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Introduction

The QCD phase diagram

Quantum Chromo-Dynamics (QCD): Theory of the strong interaction.
According to QCD: very high energy transfer (Q2) ⇒ Asymptotic freedom.
Deconfinement at very high temperature and/or density ⇒ Quark-Gluon Plasma (QGP).
Phase transition from hadrons to QGP is represented in the QCD phase diagram.

(a) (b)
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Introduction

Jet quenching

One of the most important signatures for the QGP
formation in heavy-ion collisions is jet quenching.
It was predicted in the 90’s and observed by RHIC a
decade later.
The first observation was through the suppression
of the π0 production using the nuclear modification
factor RAA:

RAA(pT , y) ∝
d2σAA/dydpT
d2σpp/dydpT

≈ QCD medium

QCD vacuum

The second observation was through the
suppression of the back-to-back di-hadron
correlation.
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Introduction

Nuclear modification factor

Jet quenching results from the partonic energy loss through the interaction with medium
constituents.

Several theory predictions were developed to model the partonic energy loss.

RAA can be used to test theory predictions by comparing theory models to the RAA allows to
extract medium properties (ex: transport coefficient q̂).
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ALICE Detector

A Large Ion Collider Experiment (ALICE) at the LHC

ALICE is the dedicated heavy-ion detector at the LHC.

Charged-particle jets are reconstructed
with the anti-kt algorithm from charged
tracks using the ITS and TPC.

Charm hadrons are reconstructed through
hadronic decays exploiting PID with the
TPC and TOF and applying topological
selections to identify displaced secondary
vertices:

D0 ⇒ K−π+ with BR ≈ 3.93%.
Λ+
c ⇒ pK 0

s ⇒ pπ+π− with BR ≈ 1.1%
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ALICE jet results ML-based jet background subtraction

Machine-learning-based model

Inclusive jet measurements at large R and low pT are difficult due to the large fluctuating
underlying event (∝ R2).

ALICE area-based approach: Correct the jet for
the background with a pedestal subtraction, apply
a minimum pT requirement on the leading track
of the jet to remove fake jets.

ML approach: Use ML algorithm that uses
information about the jet constituents to
construct the mapping between measured and
corrected jet without a leading track bias.

δpT = pT ,rec − pT ,true
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ALICE jet results ML-based jet background subtraction

Nuclear modification factor (0 − 10%)

Measuring down to lower pT and larger R
than ever before in heavy-ions at the LHC!

RAA are mostly in agreement with the
models.

R = 0.6 jets appear more suppressed than
R = 0.2 jets, suggesting an R-dependence.
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ALICE jet results Event shape engineering

Path-length dependence of energy loss

Semicentral collisions generate an anisotropic overlap region.

It is expected that the in-plane axis will be
shorter than the out-of-plane axis.

Parton energy loss is expected to be
greater along the out-of-plane axis if
path-length dependence is a leading effect.

Event shape engineering was used to
study this effect.
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ALICE jet results Event shape engineering

Event Shape Engineering

Event-Shape Engineering (ESE) classifies events according to their anisotropy within a
centrality class.

Events are classified according to the
parameter q2:

q2 = |Q2|/
√
M

where M is the multiplicity and Q2:

Q2 = (
M∑
i=1

cos(φi ),
M∑
i=1

sin(φi ))

φi = azimuthal angle of ith particle in the
V0M detector.
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ALICE jet results Event shape engineering

Event Plane angles

Suppression of out-of-plane yields relative to in-plane yields.

More significant out-of-plane suppression
for large q2 events.

The result is consistent with path length
dependence of energy loss.
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ALICE jet results Hadron-jet correlations

Hadron-jet correlations

Jet interaction with the medium constituents cause it to be deflected.

Hadron-jet correlations is used to study the jet angular deflection
(Acoplanarity).

Measure trigger-normalised yield of jets recoiling from a trigger hadron:

Observables defined as the difference between trigger-normalised recoil jet yields in two
trigger track intervals in order to subtract all uncorrelated background jets:

TT signal: pT ∈ (20, 50) GeV/c , TT reference: pT ∈ (5, 7) GeV/c

εref : ”alignment” constant extracted from data; precise subtraction of uncorrelated jet
yield
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ALICE jet results Hadron-jet correlations

Hadron-jet acoplanarity in Pb-Pb collisions

Push the measurements of semi-inclusive recoil jet yields to very low pT and large R.

Connection to low pT jet quenching and intra-jet broadening.

Increase of low pT yields ⇒ hint of energy recovery in low pT jets.

Rising trend: interplay of jet quenching effects on hadron and jet production?
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ALICE jet results Hadron-jet correlations

Recoil jet angular distributions in Pb-Pb
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Broadening at lower pT , small medium-induced effects for mid-pT jets, recoil jet yield
suppressed at higher pT .

For higher pT jets: calculations including medium-induced pT broadening and
JETSCAPE describe small-deflection region; large deflection not well-described.

For low pT jets: calculations not yet available
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ALICE jet results Jet substructure

Groomed jet substructure

Jets-medium interaction can modify the internal jet structure. In order to study this effect we
have to study the jet substructure observables.

Recluster jet to order the constituents and isolate
the subjets (splittings) within the jet.

Grooming techniques used to separate out hard jet
core and hard parton splittings from softened
constituents and medium response.

ALI-PUB-521467
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ALICE jet results Jet substructure

Groomed jets and jet substructure

Narrowing of jet core due to
QGP (i.e. wider jets are more
suppressed).

Minimal modification to
groomed shared momentum
fraction.

ALI-PUB-521482 ALI-PUB-521472
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Heavy-Flavor-jet results D0-jets

D0-jet fragmentation in pp collisions

HF-tagged jets provide a handle on the evolution of quarks to hadrons.

Hint of a softer fragmentation in data
w.r.t. model predictions (especially NLO)
for low pT jet and larger R.

The core of the jet (R = 0.2) is dominated
by the HF hadron, as expected from the
suppression of small angle emissions.

At large angles (R > 0.2) the charm quark
emissions are recovered.
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Heavy-Flavor-jet results D0-jets

D0-jet RAA

Higher RAA of D0-jet compared to
inclusive jets (more gluon-like jets) in
Pb-Pb.

Comparison is sensitive to difference
between quarks and gluon energy loss
(Casimir colour effect).

Comparison could also be sensitive to
mass effects (dead-cone effect).
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Heavy-Flavor-jet results Λc -jet

Λc-jet fragmentation in pp collisions

The study of charm-baryon production in jets can provide insights into hadronisation
mechanisms in pp collisions.

Data points toward a softer fragmentation
w.r.t. classic in vacuum fragmentation
models in the low pT range.

ALI-PREL-337688
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Heavy-Flavor-jet results b-jets

Measurement of b-jets in pp and p-Pb collisions

b-jets are tagged using algorithms
that exploits the long life time of
the b hadrons (no beauty hadron
reconstruction was made).

The b-jets has been measured in pp
and pPb collisions at

√
sNN = 5.02

TeV.

The results are in agreement with
the NLO pQCD calculation from
POWHEG.

The RpPb is consistent with unity
indicating that the b-jet production
is not affected by the cold nuclear
matter effects present in p-Pb
collisions.
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Heavy-Flavor-jet results Dead-cone effect

Dead-cone effect

Dead-cone effect: suppression of radiation at small angles (θ < m/E ) relative to the direction
of emitter. It is a fundamental feature of all gauge quantum field theories.

Ratio of emission angle
distributions for charm quarks
and inclusive partons reveals the
dead-cone effect.

significant suppression of small
angle (= large ln(1/θ))
radiation.

Dead cone narrows with
increasing charm-quark energy.

ALI-PUB-493419
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Summary

Summary

Hint of larger R jets being more suppressed via the RAA.

Preliminary results consistent with expected path-length dependent suppression in low to
mid pT .

Azimuthal broadening of low pT hadron+jet correlation observed.

Narrowing of jet core measured in Pb-Pb collisions using grooming techniques.

Softer D0/Λc -jets fragmentation observed in data compared to model predictions for low
pT jet and larger R.

Charm mass influences the parton shower evolution of a jet.

Outlook, Run3:

More data and better tracking resolution ⇒ better precision.

Better characterisation of hadronisation mechanisms from fragmentation functions of Λc

and D0.

Dead-cone effect for charm vs beauty.

HF-jet substructure measurement in Pb-Pb collisions.
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Summary

Thank you for listening !
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