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Introduction to particle physics@IPhU
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Searching for a better understanding of 
the Standard Model (SM) and probing 
physics beyond the SM (BSM).  

Direct (as 
predicted by 
models such as 
SUSY, composite 
Higgs, etc.,) 

                      

Indirect  
(deviations in precise 
SM measurements could 
reveal new physics at 
higher scale) 

Dark Matter 
(the search for the 
particle constituting 75% 
of the Universe)



Particle Physics@IPhU: Timeline

✤ 2/3/2020: Initial Meeting of the IPhU Particle Physics working group 

✤ 11/5/2020: 1st Topical Discussion Session - Axions and ALPs 
(including seminar by Fatih Ertas)

✤ 2/11/2020: Webinar - A physicist's view on pandemic dynamics, 
Giacomo Cacciapaglia 

✤ 1/2/2021: 2nd Topical Discussion Session - Low mass resonances at 
the LHC  (including seminars by Ennio Salvioni of CERN and 
Caterina Doglioni of ATLAS)
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We’re looking forward to a rich programme 
of collaborations and activities in 2021!

2021

2020
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1st Topical
 Discussion Session 2021



Leading hadronic contribution to the muon 
magnetic moment from lattice QCD
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IPhU seminar 2021

https://indico.in2p3.fr/event/24100/
https://indico.in2p3.fr/event/24100/


62nd Topical Discussion session 2021



Ongoing projects@IPhU
✤ Semileptonic measurements with excited D mesons at LHCb, e.g. R(D**)  - IPhU PhD funding  (Anton 

Poluetkov, Olivier Leroy, Aoife Bharucha, Jérôme Charles)

✤ Direct search for WIMP Dark Matter (Pascal Pralavorio, Emmanuel Nesri et al)

✤ BSM Physics at the Terascale - IPhU funding

• Dark Matter Models (Felix Brümmer, Aoife Bharucha)

• Type II Seesaw Models (Gilbert Moultaka Emmanuel Monnier, Ana Dumitriu) 

• Supersymmetry (Gilbert Moultaka, Steve Muanza, Lorenzo Feligioni)

• Natural electroweak symmetry breaking with a composite Higgs (Marc Knecht, Michele Frigerio, Jean-Loic Kneur) 

• Analysis of Run 3 data and preparation to the HL-LHC phase (Fundamental is the involvement in ATLAS 
upgrade (calorimeter, pixel, trigger), ANR collaborative presented for the 2021 call (CPPM-L2C))

✤ School of Statistics SOS2022 (Yann Coadou)

✤ Development of artificial intelligence algorithms adapted to big data processing in embedded (FPGAs) 
trigger and data acquisition systems at the LHC - AIDoc@AMU thesis (started 2020)    (Lauri Laatu)
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See talk by Vlad later this afternoon!

See talk by Lorenzo later this morning!

(M. Talby, L. Feligioni, M. Frigerio, G. Moultaka, E. Petit, F. Bruemmer)

See talk by Pascal later this afternoon!
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Direct search for WIMP dark matter

Proposal for a new 4-year project btw experimentalists 
and theorists across 3 IPHU science working groups 
gathering 4 labs. Request: 25 k€ over the 4 years and 
one PhD grant starting 2021

Goal : Prepare at best the search for WIMP dark matter 
with the first data of DarkSide-20k expt [Gran Sasso, It.] 
in 2024. This expt will explore the most favored region 
of phase space for masses between 1 GeV and 100 TeV

2020 limits

Expectations

Submitted 18-Dec 2020
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Direct search for WIMP dark matter
Project: 
4 years (starting in 2021) between experimentalists 
and theorists across 3 IPHU science working groups 
gathering 4 labs (CPPM, CPT, LAM, LUPM)

Goal : 
Prepare at best the search for WIMP dark matter with 
the first data of DarkSide-20k expt [Gran Sasso, 2025] 
by reducing the experimental and theory systematics 

Progress report in 2021 :
� PhD student, Marie Van Uffelen, started in Oct.
� Equip the mock-up that will validate the U-tube 

calibration system. Cold run at CPPM
� Prepare the calibration program with DarkSide-20k 

Geant4 simulation
� Started to work on signal reconstruction algorithms
� Started to work on galactic modelling impact on 

DarkSide-20k sensitivity DAQ computer

Arduino UNO

LN2
GN2

Oxygen level 
Sensor (217 €) 

Gauge and PT100
I/O cables (136 €) 

DAQ: RJ50
Spliter (284 €) 

U-Tube

DAQ: NI rack with modules (3455 €)

2 Power supplies
+ cables (3155 €)

Contrib IPhU (Prix HT)

U-Tube circulating 
radioactive sources 

around TPC (2x20 m)

8.5 m

8 
m TPC
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CP violation in B ! D⇤µ⌫ decays
Search for “twists” (parity-odd terms) in the

B ! D⇤µ⌫ angular distribution at LHCb.

Distribution may have chirality in the SM, but it must
be the same for B and B (CP conservation).

CP-violating terms ) New physics (e.g. RH vector,

psudoscalar, tensor currents)

SM only +RH vector current

gR = 0.3i
+P⇥T interference

gPg⇤
T = 0.1i

Current dataset: ⇠ 0.1% precision for CPV terms

Main di�culty: distinguish “twists in reality” and “twists in perception”

(parity-odd detector e↵ects and backgrounds).

Vlad Dedu, Anton Poluektov B ! D⇤µ⌫ CPV analysis 1/1



BSM Physics at Terascale

✤ Collaborative experimental (ATLAS-CPPM) 
theoretical (CPT,L2C,LUPM) project

✤ phenomenology work addressing dynamical 
explanation of EWSB, particle physics solution dark 
matter problem , explanation of neutrino masses. 

✤ From model building to interpretation of ATLAS 
results 
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✤ Novel data analysis data focused on 
unexplored signatures 

✤ Two new ATLAS results appeared 
in 2020, from original ideas 
developed within the collaboration

Aoife Bharucha, Felix Brümmer, Ana Dumitriu, Lorenzo Feligioni , Michele Frigerio, Marc Knecht, Jean-Loic Kneur, 
Emmanuel Monnier, Gilbert Moultaka and Steve Muanza

See talk by Lorenzo Feligioni later this afternoon!



BSM Physics at Terascale

✤ Collaborative experimental (ATLAS-CPPM) 
theoretical (CPT,L2C,LUPM) project

✤ phenomenology work addressing dynamical 
explanation of EWSB, particle physics solution dark 
matter problem , explanation of neutrino masses. 

✤ From model building to interpretation of ATLAS 
results 
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✤ Novel data analysis data focused on 
unexplored signatures 

✤ One ATLAS result appeared in 
2021, from original ideas 
developed within the collaboration

Aoife Bharucha, Felix Brümmer, Ana Dumitriu, Lorenzo Feligioni , Michele Frigerio, Marc Knecht, Jean-Loic Kneur, 
Emmanuel Monnier, Gilbert Moultaka and Steve Muanza

See talk by Lorenzo Feligioni later this morning!
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• So far the LHC experiments have 
succeeded in excluding large regions of 
parameter space of possible BSM models

• However, resonance searches@LHC leave 
area of opportunity for low mass 
resonances below EW scale

• Such light states are ubiquitous in model of 
BSM physics, for example as mediators to 
DM as studied by phenomenologists@CPT

• ATLAS team@CPPM proposes a new Run 
3 analysis to probe this region via the bb̅ 
final state. Expertise in b jets. Propose 
triggering on the muons found in b-jets to 
probe lower masses. 

•
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Region where 
Freeze In gives the 
correct relic density

Low mass resonances:  
AAP A*MIDEX “Interdisciplinarité 2022”

NEW!!



IPhU Doctoral Lectures: Particle  Physics

✤ Standard Model — Aoife Bharucha

✤ Introduction to theories beyond the Standard Model 
of particle physics — Michele Frigerio

✤ Advanced statistical methods for high energy physics 
— Lorenzo Feligioni and Yann Coadou

✤ Quantum Chromodynamics — Antoine Gerardin
13



Particle Physics@IPhU: Timeline

✤ 2/3/2020: Initial Meeting of the IPhU Particle Physics working group 

✤ 11/5/2020: 1st Topical Discussion Session - Axions and ALPs 
(including seminar by Fatih Ertas)

✤ 2/11/2020: Webinar - A physicist's view on pandemic dynamics, 
Giacomo Cacciapaglia 

✤ 1/2/2021: 2nd Topical Discussion Session - Low mass resonances at 
the LHC  (including seminars by Ennio Salvioni of CERN and 
Caterina Doglioni of ATLAS)
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We’re looking forward to a rich programme 
of collaborations and activities in 2021!

2021

2020

Looking forward 
to constructing an 

exciting 
programme in 

2022!!
Topical discussion session: 

Run3 SUSY!


