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THE SUPREMEMECHANISM

Foundations & Path to the LHC



THE STANDARD MODEL
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THE MOST VALIDATED FRAMEWORK
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THE MOST VALIDATED FRAMEWORK
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A COMPLETE REPRESENTATION
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https://www.quantamagazine.org/a-new-map-of-the-standard-model-of-particle-physics-20201022/

HOW HIGGS PAIR PRODUCTION EMERGE

Higgs potential energy

minimal Higgs potential

n Tt s
] oYyl NRUKyY
KuKiimiumK®}q

’ "O _ O 0 — "O v /
O -=-=-=-- ‘O
, O 0
y N 7
--= >
\ V2N
\ 0’ N0

&
S
y\\?\ = 11/7/2025 PhD Defensehur Lafarge CA - [FermontFerrand - )



THE LARGE HADRON COLLIDER
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WHEN THE STAGE MEETS THE SPOTLIGH

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet

Transition
] Radiation
Tracking Tracker

Pixel /SCT detector __,"
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SEARCHING FOR RARE PRODUCTION MODES

At13.6 TeV at LHC 1 EOAT AxPop ! Expected events
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THE NEED TO KNOW MORE ABOUT THE HIGG:

Ensure (or not) the stability of our universe

arXiv:1205.6497
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https://arxiv.org/abs/1205.6497
https://link.aps.org/doi/10.1103/PhysRevLett.115.201802

+ Excellent resolution @ ;%
- Low branching ratio
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= Low resolution (0 iy
b + High branching ratio
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ATLAS

EXPERIMENT

Run: 456118
Event: 301264610
2023-07-08 06:59:42 CEST
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N: Expected number of events at

bb -

N=3295.9 (BR from arXiv:1610.07922)
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bb wrw- S ZZ 2%

Only 0.3% 7] 31 produced decay into

2 photons& 2 b quarks
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SEARCH FORe§ 51 © {4 9 #

When HH becomes too mainstream



QCD multi-jet+ r r

THE CONCEPT

[ fjets
Continuum Background

125 GeV
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THE CONCEPT
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QCD multi-jet+ r r
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[ W 9
T3

<
i

T
<

Continuum Background

THE CONCEPT
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QCD multi-jet+ r r
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QCD multi-jet+ r r
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THE CONCEPT

Di-Higgs Shape & yields from simulations
Background (fit with double sided crystal ball)
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PRESELECTION

- H
A Diphoton triggers A b-tagging passing the 90% working point (GN2)
A 105<drT <160°Cw A Dedicated corrections ofhomentum of bjets

A nYarr >0.35(0.25) : leading (subleading)
A Tight and Isolated
111 Ei¢cAAG Ui UAgQgE Uijéeulguo
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ISOLATING SIGNAL

No single variable perfectly discriminates signal from background
A Boosted Decision Tree exploits correlations between variables to maximize
overall separation power and improve statistical precision

Fast iteration

Optuna framework

Metfic - Couningsgifcanco 4 BDTs to identify signal from backgrounds
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OPTIMIZING SENSITIVTY

Increasing sensitivity

A Run 2 + partial Run 3 merged
A Merging improves sensitivity by ~20% over separate Run 2 and Run 3 treatments

r 3 SRs defined

1 : _— A_[E $ufs Optimizati . .
| agorization —AE @SOEQ'S'TZS"" N signal Regions

cC >
O 8

e

Remove events
&
repeat

_________

w Efi ¢cAAGO EUci CAE OUai ACtkQrizingevents isolates regions with different sensitivities,

maximizing the overall signal extraction power
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Entry Normalized
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- SCULPTING CROSEHECK

Validation of sculpting in [ . spectrum

A HypothesisBDT could learn th@ peak and induce a sculpting to increase sensitivity
A& is notused in the training of the BDTS
A No sculpting observed
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A Modelling parameters are extracted considering all resonant processes inclusively

SIGNAL MODELLING

Use of standard O . fit procedure

A Parameters extracter eac/Signal Regions

A Applied same shape on each resonant processes
A odfOdominates in the resonant part
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Entries / 2.5 GeV

DATA/MC VALIDATION

Toward the most sensitive category
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STATISTICAL MODEL

probability to observe& events when expecting (=
O affect event yields (signal strengtht , crosssection)

Gaussian/log-normal priors on systematics.
Y ensures uncertainties on JES, PDFs, etc. are include

£ =T ( Pois(ne|N.(@)) - ] fo(mi.6)- G(B)

Product overSignal Regions P NZT DI FaGf 1T RIKyaqfli RKIDaUD] KI RD]
O carriesmass peak and background shape information
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RESULTS

First observed limit seton < 51 © {Hk» Jin ATLAS
wu B O N N8QEG QO
1 X (D
O Every signal with a cross section aboyew , are excluded

A Stat-limited channel
A 12%contribution of systematics on the upper limit

A Aims to be combined with two other channels

Challenge the CMS < 5 © = # £} search
A A limit of 120 observed (86 expected)
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<4 7 : THE FUTURE FOR HIGGS PAIR SEARCHE

A production mode for future high energy colliders

A steeper crossection rise

S || PR Q| Q< <q 5
o up @4 ABO p (p matAw cd(p @4 ABO  p(p matA)¥6
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<4 7 : THE FUTURE FOR HIGGS PAIR SEARCHE

A production mode for future high energy colliders

A steeper crossection rise

S || PR Q| Q< <q 5
o up @4 ABO p (p matAw cd(p @4 ABO  p(p matA)¥6

A probe of Higgs self-coupling
A Enhanced sensitivity at high

A unigque topology for BSM physics

A Unique direct access tb
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THE HIGH GRANULARITY TIMING DETECTOR
A chronometer for HLLHC

34



CONTEXT: HGTD & MODULE

The HL-LHC Program
A Upto ¢ 1t simultaneous collisions
A x v time the current pileup
O Multiplied by 6 the collected data

Ul UEEi gJ g¢g¢C
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https://cds.cern.ch/images/ATLAS-PHO-Event-2016-003-4
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https://cds.cern.ch/record/2846411

CONTEXT: HGTD & MODULE

The HL-LHC Program High Granularity Timing
A Upto ¢ 1t simultaneous collisions Detector
A x v time the current pileup A New ATLAS subetector
O Multiplied by 6 the collected data | A x ¢ 1 o(Run4)

A 8032 modules ASIC+sensdr
ATLAS A24<||<4

EXPERIMENT
L-LHC ti event in ATLAS ITK
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TRACK SEPARATION

With HGTD

11/7/2025

With ITk
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