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Periodicity of FRB 121 102 Rajwade+ 2020
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FRB 121102 shows periodic activity. .
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Models for periodic FRBs (FRB 180916)

Companion Neutron star
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Zhang 2020

The period of the FRB is due to..
- orbital period of the binary ( Lyutikov+2020, Ioka & Zhang2020, Du+2020,
Kuerban+2021, Deng+2021,:-*)

- precession period of the NS ( Levin+2020, Zanazzi & Lai 2020, Yang+2020,
Li & Zanazzi 2021, Sridhar+2021,:-+)
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Binary comb model from loka & Zhang 2020
FRBs are not

FRBs are .~ observable
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sEENy
e® LY
L 4

FRBs

FRBs are
observable

.
.....--‘I

FRB 121102
Companion -> a massive star, a super massive BH, an intermediate-mass BH

period ~ 160 day > a ~ 108" cem

active window ~ 47 -60% -> eccentric orbit can easily realize.
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Frequency-dependence of the active

Binary comb model can explain
the frequency-dependence of FRB 180916.

This model still alive.

I will talk about these models later.
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Binary systems and opacity

The optical depth of the companion wind. (r, 0)

Number density of the companion wind
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Fimnei mod

Q. How the periodicity is realized in the optically thick binary?
Al. the funnel created by the FRB pulsar

Line of sight is out of the funnel
-> The companion wind block FRBs
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Line of sight is in the funnel
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T -crossing mode
Q. How the periodicity is realized in the optically thick binary?
A2. the change of the optical depth in the orbital phase

Optically thick
(induced Compton or free-free)

\ FRBs are blocked
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Conditions for this model
Optically thin@ active phase, thick@ inactive phase

C <

C C



Binary comb model for FRB 121102

Funnel mode 7-Crossing mode

\ FRBs are blocked
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active phase
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Q. What binary is possible as a source of FRB 1211027
For given companion mass, and wind velocity,
What wind luminosity of FRB pulsar & mass-loss rate of the companion are possible

We used
period ~ 160 day, active window ~ 47 %, change in DM ADM < 6 cm™ pc,

persistent radio emission L ~ 10*erg/s, and burst energy LyppzAt =5x 107 ergs™! .
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Supermasswe black hole companion
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Change in the DM & the high RM
-> The variation of the disk wind
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Massive star compamon
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Intermediate-mass black hole
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Short summary

* In the binary comb model, the SMBH companion can explain
the periodicity, the active window, the change in the DM,
and the persistent radio emission of FRB 121102.

Massive star case

M=1.00e+01M, V=1.00e-02c, a=1.93e+13[cm], ADM=6.0[cm 3pc] M=1.00e+05M ., V=1.00e-01c, a=3.99e+14[cm], ADM=6.0[cm~3pc]
aal p=1 . 0.9 al B=1 . 0.9
e Lradio = %Mvz e Lragio = %M v?
------ Lgg=10*[erg/s] ] os = Ly = 10%[egfls] os
SGR J1935+2154 ’ SGR 193542154 ’
42 A 42 A
DM
0.7 0.7
40 T 40
0.6 0.6
0 v
B s | -
O 38+ 0.5 @ 387 0.5
- @ = )
< <
& 5
0.4 <} 0.4
2 35 = 36-
0.3 0.3
341 aa{ T
0.2 0.2
L —
32 32
0.1 0.1
30 0.0 30 0.0

g 3 5 5 2 3 _8 7 6 5 _a 3 Y 1 0
log10M [M ¢ fyr] log1oM [M o fyr]

10 -9 -2

)
ﬁ



Frequency-dependence of the active window
Binary comb model can explain flux
the frequency-dependence .

stronger
absorption

o hase

flux low frequency

This model still alive.
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Frequency-dependence of the active window
A lux Intrinsic flux profile
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Frequency-dependence of the active window
For example,,,

low frequency High freq.

emission . .
Emitted when the binary

separation is short ?

Low freq.
Emitted when the binary
separation is long ?
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Unknown intrinsic emission mechanism

& Eccentric orbit
-> The frequency-dependence of the active window
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Summary

- The binary comb model can explain the periodicity and
the active window of FRB 121102.
There are two mode for FRB to be observable.
(funnel mode & z-crossing mode)

- If a SMBH with V =0.1¢ is the companion,

the persistent radio emission and the change in DM
is explained.

- The frequency-dependence of the active window is also
possible in the binary comb model.



