
NA3-Quark-Gluon Plasma characterisation with jets (Jet-QGP) [WP14] 
Guilherme Milhano

LIP – Lisboa

STRONG-2020 Kick-off meeting 
October 23-25, 2019

‘The strong interaction at the frontier of 
knowledge: fundamental research and 

applications’ 



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.

Barbara Erazmus, Coordinatrice du projet
Paris,08/02/2018

NA3-Quark-Gluon Plasma 
characterisation with jets (Jet-QGP)

Objectives:

Establish a theory/phenomenology/inter-experiment working group, with
synergies with related communities (most notably, machine learning/data
science and high-energy pp physics) to:

o develop and deploy novel experimental and theoretical techniques and
tools for jet physics in heavy ion collisions;

o enhance the impact of the European groups in the worldwide heavy-ion
jet programme.
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Jets in HI collisions

• hard processes take place concurrently with soft bulk production 
responsible for QGP creation

• hard parton showering [jet development] occurs within QGP


• vacuum baseline known to high accuracy

• unlike all other QGP probes, jets are intrinsically multi-scale

• sensitivity to specific QGP scales explored through specific jet 

observables

Qhard ӗ 10 ÷ 1000 GeV 

Qhad ӗ 1 GeV 

multiple spatial scales
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The activities of the working group are organized in two inter-related and
concurrent tasks:

[Task 1]
Reference implementation of jet-QGP dynamics in a full heavy-ion
simulation

[Task 2]
Selection of jet substructure observables sensitive to specific
scales/features of jet-QGP interaction
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[Task 1]
Reference implementation of jet-QGP dynamics in a full heavy-ion
simulation
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several [many] successful models :: very different physical input
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[Task 2]
Selection of jet substructure observables sensitive to specific
scales/features of jet-QGP interaction
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2.3 Radiation phase space and sensitivity to jet quenching
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Figure 4: Lund diagram reconstructed from jets generated by QPYTHIA (left column), JEWEL without
recoils (middle column) and JEWEL with recoils (right column). The lower panels correspond to the
difference of the radiation pattern with and without jet quenching effects. Note that the scale of the
z-axes varies between the panels.

As a demonstration of the general ideas outlined above, we fill the Lund diagram using two QCD-based
models for jet quenching, namely QPYTHIA [7] and JEWEL [8, 9]. Both models implement the possibility
for medium-induced bremsstrahlung. However, only JEWEL (i) evaluates dynamically the kinematics of
multiple scattering, (ii) implements additional momentum broadening of all particles and (iii) provides the
possibility to track recoiling medium constituents that have interacted with the jet and, finally, includes
them in the hadronization step.8 The jet-induced medium response constitutes a correlated “background”
component that can contribute to the modifications of the measured jet substructure. Recoil effects are
expected to contribute in the soft-large angle sector of the phase space, similarly to the uncorrelated
underlying event, discussed further in Section 2.3.1. One can also neglect tracking the recoil particles
altogether. For further details about the employed models, see Appendix A.

We present first the results of generator level studies, i.e. without embedding the models into a
realistic heavy-ion background. For the same jet criteria as in Figure 3, in Figure 4 (upper row) we plot
the Lund plots generated by QPYTHIA, JEWEL without recoils and JEWEL with recoils, respectively.
In this particular study, we employ the C/A reclustering. The lower plots show the differences to the
corresponding vacuum diagrams. It is also important to keep in mind that there is a significant migration
between pT bins in heavy-ion collisions, widely understood as the effect of jet energy-loss. This could
result in a significant contribution, in a fixed pT bin, from jets that were minimally modified.

The results from QPYTHIA exhibit a modest excess ⇠ 10% of hard quanta relative to vacuum, see
Figure 4 (lower, left). In the model, the number of splittings is increased relative to vacuum leading to
a significant intra-jet momentum broadening at scales corresponding to very short formation times. In
the case of JEWEL, the difference plot exhibits only a mild increase of splittings at moderate kT and a
small suppression ⇠ 6% of hard quanta, see Figure 4 (lower, center). This suppression is consistent with
a lack of strong intra-jet broadening and a more collimated fragmentation. This shows that the realistic
modifications to the Lund diagram are highly non-trivial and calls for a better theoretical understanding,

8Note, however, that in JEWEL medium particles that interact with the jet do not interact further with the medium.
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endow jets with a history [clustering tree] to explore sensitivity to scales
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Update on progress
o Search for postdoctoral researcher [responsible for bulk of simulation

and work] underway :: expected to start Jan 2020
o First WP annual meeting scheduled for 5-7 Feb 2020 in Lisbon

• Discuss and validate definition of reference implementation [common fiducial setup]
• Widen participation to new institutes
• ~30 participants expected

o Participating institutions [enlarged from proposal due to people’s
movement]:

• Charles University (Czech Republic); Nuclear Physics Institute of the Czech Academy of Sciences
(Czech Republic); IPhT, CEA-Saclay (France); École Polytechnique, Paris (France); LPTHE
(France); Nikhef (The Netherlands); U. Bergen (Norway); LIP (Portugal); U. Barcelona (Spain); U.
Santiago de Compostela (Spain); U. Birmingham (UK); CERN; University of Oxford (UK); Lund
University (Sweden)
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NA3: Deliverables

o Deliverables due for Reporting Period 1 (18 months, June 2019-November
2020): D14.1 is due M8 (January 2020) and D14.2 is due M14 (July 2020)
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o D14.1 ‘Reference model implementation’. Software providing reference
implementation of jet-QGP dynamics in a full heavy-ion simulation as Monte-
Carlo event-generator based on combination of existing tools.

on-track
:: preliminary version to be delivered on-time 
:: final version to be validated during Feb 2020 [M9]
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NA3: Deliverables
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o D14.2 ‘Reference data samples’. Benchmark Monte-Carlo datasets generated
using the reference model execution for the evaluation of the sensitivity of
observables to the underlying physical mechanisms.

on-track
:: possible delays if adopted reference model implementation 
leads to time consuming simulations
:: preliminary version of reference model implementation is 
SIMPLE
:: hiring delays of postdoctoral researcher can delay delivery
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NA3: Milestones

o MS15 corresponding to D14.1 has to be achieved M8
o prelim version will made available in public repository my M8
o Final version [validated by WP meeting] will be public M9
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