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Magnetar = Magnetic Neutron Star
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Radio pulsars = quiescent magnetars?

Rea "13 (updated)
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Radio pulsars = quiescent magnetars?

Rea "13 (updated)
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Radio pulsars = quiescent magnetars?

Rea "13 (updated)
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Short bursts: the most common magnetar flares

Observationally, magnetars are found by their
bursting activities in X- & y-ray

Short bursts
4 v" the most common events
T = a few msec to a few sec

Lpeak = 1036-10% erg s-!
<~10 keV thermal spectra

SN X

X-ray flux

/ Outbursts

v' large and sudden X-ray flux
increases (x10-1000)

v 1t = several months

Lpeak <~ 103¢ erg s-!

v' often accompany short bursts

AN

time



A conventional model for short bursts

) e.g., Thompson & Duncan '95; Lyutikov ‘03
v A sudden magnetic & P Y

energy release into
magnetosphere creates short burst?
a fireball

v' Fireball = a tightly
coupled plasma of
photons & e* pairs

Magnetar

Magnetically-confined

v" Fireball is magnetically fireball
e* fireba

confined to the stellar
surface and evaporates,

radiating (non-)thermal

X-ray emission Prag = aT#~10%> (T/mcc?)* erg cm

Pmag = B%/(8m) ~ 4x102¢ (B/10'* G)? erg cm=3




Radio suppression at the onset of short bursts
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* Durations ~ a few seconds
Er.q ~ 1037 erg with 2 keV blackbody
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Short bursts

| XMM & NuSTAR
0.5-20 keV

Parkes 1.4 GHz

Time [s]

Radio recovery timescale T, ~ 100 sec

1000 1200 1400

Radio pulsar J1119-6127
behaves like magnetars

Pulsed radio emissions
disappear for T,.. ~100
sec coinciding with
three short bursts

This is unusually long
compared to the radio
pulse period (P~0.4 sec)

What causes these radio
disappearances?



1. Pulsar nulling & mode changes

Wang+'07; Burke-Spolaor & Bailes+'10
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v" Common phenomena for normal pulsars (possibly related to global
magnetospheric changes, but not well understood)

v" Since the duration varies from one or two rotations to even days,
one cannot exclude the possibility of ~100 sec radio suppression



2. E-gap suppression due to additional plasmas
Archibald+'17

If e* plasma leak from the trapped fireball into the gap region which
accelerates radio-emitting particles, the acceleration may be suppressed

radio emission no radio emission

radio-emitting particles

.

E-field short burst

large E-field /
£ suppressed

A e* pairs

> 3

2 keV

Magnetically-confined
e* fireball
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Motivations

v" A clear boundary between magnetars & radio pulsars is now
disappearing

v" The number of bursting NSs with radio pulsation (e.g., PSR
J1119-6127) could be potentially large

v" Then, considering both radio pulsations & short bursts is
important to better understand the burst mechanism

v" Radio suppression at the onset of short bursts is difficult to
explain by magnetospheric origin because of its long duration

v" Rather, radio suppression is likely caused by a sort of
absorption by an expanding plasma flow
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A model for short bursts & radio suppression

Persistent radio emissions

Expanding fireball

Spin axis )
P , Magnetic
axis

— Similar mechanism is proposed for
Inflowing plasmas cornal mass ejection of solar flares
(Meng+'14)



A model for short bursts & radio suppression

Persistent radio emissions

Expanding fireball

Spin axis )
P , Magnetic
axis

Inflowing plasmas



A model for short bursts & radio suppression

\

Radio suppression
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Persistent radio emissions

Short burst
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A\ High-energy
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A model for short bursts & radio suppression

Persistent radio emissions

High-energy
counterpart

Expanding fireball 'X ggg f

Radio suppression

wp > Wradio !
P>

~~)

SpinlaXiS Magnetic Short burst

=)

r

Expanding fireball —

v" Short burst = inflowing component /

v" Radio suppression + high-energy counterpart = expanding component

Inflowing plasmas
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Short bursts from hot spot(s)

v" A fraction of initial fireball energy (Eg,) is used to bombard the NS
surface, creating a hot spot

T\ *
Ewn = axTi4 1'3 ~ 10% ”;’35 <—> erg
9 me

Eq, ri (size) & T; (temperature)

v' E,q4 (<Eg) is radiated away
as a thermal emission

Inflowing particles ,
with temperature T,

v" Assuming observational values E.,4 = 10%% erg, T, = 10 keV and
rspot = 1 km, the duration of short bursts is

Er ad

4 A
JSBT‘S])U‘[4” ! spot

Atra(l ~

T —4
—9 spot )
~ 80 Erad3s Topt,5 (10 ke\f'> -
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Absorption by plasma cutoff frequency

4d7n,e?

M,

v" Plasma frequency: Wy

v' Dispersion relation:  w” = w’ + ¢

v Wave function ot : »
for w < a)p . Ae''™ = A exp @/'w? — w"" _)

damped

—  radiation with w < w, cannot propagate
through the medium due to absorption of waves

v’ Radio recovery timescale is given by w, (T,.c)= .4

— need to know n, evolution of fireball



Fireball evolution

Paczynski ‘86; Goodman '86;
Grimusrud & Wassermann 98
v Energy & momentum conservation:

1 d _
—— {r}(U + P)T%p o |
rdr ! = A relativistic outflow with
12d {r*(U+P)I?*B*} + — dP _ T~ Ti(r/r), T~ Tiri/7)
r dr

v Dynamical pair equation (Boltzmann’s equation):

1) ’ (7 Ne Fj) <O—a1111"l"’> (nz - n(z “1) ’

r*dr

v" Equilibrium pair number density (initial condition)

Neeq(T) ~ 2 (T/me)*? e=me/T m, : the rest-mass

(27’)3/2 energy of an electron
~10% (T/m.)** e7™/T cm™ (mec?~511 keV)



Fireball evolution (contd.) 3 parameters: r;, T;, T;

radiation starts to escape from the photosphere

T; /m, 1 Ty~ 0.08 Tpp~ 0.06/ Too~ 1073
| | | | | > T/m,
T >m, T <m, T>1 /T<1
14 \\
S \
M (I () \(‘JJ\/‘ (V) VW
\ .
) Me™Meeq | Me™Meeq | MePMeeq 1 MePmeeq 1 coOasting phase
,Lﬂ?jv /' (no acceleration)
‘ )4 /
/T = r/r I' = const.
: : : : : > /1,
1 Tm ~ Ti/me ry ~ 13 1y Tpn ~ 14Ty Teo ~ 61 1pp
: : : > e,
~1028 ~5x1020 ~1.7x1014 (cm™)
radiation-dominated matter-dominated

phase phase



Radio suppression (recovery) timescale

v" Fireball evolution is N N,
- : VN L Ne Ep, = 10% erg
uniquely determined once AN, F = 10 erg
. e . \ \ \ o
you choose lnltl4a|3fll‘eba|| AN Er, = 1077 erg
energy (Eq, ~ aT;*r?) 1018 | NN |
g 1017 2.~ coasting phase:
. . 16 ~ 2 2
v Radio recovery timescale: . Ne o 1/r%
3 _
14 i
Tree ~ 470 sec 101 I
12 105 ¢ |
v ( r; )—7/8 i V—l 1012 i \\\\:
10° cm 1040 erg IQ 10'
1010 i
109 ( M I M | I M 1 1 I LI :
observing frequecy ~GHz 103 ]
. . — 10%} ]
v Radio recovery timescale 10! L plasma Lorentz factor
(T.eo) tells you total fireball 109 ) e

o7 0% T0° Yo7 To To7 OO TIo T T
r [cm)]

energy (Eg)!
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Fireball evolution

[~10°
Photospheric emission is expected — Tw~10%1; = 10% 135 cm

\\\\\ To~1073 m, ~0.5 keV
<€ >

T; /m, 1 Ty~ 0.08 Ty~ 0.06 Too~ 1073
% I % % % » T/m,
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14 AN
am N
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High-energy counterparts detectability

N(e) [photons cm ™2 s™!]

v" Blackbody spectrum with temperature T: v' Observed temperature:
dmed, ! Ly T
s) = OE Tobs — =DT
N(foh) h3 2 [1 exp (Eobs/Tobs) —1 F(l — 'j,U)
(D~T": Doppler factor)
107 :
108; Eq, = 1043 erg (Tpeak =I'T=1T1, ~m,
| Ep=10%
107 E:E: 1037 2:2 : \ Peaks at ~ MeV
10°}
10°} o /‘\ v" Observed duration:
ol \/\' ﬁ \ ‘ .y
103:/ NG /’_\\ \\ Otohs = D70t
102 | /f@r se.n.siti\./it\,\x \\ 5~ < 10-2
: /e <1077 s
10! amma-ray detecto \\\
1002 S \\\\\\\\ Ot ohs ~ Of’/er <107”’s
10 GaM 1L
1021 L Extremely short duration;
10° 10! 107 10° 107 10° .
e [keV] onboard detection may be

challenging
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Application: radio pulsar J1119-6127

v Durations ~ a few seconds
v E.q~ 10% erg with 2 keV blackbody

1

s
2

Short bursts

N
b

XMM & NuSTAR
0.5-20 keV

0.5-20 keV
X-ray Count rate

2 PR T W T

a Archibald+'17
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g 9 E_. Parkes 1.4 GHz

0 200 400

Time [s]
Radio recovery timescale ~ 100 s

600 800 1000 1200 1400

( ri ) ~7/8 Ex, 1/2
X - — v
10 c¢m 1040 erg

v" Short bursts are explained by
radiation from hot spots:

e size = Tkm

* Tepot = 2 keV

* E.g=10%erg

¢ At.g=afew sec

v" Radio suppression timescale
T,ec ~100 sec is explained by
Eqp, = 1033 erg (T, = 0.5 m,and
r. = Tkm)

v" No report on the high-energy
counterpart: consistent with
our result



Plasma lensing

Clegg+ '97
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Plasma lens confirmed: PSR B1957+20

Main+'18, Nature
orbital phase

0.20 0.25 0. 30 0. 0.45
: a0{a ,
radio . eclispe
magnif. < >
0 _ *
107p g & main pulse |
pulsar’s e No i .
rotational 0+ radio pulses . | interpulse |
phase | :
0-0 ' e : ~o ! - : =
0 180Q0------" 3600 ~-._ 5400 42007

-
—_— -~ -
- - .

time (s)

v msec radio pulsar + companion
in close orbit (9.2 hrs)

v' Lensing (<~80x) near ingress and
egress of the eclipse of the pulsar
by its companion’s outflow

Image credit: Mark A. Garlick (U. Tronto)



Condition for lensing (qualitative)

v" The phase of an electromagnetic wave going through different
paths has contributions from both geometric and dispersive
time delays: ® = @, + ®py,

Geometric phase change Dispersive phase change

[ +AL

[

b, =1L \}klmf Neds

g
strong frequency-dependence

al<

v’ Lensing is expected when A®; and A®p,, cancel out so that
Ad = 0 at some spatial scales



At the early stage (t < T,..~100s),
/ a large n, suppresses radio emission

Radio pulsations :\_

P
\
-

‘ A

21

I

v

Spin axis

Magnetic
+axis

: —>
Plasma with large n,




.» Observer
\
J

-

" Later (t > T,,~100s), a small n,
- allows radio emission to

Radio pulsations _* propagate again

-> Expanding plasma as a lens!?

Spin axis :
P , Magnetic
/axis




Setup & Assumption

v Angle btw. magnetic
and spin axis is 90°
for simplicity

plasma outflow sl

radio beam

v Beam-swept region
is regarded to be
persistently radiating
radio emissions
(since PK 1,0

-

-
————

observer

lens surface v Af: radio beam size
required for lensing

v" A radio pulse leaves the source at t = t, (> Trec ) and reaches the lensing
point at t = tj,,s , corresponding to a travel distance of rjgns = C (fjens — t,)



Application

OL; — OL
\/ A(Dg = V( 1 0) =V (t]ens - tp) f(Af)),

C

where &(x) =1 —cos(x/2)

k
v Adpy = — ?/M ADM
= Nens -
ADM = / ne(t’)cdt’
Tp
ne(r) =2.3x10° r 2/ E2 72 em™,

(derived from dynamical equations)

v’ solving |[A®,| = |ADp)y,|, we obtain

-1
[
flens ~ 1.8 x 1074 v r.'éz (i) £(A0)! sec.

.~

Trec

Equatorial plane

S
source

rlens

lens surface

observer




Application (contd.)

v A <~ 1077 is required 10°
for a lensing on =103
sec timescale after the
burst

v" Typical pulsar beam
size is AG ~ 0(0.1)

v A normal radio pulse
with fine structures of
PAO < msec in pulse
width can give rise to
plasma lensing!

time since a short burst (s)

radio beam size (rad)

Figure 6. Constraints on the parameter space that might pro-

duce strong plasma lensing event: the elapsed time 7 since the

v Rarer Candidates are burst onset and lensing pitch angle A# with assumptions of

Ip = Trees 2Trecs ITree (colored). Solid lines and dashed lines rep-

aISO al IOW@d (9-8-/ Crab resent the upper-limit (#.,s) and lower-limit (75 ) on the timescale
8iant pulses and Fast of plasma lensing, respectively.

Radio Bursts)



Outline

1. Introduction

2. Motivation
3. Model
1. Inflowing component (short bursts)

2. Outflowing component (radio suppression)
3. Outflowing component (high-energy counterparts)

4. Discussion
5. Conclusions



Conclusions

v" SKA will find ~O0(100) bursting NS (assuming ~1%) with radio
pulsation, and considering both radio pulsation & burst is important

v" Short bursts = thermal emission from a hot spot created by inflowing
component of fireball plasma

v" Radio suppression = due to plasma cutoff effect by expanding
component of the fireball plasma

v" Short duration (~>psec) high-energy counterpart (@MeV) is expected
from fireball photosphere

v" Radio magnification by plasma lensing (100 sec after the burst) is
also expected for fine

v We propose a possibility that radio suppression seen in bursting NS
could be used as a tracer of underlying short bursts
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Magnetar XTE J1810-197 with radio pulsations
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v" The first magnetar for which the radio pulsation is confirmed

v" Radio activity is rotation-powered (likely similar to radio pulsars)

v' After ~10 yr dormancy in radio, very recently reactivated!



Magnetar XTE J1810-197 reactivated in radio

ATel #12284, #12291

[ Previous | Next | |[ADS] ]

Intense radio flare from the magnetar XTE
J1810-197

ATel #12284; Andrew Lyne (University of Manchester), Lina Levin (University of

Manchester), Ben Stappers (University of Manchester), Mitch Mickaliger

(University of Manchester), Gregory Desvignes (MPIfR, Bonn), Michael Kramer

(MPIfR, Bonn)
on 11 Dec 2018; 10:30 UT
Credential Certification: Lina Levin (Lina.Preston@manchester.ac.uk)

Subjects: Radio, X-ray, Neutron Star, Pulsar, Magnetar

MAXI/GSC detection of the magnetar XTE
J1810-197

ATel #12291; T. Mihara (RIKEN), H. Negoro (Nihon U.), N. Kawai (Tokyo Tech),
M. Nakajima, W. Maruyama, A. Sakamaki, M. Aoki, K. Kobayashi (Nihon U.), §.
Nakahira, F. Yatabe, Y. Takao, M. Matsuoka (RIKEN), T. Sakamoto, M. Serino, S.
Sugita, Y. Kawakubo, T. Hashimoto, A. Yoshida (AGU), M. Sugizaki, Y.
Tachibana, K. Morita, T. Oeda, K. Shiraishi (Tokyo Tech), S. Ueno, H. Tomida,
M. Ishikawa, Y. Sugawara, N. Isobe, R. Shimomukai, T. Midooka (JAXA), Y.
Ueda, A. Tanimoto, T. Morita, S. Yamada, S. Ogawa (Kyoto U.), Y. Tsuboi, W.
Iwakiri, R. Sasaki, H. Kawai, T. Sato (Chuo U.), H. Tsunemi, T. Yoneyama, K.
Asakura, S. Ide (Osaka U.), M. Yamauchi, K. Hidaka, S. Iwahori, Y. Kurihara
(Miyazaki U.), T. Kawamuro (NAOJ), K. Yamaoka (Nagoya U.), M. Shidatsu
(Ehime U.) report on behalf of the MAXI team
on 13 Dec 2018; 11:11 UT
Distributed as an Instant Email Notice Transients
Credential Certification: Tatehiro Mihara (mihara@crab.riken.jp)

Reactivated in
radio & X-ray
(outburst)

No bursts
detected yet

Good target to
test our model



Ongoing radio monitoring of XTE J1810-197

Sujin Lee S A (U.Tokyo & NAQ)), SFiE S A, KBS A, KE S A +
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Simultaneous monitoring
in radio & X-ray band will
provide us lots of
information!

For details, see a
poster by Sujin-san!



