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Primordial Black Holes

They form (?) from overdensities at time
¢

1 ms

Mpbh ~ 100 M@ X

No new particles required!

Zel’dovich & Novikov (1967), Hawking (1971), Carr & Hawking (1974)



Primordial Black Holes

They form (?) from overdensities at time
¢

1 ms

Mpbh ~ 100 M@ X

No new particles required!

What causes the overdensities?

Ppbh N 10—8
Prad

Fine tuning problem

Zel’dovich & Novikov (1967), Hawking (1971), Carr & Hawking (1974)
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If Dark matter is PBHs of ~30 M
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Capture rate per halo:
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We cut off at halos of 400 M,
Lower-mass halos would evaporate

tevap ~ 3 Gyrs X prh/15

Binney and Tremaine 1987



Integrating the rate:

R = O(1) Gpc yr*



Integrating the rate:

R = O(1) Gpc yr*

So they overlap!



But wait, are these masses allowed?
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But wait, are these masses allowed?
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Ali-Haimoud and KamionkowskKi (in prep.)

1- No spectral distortions
2- M = 100 M4

Also, what if it is not PBHSs?

Ricotti, Ostriker, and Mack Ap.J. 680-829



(Gravitational) Lensing
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How to probe higher masses?
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(Gravitational) Lensing of FRBs!
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JBM, Kovetz, Dai, and Kamionkowski. PRL 2016
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Thornton 2013
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How to see lensing:

Flux ratio % — g(y) ——> Y < Ymax (bothimages need be detectable)
2
ML >Atin
Time delay At = 4M7p f(y) ~ 1 ms X —— Y > Yuin (ML, %)
30 M,
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Redshift distribution of observed FRBs




Redshift distribution of observed FRBs
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CHIME/HIRAX/HERA will see 10° FRBs per year!

Nlensed — 7-]\[FRB

Nlensed ~ 10 — 100



If you do not see any lensed FRBs*
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How to identify lensing? E.g. 30 M
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A new particle with interactions



A new particle with interactions
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A new particle with interactions
1100 2z~ 30 z
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Forecast z—20-30

Direct detection

0.01 0.10 1 10 100 1000

_ GeV
o= ogv * x (5V)

JBM, Kovetz, Ali-Haimoud PRD 2015



Is the dark matter compact?

(Bird, Cholis, JBM et al., arXiv: 1603.00464 )
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Is the dark matter compact?

(Bird, Cholis, JBM et al., arXiv: 1603.00464 )

CHIME + HIRAX ~ 5 years

FRB «

— FRB lensing

(JBM et al., arXiv: 1605.00008 )

: CMB anisotropies; spectral distortions :
= Ricotti et al. arXiv:0709.0524 :
: Microlensing of distant QSOs

Mediavilla et al. arXiv:0910.3645

Hawkins arXiv:1106.3875

: Disruption of stellar clusters
Brandt arXiv:1605.03665



Is the dark matter compact?

(Bird, Cholis, JBM et al., arXiv: 1603.00464 )

CHIME + HIRAX ~ 5 years aLIGO + ET ~ 10 years
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Spatial Clustering

(Raccanelli et al. (including JBM), arXiv: 1605.01405)
Orbital eccentricity
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Is the dark matter compact?

(Bird, Cholis, JBM et al., arXiv: 1603.00464 )

CHIME + HIRAX ~ 5 years aLIGO + ET ~ 10 years
GW
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Spatial Clustering

(Raccanelli et al. (including JBM), arXiv: 1605.01405)
Orbital eccentricity

(Cholis et al. (including JBM), arXiv: 1606.07437 )

— FRB lensing

(JBM et al., arXiv: 1605.00008 )

: CMB anisotropies; spectral distortions 3 Or is it a particle?
. Ricotti et al. arXiv:0709.0524 -

EI\/Iicrolensing of distant QS0Os ®—> @

- Mediavilla et al. arXiv:0910.3645 .

: Hawkins arXiv:1106.3875 E

: Disruption of stellar clusters HERA + SKA ~ 10 years

Brandt arXiv:1605.03665 E (JBM, Kovetz, and Ali-Haimoud, arXiv: 1509.00029 )




