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Repeating fast radio burst FRB121102
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Repeating Fast Radio Burst
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HST image L. Spitler FRBmeating (2018)

Bassa et al, ApJL, 843, 2017
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What could FRBs be?

* Neutron stars collapsing to black holes, ejecting “magnetic hair” (Falcke & Rezzolla ‘14;
Zhang '14)

* Merger of charged black holes (Zhang ‘16; Liu et al. "16; Liebling & Panenzuela ‘16)

* Magnetospheric activity during neutron star mergers (Totani '13)

* Unipolar inductor in neutron star mergers (Hansen & Lyutikov ‘01; Piro “12; Wang et al. *16)

* White dwarf mergers (Kashiyama et al. *13)
* Pulses from young neutron stars (Cordes & Wasserman "15; Connor et al. *15; Lyutikov et

al. '16; Popov & Pshirkov '16; Kashiyama & Murase ‘17)

* Magnetars (Popov et al. '07; Kulkarni et al. ‘14; Lyubarsky ‘14; Katz '15; Pen & Connor ‘15)
» Sparks from cosmic strings (Vachaspati ‘08; Yu et al. ‘14)

» Evaporating primordial black holes (Rees '77; Keane et al. ‘12)

* White holes (Barrau et al. "14)

* Flaring stars (Loeb et al. *13; Maoz et al. ‘15)

» Axion stars (Tkachev '15; lwazaki ‘15)

» Asteroids/comets falling onto neutron stars (Geng & Huang ‘15)

* Quark novae (Chand et al. “15)

* Dark matter-induced collapse of neutron stars (Fuller & Ott “15)
* Higgs portals to pulsar collapse (Bramante & Elahi '15)

* Planets interacting with a pulsar wind (Mottez & Zarka '15)

*» Black hole superradiance (Conlon & Herdeiro “17)

» Extragalactic light sails (Lingam & Loeb *17)

» Schwinger instability in young magnetars (Lieu ‘17)

* Neutron star-white dwarf binaries (Gu et al. "16)
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« Merging neutron stars

« Merging white dwarfs
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 Neutron stars collapsing into . o
blackholes Mostly observationally limited

But would like falsifiable models
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プレゼンター
プレゼンテーションのノート
Cataclysmic vs non cataclysmic. add conclusion .. 93 papers
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termination of coherent radiations

Oscillating electric field E o cos(m,t)
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Coherence of axions in axion stars
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Line spectrum thermally broaden
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Astrophys.J. 833 (2016) no.2, 177

2300 1
| 5 2200
oV |
2 2100 k0
=
-
VC—QE-I}D{J

EFIL,\#E@}J#QM I}
~2GHE IIII i

1700 T,
IIIII IIII II |

—0.04 —D0Z2 000 002 D04

Time
FDRENZEL v, ~ 2GHZ
ov ~300MHz for v, =2GHz

)%

[

A
Obs. frequency (MHz

E

\
)

repeating FRB121102

Nature 531 (2016) 202

1,5{]:] {I:.I'II :;Jul::l.'l:‘:: J:I: :G}:'}I,:I'E:I:Lb'lhh
11400 L'""rl I .-l' 18
1,350 | h{ull l‘ll' IL'I"F. ::;.:F:J.ﬂq '

I'I'l' i||”'|' i“ i H‘ i

lllll ||“ |||II |‘|III

| M A ;,urw

“"Li |“| p "T '

Time (ms)

ov ~ 200MHz

LDRENEL v, ~1.3GHz
for v_=1.3GHz




Frequency (MHz)

3400

3200 [

3000 |

2800 |

2600 |

repeating FRB121102

C. Law et al.
arXiv:1705.07553

ARG P ERIEZFOI L%
FARICHSH THRML 7=

0.05 0.00 0.05

0.10

015 0.20

Time Offset (s)

ov ~500MHz

for v_ =3GH

5 0 5 10 15 20 25 30 35

SNR

14+ 576336
" \ \
4 GaussianiTf!
.I::'
-
= 4 Y .
£ et T S
. = = e =
I e - ) “"-,._5_' oL
L ‘ R
. a e N |."-' e et = . 7
g "";"L-:"t Ty #r . : ..I ‘.. - '_1..
2459 2 iz 274 2.8 | 313 32 134 151



Repeating FRB121102 57— % ICEL T

Bandwidths 0y are proportional to the center frequencies v,
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Repeating FRB121102 V. Gajjar, et.al. arXiv:1804.04101
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L. Spitler FRB ' 201
Two models Spitler meating (2018)

The burst source is a young magnetar in  The bursting source (neutron star?) is
an energetic nebula in the vicinity of an intermediate

massive black hole

Credit: NASA/Goddard Space Flight Center Concaptual Image Lab

Credit: NASA/Hubbla
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|:> Aiichi ITwazaki at Nishogakusha University in Tokyo says that because the early universe was smaller and offered
more chances for axions to attract each other, they would have clumped together to form axion “stars”. Their
tendency would be to cluster near the centre of galaxies, making them more likely to pass near the supermassive
black holes that sit there and run into the accretion discs of gas that surround them.

“If there are many axion stars in the centres, we expect that some of them collide with the black hole accretion disc,”
says Iwazaki. The magnetic field of the disc would cause some axions to decay into individual photons that are then
seen on Earth as a fast radio burst (FRB), reaching us at the lower energies of radio wavelengths. There would be
enough photons that the signal would still be bright.

This mechanism may also explain why some FRBs repeat at irregular intervals. So far, only one repeating burst has
been found: FRB 121102, located in a galaxy some 2.5 billion light vears away.

According to Iwazaki, such an effect could result from an axion star passing through a black hole’s accretion disc over
and over. It would do so at irregular intervals until the disc’s magnetic field converted enough axions to photons that
the axions could no longer form a compact clump.

In 2015, Iwazaki theorised that FRBs were the product of axion stars hitting the magnetic fields of neutron stars, the
corpses of stars several times the sun’s mass. That wouldn’t explain the repetition seen from FRB 121102, because
neutron stars don’t have accretion discs that would simply pull material off the axions rather than destroying them.

Axion reaction
Leslie Rosenberg at the University of Washington in Seattle says Iwazaki’s idea could be supported by mainstream suhscl'lhe tOd ay ,

physics, and that suggesting exotic sources for unexplained phenomena can be useful in any case.
One issue with Iwazaki’s model is that he assumes axions interact more strongly with magnetic fields than is
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