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Fast radio bursts (FRBs) are one of the main targets of astrophysics today. FRBs are b
right radio transients, and their duration is of the order of milliseconds. From observed
properties, most FRBs have been shown to have extragalactic origins. The luminosity is
estimated to be of the order of 10*> erg s™!, and the brightness temperature is ~103°
K, which is extremely high and suggests coherent emission. Some FRBs show bursts re
peatedly, and they are called repeaters. More than 700 bursts and 24 repeaters have be
en identified as of today. Although so many bursts have been observed, their source an
d emission mechanism are not understood.

Among many FRBs, some unique FRBs have been identified. Two FRBs, FRB 201809
16B and FRB 20121102A, show periodic activity. For a period of the order of ten to
a hundred days, FRBs are only detected in an active window of the order of a few te
ns percent. The origin of this period is not well understood. There are two main possi
ble origins of this periodicity: binary orbital period and precession period of a source
object. In this thesis, we first consider a binary as the origin of the periodicity. We de
velop “binary comb model”, which was applied to FRB 20180916B by loka and Zhan
g, and apply the developed model to interpret FRB 20121102A and reinterpret FRB 20
180916B. First, we introduce an eccentricity into the orbit. Second, we identify two ne
w modes of the binary comb model, 1-crossing mode and inverse funnel mode, besides
the original funnel mode of the binary comb model. Our developed model expands the
applicable parameter space, allowing the companion star to be a massive star, a massiv
e black hole, or a supermassive black hole. For FRB 20121102A, we show that a blac
k hole binary or supermassive black hole binary has larger parameter spaces. These mo
dels are also consistent with other observations, such as the persistent bright radio coun
terpart associated with the source. For FRB 20180916B, we show that the massive star
binary can explain the periodicity of the FRB. This result is the same conclusion as in
the previous work, but our work has broadened parameter space as the source of the
FRB.

Another unique FRB is the Galactic FRB, FRB 20200428A, which is associated with a
n X-ray flare from a magnetar, SGR 1935+2154. The luminosity of X-ray flare is abou
t the same as other bursts from SGR 1935+2154, but the peak energy (~ 80keV) is hi
gher than that of typical bursts. As FRB 20200428A shows, magnetar flares would be
closely related to the origin of FRBs. In the later part of this thesis, we consider the
dynamics of the fireball in the magnetar flare. Specifically, we consider a baryon-loade
d fireball expanding along open magnetic field lines. An expanding fireball is likely to
be involved as a mechanism for producing thermal radiation with observed high peak e
nergy. The baryon loading on this fireball naturally occurs, but the dynamics of this

fireball have not been investigated. We create a unified picture of this fireball, taking i
nto account the photon escape via two processes (optical thinning and diffusion), the n




umber density in a strong magnetic field, and the cross section in a strong magnetic fi
eld. Five cases of photon escape are identified. We show that the baryons loading incr
eases the final Lorentz factor, and the kinetic luminosity of the outflow can be higher
than the observed FRB luminosity for the observed X-ray photospheric luminosity. We
also analytically evaluate the baryon loading parameter where the electrons associated w
ith the baryons in the magnetar flare can affect the propagation.

By understanding these unique FRBs, we approach the possible origin and the emission
mechanism of the FRBs.




(et 2 )

G LA DORIROEF)

O RIKTH HFRBOEJRITEH D 1202, It B SN EAFRBE ~ 7 % X —D
N— A R LRIBFIZHE Z o 72FRBIE., MO CEHBEREICR DI EEZ LN TVD,

FEHAFRBO A Z#FHH T HET /L E LT, BEET MVIIREHN R LDD—DIC
o TWAN, KT NFEFTREEINTWEEHEORM ZH LS BA L, #E
ETIVDOREREEZDLDEEY EF7-, ZOER, ZNETEILY HIAWVWRT
A—H B THEEETT VNI THDL I ENGhoTz, 5%, BN K > T/NT
A=A BRHIRIN TS, HEETTAVEZFERTE L0 E 9 0OHENIZ, Ao
FERNFEICEDND Z L5, Tz, REEELRFERTHL EF 25,

Fm, TR E—DNR—Z L EREIFFICEZ 5 7ZFRBICE LT, N— R MNFICRAT S
KOEDOHEALOFMEIL, FRBOZ X LFXF—NEDO LS Ik ESnsnenwHliEE E
FET D, KX TlE, ~7 R F ==X NIBITDLAkOEDH#ENE, FIDTAY A
VHEFRBLTHLNZI L, ZO/RE. NV A U2 EFERWVWSEAICHST, B—1
VY RFREEHIER T R L X — N RELSRY FOZRAF—(IFRBEZ L] T X
HZENgoTe, NVA U EEGEEFRVWGEITZ R AT —RNEY RO T, K
EHEBERERTH S,

Ko T, Kigsid+ (B5) OoFMmXE L TMEH»I LD LERD DL, 2. &
MAFETH1I4H, wXAREZNCEELEZFEHIZOWTRMZITo2MR, &
EROT-, REORNEE LTIE, LULTFTRETFHND,

® Duty cycle ODREMEZE LIZOMEwRNEIEDLHM?

Inverse funnel &— ROLGA, BRXISRIEITRZLT VO 2

7T IR —IVOEEN/NI NS DA RATZEB L ?

etaZ £ 9o THIRA DT TV D)2

funnel &7 /L CORMBITLEUI D) 2

tau—crossingE T /L COMDLEALZ /NS TEDHDLEN?

E. REE, RERFAVHERE 1 A5E2HICHEY T b0 Ll L, AFK
B L Cix,  (arXiv~Ofm XHEF £ TOM) HBEm LRI TEONREE
MLTEbDETHZLERD D,

HENARAEH : &£ H H AR




