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Summary of the work required:  

Since the observation of a Higgs boson in 2012 at LHC, and after an in-depth study of its 
properties, it seems that the Standard Model (SM) of particle physics had finally revealed all 
its secrets. However, many phenomena stay unexplained, suggesting that a more general 
theory than the MS should exist. A direct search of new particles is being performed at LHC, 
vainly until now. Indirect searches, i.e searches for deviations in well known observables, 
could be the solution to bring out this long awaited new physics.  

The vector boson scattering process is regulated in the Standard Model by the Higgs boson. 
This process is for now little studied due to its very low production rate and to the large 
amount of background events associated. However, this is also a process that is very 
sensitive to the presence of new physics, which would appear as an enhancement of the 
production rate in high-energy regions.  

During the internship, the student will study this process in the Z+gamma final state. This 
channel is ideal because it has a fully reconstructible final state and a good energy 
resolution, and has one of the largest production rates. It has been already studied using 
the data collected in 2012 at sqrt(s)=8 TeV, but the amount of signal events selected was 
not sufficient to claim an evidence of this process. 

The work will consist in studying the full 13 TeV dataset (taken between 2015 and 2018, 
corresponding to more than 100 fb-1). The internship will start with LHC restarting the 
collisions after the winter shutdown and will be a great opportunity for the candidate to 
start getting familiar with data taking procedure in ATLAS. The amount of data available at 
the end of 2018 will allow, if not already achieved, to observe for the first time the vector 
boson scattering process in the Z+gamma final state. The candidate will participate to the 
data analysis effort, to the interpretation of the results in new physics theoretical models, 
and to the publication summarising the results. 
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Optional information on a possible PhD subject:  

The amount of collected data at the end of 2018 (Run2) will allow to make further studies, 
like precise measurement of the cross section of the process as a function of various 
sensitive observables. This would provide important tests of theory predictions and Monte 
Carlo simulations. Further studies on the interpretation of the results in the framework of 
Beyond the Standard Model theories could also evolves to a collaboration with theoreticians, 
in particular those from LAPTH.  

The PhD will be placed between the end of Run2, the long shutdown of the LHC for 
upgrading the machine and the detectors (beginning 2019-end 2020), and the beginning of 
Run3 (starting in 2021). 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 ideally complement the vector boson scattering study, where two high-
energy and very forward hadronic jets are produced. The idea is to study precisely the 
properties of these jets. Because of their specific location in the detector, they are 
frequently mixed up with jets from other interactions that occurred at the same time as the 
one that interests us (pileup events). Novel jet imaging techniques and machine learning 
tools will be explored to mitigate this effect and improve the identification and selection of 
the jets. This could evolves to a collaboration with the « Machine Learning » group at LAPP. 
This work will be extremely useful for the vector boson scattering analysis and for the 
collaboration in general, especially for the Run3, where the pileup will increase to an 
unprecedented value. 

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 will start the phD at the 
crucial moment where the new electronic will be installed, and could then participate to 
this work as well at the necessary test of the new boards 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 35’ 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. 
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