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Dijet asymmery in PbPb
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PRL 105 (2010) 252303
PRC 84 (2011) 024906
ATLAS-CONF-2020-017

Results from PbPb data @ 2.76 TeV
collected in the Fall of 2010

Fully corrected results show
increasingly dijet
asymmetry with increasing
centrality.

More and more balanced as
leading jet pT increases.

Observation of jet quenching @ the LHC

Dijet asymmetry is
sensitive to path length
energy loss.
ATLAS-CONF-2020-017

Looking forward

Questions addressed in this talk
What is the role of the colour factor?
How do particles redistribute within the
jet and beyond?
What is the resolution scale of the QGP?
Is there evidence of colour decoherence
in the data?
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How do quark/gluon fractions in PbPb collisions?
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Jet charge:

κ controls the weighting
of the jet charge to lowand high-pT particles in
the jet cone

PbPb and pp sensitivy to track threshold and
is similar within uncertaities for pTjet > 120 GeV.
Data agree with PYTHIA.

𝜅

At face value, this observable does not
indicate a colour-charge dependent jet
quenching.

How do particles redistribute within the jet and beyond?
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PRC 100 (2019) 064901

Study FF as a function of the angular distance between
the charged particle and the jet axis.
r

pT

Z

In central collisions RD(pT,r) is above unity at all r for
pT < 4 GeV
—> Energy lost by jets is being transferred to particles
with pT < 4 GeV with larger radial distance.

How do particles redistribute within the jet and beyond?
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PRC 100 (2019) 064901

Study FF as a function of the angular distance between
the charged particle and the jet axis.
r

pT

Z

In central collisions RD(pT,r) is above unity at all r for
pT < 4 GeV
—> Energy lost by jets is being transferred to particles
with pT < 4 GeV with larger radial distance.

Jet core remains unmodified.

.


Modification much smaller in peripheral collisions

Z-recoil particles — IAA
Charged particles
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
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Measured average number of charged particles per Z and
yield in PbPb / yield in pp (IAA)
0-10%

0-30%

in CMS:
pTch > 1 GeV

pTz > 30 GeV

|Δ | > 7 /8
|η| < 2.4
Z —> ee or Z —> μμ
76 < mz < 106 GeV in ATLAS, 60 < mz < 120 GeV in CMS
pTz > 15 GeV in ATLAS, pTz > 30 GeV in CMS

Enhancement of low pT particles, suppression of high pT particles.

ff

𝜋

𝜋

𝜑

𝜑

Models, with exception for Hybrid without wake e ect, reproduce the data in their domain.

Z-recoil particles — Δ
Charged particles
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
in CMS:
pTch > 1 GeV
|Δ | > 7 /8
|η| < 2.4
Z —> ee or Z —> μμ
76 < mz < 106 GeV in ATLAS, 60 < mz < 120 GeV in CMS
pTz > 15 GeV in ATLAS, pTz > 30 GeV in CMS

Enhancement of recoiling particles
for pTch > 1 GeV in CMS, but
suppression for pTch > 2 GeV in
ATLAS.
Also di erent UE treatment may
play a role.
ff

𝜋

𝜋

𝜑

𝜑

𝜑
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Jet shape ratios in dijets
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Leading and subleading jet shape ratios ρ(∆r)PbPb/ρ(∆r)pp, in different centrality and xj ranges
CMS

Leading jets

imbalanced
0.0 < xj < 0.6

Balanced
0.8 < xj < 1.0
Δr

Enhancement of jet shape modification at large ∆r
is higher in balanced dijets (0.8 < xj < 1.0)

Jet shape ratios in dijets
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Leading and subleading jet shape ratios ρ(∆r)PbPb/ρ(∆r)pp, in different centrality and xj ranges
CMS

Leading jets

CMS

Subleading jets

imbalanced
0.0 < xj < 0.6

Balanced
0.8 < xj < 1.0
Δr

Enhancement of jet shape modification at large ∆r
is higher in balanced dijets (0.8 < xj < 1.0)

Clear effect at ∆r ≃ 0.3, and for imbalanced dijets (xj < 0.6)
attributed to a third jet in pp (backup slide).
Enhancement at large ∆r more pronounced in balanced.

Significant effects from different path length crossed. Plenty of room for medium response.

Two-prongness
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Look for two-prong structures as they might be sensitive to coherence effects in the QGP
Recluster jets and remove soft contributions
Leading and sub-leading
resolved sub-jets
+ soft constituents

J. Casalderrey-Solana, Y. Mehtar-Tani, C. A. Salgado, K. Tywoniuk, PLB725 (2013) 357
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N-subjettiness:

N

/

N-1 —>

discriminanting power on exact

N-prong jets

recoiling jet in SI hadron-jet coincidence:
2-prong
likely

1-prong
likely

No evidence for di erent prongness in central PbPb.
Intermediate values of

2/ 1 indicate

that the two hard substructures are not well separated

𝞽

𝞽

ff

—> Within this kinematic range and for R=0.4 jets the results favour single-cored jet substructure.
𝞽

𝞽

Reclustered R=0.4 jets in PbPb collisions

RAA as a function of the splitting scale
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R = 0.2 jets with pT > 35 GeV
reclustered into anti-kt R =1.0
Allows the study of kt splitting scal

The lowest √d12 interval is populated with jets with
single “isolated” sub-jet - SSJ (√d12=0).

Significant change of the RAA magnitude between jets with one-prong structure and those more
complex —> attributed to incoherent emissions from multiple sources.

e


Then RAA is not dependent on √d12.

Groomed jets - zg
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zg: pT balance of the hardest subjets.

When removing soft radiation by grooming the pT
balance of the two hardest subjets is not modified.
Reproduced by models that assume coherent or
decoherent energy loss.
Consistent with recent N-subjettiness mesurements.
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g

ALICE‐PUBLIC‐2020‐006

g:

normalized angular distance between the two hardest subjets.

Large distances indicate that the splitting formed in earlier
times —> the jet would experience more modification.

Jets get narrower in PbPb collisions.
Models with di erent assumptions (q/g modi cation only, incoherent emitters in a static medium) reproduce
fairly the data at low

g.

Pablos et al. assuming fully decoherent energy loss (Lres=0) and Yuan et al. (fully

fi

𝜃

𝜃

coherent energy loss) assuming complete gluon suppression are able to describe data at a larger range.
ff

𝜃

Groomed jets -

Conclusions
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• Data do not favour colour-charge dependent jet quenching.
• Jet core unmodi ed.
• Jet shapes strongly depend on balanced/imbalanced xj suggesting signi cant e ects from
di erent path length crossed.

• Two-prong structures are not well separated in R=0.4 jets.

Reclustered R=1.0 jets with single sub-jet are less quenched than those with more complex
substructure, pointing to decoherent energy loss.

• When removing soft radiation by grooming the pT balance of the two hardest subjets is not

ff

fi

fi

ff

modified.

Backup
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Inclusive jet production in PbPb
Yields in Pb+Pb
collisions, (in
medium)

Nuclear thickness function
<Ncoll>/σNN

Cross section in pp
collisions (in vacuum)

Production and substructure of jets in pp collisions are well
described by pQCD.
Jets in PbPb are suitable probes to investigate in-medium
modifications and infer QGP properties.

Suppression of inclusive spectrum by a factor ~5 at low pT.
Recovering with increasing pT up to TeV.
Even for R=1.0 there is still out-of-cone energy loss.
Models with different assumptions reproduce the data.
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Jet shape in dijets
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Enhancement of low pT charged particles PbPb relative to pp as centrality increases.
For leading jets the enhancement is larger for balanced dijets.
For subleading jets and in imbalanced dijets there is an increase of high pT particles in pp
at ∆r ∼ 0.5 (out-of-cone). Attributed to a third jet (momentum conservation).

Jet shape ratios in dijets
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Leading and subleading jet shape ratios ρ(∆r)PbPb/ρ(∆r)pp, in different centrality and xj ranges

imbalanced
0.0 < xj < 0.6

Balanced
0.8 < xj < 1.0
Δr

Enhancement of jet shape modification at large ∆r
is higher in balanced dijets (0.8 < xj < 1.0)

Clear effect at ∆r ≃ 0.3, and for imbalanced dijets (xj < 0.6)
attributed to a third jet in pp (backup slide).
Enhancement at large ∆r more pronounced in balanced.

Significant effects from different path length crossed. Plenty of room for medium response.

Jet shape ratios in dijets

Enhancement of the PbPb radial momentum distribution is the largest for the most central
collisions and for larger separations of the charged particles from the jet axis.
Not as large for the subleading jet due to the widening of the pp reference.
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How do particles re-distribute within the jet and beyond? 22
Study FF as a function of the angular distance between
the charged particle and the jet axis.
r

pT

Z

PRC 100 (2019) 064901

In central collisions RD(pT,r) is above unity at all r for all
pT < 4 GeV —> Energy lost by jets is being transferred to
particles with pT < 4 GeV with larger radial distance.
This enhancement is seen in inclusive jet fragmentation
functions.

Jet substructure
Inclusive jets
RAA/RAA0.2 for R=0.3, 0.4, 0.6, 0.8, 1.0
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The suppression for jet pT > 300 GeV does not depend
on jet radii.
—> Look for two-prong structures as they might be
sensitive to coherence effects in the QGP.
Recluster jets and remove soft contributions

J. Casalderrey-Solana, Y. Mehtar-Tani, C. A. Salgado, K. Tywoniuk, PLB725 (2013) 357

Large R jets reconstructed from R = 0.2 jets

24

RAA as a function of pT
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R = 0.2 jets with pT > 35 GeV
reclustered into anti-kt R =1.0
0-10%

Allows the study of kt splitting scal

Large-R (re-clustered with R = 0.2 jets and soft particles removed) jets are
increasingly suppressed with centrality.

 


e


R = 0.4 jets (|y| < 2.1) slightly less suppressed, but trend is similar.

Corrected ΔR and

2/ 1

in pp collisions

2105.04936.[hep-ex]

𝞽

𝞽

𝞽

𝞽

kT and SD favour single-cored jet.
Intermediate values of 2/ 1 indicate that the two hard substructures are not well separated
PYTHIA tend to underestimate the two-prongness of jets.
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N-subjettiness:

pT weighted sum of the angular separation between each
jet constituent and the closest subjet axis.
N —> 0 indicates N or fewer subjets
N —>
N

/

1 indicates N+1 subjets at least
N-1 —>

higher discriminanting power on exact

N-prong jets

Measurement in as low as 40 < pT < 60 GeV

kT and SD reclustering algorithms favour single-cored jet more than
Cambridge/Aachen

𝞽

𝞽

𝞽

𝞽

Reclustered R=0.4 jets in PbPb collisions

Groomed jets - zg

zg: pT balance of the hardest subjets.
SoftDrop zcut = 0.1, 60 < pT < 100 GeV

When removing soft radiation by grooming no
modifications are seen.
CMS also observed no modification on groomed jet mass
(zcut = 0.5)
JHEP
(2018)
161
JHEP10
10 (2018)
161
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Z-recoil particles
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Charged particles
in CMS:
pTch > 1 GeV
|Δ | > 7 /8
|η| < 2.4
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
Z —> ee or Z —> μμ

Motivation:
The Z is not affected by the QCD matter
—> excellent for energy and direction calibration.

60 < mz < 120 GeV in CMS, 76 < mz < 106 GeV in ATLAS
pTz > 30 GeV in CMS, pTz > 15 GeV in ATLAS

Charged particles are not constrained within the jet

𝜋

𝜋

𝜑

𝜑

—> good to avoid the bias of a jet sample with less
energy loss in average.

Z-recoil particles
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Charged particles
in CMS:

Measured average number of charged particles per Z and yield
in PbPb / yield in pp (IAA)

pTch > 1 GeV
|Δ | > 7 /8
|η| < 2.4
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
Z —> ee or Z —> μμ
60 < mz < 120 GeV in CMS, 76 < mz < 106 GeV in ATLAS
pTz > 30 GeV in CMS, pTz > 15 GeV in ATLAS

Enhancement of low pTch particles for pTZ > 60 GeV.
Less pronounced as pTZ > decreases.
𝜋

𝜋

𝜑

𝜑

Then clear suppression with increasing centrality.

Z-recoil particles — IAA
Charged particles
in CMS:
pTch > 1 GeV

PRL 126 (2021) 072301
2103.04377 [hep-ex]

Measured average number of charged particles per Z and
yield in PbPb / yield in pp (IAA)

|Δ | > 7 /8
|η| < 2.4
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
Z —> ee or Z —> μμ
60 < mz < 120 GeV in CMS, 76 < mz < 106 GeV in ATLAS
pTz > 30 GeV in CMS, pTz > 15 GeV in ATLAS

𝜋

𝜋

𝜑

𝜑

Generally models are able to
reproduce the data.
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pTz > 30 GeV

Z-recoil particles — Δ
Charged particles
in CMS:
pTch > 1 GeV
|Δ | > 7 /8
|η| < 2.4
in ATLAS:
pTch > 2 GeV
|Δ | > 3 /4
|η| < 2.5
Z —> ee or Z —> μμ
60 < mz < 120 GeV in CMS, 76 < mz < 106 GeV in ATLAS
pTz > 30 GeV in CMS, pTz > 15 GeV in ATLAS

Enhancement of recoiling particles
for pTch > 1 GeV in CMS, but
suppression for pTch > 2 GeV in
ATLAS.
Also di erent UE treatment may
play a role.
ff

𝜋

𝜋

𝜑

𝜑

𝜑

PRL126 (2021) 072301
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