Magnetogenesis with gravitational waves and primordial black hole dark matter
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Cosmological phase transitions:
as a common origin for

Primordial black hol
dark matter

What's dark matter?
Evidence: galaxy

rotation curves, Bullet
cluster, CMB...

Intergalactic
magnetic fields

What's the origin of the
intergalactic magnetic

fields?

Evidence: blazar
observations

Maybe it's made out of
primordial black holes

L. g
Gravitational waves (?)




Primordial black holes (PBHs) as dark matter
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They can constitute all dark matter if their masses
fall in this range



Primordial magnetic fields (PMFs)

Pictures, credits: Kohei Kamada
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Non-observation of secondary photon cascades suggests the
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- Intergalactic magnetic tields: limits
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Chiral dynamo

Even magnetic fields are not as
directly observed as CMB
- photons or gravitational waves,
they can be important relics from
the early universe...(if
cosmological)

2210.03321:

MAGIC, Fermi/LAT
collaborations

Coherence length of the magnetic field:
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Cosmological phase transitions

Transition rate: (S3: bounce action)
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Cosmological phase transitions
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Cosmological phase transitions

Gravitational waves are emitted
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Cosmological phase transitions: PMFs
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Cosmological phase transitions: PBHs

Old vacuum-dominated region (outside bubbles)

. New radiation-dominated region (inside bubbles)
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Requirements to produce black holes as all dark matter

Four parameters characterise first-order phase transitions:

T? B/H, o v,

1, fixed by requiring mass of
black holes in the asteroid-
mass window:

20 \? /140 MeV 2
Mpgy (Toen) = M
PBH( h) © <9r(Treh)> ( Tren )

\

10TeV < Tiep, < 10* TeV
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Requirements to produce black holes as all dark matter

Four parameters characterise first-order phase transitions:

Ty B/HY? o vy

fepu = 1

1, fixed by requiring mass of
black holes in the asteroid-
mass window:

holes:
20 \? /140 MeV 2 ¢
Mpgg (Thorn) = M,
pon (To) = Mo (7 ) (P )

CLQWO [Z_z (19.5983;—110gTreh)@ log(l _|_ 50)]
(B/H)\ = :

aslog(1 + é.)
10TeV < Tiep, < 10* TeV

B/ Htixed by requiring all the dark
matter to be primordial black
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Requirements to produce black holes as all dark matter

Four parameters characterise first-order phase transitions:

T? B/H? o vy

fepu = 1

1, fixed by requiring mass of
black holes in the asteroid-
mass window:

B/ Htixed by requiring all the dark
matter to be primordial black

holes: ¢

1
az W [— (L0983 Hlor Teen ) % 1o (1 50)]

aslog(1 + é.)

In supercooled (really strong)
20 ) H2 (140 MeV) ? first-order phase transitions,
9r(Treh) we have:

\

10TeV < Tiep, < 10* TeV
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Magnetic field production and evolution

simulations
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Magnetic field production and evolution

simulations
[1711.03804]
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Results
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Conclusions

* We investigated slow first-order phase transitions as a source of dark matter
primordial black holes and primordial magnetic fields.

* We explain blazar observations and dark matter.
* This process also generates strong gravitational wave (GW) signals.

* Multimessenger probles: GWs (large SNRs) and gamma-ray telescopes
(proposals for probing asteroid-mass dark matter).
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