17th Mizusawa VLBI Observatory Users Meeting (2019.12.13-14)

Radio outburst of a magnetar
XTE J1810-197:

VERA observation at 22 GHz

SUJIN EIE 1 - X2 (D1)

(Mizusawa VLBI Observatory, NAOJ / Dept. of Astronomy, University of Tokyo)




Pulsar | Signals from neutron stars!

® Rapidly rotating neutron stars

® Spin parameters can infer
pulsars’ physical properties.
(age, magnetic field strength,
spin-down luminosity, ...)

Image credit: Joeri van Leeuwen
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Data is from the Australia Telescope National Facility (ATNF)
Pulsar Catalog (Manchester+05)
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Pulsar | Radio observations

® Generally weak
® Much weaker at high frequencies

® Average spectral index <a>=-1.8 £ 0.2 ol
(Maron+2000)

time

E 3 (10°29U%xm=2Hz"1)
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PSR 1133

10 (GHz) F
1 Spectrum of PSR B1133+16

(Sieber 1973)
Effelsberg 4.85 GHz
< Single pulses from PSR B1133+16

(Karastergiou+2004)
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Magnetar | MAGnetic NEutron sTAR

® Pulsars with
intense short bursts,
pulsations, outbursts
in X-ray, soft y-ray

® Slow spin & fast spin-down
- Ultra-strong B (101415 G)

& Relatively young ages
(= 10000 yrs)

Spin Period Derivative P (s s™1)

® “The most powerful magnet Y
in the Universe” SRR o PSR B - Ordinary
ey 1. i JEEN X Magnetar

-+ Image creditgESO/L. Calgada, BHE

Spin Period P (s)

Data is from the Australia Telescope National Facility (ATNF)
Pulsar Catalog (Manchester+05)
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Magnetar | Radio-bright

® 4 sources detected in radio

® Distinct radio properties
from ordinary pulsars

e Strong variations with time
: profile shape, intensity,
polarization
(e.g. Camilo+07, Levin+12, Lynch+15)

o Flatter spectra (= -0.5vs -1.8)
(Camilo+07, Maron+00)

pin Period Derivative P (s s~1)

B
| XTE 1810197 |554] 21 | 11 | 35 | s X Magnetar

Name

N

R sios . N e MR B Radio-loud
1E 1547.1-5408 | 2.07 3.0
102 101 10° 10!
PSR J1622-4950 | 4.33 | 2.7 : Spin Period P (s)

SGR J1745-2900 | 3.76 | 2.3 . . , -
Data is from the Australia Telescope National Facility (ATNF)

(Kaspi & Beloborodov 2017) Pulsar Catalog (Manchester+05)
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XTE J1810-197 | Discovery

® Discovered in 2003 in X-ray (Rossi X-ray Timing Explorer; Ibrahim+04)
® Detection of radio pulsations in 2006

® No detectable radio pulsations from 10 years ago (camilo+16)

- + NRT 1.4 GHz
X PKS 1.4—-3 GHz
v GBT 2 GHz

Radio obs.
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XTE J1810-197 | Re-brightened!

® No detectable radio pulsations from 10 years ago (camilo+16)

® Reactivated!!

-> Strong radio flares (2018/12/08) (Lyne+ ATel #12284)

- X-ray was also confirmed (Gotthelf+19)
I | | I

RADIO RE-D+ETECTION

- + NRT 1.4 GHz
X PKS 1.4—-3 GHz
v GBT 2 GHz
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VERA observations | € o £VERA

Magnetar Observation Team of VERA (PI: FRiEZ A)

® Observations of XTE J1810-197 conducted in 4 epochs
(Radio outburst obs on 2018-12-08,
Expected X-ray outburst within 2018-11-20~26)

® 2018-12-18

® 2019-01-07
® 2019-01-21
® 2019-02-21
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Result | Average pulses at 22 GHz

2018352 IF1 (2.9 h) [5.74]

2019007 IF1 (3.4 h) [9.59]

2019021 IF1 (3.4 h) [4.75]

2019046 IF1 (3.4 h) [3.58]

2018352 IF2 (2.9 h) [5.85]

2019007 IF2 (3.4 h) [7.25]

. 2

2019021 IF2 (3.4 [4gD

||"
20 46 IF2 (3.4 h) [2.82]

2018352 IF3 (2.9 h) [5.92]

2019007 IF3

2019021 IF3 (3.4 h) [3.60]

2019046 IF3 (3.4 h) [4.62]

2018352 IF4 (2.9 h) [5.72]

2019007 IF4 (3.4 h) [5.08]

2019021 IF4 (3.4 h) [3.70]

2019046 IF4 (3.4 h) [3.72]

2019.12.13-14
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Pulse phase
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Result | Single pulses at 22 GHz

Possible single pulses on 2018-12-18 detected by VERA antennas Possible single pulses on 2019-01-07 detected by VERA antennas
—— IRK

58470.125 58470.150 58470.175 58470.200 58470.225 58470.250 58470.275 58490.050 58490.075 58490.100 58490.125 58490.150 58490.175 58490.200 58490.225

— MIZ 30 1 — MIZ

20 A
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58470.125 58470.150 58470.175 58470.200 58470.225 58470.250 58470.275 58490.050 58490.075 58490.100 58490.175 58490.200 58490.225

— OGA 30 — OGA

20 A

10 A

58470.125  58470.150  58470.175  58470.200  58470.225  58470.250  58470.275 _ _ 58490.125 58490150  58490.175 58490200  58490.225

— ISG — ISG

58470125 >8470.150 >8470.175 58470.200 58470.225 58470.250 58490.050 58490.075 58490.100 58490.125 58490.150 58490.175 58490.200 58490.225

TDB (M)D) TDB (MJD)

I 4

Possible single pulses on 2019-01-21 detected by VERA g¥ent l Possible single pulses on 2019-02-15 detected by VERA antennas
— IRK

ﬁ Am,

3 T
58504.025 58504.050 58504.075 58504.100 58504.150 58504.175 7 58529.900 58529.925 58529.950 58529.975 58530.000 58530.025 58530.050 58530.075

— MIZ — MIZ

3 T
58504.025 58504.050 58504.075 58504.100 58504.125 58504.150 58504.175 7 58529.900 58529.925 58529.950 58529.975 58530.000 58530.025 58530.050 58530.075
— OGA — OGA

3 T
58504.025 58504.050 58504.075 58504.100 58504.125 58504.150 58504.175 7 58529.900 58529.925 58529.950 58529.975 58530.000 58530.025 58530.050 58530.075
— ISG — IsG

58504.025 58504.050 58504.075 58504.100 58504.125 58504.150 58504.175 58529.900 58529.925 58529.950 58529.975 58530.000 58530.025 58530.050 58530.075
TDB (M)D) TDB (M)D)
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VERA 20 m (4 stations) [NAO]J]

@ 22 GHz

e Hitachi 32 m [Ibaraki Univ.]

@ 6 & 8 GHz

Kashima 34 m [NICT]

@ 2 GHz

e litate antenna

3Tmx16.5m x 2

[Tohoku Univ.]
@ 325 MHz

2019.12.13-14
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Collabo | Multi-freq, epoch obs

Observation date

2018/12/14 12/18 2019/01/07 01/09 01/21 02/15 03/04 03/31 04/23 06/12
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1.4 GHz

® (camilo+07)

8.35 GHz i
(Lazaridis+08) 7]

10yearsago 53800 53900 54000

Our observations

Date (MJD)
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Future work | PRESTO for VERA

PRESTO [PulsaR Exploration and Search TOolkit]:
A software for pulsar search and analysis

I
“

® The most commonly used software ot HiB T

[ ] [ ]
. I e re u I res t e ata l n Sta n a r 2 Pulses of Best Profile Search Information
Candidate: 3.12ms_Cand RAjp000 = 22:14:43.9200 DEC 5000 = 30:02:52.4400

Telescope: GBT Folding Parameters
Epochy,,, = 55094.16765046296  DOFyy = 43.95 %4 = 1452.698 P(Noise) ~ O
Epochy,, = 55094.17293549570  Dispersion Measure (DM; pc/em3) = 22.550

Tsample 6.144e—05 P (ms) = 3.1192950291(48) P, (ms) = 3.1192552704(48
Data Folded

) Data Avg
Data StdDev

e
57016320 Plo (5/5) = =3.775(11)x10"7 PIY (s /s) = —4.063(11)x10~"
Profile Bins
Profile Avg

5.748e+04 P iopo (5/5%) = 0.0(2.0x10717 P (s/s%) = 0.4(2.0)x107"7
410.5 Binary Parameters
Profile StdDev

® The problem is we haven’t know how o]
to convert our data to PSRFITS.

2.739e+05 = N/A
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%
o

Reduced )(2
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o b=
2 x10® 2x10° 0 -2x107° —4x10i
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0 0.5 1 1.5 150000600 0 2 225 23
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Phase Reduced x? DM (pc/cm®)
quppi_55094_NMS1163_0001_0001.fits sransom 31-Jan-2014 11:47

From PRESTO official website
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Future work | PRESTO for VERA

® Detection of pulsations of a pulsar by phased ALMA

( Vela pulsar @ 85-101 GHz,
Smean, 87GHz = 0.99 = 0.17 mJy with 40 min obs.)

+ software for (VDIF format data of ALMA -> PSRFITS format)

® KVN has phased-resolving pipeline (Dodson+2014).

® We can test VERA phase resolving and apply t

Mark VI
VLBI
Recorder

=
—
N

Packet Buffer Channelized

Mark VI
VLBI
Playback

Metadata
vdif2psrfits tools

2019.12.13-14

2 Pulses of Best Profile

Candidate:
Telescope:

Epochyyo,
Epoch

Datu Folded

Data Avg

Data StdDev

. Profile Bins
Profile Avg
Profile StdDev

Data
Transport

Full { .N
Resolution |yl {1

— | ‘I‘ 1Hy Jwr

PSR
Archive

e
Time-avg L/

PSRFITS

Reduced )(2

Q1—-PX—No0002.fits_0001.fits
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= 57782.13715467251
= 57782.13715467251

Search Information

ACCEL_Cand_1 RAj2000 =
Unknown
DOF ¢ = 60.48 2,

8e—06
72000000

0.3235
64 Po () = N/A
o1sin( i)/c (s) = N/A
Toeri = N/A

2.692e+07

8.55x10'
Frequency (MHz)

0.6
8.5x10*

0.4
Fraction of Observation

04 08 1.2 16
Phase

0.2

Reduced )(2

5x10° 10  1.5x10°

DM (pc/cm)

= 08:35:20.6100
Best Fit Parameters
= 7.110 P(Noise) < 2.04e—59 (16.20)
D|spers|on Measure (DM pc/cms) 0.000
po (MS) = 89.39268(15)
‘ o (s/s) = 0.0(2.0)x10™
23.93 P op (s/sz) 0.0(2.3)x107"
Binary Parameters

P—dot — 1.4257e—19 (s/s)

DEC —45:10:34.8800

42000 =

ry (Ms) = 89.39268(15)
b (s/s) 0.0(2.0)x10~
oy (8/57) = 0.0(2.3)x107""

e =N/A
w (rad) = N/A

4l

..I
02 4 6
Reduced )(2

2x107 0 -2x10
P—dot — 1.4257e—19 (s/s)

©
-
o
°

0.05
Period — 89. 392681 60 (ms)

Reduced Xz
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=

17 (Hz/s)

F—dot + 1.7842e—

Period — 89.39268160 (ms)

anyoung 18-Aug—2017 11:3
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