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Fast Radio Bursts (FRBs)

* Millisecond bursts of GHz radiation from “cosmological distances”.

* First detected in 2007 (‘Lorimer burst’) using archival data from
Parkes radio dish. [Lorimer et al (Science '07)]

* More than 100 FRBs detected so far. [FrecAT]
* More likelihood of extragalactic origin. [Thornton et al (Science "13)]

* A handful of them are repeaters, with wildly varying periods [spitler et af
(Nature '16); Andersen et al (ApJL’19); Amiri et al (Nature "20)]

* Mechanism of emission, source of energy, and emitting astronomical
objects mostly unknown. [Katz (MNRAS "20)]


http://frbcat.org/

What makes them so mysterious?

* Isotropically distributed on sky: none in our Galaxy.

* Large dispersion measure (300-1600 pc cm=3). So must come from
cosmological distances (z~0.1-2).

* Huge intrinsic radio power output (~10 ergs/s).

* Extraordinary brightness temperature (~103> K) implies coherent
emission.

e Burst source must be compact enough to produce (sub)ms pulses.

 Afew known to repeat, with different periodicities (few days to half
a year to sporadic).



Alien Activity?

Estimated < 10* FRB-producing civilizations in a galaxy of size similar to ours.
[Lingam, Loeb (ApJL’17)] .



Pulsar Origin

* Advantages:
* Compact sources.
* Enormous magnetostatic and rotational energies.
* Typical rotation period P ~ O(ms to s).
* Known to exist in binary systems.
* Coherent dipole emission.

* Best candidates: Young magnetars that later fade
into regular pulsars

 Problems:

* Energetics: inferred power (~10%3 ergs/s) requires
extreme parameters (spin rate and magnetic field)
and very short lifetimes

* Periodicity: Burst separations must be integer
multiples of rotational period.

* Period should increase over time, and luminosity
should decrease, due to spin-down.

* No correlation found between magnetar-associated
soft gamma repeaters and FRBs.

Other ideas?
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Our Proposal: Axion Star — Neutron Star Encounter
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Why Axion Stars?

* Axion is one of the best motivated candidates for particle dark matter.

e A collection of axions can condense into a bound BEC.

* The axion BEC can form gravitationally bound configurations (axion
stars).

* Can coherently convert to photons in a pulsar magnetosphere.

Energy released by FRBs is about 1013 M, which is typical for an
axion star mass.

* Observed FRB frequencies (MHz-GHz) coincide with that expected
from ~peV axion particles.

* Small incident angles can explain the ms duration for the pulses.



Axion star radius vs mass
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FRBs with Dilute Axion Stars

. 1 10 peV\ > /107120,
dilute ~ O,
R G2 (270 km) ( -~ ) ( 72

* Typical radius of O(100 km) for M, ~ 1013 M.

1/3
* Tidal disruption at Roche limit: = &. (2%“)

* A 100 km dilute axion star will be destroyed at r, ~10°km, well before
reaching magnetosphere (typically extending to only ~ 1000 km).

e Stream of axion debris entering the NS magnetosphere could produce
multiple radio signals.

* Repeating FRBs with no apparent periodicity.



FRBs with Dense Axion Stars
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dense
RIS ~ (0.47 m)\/gam x 1013 GeV -~ 0-T3 11,

* Typical size is O(1 m) for M, ~ 10> Mjand g,,, ~ 10 GeV'.
* Roche limit r, ~ 10 km, much smaller than the NS magnetosphere.

* Tidal deformation is negligible: iia s~ 0(103).

"~ 8rpasr

* Enters NS magnetosphere almost intact.

* Dense AS-NS binary with an elliptical orbit could enable several passages.



Axion-Photon Conversion
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* Resonant conversion when the axion mass equals the photon mass in
the plasma
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* We use the Goldreich-Julian charge distribution:

M (1) =~
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* Dipole approximation for pulsar magnetic field:
B(r) = By (TNS>
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Conversion Rate
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- Non-adiabatic conversion with Landau-Zener probability: P,—,, =1 — e >,

k= \/w2 — (M2 +w3)/2

r=rc

* Conversion Power: W = P,_,,dM,/dt

W~ (10]\1{)‘}\4®> (10" X Pyeyy) (10%* GeV -871)

* Energy released:
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* Density flux (Fluence): S~ W/(4rd?AB)



Fitting the FRB Data

A

I

mq ~ 10 peV

400 ‘
M, = 10" M, with AB ~ 31 MHz

300 =

200- 2~

Fos (Jy - ms)
>

100 A A A AN

0 I
A
o A 4
A
0 3 0 @0 @ OoaPo o o o 9 o 0o o O
0.0 0.5 1.0 1.5 2.0

<

(Red circles: 27 Parkes, Black triangles: 28 ASKAP, Green diamond: 1 Arecibo, Orange star: 9 UTMOST) **



Frequency Dispersion
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Predicted Event Rate

* Smallest detectable flux density:
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 Taking SKA Phase-1 as example: Swin ~ 5 x 1072 Jy
N
year

g = 7Tb2 = 7'('7“2?)2/’0(2)(1 — ZGNMNS/TC)_l

* Event rate:

= ogvgnasnns fnsV

For the whole Universe,
the event rate per day is:

1083k 45 fns /365 ~ 1000
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Conclusion

* Sources and mechanisms of FRBs are one of the most prominent mysteries
of modern astronomy.

* We have proposed a new explanation for the origin of FRBs in terms of
axion stars encountering neutron stars.

* Resonant axion-to-photon conversion in the NS magnetosphere.

* Observed FRB energy output can be naturally explained for an AS mass of
M, ~ 1018 M,

* Frequencies of most of the observed events can be explained with an axion
mass of m, ~ 10 peV.

* Can potentially explain both repeaters and non-repeaters.
* Predicted event rate can be tested at SKA.



