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The particle discovered in 2012 matched the expected properties of a 125 GeV Higgs boson H as predicted by the 
Standard Model (SM), within the experimental uncertainties. However the experimental uncertainties do not exclude that H 
may have a small mixing with additional scalar bosons that remained to be discovered, and may be part of an extended 
Higgs sector. This thesis presents a search for the resonant production of a heavy scalar X decaying into a Higgs boson 
and a new lighter scalar S, through the process X→SH→b&bγγ, where the two photons are consistent with the Higgs boson 
decay. The search is conducted using 140 (b−1 of LHC Run 2 data recorded by ATLAS. 
The LHC collider and the associated experiments are undergoing major upgrades in preparation for the upcoming High-
Luminosity phase. The upgraded collider will be able to deliver collision with an instantaneous luminosity of + = 7.5×
10!"23#$4#%, about three times larger than the highest instantaneous luminosity reached during the last years of the LHC 
phase. During this new phase, each of the general-purpose experiments ATLAS and CMS will accumulate at least 3000 
(b−1 of data, enabling precise measurements in the Higgs sector. As a direct consequence of the increased luminosity, the 
average number of inelastic proton-proton collisions per beam crossing will be increased to 200, increasing the complexity 
of the events and leading to a steep increase in computing resources needed to process and analyze the data. Assuming a 
flat budget, the expected improvements in computing hardware will not be able to provide this increase. The amount of data 
that experiments can collect and process will be limited by affordable software and computing, and therefore the physics 
reach during HL-LHC will be limited by how efficiently these resources can be used. The CPU resource needed for event 
reconstruction tends to be dominated by charged particle reconstruction (tracking). This thesis presents a novel tracking 
algorithm based on a geometric deep-learning solution involving a Graph Neural Network model. The algorithm developed 
is intended to be fully run on parallel architecture, such as GPU, enabling a sharp timing acceleration. The efficiency 
reached is promising and already competitive with the traditional algorithm.
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The physics topic: Introduction
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One of the LHC goals was to get a better understanding of the mechanism of electroweak symmetry breaking


With the Higgs discovery the coupling to vector bosons (𝛋V) is now well constrain/known 


The less know couplings nowadays are the Higgs self-coupling HHH (𝛋𝝺) and the quartic coupling VVHH (𝛋2V) 
→ at the moment only di-Higgs analyses target these couplings

κ2V

ggF HH:

VBF HH:



The physics topic: Why VBS VVh?
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Studying VBS VVh we have a complementary way to di-Higgs study 𝛋𝝺, 𝛋2V and 𝛋V

Advantages: 


We can systematically distinguish the different WWHH, ZZHH couplings


We can also aim to measure the polarization of the vector bosons having access to the VLVLHH 


New analysis, first time in ATLAS ! You will be able to make major contributions ! In a smaller analysis 
team! 


Disadvantage: 


Very small cross section (LO ~0.4 fb) 



The physics topic: From the theory side
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Theory studies by B. Henning et al. 1812.09299 show competitive sensitivity with di-Higgs analysis by 
comparing with the HL-LHC projections (to take with a grain of salt as Legacy analysis are much better ! )

More detailed studies on same sign leptonic decays including some DELPHES simulation by C. Englert 
1702.01930 concluded that “we can expect a similar sensitivity to the quartic WWHH coupling as provided 
by VBS HH production, for which we expect κVVHH~1.6”

Large uncertainty on background 
estimation from theorist ! We can do 
better with detector simulation and 

data!

https://arxiv.org/abs/1812.09299
https://arxiv.org/pdf/1702.01930.pdf
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Many channels to explore depending on the bosons 
decays with V = Z, W (assume h→bb to maximise BR)


Fully-leptonic (same sign or opposite sign)

Semileptonic

Fully hadronic 

Different channels have different S/B ratio and expected 
statistics 

A first meeting to group all the interested people on this topic happen on Oct 18 (kick-off meeting link) 

The analysis will soon kick-off, it is time for you to join us !

The physics topic: From the experimental side

https://indico.cern.ch/event/1328919/


Laboratoire des 2 Infinis - Toulouse
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New French national lab created in 2020!


Research covers for HEP, Gravitational waves, computing and nuclear physics


ATLAS team in Toulouse has 11 persons: 3 Ph.D students (you!), 1 master student, 2 post-docs, 3 staff 
scientists/lecturers and 2 research engineers


Physics involvements: di-Higgs, resonant searches polarization measurements and tracking for ITk


Day to day, you would work closely with me and my team, will be in total me + 2 PhD students (you!) + 1 
postdoc (you!)




Technical details
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Contract length: 3 years 

Contract start: Flexible - aiming for February 2024

Generous holiday allowance

French not required, lessons available!

Deadline: Dec 1st (or until filled!)

Position mainly based in Toulouse, frequent travel to CERN or even stays of several moths are 
possible

Requirements

Master in physics or equivalent

Interest on physics analysis and novel machine learning techniques

Existing knowledge in Python, C++, ROOT are a plus!
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