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Dark Matter : A quick introduction

On very different time (and length) scales, we have evidences for
the existence of matter which isn't SM particles :

» Distribution of velocities in cluster of galaxies
» Galaxy rotation curves

» CMB and large scale structure formation

We even know how much there is :
Qpm,o = 0.268
Qh? = 0.123
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An Incomplete Dark Matter Panorama

#* models (i.e. fixed gauge groups, matter) #* eXperimental searches

» Super Heavy
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Gravitational lensing

» WIMP
Ultra light > Indirect Detection
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Exploring further

# production mechanism

» Freeze-out

v

Co-annihilations

v

Conversion driven freeze out

Freeze-in (UV/IR)
Sequential Freeze-in (new!)
Secluded Dark Matter

» Non thermal production

> Gravitationally
>

v v

lowering coupling
v

# signatures

monojet, MET, resonance
Long Lived Particles

> Disappearing tracks
> Displaced vertices
> Delayed jets

New targets for Direct
Detection

Gravitational Waves



A simple model of « millicharged » dark matter

Holdom, 1986 ; Chu et al., 1112.0493; Patt, hep-ph/0605188
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Boltzmann Equations for DM, 4/ number evolution
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The Mesa - Visualisation of DM production regimes
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The Mesa Diagram : Thermalisation conditions
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The Mesa Diagram : Freeze-in Regimes
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The Mesa Diagram : Regime la (standard freeze-in)
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The Mesa Diagram : Regime Ib (freeze-in from mediators)
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The Mesa Diagram : Regime Il (sequential freeze-in)

Logole]

oF

% o

' DM < SM
Oééh

-14 -12 -10

-8 -6 -4 -2 0

Logiol«]

As K\, € drops below
€th-

dYpm _ (0 —DMV)

n2/
dz zHs v

2
dY'y/ - <O-SM—”Y/V> nSM,Eq
dz zHs

= YDM aoC 0/2 64 oC HZ

The Dark Sector has never
been in equilibrium with
the Standard Model!



The Mesa Diagram : Regime Illa (Reannihilation)
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The Mesa Diagram : Regime Illa (Reannihilation)
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The Mesa Diagram

Logola']

Log;ol«]

. Freeze-out regimes - Va

107!

107°

102100 100 100 10° 10° 10° 10°
z=mpnm/T

dYpm _ (DM V) "
dz zHs

X (n]2)M,Eq - ”123M)

YDM o€ a2,

15/18



The Mesa Diagram : Freeze-out regimes - Vb
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The Mesa Diagram of Dark Matter Production
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Focus on the new regimes : Large parameter space opened
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Conclusions

>

In a simple DM model, we find that 9 regimes are potentially
operative to produce the DM particles and this along 5
distinct dynamical mechanisms.

Among these, 4 regimes are new and correspond to regimes in
which the DM particles are produced by on-shell dark photons.
One of them proceeds along a new dynamical mechanism,
which we dub sequential freeze-in.

Not discussed : Important thermal effects.

Can be applied to other DM models, with interesting
phenomenological implications.



Back up slides



Eff. couplings : Longitudinal, transverse from m, # 0

For transverse modes
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More careful treatment of the thermal effects
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Dark photon production :

effects
Ann./Com.: transverse modes My = 1 GeV
10_2 4 Ann./Com.: longitudinal mode
—— Coalescence
—— All contributions
== No thermal effect
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Channels, with(out) thermal
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Parameter space including thermal effects
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A quick phenomenological implication :
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