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Constraints on PBH abundance
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Mixed DM ← Particle + PBH
(dominant) (subdominant)

dressed PBH: PBH with surrounding particle DM halo
observational phenomena → new constraints on PBH
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PBH as lens

Nevent (Galactic) + Nevent (PBH) ≲ Nevent (Observed)

Nevent (PBH) ← fPBH +MPBH
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dPBH as lens

Nevent (Galactic) + Nevent (dPBH) ≲ Nevent (Observed)

similar constraints

Nevent (dPBH) ← fdPBH +MdPBH +Rhalo
MdPBH = MPBH +Mhalo
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Rhalo ∝MPBH

Rhalo independent of MPBH

Mhalo = 100MPBH,
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• 511 keV γ-ray excess

– γ ← e+ + e−

– puzzling morphology: flux ratio of bulge-to-disk ∼ O(1)

? origin of low-energy e+

∗ astrophysical explanation: low-mass X-ray binaries, neutron star
mergers, ...

∗ DM

1201.0997
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Disk + Einasto (Scattering DM)

Disk + NFW (Scattering DM)

Disk + Einasto (Decaying DM)

Reconstructed SPI data

• scattering DM

– χ+ χ→ e+ + · · ·
– I(l, b) ∼ ρ2(r)

• decaying DM

– χ→ e+ + · · ·
– I(l, b) ∼ ρ(r)

1201.0997
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Disk + Einasto (Scattering DM)

Disk + NFW (Scattering DM)

Disk + Einasto (Decaying DM)

Reconstructed SPI data

• scattering DM

– χ+ χ→ e+ + · · ·
– I(l, b) ∼ ρ2(r)

• decaying DM

– χ→ e+ + · · ·
– I(l, b) ∼ ρ(r)

Mixed DM = Scattering DM + Decaying DM

gives upper bound

1201.0997
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Self-annihilating particles + PBHs
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.

• Morphology of 511 keV gamma-ray observations ⇒ upper bound on CD/CA

• Theoretical calculation ⇒ ρdPBH
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Fit to INTEGRAL/SPI data

I(l, b) = Iunbounded(l, b) + IdPBH(l, b) + Idisk(l, b)
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• Maximum possible density at present time by

ρmax =
mχ

⟨σv⟩at0
,

where t0 ≈ 4.3× 1017s, and ⟨σv⟩a ∼ 3× 10−26 cm3s−1.

•
ρdPBH(r) = min[ρmax, ρb(r)]
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Summary
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• When DM contains subdominant PBHs, the accretion of DM around PBHs
could lead to the formation of surrounding minihalos, which gives character-
istic observational phenomena compared with single-component DM.

• Using the data of OGLE and HSC observations, the existence of DM miniha-
los surrounding PBHs can strengthen the constraints on PBH abundance by
several orders and can shift the constraints to the well-known asteroid-mass
window where PBHs can constitute all the DM.

• The DM explanation for the 511 keV gamma-ray background can give much
more stringent constraints on PBH abundance.
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