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nﬂS@ 1. Magnetar Radio Burst
NAJ

National Astronomical
Observatory of Japan
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* A slow-rotating (>2 sec), fast spin-down [>1 ms/yr] NSs
« Magnetic Breaking? = Strong magnetic field (>10'* G dipole field)
- Even stronger that the quantum critical field (=4.4x10"3 G, r;"A,)
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-ﬁme 1. Magnetar Radio Burst
NAX J

National Astronomical
Observatory of Japan

Hin Aug 22 2008, found by Swift as  ,__"ea*09 tameror14; Enoto+1/
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B Pulsation of X-ray emission: period " -

0.0

= B.76 sec = a rotating star? oo

< 0.010

Counls

0.005

BSpin period decreases = If it is by )]
electromagnetic breaking,
B~ 2x10"G - Magnetar !

0.1

mX = thermal (BB) + non-thermal 7%
(power-law), then NT decreased - | .
faster than BB L |
E r Outburst !
BMNo radio emission ¢ | 7w
10'5 “ P | . PN
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Energy (keV)
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National Astronomical

1. Magnetar Radio Burst

o Emissiof from Magnetars

Observatory of Japan

BXTE J1810-197

* Discovered in 2003 as an X-ray
pulsar with a spin period of 5.94
s, Bd = 3 x 10" G (Ibrahim+04)

* |[n 2004, radio emission was
found at 1.4 GHz (Halpern+03).

* |In 2006, radio pulsation was
found [Camilo+0B6]. It has a very
flat (0] and variable spectrum
(Kramer+Q07/; Lazaridis+08]
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Camilo+06

2019/2,/20

BPSR J1622-4950

* Discovered in 2009 as a radio
pulsar with a spin period of 4.32
s,Bd=28x10"G (Levin+10)]

e X-ray follow-up indicated a
quiescent (non-burst) BB

* Radio remained ~a few year

Date Central Frequency Flux Density  Spectral Index

(yyyy-mm-dd) (MHz) (mJy) (@)

2008-11-22 5312 33.0£03 —0.13 £ 0.04
8768 309+ 06

2008-12-05 4800 404+ 03 —0.44 £0.04
8256 319+ 06

2009-12-08 5500 13£1 +0.2+0.2

2010-02-272 9000 143 £08

Anderson+12
Magnetar tends to have a flat

radio spectrum ... c.f. FRB
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muxse 4 . Importance of Astrometry
NA(' JJ H{pot -

National Astronomical
Observatory of Japan

1. What is the origin of strong B?

B Fossil? Dynamo action through the standing
accretion shock instability (SASI) in a high-mass
progenitor?

B Hypothesis: Correlation between NS's B-field
and the progenitor’s SNR morphology?

B Method: [dentify the progenitor SNR = measure
the magnetar’s location and velocity

2. What is the trigger of outburst?

B Viotivated by issue1, a magnetar has a high
velocity of several 100km /s? The ISM collides  «F
with the magnetar and accretes onto it (like X- .t
ray binaries)? :

B Hypothesis: Magnetars have higher velocity?

B Method: Measure the magnetar’s velocity
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National Astronomical
Observatory of Japan

nce of Astrometry -
metar and SNR

BSNR HB9 - SGRO501 LA | D e A 3

e Association?

0"

Distance to
HBS (kpc]
Galactic Rotation 0.8*04

Radial velocity of

1 60°

Ha filaments L
Sedov model 11
. 30° o 30°
S-D relation 1.3-1.8 Distance from DM: Cordes, Lazio (2002)
Perseus arm 2 NE2001
Outer arm 5

DDM =1.8 kpC

The Chandra upper limit of 0.32”/yr may reject
(nearby pulsar 0458+46, 23’ away])

this progenitor (Mong & Ng 18, assuming D=5kpc])
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2. Importance of Astrometry _

| Observation of XTE J1810

: Moved
" | [106days)

|
© 5 GHz
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Asmonstrca Jovnsar, 66211981200, 2007 e 20
B The Amwrioan Asvosombond Sty AT rghts rerved Primsed s L5 A

VLBA MEASUREMENT OF THE TRANSVERSE VELOCITY OF THE MAGNETAR XTE JI810-197

D. J. Himraxn,' S. (’mmur.; W. F. Brssax,” F. Casmno, J. Rivoeos,*
M. H. vay Kimxwee” ). P Haueay,' aso S, M. Rassow®
Reoehood 2007 Lowaary 23. accepied 2007 March 12

ABSTRACT

We bave obtained obsorvations of the magnetar XTE J1810— 197 with the Very Long Bascline Array (VLBA) at
wo epochs separaed by 106 days, at waveleagths of 6 and 3.6 cm. Companson of the positions viekds & proper-
motion vakee of 13,5 3 1.0 mas yr ' at an equatorial positicn angle of 209.4° £ 24" (cast of north). This vahee &s
consistent with a lower significance proper-motion valee derived from infrared observations of the scerce over the
past 3 years, also reported here. Given its distance of 3.5 & 0.5 kpe, the implied tremsverse velocity commected to the
local standasd of rest is 212 4 35km s~ (1 o). The measured velocity is sightly below the average for normal young
neutron stars, indicating that the mechanism(s) of magnetar birth need not lead %o high newtroa star velocities. We also

-8 use Australia Telescope Compact Array, Vory Large Amray, and these VLBA observations %o set lisnits on any diffuse
| cmission assocuated with the source on a varicty of spatial scales, concludsng tat the eadio emission from XTE
) J1810-197 is >96% pulsed
Subject headings: pulsars: general — stars: individual (XTE J1810-197) — stars: neutron — X-rays: stars
‘{E}ﬂ
L ! ]
-2
(10 years)??
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National Astronomical
Observatory of Japan

Buxws 4 2. Importance of Astrometry
NACJ igular Resdltition [AR)

BM200 km/s @ 2 kpc = 1.7 mas/month
BAR = 5 mas (Baseline/1000km])"[f/10 GHz]"

BAR (VERA 22 GHz, 2000km) = 1.2 mas

 L-band (1.4GHz) requires 30000km baseline to achieve this AR =2
Need to monitor in a few years € Radio outburst ends!

* Emission at 22 GHz would be weak, but magnetar radio outburst

may have a flat spectrum > VERA is promising!
2019/2/20 FEFEOEA L IER@TK




BEirxws

NAC)JS

National Astronomical
Observatory of Japan

* We are developing our experience of observing radio
emission of NS/FRB toward the era of SKA

Prof. Terasawa
(NAQOJ) Pulse

Prof. Honma
(NAOJ]) Advisor

More Contributors
Prof. Yonekura (Ibaraki)

Prof. Misawa, Dr. Tsuchiya [Tohoku]
Dr. Sekido, Dr. Takefuji [NICT)

- 1 PO NEAA o I
(Aoyama) theoff | ~ You are welcome to join us!
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National Astronomical
Observatory of Japan

MIZ 0.17

IRK 0.21
0GA 0.29
ISG 0.23

2019,/2,/20

74.11 mdy
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fJ 3. Progress of Observation (SGRO501)" rFSTEETTITT
National AstronJomicaI e Its Of mo r‘ing

Observatory of Japan

SGRO501+45 4U 0142+61 1E 2259+586
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* No Redio outburst was detected

* An upper limit of 0.2-0.5 mdy = top 20% of known
normal radio pulsars are excluded
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Natlonal Astronomical
Observatory of Japan

litate 31m (0.3 GHz), Kashima 34-m (2
GHz), Hitachi 32-m (7 /8 GHz), four VERA
20m (22 GHz), and NICER and Swift
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Duxse e ¥ 4. Future Prospects
National AstronJomlcaI ‘ UItS Of letor‘lng

Observatory of Japan

: Assuming the spectral index = -2
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Duxse ? ¥ 4. Future Prospects
National AstronJomlcaI - Pe Kllorm.e Ar.r.ay

Observatory of Japan

BSKA is a pulsar hunter
* Wide field of view
e LOW: 25.1 [0.1GHz/f)? deg®
« MID: 1.37 [GHz/f)? deg®
* Multi-beam backend system
(Low: 167, MID: 500])

BSKA1-MID (2027-2032)

#3000 normal pulsars
#1400 MSP =

 #30000 normal pulsars |
° #SDDD MSP 200 400 600 800 1000 1200 1400 1600

Dispersion Measure (cm™ pc)
2019/2/20 FEFEOEA L IER@TK 14
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BEirxws

NA@ ] 4 : rospec}:s AT

National Astronomical
Observatory of Japan

BCurrent: VERA @ 22 GHz, angular resolution = 1.2 mas
« 200km/s @ 2 kpc = 1.7 mas/month [a few x 10 umas parallax]

BFuture: SKA-VLBI (w EAVN] @ 22 GHz - 0.25- 0.35 mas
« 200 km/s @ 8 kpc =2 0.4 mas/month [~ 10 pmas parallax)

We will obtain

magnetar’s

v’ accurate distance

v"and velocity,

which unvell

v’ progenitor SNR

v" and the origin of
strong B-field!
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National Astronomical
Observatory of Japan

B Radio Observation of Magnetars
* VVLBI astrometry is a key to understand the origin of magnetars

* \We are developing a magnetar observing team in Japan
* SGR 0501, XTE J1810, ...
* Also FRB is our scope

* SKA will become a game-changer of this research topic
* ¥ A
[& 1] SKATFR S DR
- 2019F9H2H(A) - 6H[=E)
s YR EZBMIELIBEREIF—F
c SNY— - YT X — FRBEF—bEY T D—DTT
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