
Radius dependent jet quenching 
measurements from ATLAS
Anne M. Sickles, for the ATLAS Collaboration 
September 23, 2024

1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2024-03/



 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

PLB 790 (2019) 108

existing, precise, measurements of 
jet RAA in PbPb collisions

how do we understand the observed 
suppression in terms of  

geometry & jet properties?

2



 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

PLB 790 (2019) 108

existing, precise, measurements of 
jet RAA in PbPb collisions

how do we understand the observed 
suppression in terms of  

geometry & jet properties?

mass/substructure dependent RAA

M. Rybar (the next talk)
2



 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

PLB 790 (2019) 108

existing, precise, measurements of 
jet RAA in PbPb collisions

how do we understand the observed 
suppression in terms of  

geometry & jet properties?

dijets & jet vn 
this talk, X. Wang (17:10 Monday), 

poster A. Romero

mass/substructure dependent RAA

M. Rybar (the next talk)
2



dĳets

subleading jet: lots of interactions through the 
QGP, stronger quenching of the jet

3

leading jet: very short path length thourgh the QGP, nearly no energy loss



new method for studying xJ
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suppression of balanced dĳets
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how do the conclusions about dĳets depend on 
the jet radius?

• do the exact same analysis as for the R = 0.4 jets (2205.00682) for R = 0.2, 0.3, 0.4, 0.5, 
0.6 jets


• leading dijets, required to have:


• |Δφ| > 7π/8


• |yjet| < 2.1


• pT2/pT1 > 0.32


• remember: not all jets at a given pT are part of a leading dijet


• jets which are not part of a leading dijet that meets our criteria are excluded from the 
analysis

6arXiv:2407.18796



dĳets in pp collisions

7

7.2 xJ distributions

The absolutely normalized GJ distributions in ?? collisions, as defined in Eq. (6), are shown in Figure 10,
for leading jets with 158 < ?T,1 < 178 GeV and 398 < ?T,1 < 562 GeV for all jet radii considered here. The
shapes of the distributions are similar for the two ?T,1 selections shown. In both cases, the distributions are
peaked toward balanced dĳets as expected. The distributions are more sharply peaked at GJ ⇡ 1 for larger
radius jets. This is expected if the larger radius jets cluster together radiation that could be reconstructed
as separate jets for the smaller radii. For higher ?T,1, the distributions for the various jet radii are closer
together than for lower ?T,1, presumably because higher ?T jets are more collimated.
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Figure 10: The absolutely normalized GJ distributions in ?? collisions for leading jets with (a) 158 < ?T,1 < 178 GeV
and (b) 398 < ?T,1 < 562 GeV. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The normalization uncertainty
(not shown) is X!??/!?? = 1%. The boxes correspond to systematic uncertainties and the bars to statistical
uncertainties.

A comparison of the ?? data to P����� 8 and H�����7 simulations is shown in Figure 11. Here the
dĳet-yield-normalized GJ distributions are plotted for ' = 0.2 and ' = 0.6 jets with 158 < ?T,1 < 178 GeV
and 398 < ?T,1 < 562 GeV. The dĳet-yield-normalized GJ distributions are considered in order to take out
any overall cross-section difference between the models and data. The ?? data is well described by the
simulations for the various jet radii.

23

increasing jet radius leads to increasing fraction of balanced jets (in good agreement with pythia/herwig)

arXiv:2407.18796

158 < pT1 < 178 GeV 398 < pT1 < 562 GeV
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Figure 13: The absolutely normalized GJ distributions for (a,b) ' = 0.2 and (c,d) ' = 0.6 jets for three centrality
selections in Pb+Pb collisions and ?? collisions. Leading jets with (a,c) 158 < ?T,1 < 178 GeV and (b,d)
398 < ?T,1 < 562 GeV are shown. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The normalization
uncertainties (not shown) are Xh)AAi/h)AAi = 0.9%, 2%, and 5% in 0–10%, 20–40%, and 40–60% Pb+Pb collisions,
respectively, and X!??/!?? = 1% in ?? collisions. The boxes correspond to systematic uncertainties and the bars to
statistical uncertainties.

7.3 PAA distributions

The ratio of the dĳet yields in Pb+Pb collisions to ?? collisions, �AA, is defined in Eq. (9). The �AA
distributions for 0–10%, 20–40%, and 40–60%, are shown in Figure 14 for ' = 0.2, ' = 0.4, and ' = 0.6
jets. The ?T selection of 200 < ?T,1 < 224 GeV was chosen because it is representative of the overall
trends in the results. For the various centralities, there is a suppression in the number of balanced (high GJ)
dĳets and an enhancement in the number of imbalanced (low GJ) dĳets, with the modifications being larger
towards more central collisions. While the enhancement at low GJ can be large in terms of �AA, it is worth
recalling that the corresponding absolute dĳet yields are small at low GJ, especially for the larger ' jets, as
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R-dep. of dĳet imbalance

• balanced dijets are 
preferentially suppressed for 
0.2 < R < 0.6 jets


• much smaller modifications for 
imbalanced jets

pT,1: 158 - 178 GeV pT,1: 398 - 562 GeV
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poster: Anabel Romero 8
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Figure 13: The absolutely normalized GJ distributions for (a,b) ' = 0.2 and (c,d) ' = 0.6 jets for three centrality
selections in Pb+Pb collisions and ?? collisions. Leading jets with (a,c) 158 < ?T,1 < 178 GeV and (b,d)
398 < ?T,1 < 562 GeV are shown. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The normalization
uncertainties (not shown) are Xh)AAi/h)AAi = 0.9%, 2%, and 5% in 0–10%, 20–40%, and 40–60% Pb+Pb collisions,
respectively, and X!??/!?? = 1% in ?? collisions. The boxes correspond to systematic uncertainties and the bars to
statistical uncertainties.

7.3 PAA distributions

The ratio of the dĳet yields in Pb+Pb collisions to ?? collisions, �AA, is defined in Eq. (9). The �AA
distributions for 0–10%, 20–40%, and 40–60%, are shown in Figure 14 for ' = 0.2, ' = 0.4, and ' = 0.6
jets. The ?T selection of 200 < ?T,1 < 224 GeV was chosen because it is representative of the overall
trends in the results. For the various centralities, there is a suppression in the number of balanced (high GJ)
dĳets and an enhancement in the number of imbalanced (low GJ) dĳets, with the modifications being larger
towards more central collisions. While the enhancement at low GJ can be large in terms of �AA, it is worth
recalling that the corresponding absolute dĳet yields are small at low GJ, especially for the larger ' jets, as
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how does this suppression 
change with xJ?



JAA

10

in ?? collisions and
1

h)AAi#AA
evt

d#AA
pair

dGJ
(5)

in Pb+Pb collisions. Here h)AAi and #
AA
evt are defined the same way as in Eq. (1) and !?? is the integrated

luminosity of the ?? collisions [24].

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 �AA:

�AA ⌘ 1
h)AAi#AA

evt

d#AA
pair

dGJ

,  
1

!??

d# ??
pair

dGJ

!
. (6)

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 pair nuclear modification
factors for dĳets as a function of the leading and subleading jet ?T. These quantities were first shown in
Ref. [19] and are defined analogously to the nuclear modification factor for inclusive jets, Eq. (1), as:

'
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and

'
pair
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1
h)AA i#AA

evt

Ø
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d2#AA
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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.

2 ATLAS detector

The ATLAS detector [22] 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 within |[ | < 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 [25, 26]. 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. Within 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

4
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was previously seen in Figure 12. The larger uncertainties in �AA for the ' = 0.6 jets in the most central
collisions are driven by the sensitivity to the unfolding prior weights as well as the JES and JER, which
affect the bins at low GJ and low ?T.
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Figure 14: The �AA distributions for (a) ' = 0.2, (b) ' = 0.4, and (c) ' = 0.6 jets for three centrality selections in
Pb+Pb collisions and ?? collisions. Leading jets with 200 < ?T,1 < 224 GeV are shown. Jets are selected with
|H | < 2.1 and |q1 � q2 | > 7c/8. The normalization uncertainties (not shown) are Xh)AAi/h)AAi = 0.9%, 2%, and
5% in 0–10%, 20–40%, and 40–60% Pb+Pb collisions, respectively, and X!??/!?? = 1% in ?? collisions. The
boxes correspond to systematic uncertainties and the bars to statistical uncertainties.

7.3.1 Discussion of the PAA distributions

The �AA distributions are overlaid for the various jet radii in Figure 15, along with their corresponding
�AA(')/�AA(0.2) ratios. In the most central collisions, 0–10%, a larger �AA is observed for larger jet
radius, a trend more noticeable towards lower GJ. In 20–40% central collisions, the same quantitative
trend is observed but the magnitude of the deviation from unity is smaller. Similarly, in terms of the
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Figure 14: The �AA distributions for (a) ' = 0.2, (b) ' = 0.4, and (c) ' = 0.6 jets for three centrality selections in
Pb+Pb collisions and ?? collisions. Leading jets with 200 < ?T,1 < 224 GeV are shown. Jets are selected with
|H | < 2.1 and |q1 � q2 | > 7c/8. The normalization uncertainties (not shown) are Xh)AAi/h)AAi = 0.9%, 2%, and
5% in 0–10%, 20–40%, and 40–60% Pb+Pb collisions, respectively, and X!??/!?? = 1% in ?? collisions. The
boxes correspond to systematic uncertainties and the bars to statistical uncertainties.
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Figure 16: The �AA values as a function of ' for jets with (a,b) 158 < ?T,1 < 178 GeV, (c,d) 200 < ?T,1 < 224 GeV,
(e,f) 251 < ?T,1 < 282 GeV, and (g,h) 316 < ?T,1 < 398 GeV in 0–10% central Pb+Pb collisions, for (a,c,e,g)
0.50 < GJ < 0.56 and (b,d,f,h) 0.89 < GJ < 1.0. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The
normalization uncertainties (not shown) are Xh)AAi/h)AAi = 0.9% and 2% in 0–10% and 20–40% Pb+Pb collisions,
respectively, and X!??/!?? = 1% in ?? collisions. The boxes correspond to systematic uncertainties and the bars to
statistical uncertainties.
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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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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:
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with a normalization that was used in previous dĳet measurements [20–23].
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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:
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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 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:

�AA ⌘ 1
h)AAi#AA

evt

d#AA
pair

dGJ

,  
1

!??

d# ??

pair

dGJ

!
. (9)

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:
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. (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:
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and in Pb+Pb collisions:
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. (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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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:

�AA ⌘ 1
h)AAi#AA

evt

d#AA
pair

dGJ

,  
1

!??

d# ??

pair

dGJ

!
. (9)

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:
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evt are defined the same way as in Eq. (1), !?? is the integrated luminosity of the
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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
!??

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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Figure 8: The (a,b) leading and (c,d) subleading jet (a,c) 'pair
AA distributions in dĳets and the corresponding (b,d)

'
pair
AA (')/'pair

AA (0.2) ratios as a function of jet ?T in 0–10% central 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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Figure 8: The (a,b) leading and (c,d) subleading jet (a,c) 'pair
AA distributions in dĳets and the corresponding (b,d)

'
pair
AA (')/'pair

AA (0.2) ratios as a function of jet ?T in 0–10% central 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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• R = 0.6 jets less suppressed that R = 0.2 
jets for both leading and subleading jets


• opposite trend as suggested from ALICE 
single jet results (2303.00592)


• the results are not directly comparable


• single jets vs dijets


• different kinematic range


• different rapidity range
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RAApair vs R, theory



summary
• presented comprehensive study of the jet radius dependence of dijet 

production


• suppression of balanced dijets is radius independent and larger than that of 
imbalanced dijets


• imbalanced dijets are less suppressed with increasing jet radius


• the RAApair values for leading and subleading jets increase with increasing R


• comprehensive study provides new information about jet quenching over a 
wide kinematic range

all ATLAS Heavy Ion Results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
HeavyIonsPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Figure 7: The double ratio '
pair
AA (?T,2)/'pair

AA (?T,1) of the subleading to leading jet 'pair
AA distributions in dĳets as a

function of (a) centrality and (b) jet radius for 158 < ?T < 316 GeV, and as a function of jet ?T for (c) 0–10% and (d)
60–80% central Pb+Pb collisions. Jets are selected with |H | < 2.1 and |q1 � q2 | > 7c/8. The boxes correspond to
systematic uncertainties and the bars to statistical uncertainties.
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little R dependence to subleading / leading suppression in central collisions; maybe some pT 
dependence for R = 0.6 dijets

arXiv:2407.18796



dĳets at 2.76 TeV
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xJ = momentum of jet 2 / momentum of jet 1

• shift from balanced jets to 
imbalanced jets makes sense in a 
surface bias picture


• however, these distributions are 
sensitive only to the shape (area 
normalization)


• which jets are actually being 
suppressed?


• also, what’s that peak?
1706.09363
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comparison of 5.02 TeV & 2.76 TeV
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