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e As her former postdoc, | cannot be happier for giving a talk about Genevieve

* “Only 12 years” of knowing her is too little time to possibly reach the level of David
or Fawzi, so this talk cannot possibly be serious, nor exhaustive

 Writing 90+ papers on dark matter is so prolific that | got paralised and
procrastinated a lot while preparing these slides



Content (not in sequential order)

 Some dark matter physics
e Software
e Personal anecdotes

 Admiration disguised as humor
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SUSY as a very appealing guiding principle...
...Including a O(100 GeV) DM candidate

The calculation of the neutralino’s relic abundance on
the other hand...

©(1000+) Feynmann diagrams
(Self-annihilation + co-annihilation)

Existing Boltzmann codes (e.g. DarkSUSY)
were hard-coded
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micrOMEGASs: A program for calculating the relic
density in the MSSM

Comput.Phys.Commun. 149 (2002) 103-120
G. Bélanger!, F. Boudjema', A. Pukhov?, A. Semenov!

(See talk by Fawzi)

Crucial achievement:
automated computation of all relevant processes via a
Feynmann-diagram generator

Game changer!!
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Sequel...

Arbitrary model

July 2006 micrOMEGAs 2.0: a program to calculate the relic

density of dark matter in a generic model .
Comput.Phys.Commun. 176 (2007) 367-382

G. Bélanger!, F. Boudjema!, A. Pukhov?, A. Semenov’

User’s favourite Lagrangian Derivation of Matrix-element Relic density
Feynmann Rules generator Calculator

o = dey + T %(ﬁ}xr%x(i (1) wep-TanHEP sy CalcHEP = micrOMEGAS
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May 2013 micrOMEGAs_3 : a program for calculating dark

matter observables
Comput.Phys.Commun. 185 (2014) 960-985

G. Bélanger!, F. Boudjema', A. Pukhov? A. Semenov’

Neutrinos from annihilation
of DM captured at the Sun NEW Improved

77 SN

Gamma-ray line searches

DM profile

Direct Detection rates

Loop-induced Higgs production

interaction

...many more stuft
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micrOMEGAs4.1: two dark matter candidates
Comput.Phys.Commun. 192 (2015) 322-329

G. Bélanger!, F. Boudjema', A. Pukhov?®, A. Semenov®

July 2014
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2014-2015 — my arrival iIn Annecy

October 2015...just landed in Annecy...

» with my wife pregnant,
 without a flat (nor a Bank account...my Cuban “condition”) and

- all my 100+ boxes in Genevieve’s basement Thank you for this!!

And then we started working...

WIMP phenomenology (emphasis on LHC)
Freeze-in and micrOMEGAs

11
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January 2016...Genevieve lent me her car for going to Geneva

Bryan said: “Sorry Genevieve, | got a find at the Swiss border” [very embarrased]
Genevieve: “ah...don’t worry, this is just another fine”

Bryan thought: Nice...| just found my traffic-fine twin...

Genevieve wanted to include Freeze-in DM in micrOMEGAs

She deduced that given my Russian-like education, | would resonate with Sasha

I’'m glad it seemed to be the case!! 0

*
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2016 and plans for next micrOMEGAs v5

Fidel Castro died on 25/nov that year

Next day, | was coming back home from a Barber shop,
when a car hit me badly on a cross-walk: double ankle-fracture

December... Genevieve and Sasha came to my place to “discuss about work”....

| rather talked about my ankle and the plaster, and about old man in my
post-operating room saying | will never leave that hospital

14



micrOMEGASs5.0 : freeze-1n

Comput.Phys.Commun. 231 (2018) 173-186
G. Bélanger!’, F. Boudjema!’, A. Goudelis®’, A. Pukhov??  B. Zaldivar!'l

January 2018
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Comput.Phys.Commun. 231 (2018) 173-186
G. Bélanger!', F. Boudjema'*, A. Goudelis?’, A. Pukhov?!, B. Zaldivar''

January 2018

> DM never in th. equilibrium with the SM ol EFT | onoshell off-shell

----------

> Production time depending on mass ratios
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Genevieve’s boosting micrOMEGAs as much as a ‘Dragon Boat’
Circa 2017-2018

LAPTh participation

Genevieve looks like a 20
year-old leader on the boat

So much fun that day!
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Example Freeze-in pheno at LHC

LHC-friendly minimal freeze-in models
JHEP 02 (2019) 186
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Example Freeze-in pheno at LHC

LHC-friendly minimal freeze-in models
JHEP 02 (2019) 186
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Recent example susy bm

PHYSICAL REVIEW LETTERS 131, 011802 (2023)

Is Light Neutralino Thermal Dark Matter in the Phenomenological Minimal
Supersymmetric Standard Model Ruled Out?

Rahool Kumar Barman ,1’* Genevieve Bélanger ,Z’T Biplob Bhattacherjee ,3’i
g p []

Rohini M. Godbole,™* and Rhitaja Sengupta®™!
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Is Light Neutralino Thermal Dark Matter in the Phenomenological Minimal
Supersymmetric Standard Model Ruled Out?

Rahool Kumar Barman®,"” Geneviéve Bélanger®,”” Biplob Bhattacherjee®,”

Rohini M. Godbole,™* and Rhitaja Sengupta®™!

SUSY paper in PRL 2023 !

Experimental constraints on the “funnel regions”
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Recent example susy bm

PHYSICAL REVIEW LETTERS 131, 011802 (2023)

Is Light Neutralino Thermal Dark Matter in the Phenomenological Minimal
Supersymmetric Standard Model Ruled Out?

Rahool Kumar Barman®,"” Geneviéve Bélanger®,”” Biplob Bhattacherjee®,”

Rohini M. Godbole,>* and Rhitaja Sengupta®>!

SUSY paper in PRL 2023 !

Experimental constraints on the “funnel regions”

One in a large number of collaborations
LAPTh - India (Rohini)
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Sequel...

micrOMEGASs 6.0: N-component dark matter

Comput.Phys.Commun. 299 (2024) 109133
G. Alguero', G. Bélanger?, F. Boudjema?, S. Chakraborti?,

A. Goudelis*, S. Kraml', A. Mjallal?, A. Pukhov®

December 2023

Reasons for the new wversion: Previous versions of micrOMEGAs worked within the
assumption that dark matter is composed of one or two components. The new
version allows for more components which can be either weekly or feebly interacting.
The possibility of co-scattering is also implemented.
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Comput.Phys.Commun. 299 (2024) 109133
G. Alguero', G. Bélanger?, F. Boudjema?, S. Chakraborti,

A. Goudelis*, S. Kraml', A. Mjallal?, A. Pukhov®

December 2023

Reasons for the new wversion: Previous versions of micrOMEGAs worked within the
assumption that dark matter is composed of one or two components. The new
version allows for more components which can be either weekly or feebly interacting.

The possibility of co-scattering is also implemented. l

Models of DM interacting only
on Mondays :-)
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Whatever the future of DM physics is,
the way we do DM has been shaped by Genevieve
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Closing—Legacy

Personally (to me)

My period in Annecy clearly surpassed my
expectations, and it all started with her

She taught me that who you work with is more
Important than what you work on

If | have concept of “scientfic family”, it is thanks to
her, and she’s part of it




Merci Genevieve!!




