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DESCRIPTION OF A THESIS PROJECT 
DOCTORAL SCHOOL “Matter, Molecules, Materials & Geosciences” 

 
Please note that this offer must be written in English for publication on the Euraxess platform 
(https://euraxess.ec.europa.eu). 
 
Once completed, please save the document in a pdf format as following: Name of the Thesis 
director_Name of the research Unit, prior to submit the proposal on TEBL site. 
 

Title of the thesis: 
Open quantum system approach for medium-induced gluon radiation in a dense QCD medium 

Principal disciplinary field: theory in high energy physics (particles & nuclei) 

Disciplinary field 2:  

Three keywords: Quark gluon plasma, jets, open quantum systems 

Research unit (specify if the research time is shared between several sites): Subatech 

Indicate if the thesis will be subjected to a labeling by one of the Graduate Programmes of 
Nantes University: 

 Light, Molecules, Matter (LUMOMAT) 

 Earth and Planetary Sciences (EPS) 

 Innovative Materials and Energy systems (E-Mat) 

 
 

 FUNDING OF THE THESIS 
 

Origin(s) of the funding: 

 University  CNRS  ANR  International co-supervision  

 other: IMT Atlantique 

Funding status: 

 acquired  demand in progress (indicate the expected date of answer) 

PhD employer: IMT Atlantique 

Gross monthly salary:  2.200€ 

From 01/01/2024, the minimum gross salary set by the Ministry of Higher Education, 
Research and Innovation is €2100 per month. 

Starting date: fall 2024 (typically 1rst October 2024)  

Funding for the thesis covers a period of 3 years starting from the date of the first 
registration. 

 
 

ED 3MG - Direction: Le Mans University – Avenue Olivier Messiaen – 72085 Le Mans Cedex 09 
Phone: 02.43.83.37.41 / 06.05.19.08.00 
Email: ed-3mg@doctorat-paysdelaloire.fr 

Website: https://ed-3mg.doctorat-paysdelaloire.fr/ 
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 SCIENTIFIC DESCRIPTION OF THE PROJECT 
 

 Context: In 2022, the Large Hadron Collider (LHC) at CERN has started its third run of operations, at 
a center of mass energy of 13.6 TeV. Besides the emblematic studies of the Higgs boson and the search
of new physics beyond the Standard Model, another goal of this experimental program is the study of
the quark-gluon plasma (QGP), a new phase of nuclear matter that exists at high temperature or
density, and in which the quarks and gluons are deconfined (while they are confined inside the hadrons
in ordinary conditions). This state of matter existed in the Early Universe for a few microseconds only,
and is now re-created in the laboratory in high-energy nucleus-nucleus collisions. However, this plasma 
has only a very short lifetime (about 10-23 s),before it cools down and hadronises into a myriad of
hadrons, eventually measured by the detectors. In practice, it is quite challenging to extract the 
properties of the ephemeral plasma phase from the measured distribution of particles in the final
state.  
 

To probe the properties of the quark-gluon plasma, a very useful class of observables refers to the 
propagation of energetic jets. A jet is a collimated spray of particles generated via successive parton
branchings, starting with a virtual quark or gluon produced by the collision. When such a jet is
produced in the dense environment of a nucleus-nucleus collision, its interactions with the surrounding
medium lead to a modification of its properties, phenomenon known as jet quenching. As QCD is
asymptotically free, the large energy of these objects enables one to rely on first principles
perturbative QCD techniques to compute their physical properties, which are well understood in $pp$
collisions and can thus serve to benchmark their modifications in nucleus-nucleus collisions. However, 
despite a lot of theoretical efforts in the recent years, quantitative extractions of QGP physical
properties from jet quenching observables are still lacking, in contrast to the extraction of QGP
transport coefficients from bulk observables matched by hydrodynamical calculations. This is mainly
due to large theoretical uncertainties in the simulation of the decay of a highly virtual particle in a
dense medium. A highly virtual particle produced in the vacuum radiates predominantly soft and
collinear gluon (Bremsstrahlung process), but this phenomenon is affected by its interactions with the
plasma constituents and the emission of medium-induced gluons. As this process is the building block
of the entire jet evolution, reducing the theoretical uncertainties on jet observables demands a
precise understanding of the competing effects between Bremsstrahlung and medium-induced 
radiations… 

Objective & Methodology: In order to address the question of reducing the theoretical uncertainties 
affecting jet observables, the general purpose of this PhD is to formulate the problem of the radiation 
of a virtual particle in a dense QCD medium in a open quantum system approach.} Such a formulation 
turned out to be very fruitful for the propagation of heavy quarks in the quark-gluon plasma, but has 
never been considered so far for a virtual parton sourcing a jet. The suggested methodology is  

 Establish the quantum evolution equation (or master equation) of a highly virtual quark or gluon 
coupled to a large system representing the dense QGP. This first requires re-formulating the 
well-known problem of the radiation spectrum of on-shell partons in a quark-gluon plasma using 
open quantum system techniques. Similar formulations already exist for the evolution of heavy 
quarks or the transverse momentum broadening of on-shell particles. Then, one of the main 
challenge will be to implement the virtuality of the evolving parton in this framework.  

 Numerically solve the quantum master equation. Unless simplified models of the interaction 
between the off-shell parton and the surrounding medium are used, the quantum master 
equation cannot be solved analytically. An important aspect of the PhD project will be to write 
a numerical code to solve this equation and to benchmark it with known analytic 
approximations. State of the art techniques for the resolution of the associated Linblad 
equation will be used. 

 Quantitatively clarify the interplay between Bremsstrahlung and medium-induced radiations. 
In particular, the expected outcome of the calculation is the determination of the phase-space 
for Bremsstrahlung emissions in a dense QCD medium with improved precision with respect to 
the parametric estimations used so far in Monte-Carlo event generators. The entire framework 
developed by the PhD student can then be used to benchmark Monte-Carlo event generators 
developed in the theory group of Subatech and reduce their theory uncertainties. 
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Scientific and technical skills required: 

We are primarily looking for students with a master degree in theoretical physics (nuclear 
and/or particles), educated on different aspects of QCD and having already acquired a basic 
knowledge in numerical physics. Candidates with good knowledge of open quantum systems are 
encouraged to apply as well, even if they have a less extended background in QCD. In addition 
to disciplinary knowledge mentioned above, the expected soft skills we expect from the 
candidate are: ability to carry out long and complex tasks by implementing control processes, 
spirit of initiative, imagination and curiosity. 

The PhD will be performed under the supervision of Paul Caucal (caucal@subatech.in2p3.fr) and 
Pol Bernard Gossiaux (gossiaux@subatech.in2p3.fr) who can be contacted for further 
information and questions on the application process. The PhD will take place inside the theory 
group of Subatech (http://www-subatech.in2p3.fr/fr/recherche/equipes/theorie/presentation, 
presently 10 permanent researchers, 4 post docs, 6 PhD students).  
 
The recruitment process will run from mi-April 2024 until a suitable candidate has been found. 
First interviews are expected early May. The application file should at least contain a 
Curriculum Vitae, a cover letter outlining your professional project in relation with the PhD 
subject, transcripts of grades from ``Bac+3" to ``Bac+5" or equivalent (for results from a 
Master's degree or equivalent, please attach any documents in your possession). The application 
can be completed with any document considered relevant by the candidate. Candidates 
selected for the interview will be required to provide 2 letters of reference, including one from 
the master's internship tutor. 

Language requirements: 

 English: 

 N/A  Basic  Good  Excellent  Native language 

 French: 

 N/A  Basic  Good  Excellent  Native language 

 
 MANAGEMENT OF THE THESIS PROJECT 

 

A minimum supervision percentage of 40% must be allocated to the director of the thesis. A 
minimum supervision percentage of 30% must be allocated to the co-directors and/or co-
supervisors. For more information, please consult the internal regulation of the doctoral school. 

 

Name of the home research unit: Subatech 

 

Name of the research team: Theory 

 

 

Name of the research unit director: Ginés Martinez 
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Director of the thesis 

Name, first name: Function: Date of obtaining HDR*: GOSSIAUX, Pol Bernard, HDR obtained in 2009, 
Professor at IMT Atlantique 

Research unit: Subatech 

Supervision percentage in the project: 50% 

Number of current directions, co-directions and co-supervisions: 1 

Current total thesis supervisions percentage (directions, co-directions and co-supervisions): 50% 
 
*HDR = French Ability to Supervise a PhD 

Co-director (if applicable) 

Function:  

Date of obtaining HDR:  

Research unit (or private company): 

Supervision percentage in the project: 

Number of current directions, co-directions and co-supervisions: 

Current total thesis supervisions percentage (directions, co-directions and co-supervisions): 
 
 

Co-supervisor 1 (if applicable) 

Name, first name:  CAUCAL, Paul 

Function: Maître de conférence Nantes Université 

HDR holder:  ☐   yes   no  If yes, date of obtaining:  

Research unit (or private company): Subatech 

Supervision percentage in the project: 50% 

Number of current directions, co-directions and co-supervisions: 0 

Current total thesis supervisions percentage (directions, co-directions and co-supervisions): 0% 
 

Co-supervisor 2 or co-director (applicable only for inter-doctoral school project) 

Name, first name:  

Function:  

HDR holder:  ☐ yes  ☐ no  If yes, date of obtaining:  

Research unit and location (or private company): 

Name of the belonging Doctoral School: 

Supervision percentage in the project: 

Number of current directions, co-directions and co-supervisions in belonging ED:  

Current total thesis supervisions percentage (directions, co-directions and co-supervisions): 
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Private company partner (if applicable)  

Name of company: 

Adress:  

 

 


