions between the
ions. Placing two calorimeters symmetrically located relative to the
interaction point and using the coincidence between these two arms
is one of main heavy ion triggers in ATLAS. In ultra-peripheral
collisions, where almost no activity is present at central rapidities
the ZDC is the only available trigger.

Figure 1 shows a plan view of the ZDC position relative to the
collider beam elements and central ATLAS detector. Only neutral
particles (stable or from decays) can reach the ZDC at this position.
The ZDC is housed inside an iron-copper structure (TAN) of the
LHC (Figure 2), placed to protect the cryogenic magnets beyond the
pipe transition region from the radiation damage due to the neutral
particle flux. The ZDC is a sampling calorimeter that uses Cherenkov
light detection produced by the highly energetic charged particles
in the shower. The active element is made of quartz rods and the
light produced in the rods is detected by photomultipliers (Figure 3).
A design was chosen to provide separate sampling and readout for
energy and position, in order to reduce the sampling fluctuation of

the shower for energy measurements. Each one of the four sections
of the ZDC has 1.2 � (32 X0) which was made possible by the use
of Tungsten as absorber material.

All four modules have groups of 1.5mm quartz rods running per-
pendicular to the beam and the light from these fibers is detected by
76mm photomultiplier tubes. This signal is used for the measurement
of the energy deposited in the module. The segmented modules
utilize 1mm quartz rods running parallel to the beam direction and
grouped to form the calorimeter cells for position measurement.
The electromagnetic module (side C) has 64 cells while the first
hadronic modules have 24 cells on each side (the two other hadronic
modules do not deploy a segmented readout), providing a total of 112
segmented cells whose light is detected by 12.5 mm photomultiplier
tubes.

At the readout chain, the signal from the ZDC is split into two: one
branch is sent to the trigger electronics by low attenuation coaxial
cables (eight in total) and the sum of the energy signal in four
modules (at each side) is discriminated and sent to the ATLAS Central
Trigger Processor (CTP). The other branch follows an amplification
path and is sent to the front end electronics for digitization, which is
performed by a 40 MHz 10 bit custom digitizer circuit [4]. Further
dynamic range is accomplished by splitting this signal into two and
applying a high/low gain on each branch before digitization. In one
event five digital samples are stored as a representation of the signal
on each readout channel. A combined Laser/LED light calibration
system allows the verification and debug of the readout chain.

Fig. 1. Plan view of the section between the interaction point (IP) and the
ZDC. Due to the beam optics, charged particles are deflected while the neutral
particles travel directly to the ZDCs (one at each side of the IP).

DETECTOR PERFORMANCE

During the heavy ion runs, when the LHC collides lead nuclei
(Pb+Pb), the ZDC provides signal for the ATLAS Level-1 trigger
system and information about the energy and position of the neutral
particles that reach the ZDC phase space. Since there is no cen-
tral detector activity in ultra-peripheral collisions (impact parameter

We have limits on out-of-jet-
cone  - what about 

hadrons in the jet?
ΔE

Can’t use traditional multiplicity-based 
centrality for a precision E-loss search 

 use ZDC to select central events⇒

see, e.g., ALICE, PRC 91 (2015) 064905



, with at 90% confidence level  ΔE/E = (−0.2 ± 0.5) % ΔE/E < 1.4 %
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Jet+h in p+Pb: excluding energy loss scenarios…

No significant modification 
on the away side (right)
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ratio of per-jet yield 
in central p+Pb / pp

IpPb =

Small enhancement on the 
near side (left), predicted 

by Angantyr (no QGP)

ATLAS, nucl-ex/2206.01138, in press PRL



Interaction between soft and hard processes in pp

13Flow in pp and Jet sensitivity ATLAS-CONF-2020-018

pp “minimum bias” events

pp jet events

VS.

High-multiplicity pp 
event with many 
final-state jets

26

Question #1: does the 
presence of a hard scattering 
affect the collective behavior?

Question #2: do jet fragments 
themselves participate in 

collective behavior?

P. Yin, Wed 4:50pm



Interaction between soft and hard processes in pp
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Nominal v2 values are unaffected if 
one excludes or includes jet events

➡ similar lack of sensitivity seen     

in, e.g., Z-boson pp events
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P. Yin, Wed 4:50pm



Interaction between soft and hard processes in pp
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Nominal v2 values are unaffected if 
one excludes or includes jet events

➡ similar lack of sensitivity seen     

in, e.g., Z-boson pp events
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However, v2 for hadrons from jet 
fragmentation consistent with zero!

➡  (nominally) different than what was 

observed at high-pT in p+Pb…

P. Yin, Wed 4:50pm



Upsilon suppression vs. system size
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Sequential suppression of excited  states in Pb+Pb and p+Pb collisions

➡ study correlation b/w  states and event multiplicity in 13 TeV pp

Υ
Υ

A. Milov, poster



Upsilon suppression in … pp?
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Other highlights:

• Systematic studies of parton energy loss

•  to constrain 

• … many more in ATLAS HI Public Results

γγ → ττ̄ gτ − 2

Parallel talks by 

Peter Steinberg (Wed 2:20pm)

Posters by

Melike Akbiyik
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FIG. 1. A snapshot of (a) the total and (b) jet-induced
energy density distribution in the transverse plane of a semi-
central Pb+Pb collision at

p
sNN = 5.02 TeV from CoLBT-

hydro simulations with a Z-jet at the spatial rapidity ⌘s = 0
and proper time ⌧ = 4.6 fm/c. Straight (wavy) lines represent
the transverse momenta of partons (Z boson) and dashed
circles represent the two colliding nuclei.

duction and jet-induced medium response in high-energy
heavy-ion collisions. CoLBT-hydro couples jet propaga-
tion within the linear Boltzmann transport (LBT) model
[34] to the event-by-event (3+1)D CCNU-LBNL viscous
(CLVisc) hydrodynamic model [41] in real time through
a source term from the energy-momentum lost to the
medium by jet shower and recoil partons. The LBT
model [34] is based on the Boltzmann equation for both
jet shower and recoil partons with pQCD leading-order
elastic scattering and induced gluon radiation according
to the high-twist approach [42–45]. The final hadron
spectra from CoLBT-hydro include contributions from
the hadronization of hard partons within a parton re-
combination model [46] and jet-induced hydro response
via Cooper-Frye freeze-out. A freeze-out temperature
Tf = 137 MeV and specific shear viscosity ⌘/s = 0.08
together with the s95p parameterization of the equation
of state [47] and AMPT [48] or Trento [49] initial condi-
tions are used in CLVisc which can reproduce experimen-
tal data on bulk hadron spectra and anisotropic flows at
both RHIC and LHC energies [41]. For more detailed
descriptions of LBT and CoLBT-hydro model we refer
readers to Refs. [26, 27, 34, 50–52] and [29, 33].

PYTHIA8 [53] is used to generate initial Z/�-jet con-
figurations. The isospin dependence of the parton dis-
tribution functions (PDF) in a nucleus is considered but
other cold nuclear modification of the PDF is neglected
since it has negligible e↵ects on jet and hadron spec-
tra per Z/� trigger. The initial transverse positions of
Z/�-jets are sampled according to the binary nucleon-
nucleon collisions within the HIJING [54, 55] and the
AMPT model [48] which also provides initial conditions
for CLVisc hydro simulations. Partons from jet showers
as well as from MPI’s associated with the Z/� trigger
are allowed to propagate through the QGP and generate
medium response according to the CoLBT-hydro model.

FIG. 2. Modification factors IAA for Z-triggered yield of
charged hadrons as a function of ⇠T or ln(1/zT ) in semi-central
Pb+Pb collisions at

p
sNN = 5.02 TeV compared to (a) CMS

data [40] for pZT > 30 GeV/c, |��hZ | > 7⇡/8 and (b) ATLAS
data [56] for pZT > 60 GeV/c, |��hZ | > 3⇡/4.

To illustrate the jet-induced medium response in A+A
collisions, we show in Fig. 1 (a) the transverse distribu-
tion of the energy density at ⌧ = 4.6 fm/c in a semi-
central Pb+Pb collision with a Z-jet at

p
sNN = 5.02

TeV. The transverse momenta of hard partons are indi-
cated by arrowed lines and the direction of the Z trigger
by the wavy line. After subtracting the energy density
from the same hydro event without the Z-jet, we ob-
tain the energy density distribution of the jet-induced
medium excitation, which has a wake front (positive) and
the di↵usion wake (negative energy density) as shown
in Fig. 1 (b). The Z-jet shown in Fig. 1 is produced
o↵-center and propagates tangentially through the bulk
medium. The jet-induced medium response and hard
partons are therefore both distorted by the density gra-
dient and radial flow. Such asymmetrical distortion will
show up in the Z-hadron azimuthal correlation and will
provide an unambiguous signal of the di↵usion wake.
In CoLBT-hydro, hadron spectra associated with Z/�

production have contributions from both the hadroniza-
tion of hard partons and the jet-induced hydro response
which is calculated from the bulk hadron spectra with
Z/� trigger minus that from the same hydro events but
without Z/�. Shown in Fig. 2(a) (Fig. 2(b)) are the mod-
ification factors, IAA = dNhZ

AA/dN
hZ
pp , for charged hadron
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Systematics of parton energy loss
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Campaign of measurements in ATLAS to isolate what controls the physics
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Leverage the clean initial state of UPC 
events to make precision measurement 

of how the tau couples to photons 

decay 
muon

3-prong 
decay

Measurement in 2018 Pb+Pb data is 
immediately competitive with world 
best, and is stat. (not syst.) limited

ATLAS, hep-ex/2204.13478, in press PRL

M. Akbiyik, poster

ATLAS 2022

world best
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Pb+Pb test collisions @ 
5.36 TeV in Nov. 2022



Plans during LHC Run-3
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Many potential measurements in the HL-LHC era for Initial Stages topics:

Statistics-limited soft 
physics measurements

O+O and p+O - 
explore small systems 
with a novel geometry

ATL-PHYS-PUB-2018-0{18,20,39}

Lim et al, PRC 99 (2019) 044904
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SONIC O+O

FIG. 3. An example of time evolution of a O+O event from sonic; the color scale indicates the local temperature.
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FIG. 4. Comparison of vn and vn/h"ni as a function of pT in 0%–5% of three collision systems, p+O and O+O collisions atp
sNN = 7 TeV and p+Pb collisions at

p
sNN = 8.16 TeV.

hydrodynamic sonic parameters. An example event for
4He+Au is shown in Fig. 9. We then calculate the flow
coe�cients as a function of pT for both systems in the
highest 5% multiplicity events as shown in Fig. 10. The
resulting vn values are quite similar for the two systems,
though the translation from geometry as characterized
by vn/h"ni is larger for the 4He+Au system. To deter-
mine if this is related to the slightly higher multiplicity
or the more compact initial geometry, we make the com-
parison in Fig. 11 where the event categories are selected
to match in multiplicity. The results confirm that, just

as in the p+O, O+O, and p+Pb comparison above, it is
also true in the 3He+Au and 4He+Au case that the more
compact source leads to larger flow.
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Results at Initial Stages ‘23
Initial state of the nucleus:

• -  correlations in Pb+Pb and Xe+Xe


•  in hadronic Pb+Pb collisions

• dijet production in  

vn [pT]
γγ → μ+μ−

γ + A

Initial state of the proton: 

• Flow decorrelations in pp (and Xe+Xe)

• Correlation between “centrality” and dijet 

kinematics in p+Pb

36

Final state effects in small systems:

• Jet-hadron correlations in p+Pb

• Collective behavior in pp with jets

• Correlation between  & UE in ppΥ(1,2,3S)

Other highlights:

• Systematic studies of parton energy loss

•  to constrain 

• … many more in ATLAS HI Public Results

γγ → ττ̄ gτ − 2

Parallel talks by 

Riccardo Longo (Tue 4:10pm) 
Pengqi (Bill) Yin (Wed 4:50pm) 
Peter Steinberg (Wed 2:20pm)

Posters by

Melike Akbiyik 
Alexander Milov

Somadutta Bhatta 
Blair Seidlitz

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Ukrainian embassy in Copenhagen, March 2022

Rally in Copenhagen, February 2022


