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Did LIGO detect Dark Matter?
Bird,..., EDK,... et al., Phys. Rev. Lett. 116 (2016)
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Fast Radio Bursts

Gamma Ray Bursts
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• Indirect Detection of PBH DM: Gravitational Waves
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• 21cm at Cosmic Dawn: a DM Detector
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How do PBH binaries form?

1) PBHs can become bound early on:

2) PBHs can form binaries in present-day halos:

- Wide distribution of merger times
- Quite numerous (if account for all of DM)

- Two-body capture is rare

- Extremely short merger time

Nakamura et al., ApJL (1997)

Bird et al., PRL (2016)

- Possibly disrupted by present day?

- Predominantly form in low-mass halos
 - Total merger rate consistent with LIGO estimate: 

Ali-Haïmoud, EDK and Kamionkowski, PRD (2017) 

GW

� / R2
s

⇣vpbh
c

⌘�18/7
Cross-section:

VLIGO = 0.5� 12 Gpc�3 yr�1
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A: Yes!

(orbital eccentricities, stochastic background, spatial clustering...) 

Cholis, EDK et al., PRD (2016) Raccanelli, EDK et al., PRD (2016) Mundic, Bird & Cholis, PRL (2016)

Raidal et al., JCAP (2017)

Wang et al., PRL (2018)

http://arxiv.org/abs/arXiv:1606.07437
http://arxiv.org/abs/arXiv:1606.07437
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No peak?              
                                     (assumes a delta-function PBH mass distribution)

Any other signature?The GW mass spectrum: PBH Constraints
(EDK, PRL 2017)
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Recall: larger rate predicted for early-Universe binaries!

Any other signature?The GW mass spectrum: PBH Constraints
(Ali-Haïmoud, EDK & Kamionkowski, PRD (2017))
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Any other signature?The GW mass spectrum: PBH Constraints
(Ali-Haïmoud, EDK & Kamionkowski, PRD (2017))
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Recall: larger rate predicted for early-Universe binaries!

More (numerical) work needed to understand:

Any other signature?The GW mass spectrum: PBH Constraints
(Ali-Haïmoud, EDK & Kamionkowski, PRD (2017))
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Recall: larger rate predicted for early-Universe binaries!

More (numerical) work needed to understand:
- effect of formation of first halos
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Recall: larger rate predicted for early-Universe binaries!

More (numerical) work needed to understand:
- effect of formation of first halos
- accretion onto extremely eccentric binaries 

Any other signature?The GW mass spectrum: PBH Constraints
(Ali-Haïmoud, EDK & Kamionkowski, PRD (2017))
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Can we do better than with microlensing of stars?

Direct Detection: New Probes of PBH DM

PBHs:
30M�
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CHIME experiment: expected rate of            FRBs per year

Nlensed = ⌧̄NFRB

A null detection will close the “window”:
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with time...
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What about other bursts?
(Ji, EDK and Kamionkowski, arXiv:1809.09627)

Gamma-ray bursts are also detectable from cosmological distances.

Light-curves last up to several minutes:

Strong lensing by PBHs can be seen in autocorrelation:

With future observatories:
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DM-Baryon           Scattering: Cools at Late-Time!
(Muñoz, EDK and Ali-Haïmoud, PRD 2015; Barkana, Nature 2018)
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Taking all constraints into account, we are left with:

Millicharged DM: Viable Parameter Space
(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807.11482)
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Ultra-Light Hidden-Photon Dark Matter
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Hidden photons couple to the standard model electric current:

Effect governed by the plasma frequency (= effective SM-photon mass):

Oscillating electric field induces motion of electrons and ions in the plasma.
Collisional friction dissipates the oscillations, and heats the plasma:
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Ultra-Light Hidden-Photon Dark Matter
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Inferred bounds from assuming EDGES supports strong or maximal absorption:
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Thank You!

Based on: arXiv:1603.00464, arXiv:1605.01405, arXiv:1605.00008, 

                 arXiv:1606.07437, arXiv:1611.01157, arXiv:1705.09182, 

                 arXiv:1709.06576, arXiv:1809.09627

with: Y. Ali-Haïmoud, S. Bird, P. Breysse, I.Cholis, L. Ji, 

       M. Kamionkowski, J. Muñoz, A. Raccanelli, A. Riess

50 60 70 80 90 100
-600

-500

-400

-300

-200

-100

0

(DM-b 
Scattering)

T21

(EDGES)

(HPDM)T21

Ely D. Kovetz
Johns Hopkins University

(ΛCDM)Tmin
21

T best
21

Based on: arXiv:1509.00029, arXiv:1807.11482, 

                 arXiv:1808.00001, arXiv:1809.01139 

with: Y. Ali-Haïmoud, R. Barkana, K. Boddy, I. Cholis, 

        V. Gluscevic, M. Kamionkowski, D. Kaplan, V. Poulin



Observational Outlook: Timeline

Experiment 2015 2020 2025 2030 beyond

aLIGO (O1+)

aLIGO (design)

ET/CE (ground)

LISA / DECIGO

CHIME-FRB

HIRAX



Experimental Outlook

• 21cm global signal: LEDA, PRIZM, SARAS2...



Experimental Outlook

• 21cm global signal: LEDA, PRIZM, SARAS2...

Earliest results could show up before the end of 2018!



Experimental Outlook

• 21cm global signal: LEDA, PRIZM, SARAS2...

Earliest results could show up before the end of 2018!

• 21 power spectrum: HERA, SKA....



Experimental Outlook

• 21cm global signal: LEDA, PRIZM, SARAS2...

Earliest results could show up before the end of 2018!

• 21 power spectrum: HERA, SKA....

If EDGES is correct, power spectrum signal should be x10 higher than expected.
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