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Dark Matter (DM): several traces along the Universe

After reheating, freeze-in or freeze-out-> relic density 

At recombination: traces in Cosmic Microwave Background (CMB)

Present in galaxies today: potential traces ?
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Introduction
Dark Matter (DM): several traces along the Universe

After reheating, freeze-in or freeze-out-> relic density 

At recombination: traces in Cosmic Microwave Background (CMB)

Present in galaxies today: potential traces ?

In this work: Focus on thermal s-wave DM with a mass below 10GeV.

1.Cosmological context -> this DM is excluded in standard case

2. Introduction of resonance to rekindle it 

3.CMB constraints on resonant models

4.Possibility to detect DM with indirect detection

model-independant 3



Cosmological contextCosmological context
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Thermal Dark Matter: Freeze-out

The cosmological context

Boltzmann equation:

FLRW metric

CP invariance

kinetic equilibrium

hypotheses:
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    velocity dispersion 

s-wave annihilation cross section
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= 0    p-wave (or d-wave,...)

= 0    s-wave

    velocity dispersion 

s-wave annihilation cross section

7



= 0    p-wave (or d-wave,...)

    velocity dispersion 

s-wave annihilation cross section

0.4 eV 0.01-100 MeV 

Freeze-out CMB 

Universe Temperature 8

= 0    s-wave



Dark Matter annihilation

energy injection

re-ionization of plasma

interaction photon/ionized plasma

CMB Constraints

Constraints on Dark Matter
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S. Dodelson, F. Schmidt : Modern Cosmology



Almost every s-wave light DM model excluded

CMB: strong constraints on annihilation cross section (ACS) for

m <10GeVχ

s wave: ACS not very different during freeze out and during CMB

→ Most of the time, ACS that reproduces relic density=excluded by

CMB
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Resonant models can evade

CMB: strong constraints on annihilation cross section (ACS) for

m <10GeVχ

s wave: ACS not very different during freeze out and during CMB

→ Most of the time, ACS that reproduces relic density=excluded by

CMB

Almost every s-wave light DM model excluded



Being model-independent, we show that a narrow resonances

can reproduce the relic density evading CMB constraints,

potentially allowing to detect s-wave DM annihilation in the

present Universe
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Goal of this work



What is a resonance ?What is a resonance ?
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Resonance
Breit-Wigner cross section
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Breit-Wigner cross section

13



Resonance
Breit-Wigner cross section

13



Resonance
Breit-Wigner cross section

13



Resonance
Breit-Wigner cross section

13



Resonance
Breit-Wigner cross section
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Why a resonance ?Why a resonance ?
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Resonance

16



Resonance
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Resonance
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Resonance

During CMB epoch, not

boosted !
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Resonance

During CMB epoch, not

boosted !

Can escape the constraints16



Difficulty: 
kinetic decoupling

Difficulty: 
kinetic decoupling
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Kinetic Decoupling
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Kinetic Decoupling
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Kinetic Decoupling

no longer efficient

exchange of energy

18



Kinetic decoupling Hypothesis: enough DM self interaction
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Kinetic decoupling Hypothesis: enough DM self interaction
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Kinetic decoupling Hypothesis: enough DM self interaction

decoupling time
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Kinetic decoupling

To have a model-independant estimation of x :d

Hypothesis: enough DM self interaction

decoupling time
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Belated Freeze out
x = freeze-outf

        x = kinetic decouplingd
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CMB constraintsCMB constraints
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𝜒𝜒->e e+ -

allowed

Tracy R. Slatyer: Indirect Dark Matter Signatures in the Cosmic Dark Ages I.

Generalizing the Bound on s-wave Dark Matter Annihilation from Planck

arXiv:1506.03811

excluded

CMB constraints
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different regimes:

large width: 

small width:

CMB constraints
Relic density
imposed

23



CMB constraints

Extremely narrow states to

evade CMB constraints

10  < γ  < 10  for m =1 GeV −16
R

−9
χ

24



Possibility to detect DM
today ?

Possibility to detect DM
today ?
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Indirect Detection
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Indirect Detection
XMM-Newton: galactic halo (X-ray)

v=220km/s

MeerKAT: galaxy clusters (radio) 

v=1000km/s

Fermi-LAT: dwarf galaxies (gamma-ray) 

v=2.5-10.7km/s

Leo T: dwarf galaxy (gas cooling)

v=7km/s
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Indirect Detection

XMM-Newton: galactic halo (X-ray)

v=220km/s

MeerKAT: galaxy clusters (radio) 

v=1000km/s

Fermi-LAT: dwarf galaxies

(gamma-ray) 

v=2.5-10.7km/s

Leo T: dwarf galaxy (gas cooling)

v=7km/s

Cirelli, Fornengo, Koechler, Pinetti, M. Roach: arXiv:2303.08854 

Fermi-LAT collaboration: arXiv:1503.02641 

Lavis, Sarkis, Beck, Knowles: arXiv:2308.08351 

Wadekar, Wang: arXiv:2111.08025
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Relic density
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CMB constraints

Thermal s-wave
Dark Matter

incompatible for
m <10GeV in standard

case
χ
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“belated
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early kinetic
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Relic density
constraints

CMB constraints

Thermal s-wave
Dark Matter

Indirect Detection:
possibility to detect

this DM today

incompatible for
m <10GeV in standard

case
χ

“belated
freeze-out”

early kinetic
decoulping

Conclusion

CMB constraints: allow
only very narrow

resonances

resonant case 
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