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ATLAS Highlights 



Advances
• Jet modification and  
• Medium response

进展

Innovations
• Dijet for studying centrality bias and nuclear break up 
• Improved understanding of photonuclear interactions  
• New testing ground for particle physics

Future Perspectives
• New track trigger in Run3 
• Exciting heavy ion runs in 2024/2025 
• New detector planned for Run4

创新

展望
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Dijet asymmetry 
Historical perspective

Run 3

Run 2

Run 1
Initial observation of 
asymmetric dijets 
PRL 105 (2010) 252303

Unfolded  distributions 
PLB 774 (2017) 379

xJ

Absolutely normalized yields 
PRC 107 (2023) 054908

Photon-jet balance 
PLB 789 (2019) 167

Today: 
-Geometric dependence 
Xe+Xe vs Pb+Pb 

-New/final results comparing 
Different R values

Theme: 
Continual improvement in 
methodology and precision, 
and refinement in answering 
physics questions Sketch from A. Aaron, QM2023

Advances



Qipeng Hu (USTC)

Single inclusive jet RAA

4

PLB 790 (2019) 108
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• ATLAS has successfully controlled the single jet RAA systematics to the few-percent level with 2015 data 
• Widely used in constraining quenching models
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• Probe the absolute dijet yield suppression and relative 
suppression between leading and sub-leading jets at 
the same time

PRC 107 (2023) 054908
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• New ATLAS dijet measurements reveal the R-dependence of absolute dijet asymmetry 
• While JETSCAPE successfully describes the R-dependence for symmetric dijets, it fails 

to do so for asymmetric dijets
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T

arXiv:2407.18796

Leading jet

Subleading jet

https://arxiv.org/abs/2407.18796
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• Strong R-dependence for imbalanced dijets 
• Smaller-R dijets are more suppressed
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arXiv:2407.18796 
ATL-PHYS-PUB-2022-020

• Leading and subleading jet  are probing different population 
of dijet events, useful differential information to improve modeling
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Figure 4: The (a,c) leading and (b,d) subleading dĳet yields in (a,b) 0–10% central Pb+Pb collisions and the dĳet
cross sections in (c,d) ?? collisions as a function of ?T for the various jet radii. Jets are selected with |H | < 2.1
and |q1 � q2 | > 7c/8. The normalization uncertainties (not shown) are Xh)AAi/h)AAi = 0.9% in 0–10% Pb+Pb
collisions and X!??/!?? = 1% in ?? collisions. The boxes correspond to systematic uncertainties and the bars to
statistical uncertainties.
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Similarly, the dĳet-yield-normalized GJ distributions are defined as:

1
#pair

d#pair

dGJ
, (8)

with a normalization that was used in previous dĳet measurements [20–23].

The absolutely normalized GJ distributions allow a direct comparison between the dĳet rates measured in
Pb+Pb and ?? collisions. This comparison is quantified by the ratio:
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Finally, the absolutely normalized GJ distributions can be integrated over the measurement range of
0.32 < GJ < 1.0 (and the corresponding ranges in ?T,1 and ?T,2) to construct the absolutely normalized
dĳet yields in Pb+Pb collisions:
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and the dĳet cross sections in ?? collisions:
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2 ATLAS detector

The ATLAS detector [24] at the LHC is a multipurpose particle detector with a forward–backward
symmetric cylindrical geometry and a near-4c coverage in solid angle. It consists of an inner tracking
detector surrounded by a thin superconducting solenoid, electromagnetic and hadron calorimeters, and
a muon spectrometer. The inner-detector system is immersed in a 2 T axial magnetic field and provides
charged-particle tracking in |[ | < 2.5. The high-granularity silicon pixel detector covers the vertex region
and typically provides four measurements per track, with the first hit typically being in the insertable
B-layer installed before Run 2 [27, 28]. It is followed by the silicon microstrip tracker (SCT), which
usually provides eight measurements per track. These silicon detectors are complemented by the transition
radiation tracker, a drift-tube-based detector, which surrounds the SCT and has coverage up to |[ | = 2.0.

The calorimeter system covers the pseudorapidity range |[ | < 4.9. In the region |[ | < 3.2, electromagnetic
calorimetry is provided by barrel and endcap high-granularity lead/liquid-argon (LAr) calorimeters, with
an additional thin LAr presampler covering |[ | < 1.8 to correct for energy loss in material upstream of
the calorimeters. Hadronic calorimetry is provided by the steel/scintillator-tile calorimeter, segmented
into three barrel structures in |[ | < 1.7, and two copper/LAr hadronic endcap calorimeters. The solid
angle coverage is completed with copper/LAr and tungsten/LAr calorimeter modules (FCal), covering
the forward regions of 3.1 < |[ | < 4.9. Minimum-bias trigger scintillators detect charged particles over
2.1 < |[ | < 3.9 using two hodoscopes of 12 counters, positioned at I = ±3.6 m along the beamline from
the center of the ATLAS detector, which are used for the minimum bias triggers and data samples. The
zero-degree calorimeters (ZDC) consist of layers of alternating quartz rods and tungsten plates and are
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integrate over pT2 from 0.32 < xJ < 1.0 → dijet yields as a function of pT1 (swapping 
indices of course works too)

Jets are reconstructed using the anti-:C algorithm [25] with radius parameters ' = 0.2, 0.3, 0.4, 0.5 and 0.6.
The analysis is conducted independently for each of the jet radius values. In each case, the leading
dĳets are constructed from the two highest-?T jets in the event and are required to have the two jets
nearly back-to-back in azimuth with |q1 � q2 | > 7c/8 and |H | < 2.12. Leading jets are reported with ?T
values from 100 to 562 GeV for ' = 0.2, 0.3 and 0.4 and from 158 to 562 GeV for ' = 0.5 and 0.6. To be
consistent with Refs. [20, 21], subleading jets are reported down to GJ values of 0.32 for each leading jet ?T
selection. Events in which the two highest-?T jets do not meet the selection criteria are discarded.

The primary observable for this measurement is the two-dimensional yield of leading dĳets (#pair) meeting
the selection criteria described above:

d2
#pair

d?T,1d?T,2
. (3)

Analogously to 'AA in Eq. (1), the pair nuclear modification factors for dĳets as a function of the leading
and subleading jet ?T can be defined as:
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where h)AAi and #
AA
evt are defined the same way as in Eq. (1), !?? is the integrated luminosity of the

?? collisions [26], and #
??

pair and #
AA
pair are the dĳet yields in ?? and Pb+Pb collisions, respectively. By

integrating over ?T,2 (?T,1), one can access information from '
pair
AA (?T,1) ('pair

AA (?T,2)) about the differential
rate of dĳet production in leading (subleading) jet ?T bins. Comparison of these two quantities at a fixed
jet ?T provides information about the suppression of leading and subleading jets in a dĳet. These quantities
were first shown in Ref. [21].

Additionally, projections of the two-dimensional (?T,1, ?T,2) distributions can be used to construct GJ
distributions as a function of ?T,1 and ?T,2. The GJ values, as defined in Eq. (2), are reported for
0.32 < GJ < 1.0 for selections in ?T,1. This paper presents results of the absolutely normalized GJ
distributions in ?? collisions:

1
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d# ??

pair

dGJ
(6)

and in Pb+Pb collisions:
1

h)AAi#AA
evt

d#AA
pair

dGJ
. (7)

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector,
and the I-axis along the beam pipe. The G-axis points from the IP to the center of the LHC ring, and the H-axis points upward.
Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis. The pseudorapidity
is defined in terms of the polar angle \ as [ = � ln tan(\/2). The rapidity is defined as H = 0.5 ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢

and ?I are the energy and I-component of the momentum along the beam direction, respectively. Transverse momentum and
transverse energy are defined as ?T = ? sin \ and ⇢T = ⇢ sin \, respectively. The angular distance between two objects with
relative differences �[ in pseudorapidity and �q in azimuth is given by �' =

p
(�[)2 + (�q)2.
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Figure 6: The leading and subleading jet 'pair
AA distributions in dĳets as a function of jet ?T for (a) ' = 0.2 and (b)

' = 0.6 jets in 0–10% Pb+Pb collisions. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The normalization
uncertainties (not shown) are Xh)AAi/h)AAi = 0.9% in 0–10% Pb+Pb collisions and X!??/!?? = 1% in ??

collisions. The boxes correspond to systematic uncertainties and the bars to statistical uncertainties.
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8
subleading jets more suppressed than leading jets

arXiv:2407.18796

https://arxiv.org/abs/2407.18796
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PRL 131 (2023) 172301 
PRC 107 (2023) 054909

2

-0.4 -0.2 0 0.2 0.4

-0.4
-0.2
0

0.2
0.4
0
5
10
15
20
25

-0.4 -0.2 0 0.2 0.4

-0.4
-0.2
0

0.2
0.4
0
5
10
15
20
25

r?⇤med
r?⇤med

FIG. 1. A sample jet event resolved with Rmed = 0.1 (left

panel) and 0.15 (right panel). The blue histogram denotes

the hardest resolved sub-jet, the green the next-to-hardest

one, while the pink histogram denotes soft fragments.

only loosing energy by induced radiation as a single par-
ton. As will be shown below, for typical LHC kinematics
there is a significant probability that the experimentally
reconstructed jet with cone parameter R accommodates
only one resolved charge which contains the leading con-
stituents carrying nearly all of the total jet transverse
energy.

From the antenna to the jet. The dynamics of a
QCD jet in vacuum is described in terms of the scales
of the problem. The initial hardness, given by the jet
transverse mass E⇥jet, where E is the jet energy and ⇥jet

its aperture, is distributed among several constituents in
the course of a branching process. Multiple emissions in
the shower are governed by color coherence which can
most easily be understood in the context of the antenna
radiation, the soft gluon radiation o↵ a pair of highly
energetic color correlated partons. The antenna serves
as the building block for a probabilistic scheme of jet
evolution.

In the radiation process from any such antenna of
opening angle ⇥, the emitted gluon transverse wave-
length �?, which is related to its transverse momentum
by �? ⇠ 1/k?, needs to be compared to the transverse
separation of the pair at the time of formation of the
gluon, r? = ⇥ tf, with tf ⇠ k2

?/! and ! the gluon fre-
quency . If �? > r?, the gluon cannot resolve the two
components of the antenna which act coherently as a sin-
gle emitter; in the opposite case, when �? < r?, the
radiative spectrum is the superposition of independent
gluon emissions o↵ each of the antenna components. In
other words, radiation with �? > r? is only sensitive to
the total charge. This relation takes a particularly simple
form for the angular distribution of gluons, namely glu-
ons emitted at small angles ✓ < ⇥ resolve the individual
charges while those with ✓ > ⇥ behave as if emitted o↵
the total charge. This generic feature is responsible for

the angular ordering constraint [5].
The presence of a deconfined medium introduces a new

transverse length scale into the problem, which we sim-
ply denote by ⇤med, defining the transverse size of the
color correlations of the plasma as seen by a probe. The
response of a single, energetic parton immersed in this en-
vironment is the radiation of modes with k? . 1/⇤med,
giving rise to an energy depletion of the projectile. The
nature of this radiation has been extensively discussed
in the literature and is generically referred to as the
BDMPS-Z spectrum [6]. For more than one simultane-
ously propagating parton, this medium-induced compo-
nent will also be accompanied by a modification of the
color correlation structure among the di↵erent charges
[4], which we proceed to discuss.

Let us start by the simplest case of a single antenna
in a static and homogeneous medium of length L. The
maximal degree of decoherence, due to color randomiza-
tion, of the two constituents of the antenna is controlled
by [4]

�med ' 1 � e� 1
12 q̂Lr2? ⌘ 1 � e�(⇥/✓c)

2

. (1)

Here q̂ is the well known quenching parameter, character-
izing the degree of momentum broadening in the trans-
verse plane per unit length, and r? = ⇥L. Moreover,
1/⇤2

med ⌘ q̂L. Since the first jet splitting defines the
largest antenna in the jet, it is now simple to discuss the
two possible scenarios, depicted in Fig. 1, for a jet with
opening angle ⇥ = ⇥jet.

When ⇥jet ⌧ ✓c, the whole jet is not resolved by the
medium. Therefore, all its components act as a single
emitter. This gives rise to two central consequences.
Firstly, the fragmentation pattern of the jet is unmod-
ified compared to the vacuum. Secondly, the jet energy
is depleted coherently proportionally to the color charge
of the jet initiator (e.g., with color charge CR = CF in the
case of a quark jet). In other words, for a jet energy loss
�E, each parton reduces its energy by a constant factor
1��E/E. This is a manifestation of color transparency
for highly collimated jets.

For the case ⇥jet � ✓c, on the other hand, some parts
of the jet can be resolved by the medium depending on
the formation time of the di↵erent jet fragments. Nev-
ertheless, the partons within the jet may be reorganized
into a reduced e↵ective number of emitters which are sen-
sitive to medium e↵ects in the shower.
An estimate of the relevance of color coherence

for LHC conditions. As a proof-of-principle study,
we have analyzed the transverse structure of vacuum
jet showers in the kinematic range of the LHC. Using
PYTHIA 8.150 [7], we studied jet events at partonic level
in p+p collisions at 2.76 TeV identified via the anti-kt al-
gorithm, as implemented in FastJet 3.0.3 [8]. Since the
resolution power of the medium depends upon the ge-
ometry encountered by the jet, we have embedded these
events into an evolution model for the plasma. Each
event was assigned a production point in the transverse
plane according to the Ncoll distribution in the Glauber

Casalderrey-Solana et al. 
PLB 725 (2013) 357

• Color decoherence can be study via hard splitting angle dependence of jet quenching 
• Two measurements extracting opening angles between hard splittings in jets at complementing values

ΔR12 = Δϕ2
12 + Δy2

12
R = 1.0

R = 0.2

Update 
constituents with 
particle flow alg.

R = 0.4

min(pT,1, pT,2)
pT,1 + pT,2

> 0.2

Recluster & 
soft drop

rg = Δϕ2
12 + Δη2

12

Re-clustered large-R jet

De-clustered groomed jets

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.172301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.054909
https://linkinghub.elsevier.com/retrieve/pii/S0370269313006102
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Jet substructure — cont.
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• Decoherence angular scale (0.1 ~ 0.2) observed in both de-clustered groomed jets and re-
clustered large-R jets: significant larger energy loss above the scale

PRL 131 (2023) 172301 
PRC 107 (2023) 054909
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Jet substructure — cont.
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• Jet energy loss is most directly correlated 
with the jet substructure not jet pT
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R-dependence of inclusive jet RAA
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PRL 131 (2023) 172301

• At pT > 100 GeV, R = 0.4 jets are slightly more suppressed than R = 0.2 jets, consistency 
between ATLAS and CMS 

• Tension between ATLAS and ALICE at low pT

R = 0.2

R = 0.4

Radial scan

35

● Comparison of inclusive jets from different experiments. 

Tension between result…
● Larger systematics
● Charged vs full jet?
● 2.76 TeV vs 5.02 TeV & 

slightly different 
phase-space can not 
explain the difference.

● Lower-level details & 
comparison is needed. 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.172301
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Analysis selections
• Centrality 0-10% 

• Photons 
➡ 90-180 GeV and | |<2.37 
➡ only leading prompt Isolated photons  

(direct+fragmentation photons) 

• Jets 
➡  > 40 GeV and | |<2.5 
➡ only leading jets in ( ,jet) > 3 /4  

• Tracks 
➡ 0.5-2 GeV and | |<2.5 
➡ (jet, track) > /2 

• Three  regions: ,  and 

ϕ

pT ϕ
Δπ γ η

ϕ
Δπ η

xJγ 0.3 < xJγ < 0.6 0.6 < xJγ < 0.8 0.8 < xJγ < 1.0

Δπ(h, jet), Δϕ(h, jet)
Jet

γ

→ low-pT tracks; sensitive to the medium response 

→ in the opposite hemisphere 

less jet energy losslarger jet energy loss
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FIG. 3. CoLBT-hydro results on �-triggered jet-hadron cor-
relation for soft hadrons (pT = 0-2 GeV/c) in �⌘ = ⌘h � ⌘jet
and �� = �h � �jet in (a) p + p and (b) 0-10% Pb+Pb col-
lisions at

p
sNN = 5.02 TeV, with the same kinematics as in

Fig. 1.

a charged track, r =
p

(�trk � �jet)2 + (⌘trk � �jet)2 is
the distance between the track and the jet axis in rapid-
ity (⌘) and azimuthal angle (�). The summation is over
all jets within the kinematic cuts and over an annulus
of width �r with respect to the jet axis in the numera-
tor and over the jet cone R = 0.3 in the denominator.
Both CoLBT-hydro and experimental data [59] show a
significant broadening of the jet shape toward the edge
of the jet cone due to the jet-induced medium response
and medium-induced gluon radiation. The same mech-
anisms also lead to the enhancement of soft hadrons in
the jet fragmentation function [22, 34]. However, it is
di�cult to separate the two mechanisms in both the ex-
perimental data and CoLBT-hydro simulations.

3. 3D structure of the di↵usion wake.—To find out the
3D structure of the jet-induced medium response in the
momentum space, we plot in Fig. 3 the jet-hadron cor-
relations in �⌘ = ⌘h � ⌘jet and �� = �h � �jet for soft
hadrons in pT 2 (0, 2) GeV/c in (a) p+ p and (b) 0-10%
central Pb+Pb collisions at

p
sNN = 5.02 TeV. The cor-

relation in p+ p collisions has a peak around the jet axis
for hadrons from the jet on top of a ridge along the az-
imuthal angle from MPI (a small fraction ⇠ 20% of this
ridge comes from initial state radiation). In Pb+Pb col-
lisions, the jet peak is clearly enhanced by both the recoil
and radiated partons as a result of the jet modification.
This is consistent with soft hadron enhancement in the
modified jet fragmentation functions [22, 23, 34]. In the
azimuthal angle region |��| > ⇡/2 opposite to the jet
axis around |��| = ⇡, however, a valley is formed on top
of the MPI ridge due to the depletion of soft hadrons by
jet-induced di↵usion wake. We refer this as the di↵usion
wake (DF-wake) valley. We will focus on the structure
of this valley in rapidity �⌘ as a unique signal of the
di↵usion wake in the remainder of this Letter.

To examine the structure of the DF-wake valley in de-
tail, we plot in Fig. 4 the jet-hadron correlation (a) as

FIG. 4. CoLBT-hydro results on �-triggered jet-hadron cor-
relation (a) in �⌘ within |��| > ⇡/2 and (b) in �� within
|�⌘| < 2.2 for soft hadrons within pT = 0-2 GeV/c (red) and
pT = 1-2 GeV/c range (blue) in p + p (dashed) and 0-10%
central Pb+Pb (solid) collisions at

p
sNN = 5.02 TeV. The �-

jet kinematics is the same as in Fig. 1. The black dot-dashed
line is the 2-Gaussian fit using Eq. (2).

a function of rapidity �⌘ in the region |��| > ⇡/2 and
(b) as a function of �� in the region |�⌘| < 2.2 for
soft hadrons in p+p (dashed) and 0-10% central Pb+Pb
(solid) collisions [60]. The Gaussian-like MPI ridge of
the correlation in p+p collisions comes from independent
minijets in MPI. In Pb+Pb collisions, these minijets are
also quenched, leading to enhancement of soft hadrons
and suppression of high pT hadrons. Their rapidity-
azimuthal distributions, however, remain a Gaussian-like
ridge plus a valley due to the di↵usion wake. The DF-
wake valley on top of the MPI ridge gives rise to a double
peak feature in the rapidity distribution of the jet-hadron
correlation in Fig. 4 (a). The DF-wake valley is the deep-
est in the direction opposite to the jet axis (|��| = ⇡).
As one moves toward the jet axis in azimuthal angle, the
valley gradually gives away to the jet peak starting at
around |��|  ⇡/2 as seen in Figs. 3(b) and 4(b).
In order to disentangle the DF-wake valley and MPI

ridge in the jet-hadron correlation, we use a 2-Gaussian,

F (�⌘) =

Z ⌘j2

⌘j1

d⌘jF3(⌘j)(F2(�⌘, ⌘j) + F1(�⌘)), (2)

to fit the rapidity distribution of the correlation,
where F1(�⌘) = A1e��⌘2/�2

1 is the DF-wake valley,

F2(�⌘, ⌘j) = A2e�(�⌘+⌘j)
2/�2

2 is the MPI ridge, F3(⌘j)
is the self-normalized Gaussian-like rapidity distribution
of �-triggered jets from CoLBT-hydro simulations, and
⌘j1,j2 define the jet rapidity range in the analysis. We
assume that the DF-wake valley and MPI ridge are both
Gaussian-like. The dot-dashed line in Fig. 4(a) demon-
strates the robustness of the 2-Gaussian fit to the double
peak structure. We will only focus on soft hadrons in the
pT =1–2 GeV/c range in the following analyses.
Since the �-jet asymmetry distribution in Pb+Pb col-

lisions is modified by jet energy loss as shown in Fig. 1,
one can use xj� to select events with di↵erent jet energy
loss which is controlled by the jet propagation length
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of width �r with respect to the jet axis in the numera-
tor and over the jet cone R = 0.3 in the denominator.
Both CoLBT-hydro and experimental data [59] show a
significant broadening of the jet shape toward the edge
of the jet cone due to the jet-induced medium response
and medium-induced gluon radiation. The same mech-
anisms also lead to the enhancement of soft hadrons in
the jet fragmentation function [22, 34]. However, it is
di�cult to separate the two mechanisms in both the ex-
perimental data and CoLBT-hydro simulations.

3. 3D structure of the di↵usion wake.—To find out the
3D structure of the jet-induced medium response in the
momentum space, we plot in Fig. 3 the jet-hadron cor-
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ridge comes from initial state radiation). In Pb+Pb col-
lisions, the jet peak is clearly enhanced by both the recoil
and radiated partons as a result of the jet modification.
This is consistent with soft hadron enhancement in the
modified jet fragmentation functions [22, 23, 34]. In the
azimuthal angle region |��| > ⇡/2 opposite to the jet
axis around |��| = ⇡, however, a valley is formed on top
of the MPI ridge due to the depletion of soft hadrons by
jet-induced di↵usion wake. We refer this as the di↵usion
wake (DF-wake) valley. We will focus on the structure
of this valley in rapidity �⌘ as a unique signal of the
di↵usion wake in the remainder of this Letter.
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central Pb+Pb (solid) collisions at
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jet kinematics is the same as in Fig. 1. The black dot-dashed
line is the 2-Gaussian fit using Eq. (2).

a function of rapidity �⌘ in the region |��| > ⇡/2 and
(b) as a function of �� in the region |�⌘| < 2.2 for
soft hadrons in p+p (dashed) and 0-10% central Pb+Pb
(solid) collisions [60]. The Gaussian-like MPI ridge of
the correlation in p+p collisions comes from independent
minijets in MPI. In Pb+Pb collisions, these minijets are
also quenched, leading to enhancement of soft hadrons
and suppression of high pT hadrons. Their rapidity-
azimuthal distributions, however, remain a Gaussian-like
ridge plus a valley due to the di↵usion wake. The DF-
wake valley on top of the MPI ridge gives rise to a double
peak feature in the rapidity distribution of the jet-hadron
correlation in Fig. 4 (a). The DF-wake valley is the deep-
est in the direction opposite to the jet axis (|��| = ⇡).
As one moves toward the jet axis in azimuthal angle, the
valley gradually gives away to the jet peak starting at
around |��|  ⇡/2 as seen in Figs. 3(b) and 4(b).
In order to disentangle the DF-wake valley and MPI

ridge in the jet-hadron correlation, we use a 2-Gaussian,

F (�⌘) =

Z ⌘j2

⌘j1

d⌘jF3(⌘j)(F2(�⌘, ⌘j) + F1(�⌘)), (2)

to fit the rapidity distribution of the correlation,
where F1(�⌘) = A1e��⌘2/�2

1 is the DF-wake valley,

F2(�⌘, ⌘j) = A2e�(�⌘+⌘j)
2/�2

2 is the MPI ridge, F3(⌘j)
is the self-normalized Gaussian-like rapidity distribution
of �-triggered jets from CoLBT-hydro simulations, and
⌘j1,j2 define the jet rapidity range in the analysis. We
assume that the DF-wake valley and MPI ridge are both
Gaussian-like. The dot-dashed line in Fig. 4(a) demon-
strates the robustness of the 2-Gaussian fit to the double
peak structure. We will only focus on soft hadrons in the
pT =1–2 GeV/c range in the following analyses.
Since the �-jet asymmetry distribution in Pb+Pb col-

lisions is modified by jet energy loss as shown in Fig. 1,
one can use xj� to select events with di↵erent jet energy
loss which is controlled by the jet propagation length
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Follow proposal of CoLBT PRL 130 
(2023) 052301 look at photon-jet: 
depletion in charged particle 
production opposite to the jet in 𝝓

• No significant diffusion wake within the present uncertainties.

0.3 < xJγ < 0.6

Yeonju Go (BNL) SoftJet 2024 @ Tokyo, Japan / 2024 September 28-29

•  indicates the relative modification of bulk medium 

• No clear diffusion wake signal found within uncertainties for the higher  regions 

• Small diffusion wake signal shown in the lowest  region 

Ycorr /Yuncorr
xJγ

xJγ

12

Relative yield ratio: Ycorr/Yuncorr
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Jet-induced diffusion wake — Cont.
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CMS-PAS-HIN-23-006

Yeonju Go (BNL) SoftJet 2024 @ Tokyo, Japan / 2024 September 28-29 13

• There is a clear but small diffusion wake dip at the lowest xJγ

Diffusion wake signal
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Comparison between ATLAS vs CMS

CMS preliminary 0-30%

• Both results shows diffusion wake dip, qualitatively consistent with each other
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See also Yen-jie and Yi’s talks 
• Central value indicates ~0.5% depletion ~ 0.5 particle per unit reduction due to wake;  
• 𝛾+jet sampel contains ~ 20% fragmentation 𝛾 

• No obvious inconsistency with CMS Z+jet results

https://arxiv.org/abs/2408.08599


Little parade float by my daughter at age of  3, after 
seeing Disney Parade

Innovation emerges through dedication and 
perseverance 
- Enlarge the impact of delivering physics 
- Open doors for more sophisticated studies

Innovations
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Jet in p+Pb
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PLB 748 (2015) 392

• Run1 ATLAS p+Pb measurements show jet RpPb consistent with unity, while jet RCP decreases with 
increasing jet pT and varies with jet rapidity 

• Scale with jet energy in proton-going direction indicate the parton kinematics play a key role
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This Letter presents measurements of the centrality dependence of the differential dĳet yield in ATLAS
?+Pb data at an NN center-of-mass energy of 8.16 TeV. It uses data collected in 2016 corresponding
to an integrated luminosity of 165 nb�1. The LHC was configured with a 6.5 TeV proton beam and a
Pb beam with an energy of 2.56 TeV per nucleon. In this measurement, positive (negative) rapidities
correspond to the proton-going (Pb-going) direction. The beam configuration resulted in a rapidity shift of
the center-of-mass by +0.465 units in the proton-going direction relative to the laboratory frame.

The measurement presented here was performed using the ATLAS calorimeters, inner detector, trigger,
and data acquisition systems [21]. The calorimeter system consists of a sampling liquid-argon (LAr)
electromagnetic (EM) calorimeter covering |[ | < 3.2,1 a steel-scintillator sampling hadronic calorimeter
covering |[ | < 1.7, LAr hadronic calorimeters covering 1.5 < |[ | < 3.2, and two LAr forward calorime-
ters (FCal) covering 3.2 < |[ | < 4.9. The EM calorimeters are segmented longitudinally in shower depth
into three layers with an additional presampler layer covering |[ | < 1.8. The hadronic calorimeters have
three sampling layers longitudinal in shower depth in |[ | < 1.7 and four sampling layers in 1.5 < |[ | < 3.2,
with a slight overlap in [. During the 2016 ?+Pb Run, a sector of the hadronic endcap calorimeter (HEC),
corresponding to 1.5 < [ < 3.2 and �c < q < �c/2 was disabled. An extensive software suite [22] is
used in data simulation, in the reconstruction and analysis of real and simulated data, in detector operations,
and in the trigger and data acquisition systems of the experiment.

The dĳet yield was measured as a function of

?T,Avg =
?T,1 + ?T,2

2
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H
c.m.
1 + H

c.m.
2

2
, and H

⇤ =
|Hc.m.

1 � H
c.m.
2 |

2
, (1)

where the superscript “c.m.” denotes variables translated in the center-of-mass frame of the collision,
while the subscripts 1 and 2 refer to the jets with the highest (leading) and second-highest (sub-leading) ?T
in a given event, respectively. ?T,Avg is the average transverse momentum, and Hb and H

⇤ are the boost, and
the half rapidity separation of the dĳet system, respectively. Note that H⇤ is directly related to the 2!2
scattering angle. These variables can be approximately related to
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?T,14

H
c.m.
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2?T,Avgp

BNN

4
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4
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the longitudinal momentum fractions carried by the incident partons in a 2!2 QCD scattering in the
proton and Pb nucleus, respectively.

Centrality in ?+Pb collisions can be directly related to the number of inelastic collisions between the proton
and the nucleons bound in the Pb nucleus. In this analysis, centrality was characterized using the total
transverse energy, ⌃⇢Pb

T , measured in the FCal in the Pb-going direction [9, 23, 24], with the resulting
distribution being divided into percentiles. A Glauber Monte Carlo (MC) model [25, 26] was used to relate
⌃⇢Pb

T to the average value of the nuclear thickness function, )AB [27], in a given centrality class. The
reported results were obtained using the 0–10% (central) and 60–90% (peripheral) centrality intervals. The

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the center of the LHC ring, and the H-axis points upwards.
Cylindrical coordinates (d,q) are used in the transverse plane, q being the azimuthal angle around the I-axis. The pseudorapidity
is defined in terms of the polar angle \ as [ = -ln tan(\/2). Angular distance is measured in units of �' ⌘

p
(�[)2 + (�q)2.
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Dijet events in 8.16 TeV p+Pb data: combined over 
20 jet triggers to maximize the kinematic coverage, 
and performed meticulous jet calibration for 
improved precision

• Striking log-linear dependence of jet RCP on xp 
• RCP(xp) is qualitatively described by the color fluctuations: smaller than average interaction 

strength at large xp

p+Pb
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• Decreasing UE energy and break-up neutrons with 
increasing xp 

• UE is more sensitive to the change in xp
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Zero degree calorimeters (ZDC) z=±140m: forward neutrons & photons |η|>8.3
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Zero-Degree Calorimeter (ZDC) 
, break-up neutrons from nucleusη > 8.3

ATLAS ZDCs
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• Correlation between UE energy and break-up neutrons becomes weaker with increasing xp 
• Scaling of UE energy and break-up neutrons at low ZDC energy, fluctuation of break-ups when UE 

energy saturated 
• Offer a new approach to exploring hard-scattering biases in UE based centrality classifications and 

biases in modeling nuclear break-ups
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Figure 7: Template fits of the
Õ

� �⌘ distributions for several bins in z�, with nominal analysis selections applied. The
P����� 8 Direct and Resolved MC samples provide the two contributions to the signal, and the hadronic background
sample
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P����� 8 Direct and Resolved MC samples provide the two contributions to the signal, and the hadronic background
sample

:::::::
template

:
is derived from a fitted combination of MC simulation and pp data.

:::
The

::::::
bottom

:::::
panel

::::::
shows

:::
the

::::
ratio

::
of

:::
the

::::
data

::
to

:::
the

:::::::
template

::
fit

::::::
results

::
in

::::
open

:::::::
markers

::::
and

:::
the

::::
ratio

::
to

::::
each

:::::::
template

::::::::::
component

::
as

:::
the

:::::::
hatched

:::::
bands.

::::
The

::::::
orange

::::::
dashed

:::
line

:::::::
denotes

:::
the

:::::::
nominal

:::
gap

:::::::::
selection.

this background due to
:::::
given

:
the low rate of contamination shown in Figure 9. Since the background450

contamination rates are so small, no subtraction is applied and no additional uncertainty is considered on451

the measurement resulting from imperfections in these template fits.452

The nucleus-going gap requirement
:::
gap

:::::::::::
requirement

::
in

::::
the

::::::::::::
nucleus-going

:::::::::
direction (�⌘A < 3) is employed453

to remove backgrounds resulting from two sources: � + IP ! jets and NBU � + A ! jets, both of454

which may contaminate the 0nXn sample in the BU case. The � + IP ! jets background is simulated455

using a P����� 8 sample where the pomerons are emitted coherently by the entire nucleus, softening456

the pomeron energy spectrum. For the NBU � + A ! jets background, the contamination is only457

important when uncorrelated nuclear breakup causes the photon-going direction to be mis-identified by458

the ZDCs, manifesting as “reverse” � + A ! jets events. These backgrounds are modelled
:::::::
modeled

:
in459

template fits using a P����� 8 � + A ! jets sample, with its coordinate system inverted such that the460

photon-emitting nucleus moves in the negative direction. A template fit to the �⌘A distribution is shown in461

Figure 8, demonstrating the strong
:::::
good description these background models provide for the observed462

distributions. In Figure9, the results are shown for extrapolating the background contamination within463

the
::::::
Figure

:
9
::::::
shows

:::
the

:::::::::::
background

:::::::::::::
contamination

::
at
::::::::
di�erent

:
z� ::::::

values
:::
for

::::::
several

:::::
edge

:::
gap

:::::::::::::
requirements,464

::::::::
including

:::
the

:::::::
region

::::
used

:::
for

:::
the

:
event selection (�⌘A < 3 ), demonstrating

:::
and

:::::::::::::

Õ
� �⌘ > 2.5).

:::::
This

::::::
figure465

::::::::::::
demonstrates that the rate of background contamination is small enough to be neglected, so no subtraction466

is applied to the data. Studies of NBU � + A ! jets processes in a separate 0n0n sample indicate that they467

occur at a rate of about 4% of the 0nXn case. Since this rate is small compared to the total uncertainties on468

the measurement described in Section 6, no attempt is made to correct for it.469

A comparison of the rates for direct vs.
::::
The

:::::::
di�erent

:::::::
shapes

::
of

::::
the

:::::
direct

::::
and resolved photon processes470

between data and
::::
seen

::
in

::::::
Figure

::
7
::::
can

:::
be

::::
used

:::
in

:
a
::::::::
template

:::
fit

::
to

:::::::
extract

:::
the

:::::
rates

::
of

:::::
these

:::::::::
processes

:::
in471

::::
data

::
as

::
a

::::::::
function

::
of

:
z�,

:::::::
thereby

:::::::::
allowing

:
a
:::::::::::
comparison

:::::
with

:::
the

:::::::::::
predictions

::::
from

::::
the P����� 8MC can472

be performed using the results of the background template-fitting procedure shown in Figure 7, where473

the relative proportions of the direct and resolved photon templates are allowed to vary. While the
::::
MC.474

:::
The

:
shapes of the

Õ
� �⌘ templates are derived from P����� 8and thus perhaps reflect limitations in475

the LO modeling , it is also possible that the LO cross-sections for the direct and resolved processes in476
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After years of dedicated efforts, we have a better understanding of photonuclear UPCs with jets: 
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• Measured break-up corrections to enable direct model comparison 
• Extended p-flow jet pT down to 15 GeV while keep control over systematic
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Figure 10: The fraction of events resulting from direct photon processes, extracted from template fits of the
Õ

� �⌘
distributions, compared to the results from P����� 8 using CJKL photon PDFs. Several di�erent intervals in HT are
shown. Error bars represent statistical uncertainties only.

slightly higher fraction at larger z�, with stronger
:::::
better

:
agreement at large HT.486

5.3 Data-MC comparison487

With the application of the above-described corrections
:::::::::
corrections

:::::::::
described

::::::
above

:
and a data-driven488

correction for breakup of the photon-emitting nucleus
:::
(see

:::::::
Section

:::
7), distributions of � + A events from489

the data can be compared to the same distributions obtained from the P����� 8 MC sample. This is done490

by scaling di�erential cross-sections obtained from P����� 8 by the integrated luminosity used in the491

measurement and comparing the result to the di�erential distribution of Ncorr, the corrected yields, in the492

data. The gap selections used in the analysis are not applied to the P����� 8 sample since the data is493

already corrected for e�ects described in Section 5.1, but the same requirements on reconstructed jets are494

applied and the kinematic quantities for P����� 8 are obtained from reconstructed jets.495

Figure 11 shows distributions of the jet multiplicity and the azimuthal angle separation, ��, between the496

two jets having the highest p
jet
T values in the event. The P����� 8 prediction systematically underestimates497

the rate for events with more than two jets, likely because it only includes LO hard-scattering matrix498

elements. This aspect of P����� 8 is most likely responsible for the disagreement in the �� distribution for499

�� . 2.5 rad.500

Figure 12 shows a comparison of yjets and HT distributions between P����� 8 and data with corrections as501

described in Section 5.1. In both MC and data, the yjets distributions are shifted toward the nucleus-going502

direction because the typical photon energy is much smaller than that of the parton from which it scatters.503

The yjets distribution in data appears to be enhanced compared to the MC at both backward (yjets < �4)504

September 6, 2024 – 22:11 18

Direct fraction from the 
photonuclear jet analysis

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903
http://cds.cern.ch/record/2871729


Qipeng Hu (USTC)

Photonuclear jets - constrain nPDF effects

23

Ratio between measured precise 3D cross-sections 
and predictions with different nPDF fits, while 
uncertainties of the photon flux not included: 

• nCTEQ15 WZ+SIH  
• nNNPDF3.0 
• EPPS21 
• TUJU21 

• nCTEQ results typically agree best. At higher 
HT, the data typically agree well with TUJU 

• nNNPDF overpredicts the cross sections at 
high HT and xA

arXiv:2409.11060
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while the 𝐿-jet system mass and rapidity are calculated as
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In the equations above, 𝑄 runs over all measured jets in an event that satisfy 𝑂
jet
T > 15 GeV and |𝑅jet | < 4.4.

𝑁 and ↓𝑂 represent jet energies and momentum vectors, respectively, and 𝑂𝑀 represents the longitudinal
component of the jet momentum. The signs of 𝑂↔

𝑀
are chosen to be positive in the photon-going direction.

As a result, the 𝑃jets values are signed such that negative (positive) 𝑃jets values correspond to the jet system
being shifted towards the nuclear (photon) direction.

Neglecting e!ects from initial-state parton showers of incoming quarks and gluons and final-state particles
not included in the jet reconstruction, the quantities,

𝑆𝑁 →
𝑀jets↗
𝑇NN

𝑈
+𝑂jets

, (5)

𝑉A →
𝑀jets↗
𝑇NN

𝑈
↑𝑂jets

, (6)

correspond to fractions of the beam momentum carried by the partons in the emitted photon and struck
nucleus, respectively. More generally, these quantities provide physical observables that are strongly
correlated with the initial parton kinematics. In direct processes, in which the photon participates directly
in the hard scattering, 𝑆𝑁 corresponds to the deep-inelastic scattering variable 𝑃.

4.4 Event selection

Events used in the measurement were recorded during stable running conditions of the LHC and meet
standard data-quality criteria [62]. For the nominal analysis, events are must satisfy the 0𝑊𝑋𝑊 condition and
contain at least two jets with 𝑂

jet
T > 15 GeV and |𝑅jet | < 4.4. For events that have at least one jet within the

acceptance of the ID, a reconstructed primary vertex [63] is required. To reduce the contribution of events
where jets produced in the hard scattering fail event selections or where the hadronic underlying event
contributes additional jets, the mass of the jet system must satisfy 0.9𝑌T < 𝑀jets < 4𝑌T. This selection
was optimized by studying the kinematic edges in 𝑉A and 𝑆𝑁 as a function of 𝑌T and choosing boundaries
that approximately match those introduced by single-jet requirements.

To suppress hadronic Pb+Pb interactions that pass the 0𝑊𝑋𝑊 requirement, the sum of gaps in the photon-
going direction,

∑
𝑁
ω𝑅, must satisfy

∑
𝑁
ω𝑅 > 2.5. To suppress jet production from 𝑍𝑍 or di!ractive

photoproduction processes, an edge gap requirement is imposed in the nuclear-going direction: ω𝑅𝑃 < 3.
To suppress background from 𝑍 + 𝑍 ↘ 𝑈

+
𝑈
↑ pairs, the total sum of gaps,

∑
ω𝑅, is required to be less than 9.

Additional event cleaning requirements are applied to remove backgrounds [64] that result from upstream
interactions of lead ions, from beam-halo muons passing through the detector, or from events whose
calorimeter measurements are significantly distorted by collisions occurring in bunch crossings preceding
the crossing of interest. Backgrounds from upstream interactions are removed by rejecting events with
more than one vertex, and by requiring consistency between the numbers of tracks and topo-clusters within
the angular acceptance of the ID. Beam-halo muon backgrounds are removed via vetos on jets measured
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Figure 5: The (a) mean and (b) standard deviation of jet response distributions as a function of 𝐿truth
T for di!erent

|𝑀truth | intervals. The red and blue dashed lines in (a) mark the 0.5% and 1% levels of closure, respectively.

4.2 Jet performance

The jet reconstruction capabilities are evaluated in the P!"#$% 8 𝑁 + 𝑂 → jets MC sample by matching
truth jets to the nearest reconstructed jet within ωR < 0.3. Response distributions, 𝐿reco

T /𝐿truth
T , are built

in intervals of 𝐿truth
T and 𝑀

truth. Each distribution is fit to a Gaussian function whose mean and standard
deviation are referred to as the jet energy scale (JES) and jet energy resolution (JER), respectively. The JES
and JER are shown in Figure 5 as functions of 𝐿truth

T for di!erent intervals of |𝑀truth |. The mean response is
generally within a half percent of unity over most of the 𝐿

truth
T and 𝑀

truth range, which keeps the required
unfolding corrections small.

The variation of the resolution with 𝐿
jet
T and |𝑀jet | is consistent with what is observed in other ATLAS studies

of jet response in 𝐿𝐿 collisions [60]. In this analysis, the resolution at the lowest 𝐿T values is substantially
smaller than in previous studies. This is because the pile-up, which is the dominant contribution in typical
LHC 𝐿𝐿 analyses, is negligible in the Pb+Pb UPC dataset. The combined impact of deviations from unity
in the JES and the overall e!ect of JER are corrected in the unfolding procedure. Possible di!erences in
these jet calibrations between data and MC are included as sources of systematic uncertainty.

4.3 Jet system kinematic variables

This analysis in this paper relies on the measurement of the kinematics of the outgoing system of 𝑃 jets
resulting from hard-scattering processes initiated by photons. The scalar transverse momentum sum, 𝑄T,
is defined as

𝑄T ↑
∑
𝐿

𝐿T 𝐿 , (2)
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jet
T > 15 GeV and |𝑅jet | < 4.4.

𝑁 and ↓𝑂 represent jet energies and momentum vectors, respectively, and 𝑂𝑀 represents the longitudinal
component of the jet momentum. The signs of 𝑂↔

𝑀
are chosen to be positive in the photon-going direction.

As a result, the 𝑃jets values are signed such that negative (positive) 𝑃jets values correspond to the jet system
being shifted towards the nuclear (photon) direction.

Neglecting e!ects from initial-state parton showers of incoming quarks and gluons and final-state particles
not included in the jet reconstruction, the quantities,

𝑆𝑁 →
𝑀jets↗
𝑇NN

𝑈
+𝑂jets

, (5)

𝑉A →
𝑀jets↗
𝑇NN

𝑈
↑𝑂jets

, (6)

correspond to fractions of the beam momentum carried by the partons in the emitted photon and struck
nucleus, respectively. More generally, these quantities provide physical observables that are strongly
correlated with the initial parton kinematics. In direct processes, in which the photon participates directly
in the hard scattering, 𝑆𝑁 corresponds to the deep-inelastic scattering variable 𝑃.

4.4 Event selection

Events used in the measurement were recorded during stable running conditions of the LHC and meet
standard data-quality criteria [62]. For the nominal analysis, events are must satisfy the 0𝑊𝑋𝑊 condition and
contain at least two jets with 𝑂

jet
T > 15 GeV and |𝑅jet | < 4.4. For events that have at least one jet within the

acceptance of the ID, a reconstructed primary vertex [63] is required. To reduce the contribution of events
where jets produced in the hard scattering fail event selections or where the hadronic underlying event
contributes additional jets, the mass of the jet system must satisfy 0.9𝑌T < 𝑀jets < 4𝑌T. This selection
was optimized by studying the kinematic edges in 𝑉A and 𝑆𝑁 as a function of 𝑌T and choosing boundaries
that approximately match those introduced by single-jet requirements.

To suppress hadronic Pb+Pb interactions that pass the 0𝑊𝑋𝑊 requirement, the sum of gaps in the photon-
going direction,

∑
𝑁
ω𝑅, must satisfy

∑
𝑁
ω𝑅 > 2.5. To suppress jet production from 𝑍𝑍 or di!ractive

photoproduction processes, an edge gap requirement is imposed in the nuclear-going direction: ω𝑅𝑃 < 3.
To suppress background from 𝑍 + 𝑍 ↘ 𝑈

+
𝑈
↑ pairs, the total sum of gaps,

∑
ω𝑅, is required to be less than 9.

Additional event cleaning requirements are applied to remove backgrounds [64] that result from upstream
interactions of lead ions, from beam-halo muons passing through the detector, or from events whose
calorimeter measurements are significantly distorted by collisions occurring in bunch crossings preceding
the crossing of interest. Backgrounds from upstream interactions are removed by rejecting events with
more than one vertex, and by requiring consistency between the numbers of tracks and topo-clusters within
the angular acceptance of the ID. Beam-halo muon backgrounds are removed via vetos on jets measured

12

https://arxiv.org/abs/2409.11060
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Top pair in p+Pb

24

Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Motivation

q Top quarks provide novel probes
of nuclear modifications to parton
distribution functions (nPDF) in a poorly
constrained kinematic region
(PRD 93, 014026 (2016)).

q The t t̄ cross section is measured in the
combined `+jets and dilepton channel
in p+Pb collisions.

q The measurement using the `+jets

channel has been reported by CMS
(PRL 119, 242001 (2017)).

q The first measurement using the
dilepton channel in p+Pb collisions.

all jets
46%

e + e 1%
μ + μ 1%
τ + τ 1%
e + μ 2%

e + τ 2%

μ + τ 2%

τ + jets
15%

μ + jets
15%

e + jets
15%

`+ jets : t t̄ ! WbWb̄ ! `⌫`bqq̄
0
b̄

dilepton : t t̄ ! WbWb̄ ! `⌫`b`⌫̄`b̄
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0.5 1 1.5 2 2.5 3 3.5

tt
µ

µ  = 1.14 +0.31
tt −0.29

+0.13
−0.12

µ = 0.69 +0.29
tt −0.24

+0.11
−0.11

µ = 0.98 +0.12
tt −0.11

+0.06
−0.06

 = 1.00
tt
µ +0.11

−0.10
+0.06
−0.06

+0.19
−0.17µ = 1.23 +0.31

tt −0.33

µ  = 1.23 +0.20
tt −0.17

+0.13
−0.12

 = 1.04
tt
µ +0.09

−0.09
+0.04
−0.03

tot.
stat.

NN 165 nb-1ATLAS

1ℓ1b e+jets

1ℓ1b μ+jets

1ℓ2bincl e+jets

1ℓ2bincl μ+jets

2ℓ1b

2ℓ2bincl

Combined

 p+Pb s
( tot. ) ( stat. )

 = 8.16 TeV,

0.6 0.8 1 1.2 1.4 1.6

ATLAS

MCFM TUJU21

MCFM nNNPDF30

MCFM nCTEQ15HQ

MCFM EPPS21

 p+Pb sNN =
165 nb-1

Data total unc.
Data stat. unc.

8.16 TeV

RpA

• First calibration and use p-flow jets with NN b-tagger in ATLAS heavy ion data 

• The  cross section is measured to be  nb 

• Extrapolated Rp+Pb is consistent with unity; nNNPDF overestimates of  Rp+Pb 

•

tt̄ σtt̄ = 58.1 ± 2.0+4.8
−4.4

tt̄

• nCTEQ15 HQ  
• nNNPDF 3.0  
• EPPS21 
• TUJU21

arXiv:2405.05078 

https://arxiv.org/abs/2405.05078
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Nuclear modification of parton distribution function

25

p+Pb dijets 

p+Pb  

photonuclear jets

tt̄

Extend the available data into unexplored 
regions to investigate nuclear effects on 
PDFs at high Q² across wide x-range
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 anomalous magnetic moment via τ γγ → ττ

26

Exclusive tau-pair production in Pb+Pb UPC
• Study (low-energy) taus for the first time in nuclear collisions 
• Strategy: exploit semi-leptonic decays with muon

• μe-SR: muon + electron

• μ1T-SR: muon + 1 track (soft e/μ/pion) 

• μ3T-SR: muon + 3 tracks (3 pions)  

• Exclusivity: 

• Veto extra tracks 

• Veto additional calorimeter clusters (μ1T-SR and μ3T-SR only) 

• 0n0n ZDC selection to further suppress hadronic  
backgrounds (mainly photonuclear production)

8

τ
τ

τ
τ

• Study (low-energy) taus for the first time in nuclear collisions 
• No nuclear breakup required using ZDC to suppress hadronic background 
• Constraints on aτ extracted from the interaction strength is competitive with 

those observed at LEP (DELPHI)

Outline

3

ATLAS Collaboration,  
Phys. Rev. Lett. 131 (2023) 15, 151802

ATLAS Collaboration,  
arXiv:2408.11035 (NEW, Run-3 data)

ATLAS Collaboration,  
ATLAS-CONF-2023-059

PRL 131 (2023) 151802

0.5 1 1.5 2 2.5

ττ
µ

Combined

3T-SRµ

e-SRµ

1T-SRµ  = 1.03
ττ

µ 0.06+
0.06−

0.05+
0.05−

 = 1.17
ττ

µ 0.24+
0.21−

0.21+
0.19−

 = 0.97
ττ

µ 0.14+
0.13−

0.12+
0.11−

 = 1.03
ττ

µ 0.06+
0.05−

0.05+
0.05−

  

tot. Combined fit
stat.

( tot ) ( stat )

1− = 5.02 TeV, 1.44 nbATLAS               Pb+Pb sNN

0.1− 0.05− 0 0.05 0.1
τa

OPAL 1998

L3 1998

DELPHI 2004

1T-SRµ

3T-SRµ

e-SRµ

Combined

Expected

ATLAS
-1=5.02 TeV, 1.44 nbNNsPb+Pb 

Best-fit value
68% CL
95% CL

Best-fit value
68% CL
95% CL

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
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Magnetic monopoles via γγ → MM̄
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arXiv:2408.11035

• Magnetic monopoles via the Schwinger mechanism in UPCs. First ATLAS analysis 
using Run3 heavy ion data 

• 3 events in SR, consistent with background estimate (4 ± 4) 
• Better limits compared to dedicated MoEDAL experiment (Nature 602 (2022) 63), 

achieve up to x8 improvement at masses below 120 GeV

https://arxiv.org/abs/2408.11035


The ATLAS ITk for Run 4: the new all-Si tracker

Future Perspectives



Qipeng Hu (USTC)

Run3 new L1 track trigger
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Prospects for J/psi in ATLAS
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 = 5.36 TeVNNsPb+Pb 

TRT FastOR
 < 20 GeVTEL1 total 

 > 1 GeV
T
pHLT 1-5 tracks 

 < 200 MeV
T,2trk
p=2, trkN

Vector mesons are produced by diffractive processes that  
probe nuclear PDFs and spatial structure of nuclei


Newly commissioned TRT trigger let us accumulate large sample

of exclusive J/ψ using full acceptance of our tracker. 


Analysis ramping up but excited about continuous coverage

over wide rapidity range - should help resolve theoretical puzzles!
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   STARLight
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 (m
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 (5.02 TeV)-1PbPb 1.52 nbCMS

CMS
ALICE 2019
ALICE 2021
LHCb  2022
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LTA_WS

STARLight

CD_BGK

CD_GBW

CD_IIM

Figure 2: The differential coherent J/y photoproduction cross section as a function of ra-
pidity, in different neutron multiplicity classes (left): 0n0n, 0nXn and XnXn; (right): AnAn.
The small vertical bars and shaded boxes represent the statistical and systematic uncertain-
ties, respectively. The horizontal bars show the bin widths. Theoretical predictions from LTA
weak/strong shadowing [34], color dipole models (CD BGK,CD BGW, and CD IIM) [57], and
STARLIGHT [47] are shown by the curves. The right plot also displays the results from the
ALICE [13, 15] and LHCb [17] experiments.

For the case of no neutron selection (AnAn), the data follow the trend of the forward-rapidity
measurements from ALICE [13] over a new y region. None of the models describe the com-
bined results over the full rapidity range. The color dipole models agree with the measure-
ments in the forward-rapidity region, but fail to describe the data at y ⇡ 0. In each neutron
multiplicity class, the LTA predictions tend to be lower than the CMS results, particularly for
the strong shadowing scenario. These comparisons indicate that there are key ingredients miss-
ing from the theoretical understanding of high energy photon-nucleus scattering processes.

To gain further insight, the total measured J/y coherent photoproduction cross section as a
function of W

Pb
gN up to ⇡400 GeV is shown in Fig. 3, after decomposing the two-way ambiguity.

Because the contributions of high energy photons are negligible at very forward rapidity (less
than 5% for �4.5 < y < �3.5) [33, 34], and the fact that y ⇡ 0, w1 ⇡ w2 ⇡ MJ/y /2, the total
cross section at lower W

Pb
gN values can be approximated using ALICE and LHCb measurements.

These results are also shown in Fig. 3. The experimental and theoretical (from the photon flux)
uncertainties are displayed separately in Fig. 3. Predictions from the LTA and CD models,
as well as the gluon saturation models bBK [58], IPsat [59], and GG [60]), are compared to
the experimental measurements. The naive prediction from the impulse approximation (IA)
model [33] is also shown, providing a reference assuming the absence of any nuclear effects
except for coherence.

The measured total cross section has an unexpected energy dependence, rising by more than a
factor of 4 as W

Pb
gN goes from W

Pb
gN ⇡ 15 to 40 GeV. This is consistent with the expectation of a

fast-growing gluon density at low x (e.g., from the IA model). However, this trend vanishes for
W

Pb
gN > 40 GeV, and instead the total cross section begins a slow linear rise with a slope of (3.0±

0.4 (stat) ± 1.4 (syst)) ⇥ 10�5 mb/ GeV up to W
Pb
gN ⇡ 400 GeV. Considering the experimental

uncertainties across the measured W
Pb
gN range, none of the theoretical models are consistent

with the measurements, with the CD-BGK model having the best p-value of 1.6 ⇥ 10�8. This
result could imply the onset of novel physics mechanisms in the coherent J/y photoproduction
process starting at W

Pb
gN ⇡ 40 GeV, for example, the saturation of the gluon density in the

Pb nucleus at the corresponding x value. This picture may be less straightforward due to
higher-order perturbative QCD corrections (e.g., quark-antiquark exchange) as suggested in

J/psi in ATLAS!
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13
new TRT trigger!

• Newly commissioned TRT trigger (L1 track trigger running at 
MHz level!)  

• In combination with ZDC and total energy triggers, it allow us 
accumulate large UPC samples with various track multiplicities 
for exclusive J/ψ and other hadron spectroscopy researches

Two tracks Four tracks

TRT triggered UPC event with two tracks



Qipeng Hu (USTC)

RS

ver. 2.1

 

Jan Feb  Mar
Wk 1 2 3 4 5 6 7 8 9 10 11 12 13

Mo 1 8 15 22 29 5 12 19 26 4 11 18 25

Tu
We  

Th  

Fr
Sa
Su  

   

Apr May Jun
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26

Mo 1 8 15 22 29 6 13 20 27 3 10 17 24

Tu
We
Th
Fr
Sa
Su

  
Jul Aug  Sep Oct

Wk 27 28 29 30 31 32 33 34 35 36 37 38 39

Mo 1 8 15 22 29 5 12 19 26 2 9 16 23

Tu
We
Th  

Fr
Sa  

Su

 
Nov   Dec

Wk 40 41 42 43 44 45 46 47 48 49 50 51 52

Mo 30 7 14 21 28 4 11 18 25 2 9 16 23

Tu  

We
Th
Fr  

Sa
Su

 
Technical Stop Special physics runs (place holders)

HW Commissioning, Powering Tests, Magnet Training Machine development (incl. floating)

Machine check out Scrubbing

Recommissoning with beam Pb-Pb / Pb-p / O-O / O-p / p-p ref. physics run
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September 18, 2024

LHC Schedule 2024
Version 1.0 was approved at the Research Board of 6 December 2023
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Heavy ion operations in 2024 and beyond
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Pb+Pb 
accumulated Lint

Reference pp 
accumulated Lint

2.3 nb-1300 pb-1

 [TeV]sNN Expected Pb+Pb 
from 2024 runs

Expected ref. pp 
from 2024 runs

2.76

5.02

5.36

LHC 2024 schedule as of  September 18

• 2024 target: pp reference > 300 pb-1, Pb+Pb > 1.5 nb-1 
• If Run 3 gets extended, possible to collect 6 nb-1 Pb+Pb 

data by the end of Run 3
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Phase-II ATLAS
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An upgraded ATLAS ( > 2030s) 
• High-granularity, high-coverage tracker (2.5 → 4.0) 
• New ZDC (same as CMS Phase-II ZDC) 
• High-granularity timing detector 
• Replaced muon chambers 
• New and upgraded forward and luminosity detector 
• Improved trigger, high-performance software & 

computing, deeply embedded machine learning
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Summary
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• Advancement in several jet measurements: 
• Unveal physics phenomenon — color coherence 
• Challenged jet quenching models — differential dijet RAA

• Well-studied measurements — p+Pb dijet, photonuclear jets — paved the 
way for more sophisticated future studies 

• Combining of heavy ion data with general SM studies strengthens 
collaboration with the broader particle physics community

Advances

Innovations

Future 
Perspectives

• New track trigger and exciting data taking in 2024/2025/2026 
• New sub-detectors and various upgrades for HL-LHC 
• Collaborative efforts across experiments to address open 

questions, such as the R-dependence of pT jets …


