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Evidences for Dark Matter
Several observations indicate the existence of non-luminous
Dark Matter (missing gravitational force) at very different scales!

* Galactic rotation curves
* RC in Clusters of galaxies
* Clusters of galaxies
* CMB anisotropies
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Dark Matter: WIMP vs FIMP
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What if DM only couples to the SM
via gravitational interactions?

 
 



6

What if DM only couples to the SM
via gravitational interactions?

DM is unavoidably produced
by PBH Hawking evaporation!
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* Density fluctuations can collapse into a PBH in the early universe

* Lose mass by emitting all particles via Hawking evaporation
→ PBH have a ~black body spectrum, with temperature TBH ~ 1/MBH

→ PBHs unavoidable radiate DM!

* If Min < 109 g, PBH completely evaporate before BBN
→ poorly constraint

EFT: Two free parameters
* A single PBH characterized by its mass at formation Min

(or equivalently, by the SM temperature Tin at formation)

* Initial PBH energy density β = ρBH/ρSM

Primordial Black Holes
Talk byJ. Lu

N. Fernández



8

* Density fluctuations can collapse into a PBH in the early universe

* Lose mass by emitting all particles via Hawking evaporation
→ PBH have a ~black body spectrum, with temperature TBH ~ 1/MBH

→ PBHs unavoidable radiate DM!

* If Min < 109 g, PBH completely evaporate before BBN
→ poorly constraint

Effective theory: Two free parameters
* A single PBH characterized by its mass at formation Min

(or equivalently, by the SM temperature Tin at formation)

* Initial PBH energy density β = ρBH/ρSM

Primordial Black Holes
Talk byJ. Lu

N. Fernández
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DM density = PBH density   x    # DM emitted per PBH

Number of DM particles radiated per PBH.
→ Only depends on initial PBH mass!

As PBH scale like non-relativistic matter,
they can dominate the total energy density of the universe

→ Nonstandard expansion!

DM from PBHs



10

DM density = PBH density   x    # DM emitted per PBH

Number of DM particles radiated per PBH.
→ Only depends on initial PBH mass!

As PBH scale like non-relativistic matter,
they can dominate the total energy density of the universe

→ Nonstandard expansion!

DM from PBHs



11

DM from PBHs



12

DM from PBHs



13

DM from PBHs
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● If DM possess sizable self-interactions:
→ DM thermalizes
→ Number-changing interactions: 2↔3, 2↔4...

* What is the energy transferred from PHBs to DM?
* What is the DM temperature?     (kinetic equilibrium)

* What is DM equilibrium number density?     (chemical equilibrium)

Self-interactions:
→ Increase the DM density
→ Decrease the mean DM kinetic energy

Self-interacting DM from PBHs
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Self-interacting DM from PBHs

* DM production more efficient → smaller β could be explored

* DM cools down → keV DM becomes viable

* Model independent result
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● PBHs formed in the early universe
● 0.1 g < Min < 109 g evaporate before BBN

● PBH could Hawing radiate the whole DM density
● DM masses: 1 MeV < mDM < 1018 GeV

● DM self-interactions:
→ boost DM density

Boost factors of several order of magnitude
can be computed in a model independent way!

→ cools down DM
keV DM becomes viable

Conclusions
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¡Muchas         
      gracias!
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Next week!
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