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We all know Dark Matter exists
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Dark Matter Candidates : WIMP

* Weakly Interacting Massive Particle (WIMP)

* Predicts the observed dark matter energy density today
“WIMP Miracle”

* No signal yet
* Need models beyond WIMP
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Dark Matter Candidates : Dark Sector

SM SECTOR

Standard Model of Elementary Particles

three generations of matter
(fermions)
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Dark Matter Candidates : Dark Sector

SM SECTOR DARK SECTOR

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Portal Interactions

o Scalar Portal : k|S|?|H|? + uS|H|?
e Neutrino Portal : yLHN

* Vector Portal : eF*VEF,

» Axion Portal : g, aF*E,,



Dark Sector Particle Parameterization
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Mass

Collider

TeV




Beam Dump Experiments

Mass

coupling

Beam Dump Shield Veto Decay Volume Datactor
(water)  active (magnetic) or passive
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Astrophysical Searches

Mass




Particle Production from Stellar Objects




Cooling of Stars




Cooling of Stars
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Decay to EM energy




Decay to EM energy
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Conversion to EM energy
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Astrophysical Sources

The Sun Supernovae White dwarfs

And many more...



Another source: Black Holes

virtual
pairs

e BHs emit thermal radiation due to quantum effects near the horizon

e : Hawking, 1974
* BHs can produce all existing particles wwiing

e PBHs are preferred: lighter BHs have higher Hawking temperature



Dark Sector Particles from PBH




Dark Sector Particles from PBH

e Decay to EM energy



PBH photon spectrum with axions

primary

» Axion decay gives a
double-peak feature

* Once the PBH photon
spectrum is discovered,

we can tell the existence  {p-sl/A/.
0.1

of the axion
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Axion probes from PBH
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Dark Sector Particles from PBH

e Decay to EM energy
» Conversion to EM energy



Models that excites DM
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Dark Sector Particles from PBH

e Decay to EM energy
» Conversion to EM energy

* Evolution history



PBH evaporation

z; = m;/Tgy

If there are more d.of,
Mgy is larger and the PBH evaporates faster



dNg/dMgy
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BH mass function evolution
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dNgn/dMgy

BH mass function evolution
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Different BH mass functions

dnpy/dMpy
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Different BH mass functions today

Mgy [g]



The tail of mass function

e(M;) M?
e(M) M?

figy (to, M) = fipy (to, M;)

o M; is the initial mass of a PBH that has evaporated to a
mass M by today

e For M K Mevp’ Mi ~ Mevp
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The tail of mass function

e(M;) M?
e(M) M?

figy (to, M) = fipy (to, M;)

o M; is the initial mass of a PBH that has evaporated to a
mass M by today

e For M K Mevp’ Mi ~ Mevp
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Let’s focus on the flat spectrum

dnpy/dMzy
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The tail changes if we have new physics
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Even My, is affected
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E>d’n/dE,dt | (E;d*n/dE,dp).,

Photon Spectra
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If we have sensitivity to see PBH tails, we can probe

new d.o.f such as Nnaturalness or Axiverse
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TobsOtel [m2 yr]
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Summary

* PBHs can be good sources for dark sector particles

* Once the PBH spectrum is discovered, we can tell the
existence of dark sector particles that
> decay into photons

o excite dark matter

o If we can see the tail of the PBH mass spectrum, we
can tell the existence of additional d.o.f regardless of
their interactions with the SM
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Hawking Temperature

Hawking radiation is a purely gravitational process

Every particle can be emitted from BHs regardless of its
interaction as longas m < Tgy

Intuition from the uncertainty principle:

Ax ~1.,=26M - T ~Ap ~

1 1
Ax GM




Primordial Black Holes

* We need a small BH mass for larger particle emission

» Astrophysical BHs are heavier than the Chandrasekhar
limit
M
Tgy ~ 10711 eV (—@)
BH My,

* PBHs form in the early Universe by collapse of Hubble
patches, so they can have any mass

T 10 MeV (1015 g)
~ e
BH My




Primordial Black Holes

My, ~ 5x10'* g
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* PBHs form in the early Universe by collapse of Hubble
patches, so they can have any mass
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Particle Emission Rate
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The greybody factor depends on particle spins
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Photon spectrum of Hawking radiation
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Future gamma-ray telescopes
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e Covers gamma-ray energy 0.1 MeV < E, < 100 MeV

» Corresponds to 10'* g < Mgy < 10Y7g



PBH photon spectrum with axions
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fPBH,test/fPBH,true

How to distinguish between two cases
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Triggeron Mechanism

Dormant particle
DM (pDM) 4»/”*

|| mediator .. Observer
iii. gamma-ray . -
‘/i.'triggeron
Primordial BH
(PBH) Y

Milky Way center

(i) emission: PBH — triggeron (via Hawking radiation);
(ii) annihilations: triggeron + pDM — mediator + other ;
(iii) decays: mediator — SM + ... .



Boosted anti-DM (BaDM) model

emission: PBH —
BaDM model: annihilations: Yx — ¢¢
decays: ¢ — ¥y

Kinematics: mgy < m, S O(few) x Tppy
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Dipole Transition DM (DTDM) model

(

emission: PBH — W%
annihilations: W%¥y; — W%yq
DTDM model: <
decays: X2 — X17
 (but not: x2=x1W')
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