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Energy frontier to address the big questions
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The LHC project

 Biggest accelerator ever!

 pp (and heavy ions) collisions
 Centre-of-mass energy: 13.6 TeV
 Collision every 25 ns  40 million collisions /s⇒ 40 million collisions /s

– 1 Higgs boson /h
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The ATLAS experiment (1)
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ATLAS experiment (2)

 d
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ATLAS Collaboration
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ATLAS CPPM team

 14 researchers
 27 engineers and technicians
 2 post-docs
 7 PhD students
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Physics at the LHC/ATLAS (1)
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Physics at the LHC/ATLAS (2)
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Physics at the LHC/ATLAS (3)

 Higgs boson discovered 11 years ago

 Couplings measured with a 10-50% 
precision

 Spin/parity: JPC = 0++

– spin 1 and 2 excluded at > 99% CL
 Mass measured with a 0.09% precision
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Is it the end?
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No☺
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LHC program

HL-LHC

LHC

amount of data

Today
 Talented researchers make the difference

– top-Higgs coupling
● 2013: expected precision with the HL-LHC: 7-10%
● 2019, with innovated experimental and theoretical techniques: 4%

– charm-Higgs coupling
● until recently thought it was not measurable
● now prospects thanks to new c-tagging

today
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Why we need upgrades for the HL-LHC

 Expected number of interactions /bunch 
crossing (pile-up): 200
– ATLAS design value: 25
– better detector needed to maintain 

tracking, vertexing, b-tagging 
performance

 Much higher radiation environment
– total ionisation dose: 7.7 MGy
– end of Run 3: 1.5 MGy → ATLAS 

design

 Trigger rate
– Run 2-3: 100 kHz
– HL-LHC: 1 or 4 MHz



02/23/12      15

Upgrade projects at CPPM

 LAr calorimeter
– the detector itself can sustain the 

growing amount of radiation
– replacement of the entire data 

acquisition electronics

– use the best available (future) 
technologies: AIDAQ: 
Development of neural networks 
for energy reconstruction in the 
LASP board

 ITk (new Inner Tracker)
– micro-electronics

– development of mechanical parts, 
module loading, participation to 
production

– development of new pixel sensors 
(depleted CMOS)

Imprimante de dépôt
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Performance program at CPPM

 b-tagging
– distinguish b-jets from c-jets or light-jets
– b-hadron lifetime of 1.5 ps 

 flight path of a few mm ⇒ 40 million collisions /s
 secondary vertex⇒ 40 million collisions /s

– at trigger-level
– new MVA techniques for HL-LHC

 Electrons/photons
– distinguish from jets
– shower shape in the calorimeter

– local expertise on electron 
reconstruction and photon 
identification

– towards HL-LHC: impact of new 
calorimeter energy reconstruction on 
photons and electrons

γ π
0
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Physics program at CPPM (1)

 Higgs boson has a mass   it couples to itself!⇒ 40 million collisions /s
– but not measured yet

 Potential of the Higgs boson “Mexican Hat”:
 Approximation around the v.e.v:

 Higgs self-coupling can be measured 
thanks to HH production

– very rare process: σ(HH)/σ(H) = 0.1%  100k HH events at the end of HL-LHC⇒ 40 million collisions /s

 Relationship to electroweak phase transition:
matter-antimatter asymmetry, gravitational waves, etc
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Physics program at CPPM (2)

 ΗΗ → bbττ
Sizeable BR ☺
Relatively small background ☺

– New involvement for Run 3
● concentrate on VBF production 

VVH VVH

VVH

HHH
VVHH

 Two main decay channels for HH:
 HH → bbγγ (since 2019)

Small BR ☹
Good diphoton resolution ☺
Relatively small background ☺

– Run 3: ZH and HH measurement
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Physics program at CPPM (3)

 HH spin-off analysis
– high-mass (250-1000 GeV) scalar 

particle decaying to bbγγ

 Charged Higgs
– spin-off analysis of previous ttH 

analysis
– many models predict additional 

Higgs bosons: H±±, H±, A0 (CP 
odd), H0 (CP even), h0 (SM Higgs)
● neutrino masses through the type-II 

seesaw mechanism

 Low m
bb

 resonances
– new!
– many of these models predict 

resonances in di-quark events

– regions below 100 GeV are still 
unexplored

– needs trigger-level analysis
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Beyond LHC

 Many Future Colliders projects:  2020 update of the European 
Strategy for Particle Physics and 
IN2P3 priorities:
– the highest-priority: FCCee (Higgs 

factory) next collider
– feasability of FCChh (√s ≥ 100 

TeV) by 2025
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Thank you!
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Back-up
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Sources

 DeJongERC
 Ursula SFP
 10ans Higgs
 IN2P3 prospects
 Cours Techniques base Détecteurs (eg LHC timeline)
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