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M2 Internship proposal 
 
 

 
Internship supervisor 
 

Name of supervisor  Emmanuel SAUVAN  Experiment  ATLAS 

       
Phone number  0450091652  E-mail  sauvan@lapp.in2p3.fr 

 

Subject / activities 
 

Summary of the work required:  
 
Since the observation of the Higgs boson in 2012 at the LHC, so far, no evident signs for the existence of 
new particles beyond the Standard Model (SM) was observed in direct searches. 
However, a few aspects of the Standard Model still remained inaccessible, mostly because of the lack of 
sufficient data to precisely measure some of its rare processes. 
Among such processes is the production of pairs of gauge boson and the characterisation of the self-
interaction of gauge bosons. In particular, the polarisation states of W and Z bosons produced by pairs, 
and the correlations between the polarisation states of the two bosons, could bring new information that 
have never been exploited so far to look for deviations to Standard Model predictions. Exploiting this 
polarisation information could lead to indirect constraints on the existence of new physics. 
 
The master 2 internship proposed is on the measurement of the longitudinal and transverse polarisation 
final states of the bosons of WZ diboson events. Already at the start of his work, the candidate will have 
access to the full data set collected by the ATLAS experiment at a centre-of-mass energy of 13 TeV and 
amounting to 140 pb-1. The work will be devoted to the development of novel techniques to separate 
longitudinal and transverse polarisation states of the bosons, exploiting advanced machine learning 
methods. The candidate will work within the larger working group on WZ dibosons of the ATLAS 
Collaboration, working group co-led by the LAPP team. 
 
 
 
 

 

Title:  

Search for new phenomena through polarisation studies of vector bosons at LHC with 
the ATLAS experiment 
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Optional information on a possible PhD subject:  
 
The internship could be prolonged by a PhD thesis whose goal will be the first measurement of 
correlations between polarization states of vector bosons in the WZ system, and the separation of 
longitudinal and transverse polarisation modes. 
 
To reach this goal, the development of new machine learning techniques based e.g. on deep neural 
networks running on GPU (Graphical Processing Units) cards will be necessary. 
In a second step, the measurements will be compared to Standard Model predictions in order to try to 
single out possible deviations from SM predictions. This part of the work will be based on 
phenomenological studies in collaboration with theorists to, on first hand, understand the precision of 
present theoretical SM predictions and, on second hand, to derive constraints on different models of 
new physics, in particular for generic extensions of the SM in the Effective Field Theory (EFT) framework. 
For new physics searches, the two charge states of the W boson bring additional degree of freedom, 
allowing to look for possible effects of CP violation in the gauge bosons sector. 
 
The PhD will start during the long shutdown of the LHC for upgrading the machine and the detectors 
(beginning 2019-end 2020). Several projects, taking advantage of this long shutdown and perfectly 
inserted in the LAPP activities, are proposed to the candidate for his preference. 
 
The first project will be the participation to the setup at LAPP of a test bench for the assembly of elements 
of the future inner tracking pixel detector that will be installed in ATLAS in 2024 for the high luminosity 
running phase of the LHC (HL-LHC). A large fraction of its assembly and associated tests will be held at 
LAPP, allowing to the candidate to acquire the unique experience of participating to the construction of 
a particle physics detector. 
 
The second project will be more dedicated to the Liquid Argon ATLAS calorimeters, whose electronic will 
be partially replaced in 2019-2020 and totally in 2024, after the end of Run3 for the high-luminosity phase 
of the LHC (HL-LHC). The candidate could participate to the test of the new electronic during the 
recommissioning. Alternately, the candidate could choose to instead work on the design of the new 
electronic boards for the HL-LHC phase, project in which the LAPP is also involved. In both cases, the work 
performed by the candidate will be extremely important for the collaboration and will give him the rare 
opportunity to closely work with a specific detector, and to design and test it. 
 
The geographical proximity of LAPP and CERN, about 50 km and 40’ drive, will allow a strong involvement 
both with the data taking and detector operation and with the participation in person to the working 
meetings of the ATLAS Standard Model Group. A period of several months of continuous presence at 
CERN is in particular foreseen. 
The work will also be part of the European network VBSCan gathering members of ATLAS and CMS 
Collaborations as well as theoreticians working on VBS measurements. It will provide to the candidate 
additional visibility for his work and forums for stimulating discussions with experts in the field. 
 

 

Members of the team 

 N. Berger, M. Delmastro, L. Di Ciaccio, C. Goy, 
T.Guillemin,T. Hryn’ova, S. Jézéquel, I. Koletsou,        
R.Lafaye, J. Lévêque, N. Lorenzo Martinez, E. Sauvan,    
I. Wingerter-Seez 
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