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1072 1072
g 10’ 10° . : 10’ 10° 10°
frequency (Hz) frequency (Hz)
Estimated | Eqgw = 10*Mgc? Number | % BNS Localized
Run Burst Range (Mpc) | BNS Range (Mpc) of BNS within
Epoch Duration | LIGO Virgo LIGO Virgo | Detections | 5deg® | 20deg®
2015 3 months | 40 — 60 - 40 — 80 -~ 0.0004 - 3 - -
2016-17 6 months | 60 - 75 | 20 — 40 80 -120 | 20-60 | 0.006 - 20 2 9 —-12
2017-18 9months | 75-90 | 40-50 |120-170 | 60 -85 | 0.04 -100 | 1-2 10 - 12
2019+ (per year) 105 40 - 80 200 65-130 | 0.2-200 | 3-8 8 - 28
2022+ (India) | (per year) | 105 80 200 130 | 0.4-400 | 17 48
arXiv:1304.0670
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I3 MIRGERT

1~10deg
SNR > 8 SNR 10-30
Fairhurst,proc ICGC(2011) Klimenko+,PRD(2011)

LHVIJ

14F3H28H&EH



BErI2y 2V b

- O O S — -

o BIEBIIZNT WA, BIFrI vz v b ZHkRINN T 221247

o Short-Duration Radio Transient (FRB, pulsar.,..)
o Long-Duration Radio Transient(WJN, RT19870422,..)

I YT

cisCIEDY N AE AT R IR, RESRE R E Fast Radio Bursts (FRBs)

e B

HEZLVT, XBREREAR Y 2 —

hod )

T. Aoki (Waseda)
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o 64m Parkes radio
telescope

o 30Jy

o duration < Sms
o DM 375 cmpc
o <1Gpc

o duration ~ msec

Lorimer, science 318, 2007
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Fast Radio Burst(?)
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Keane+,MNRAS 2011

12

Parkes radio telescope
J1852-08 burst in 2001
DM 745cm-3pce
duration 7ms
72~0.09-0.18

~400mJy
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Flux Density (Jy)

Fast Radio Burst
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Thornton+, Science 341 53 2013
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64m Parkes, 400M band,
1.38GHz

z=0.5-1, < 3Gpc
04-13)y
DM 553-1100 cm-3pc

event rate ~2x104 Gpc-3yr-1
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RS

o Rotating radio transients

o Nearby flaring stars(L.oeb+2013)

o ccSN(Falcke+2013)

o WDWD merger(Kashiyama+2013)

o NSNS merger(Totani2013)

o Magnetar giant flare(Popov+2007,Thornton+2013)
o Collapse of HMNS

o Giant pulse from a young pulsar

o Evaporation of BH (Keane+2012)

o Superconducting cosmic strings (Cai+2012)

| 4
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RS

o Rotating radio transients

o Nearby flaring stars(L.oeb+2013)

o ccSN(Falcke+2013)

o WDWD merger(Kashiyama+2013)

o NSNS merger(Totani2013)

o NS-NS merger (Totani, PASJ(2013))
AV ANAL FIVIREICIZ 2 DDk E o nlis i F LT

Wi, ORISR RN EE, SV —o
9IS & Hiigilio AL Ty v u b ua Vit &
%, ZOBEms TBHIERIFFICHZ 5.
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NSNS merger & Fast Radio Burst

R R O R

NSNS merger?dD A4 X b L — F(Gpc3yr!, z=0)

low

reasonable

plausible high

max

1.00E+02

1.00E+03

1.00E+04

4 .00E+04

FRBDA XY kL —F
~2x104 Gpc-3yr-1

FROGTayI A5y !

o NSNS merger & Fast Radio Burst® [q]IRE1HIIE ?
2010 2015 2016 2017 2020
D(Mpc) 34 40-80 | 80-120 | 120-170 200
Nre 0.2 0.3-3 3-8 8-25 40
Nhigh 3 3-26 8-86 86-246 400
FRB 0.8 [-10 !él 0-35 35-98 160
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Long-duration Radio Transients
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DN

RT 19840613

DN
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RT 19870422

19840613 2500
800
19870422
_ ol _ 2000 %
g sool % ‘ ;31500—
§ 2001 I I l § o
E OIIqIIIIIIIIIIIIIIII E 500} I l
200} I} - I [ I ]
-400— - - - - = - - - L _510886.6 1 98I6.8 1 9‘87 1 98I7.2 1 98I7.4 1 98‘7,6 1 98I7.8 1988
1984 19841 19842 1984.3[;%4(;9;;?3;984.6 1984.7 1984.8 19849 Date (YearS)
o flux: 0.4-0.6mJy at 140Mpc o flux: 1.5-2.0mJy at 1.05Gpc

o duration: < 7days

o event rate: 6000-150000Gpc-3yr-!
(consistent with estimated CBC
rate ref:].Abadie et al. (2010))

O event

rate)

o duration: ~2months

(consistent with estimated CBC

rate: 80-20000Gpc-3yr-!

|18

Bower et al. Ap] 666 346-360 (2007)
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WJN Radio transients
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WIN J1039+3300 (Radio Transient)
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Name & b Flux Density | Detection Paper
(J2000.0) | (J2000.0) Date

WIN J0200+4142 | 41°42’ ~-19° ~2.7%0.5)y | 2005Feb10 | Matsumura et al.(2009)

WIN J0202+4142 | 41°42’ ~-19° |~4.1%*0.9)y | 2006Dec24

WIN J0205+4142 | 41°42’ ~-19° ~4.3%+0.6Jy | 2006Dec26

WIN J0445+4130 | 41°30° ~-3°  |[~1.8%0.2Jy | 2005Jan10 | Matsumura et al.(2007)

WIN J0645+3200 | 32°00° ~¥13° |~1.2ly 2005Mar24 | Kida et al.(2008)

WIJN J0S51+3300 | 33°00’ ~+51° |~1.8%0.3Jy | 2006Jan12 | Niinuma et al.(2009)

WIJN J1039+3200 | 32°00’ ~+61° |~1.7ly 2005Mar 4 | Kida et al.(2008)

WIN J1039+3300 | 33°00’ ~+61° [~2.2%0.2Jy | 2006Jan18 | Niinuma et al.(2009)

WIN J1043+4130 | 41°30’ ~+60° |~1.7=%0.2)y | 2005Jan 2 | Matsumura et al.(2007)

WIN J1443+3439 | 34°39’ ~+65° |~1.5%0.3Jy | 2005Feb13 | Niinuma el al.(2007)
~3.0%0.3Jy | 2005Feb14

WIN J1737+3808 | 38°08’ ~+30° |~1.6%0.2Jy | 2004May20 | Kuniyoshi et al.(2007)

Matsumura (2011)
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4
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Table 4. Properties and detection horizons (neglecting cosmological corrections) of the sub-relativistic
dynamically ejected outflow from 1.4-1.4 mg ns? and 1.4-10 mg nsbh mergers with different radio facilities.

Radio Obs Field 1 hr ns2 1 hr ns2 10 hr nsbh 1 hr nsbh 10 hr
Facility Freq. of view rms horizon' horizon'f horizon' horizon'T
(GHz) (deg?) wply n=1lem™2 n=0lecm™3 n=1cm™3 n=0.1cm™3

EVLA® 1.4 0.25 7 360 Mpc 200Mpc 1.8 Gpc 1.4 Gpc
ASKAP? 1.4 30 30 170 Mpc 100 Mpc 850Mpc 700 Mpc
MeerKAT* 1.4 1.5 35 160 Mpc 90 Mpc 800 Mpc 650 Mpc
Apertif? 1.4 x 50 135 Mpc 75 Mpc 670 Mpc 550 Mpc
LOFAR*® 0.15 20 1000 70 Mpc 40 Mpc 300Mpc 250 Mpc
Piran+MNRAS(2013)
21
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® GW alert --> EM followup observation
@ Transient alert from EM telescopes --> GW data analysis

sky area for obs
.s'.}?‘.‘sxﬁ\o, Y

Theta

Jrees)
¥
s
®

e Phi
:"'i””ﬁj;b s orror region
- /&//ﬂ” (1 e — /\ gi

250

270
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® GW alert --> EM followup observation
$® Transient alert from EM telescopes --> GW data analysis

GW telesco es

Radio telescopes
Time, Location

Final FAP ~ P X P1 X Pspace I8

Triggered search RT

Off-source On-source Off-source

+
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Data Generation Identify Write to Select Triggers and | Send Alerts
and Transfer Triggers Database | Determine Pointing | to Telescopes
.-G
Data B
L1 copied Manual
[__{r. - O Event —
computer Validationﬂ
centers
V1 1 N
> —
\. >

Added latency:

Total Latency:
<1 min. <1 min. 3-6 min. <1 min. 2-3 min. 10-20 min.

~30 minutes

o Winter run : FAR <1 per day

o Autumn run : FAR < (.25 for most telescopes, < 0.1 for
PTF and Swift

24
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o HiJJJ{DFalse alarm rate GEFRIL) DOUGE
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Fundamental detector noise
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Select Observation region for follow-up

- AR OO ——— R

60 -

Blue Luminosity
(Bigger, More stars form) GW data

\ /o

L, x Likelihood

50+

P = . 2
Distance %
T
GWGC |
° il
. Simulated data o //fﬂw“
240 245 250 255 260 265 270 ‘
RA (degrees)
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GWGC: Gravitational Wave Galaxy Catalog

- — O — O — RS — -

o Contains ~50,000 galaxies within
100Mpc

o Four catalog compilation:
Tully Nearby Galaxy Catalog,
Neighboring Galaxies, V8K,
HyperLEDA

o Uses Principal Galaxy Catalog(PCG)
identifier to improve removal of
degenerate galaxies from multiple
catalog

Declination (degrees)

Sine of Declination

O Main problem:
Incompleteness

Sine of Declination

N—2A MR T 7203,

150 200 2
Right Ascension (degrees)

HEGHT ? . D. White et al, 201 |
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Green Bank Telescope

T - - - T

Brennan Hughey, David Stiles(ERA), Xavier Siemens(UWM)
o Radio pulses from Green Bank Telescope Drift-scan

o Possible joint sources includes CBCs, Giant pulse, pulsar glitches, cosmic strings, ...
(although most pulses are probably just terrestrial background...)

o 32 single pulse candidates coincident with S5/VSR1

o Analysis Is in progress.

14F3H28H&EH



Parkes Telescope Fast Radio Bursts

- R — RS — R ——OR -

Brennan Hughey, David Stiles(ERA), Xavier Siemens(UWM)

The Parkes telescope in New South Wales, Australia
has observed a population of nominally extra-galactic

(based on high dispersion measure) short duration
radio bursts from observations in 2011

These are coincident with Virgo and GEO data

We have looked at GW interferometer data in coincidence with 4 published fast radio bursts
using analysis similar to the Green Bank search
Thornton+, Science 341 53 2013

We have also negotiated an MoU to obtain additional fast radio burst triggers from Parkes

31
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Long Wavelength Array (1'S VWA

RBNCND

[N FAbuguerue =Tk

UGS Lunas)

| State of New
e Mexuco UgA

, oy, : y =
oPT
L\ ?"
oA A

\YP
M b ivie 'rM & s

¥NAeys wC >
- oo SEB

® The LWA is sensitive to a
bandwidth of 10-88 MHz.

® The first station of the LWA
(LWA-1) is composed of an array

of 256 dual-polarization dipole
antennas laid out in a 100m

diameter aperture.

* LWA-1 can conduct all-sky
imaging in addition to bem able

to form electronically steera
beams.
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CoincidgntﬁEmission from
Compact Object Mergers

Neutron Star Binaries:
Initial LIGO: ~15 Mpc — rate ~1/50yrs
Advanced LIGO: ~ 200 Mpc

Realistic rate ~ 40/year !

10/19

SNR
10

-1
DGpC ~ [0-8 ’ 1015y ESOI+Y( ) "1203/4 B41/2 Nantl/2

LWA-1 can detect these
events out to ~1 Gpc.

M.S. Pshirkov, K.A. Postnov
Astrophys.Space Sci. 330 (2010)

Michael Kavic

(Long Island University)

Collaborators: Bernadine Akukwe (LIU), Peter Shawhan, Cregg Yancey (UMD)
Jonah Kanner (Caltech) John Simonetti, Brandon Bear, Jr-Wei Tsai (VT),

Sean Cutchin (NRC-NRL)
33
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Expanded VLA

Image region ~30’ around one galaxy
O Radio source detection ap AR RS & i
@ Variability analysis W R O e
@ Identification of contaminating M_' L A / o Sdbibe
transients (AGN?) L Nominal FOV of 7
§ 02 = . ot ‘e . -
€ o i .
2 7 , B . A SR I
L @ e
08 |- i SRl .. . '. S Al e S
1.0 :,L ‘ : 1‘ AN o i .l : . l_‘ -
1.0 0.5 0.0 05 10 @ -
KlloARCSE(‘: ) -
1.5F -
1.0F 4"\-:
6 sources in the fields of each galaxy s =
consistent with number of expected ®
serendipitous sources (Windhorst, el T
2003) 34 0 S0 100 150 200

Time since explosion (days)
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Ed Daw(Sheffield)+

Low frequency array

LOFAR can image up to 24 5°x5° fields
simultaneously.

Low latency radio all-sky monitor

LVC awarded ~4 hours-per-week
observing-time during S6

Followed up 6 GW alerts.
Results not yet

oo oo o0
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Nasu radio telescope

Aoki, Kida, Daishido, (U. Waseda)

Ml W ‘)lﬁgﬂ S5

' ’ Galactic Coordinate (Aitoff's Projection) -850

Nasu observatory observing area (J2000.0)

+90 Galactic Latitude (deg)

Observing Region

20m antennas

One can observe any direction within +/- 5deg

from the zenith (Dec. +32deg ~ +42deg)

Purpose

Radio Interferometers for Wide Field Survey

spherical dish antenna

Eight 20 m diameter spherical dish antennas+ A 30 m diameter

1

System Noise _
Appoximately 80K
Temperature B ¥
Observing frequency | 1.42 GHz Nasu reaches ~100Mpc
Bandwidth 20 MHz
Site Nasu-Shiobara, Tochigi prefecfure
Radio Transients, Radio coynterparts of EGRET un-id sources,
Target
Pulsars
Sensitivity Several hundred mJy (1 sec integration

36
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Comparison with LOFAR etc.

S S R S e N~

(ALFA: 1.225 - 1.525
GHz)

0.5 arcmin @ 10.2 GHz
(ALFA: 10arcmin @
3.Darcmin resolution
(7 beams))

Instrument Band Type | Field of View Slew Time

LOFAR 40-240 MHz Array | 30° beam(s) Software

ETA 29-47 MHz Array | Two 30° beams Software

NRAO Green Bank | 300MHz-50 GHz Dish | 0.027 sq. deg. (at | 18°/minute
1 GHz)

Nancay 128-1400 MHz Dish | 4 by 22 arcmins 5-10 min

ARECIBO 312MHz - 10.2GHz | Dish | 15 arcmin @ 312MHz | < 16 min

® The observing frequency of Nasu 1.42GHz

@® The observable region is from decl. 32 deg to decl. 42 deg

@® The coverage is approximately 7.0% of the entire sky
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Nasu-TAMA, LIGO, Virgo

—‘;Eec‘-—‘—\eéc‘--% %'%

Detectors in science mode around WJN events
Nasu-TAMA
WJN J 1737+3808

® TAMA was observation mode three months before.

Nasu-LIGO, Virgo
WIJN ] 1039+3300

® HI1,H2 were In observation.
WIJN J 0951+3300

® Partof HI,H2,L1 data were in observation.
WJN J0205+4142

® HI,H2,LI were in observation.
WJN J0202+4142
® HI,H2,L1 were in observation.
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FEFEEETH

S6 results
Inspiral Horizon Distance
o ' ! ! ? ! ! ? '
— H1 : N g
a5t — L1 | | | , Tl ]
J=abo "ﬂl’\pm“"vml |

Inspiral Horizon Distance (Mpc)
. N N w w
wm o (0] o o

-
o

E -d A\! W]

SR R R S e S S R S S S S S SR S A S SR SR S R T S S S O S A SR S S S S SR SR S R R S SR R R S e e

-

98 147 196 245 294
Days after GPS 931133637
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(~50kpc) (~700kpc) (~15Mpc)
2l L
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Coherent network analysis

R R O R

" x,(0) | [ F.0,9) F, (0,9 ]; . RAGHE
X |= A :hr) M
x, () F,08,9) F, 0,9 || = | | n,®

E(6) = F,, (0,9)h, (1) + F, (6,9)h, (¢)
h=(A"A)"A"x

o Solving the inverse problem using the maximum likelihood method.

o Calculating likelihood statistic at all over the sky position.

o The GW candidates are the signals of which L is beyond a given
threshold set by the background noise study.

d T
L = max(_ Hx — Ah”z) where ||x||2 = 2[0 xi(t)T X; (t)dt

Hdata(x)—estimated signal(S)H2 h _ ( AT A)—l AT X
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Error region

SR OO

0.9

0.8

o HI1L1V1 network Likelihood sky-
map burst signal containing

Median Error Region

o The region where likelihood is
larger than at true position and
the true position is included with
50% probability

Probability

o The root of the total error area is
called median error region
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Name FRB 110220 FRB 110627 FRB 110703 FRB 120127
Beam Right Ascension |22" 34™ 21" 03™ 23" 30™ 218"
(J2000)
Beam Declination -12° 24’ -44° 44’ -02° 52’ -18° 25’
(J2000)
Galactic Latitude, b (°) |-54.7 -41.7 -59.0 -66.2
Galactic Longitude, / |+50.8 +355.8 +81.0 +49.2
)
UTC (dd/mm/yyyy 20/02/2011 27/06/2011 03/07/2011 27/01/2012
hh:mm:ss.sss) 01:55:48.957 21:33:17.474 18:59:40.591 08:11:21.723
DM (cm™ pc) 944.38 + 0.05 723.0+0.3 1103.6 £ 0.7 553.3+0.3
DM (cm™ pe) 910 677 1072 521
Redshift, z (DMy.q = |0.81 0.61 0.96 0.45
100 cm™ pc)
Co-moving Distance, |2.8 i 3.2 1.7
D (Gpc) atz
Dispersion Index, a -2.003 = 0.006 - -2.000 = 0.006 -~
Scattering Index, g -4.0+04 - - -
Observed Widthat 1.3 |5.6+0.1 <14 <43 <l1.1
GHz, W (ms)
SNR 49 11 16 11
Minimum Peak Flux |1.3 0.4 0.5 0.5
Density S, (Jy)
Fluence at 1.3 GHz, 8.0 0.7 1.8 0.6
F (Jy ms)
S D? (x 10" Jy kpc?) 10.2 1.9 5.1 1.4
v
Energy Released, £ (J) [~10” ~10”" ~10% ~10”
Science 341 53 2013
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