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Plan of Talk about KAGRA

Brief overview of the project 
• Detector 
• Science target of Gravitational Wave (GW) detection 

Construction status in 2014 Summer 
• Tunnel excavation is finished ! 
• Preparing iKAGRA (1st total operation in normal temperature 

at December 2015) 

Science in GW detection/measurement from SNe or GRBs 
• What can be derive ? 
• Chance of coincidence observation
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What is Gravitational Wave ?

Einstein Eq.
Gravity distorts the space-time !
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GW radiation

Source 
change (time derivative) of quadrupole moment of mass 
distribution 

!

Amplitude 
inversely proportional to the distance between source 
and observer 

!

Energy 
total energy is given as :

Iµ� =

�
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�µ�r

2)�(�r)

hµ� =
2G

Rc4
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Science of GW

Need direct measurement !!! 
Why direct measurement ? 

• We have to test GR in ‘strong’ gravity field ! 
• Past experimental GR tests had been done in weak gravity 

field (in Solar system) 
• Direct measurement of wave property is important as the 

test of a fundamental interaction . 

GW waveform carry information of its sources ! 
• New probe for astrophysics and cosmology 
• Tagging GW events = seeing sources 

Gravitational Wave Astronomy
5
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Possible GW sources
Event Like 

It will occur suddenly. Sometime it can be luminous! 
• Compact Binary Coalescence 

 (Neutron Star-NS, NS-Blackhole, BH-BH) 
• Supernova 

(Stellar-core collapse) 
• BH QNM 
• Pulsar glitch 

Continuous 
It exists anywhere, anytime in our universe ... 

• Rotating Pulsar 
• Binary 
• Stochastic Background 

(+Unknown sources) 
6

typical target : h � 10�22 � 10�24



KAGRA : Construction Status in Summer 2014 & its Science on SNe and GRBs
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KAGRA Collaboration in the world 

• Research organizations of laboratories and faculties 
of universities are 41 in Japan and 37 in overseas 

• 158 researchers in Japan and 69 in abroad, 227 
members in total 

 

5 viewgraph by K.Kuroda
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KAGRA overview
Underground 

• in Kamioka, Japan 
Silent & Stable  
environment 

Cryogenic Mirror 
• 20K 

sapphire substrate 

3km baseline 

!

!

Plan 
• 2010  : construction started 
• 2015 Dec.  : first run in normal temperature 
• 2018 (or late 2017)- : with cryogenic mirror
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KAGRA
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KAGRA

~1000m under the 
mountain

Overview�of�the�LCGT�project:�Key�features�Overview�of�the�LCGT�project:�Key�features�

The�detector�will�be�constructed�
underground Kamioka

Cryogenic�mirrors�will�
be used to reduce theunderground�Kamioka.�

� Reduction�of�seismic�noise�(by�
approximately�10�2�@0.5�50Hz).�

be�used�to�reduce�the�
thermal�noise.�

Hoping�to�reach�the�world�best�sensitivity.
(NS�NS�merger�within�>200MPc�to�be�observed.� 4
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Design Sensitivity of KAGRA
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Design Sensitivity of KAGRA
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Detection Range
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KAGRA’s NS-NS 
detection range is 
280 Mpc for optimal 
direction and orbit 
inclination. 
(~158Mpc in all sky  
average, LIGO definition) 
  -> 10 event/yr 
!
For supernovae, 
the range may be 
typically 100kpc 
~1Mpc or as like, 
depending on the 
model (waveform).
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KAGRA Construction status
Tunnel excavation 
completed ! 

Floors are now 
ready. We will 
construct  cubicles, 
clean rooms etc. 

Cryostat installation 
will be start in this 
August 2014. 

Electronics and 
digital control 
systems now stat 
their calibration and 
installation. 

Data analysis 
software are 
developing rapidly.

11

drawn by T.Kajita

KAGRA project in in the new stage!

3

2014 2015
Excavation
Facility (electricity, 
floor and wall coating, 
crane, clean room, ….)
Installation of vacuum 
tubes and tanks
Optics, electronics, 
vibration isolation, …
iKAGRA operation

3-km FPM interferometer 
with room temp. mirrors 

3
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23 
23 23 23 23 

Most exciting news in the last one year �

Current status 

Tunnel excavation was finished on March 2014!!! 
 (Scheduled: 2014 Mar. 31 / Actually finished: 2014 Mar.31 !!!) �

viewgraph by Y.Itoh
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2

Introduction
• Site：Kamioka, Hida, Gifu, Japan. 

• 300km north west of Tokyo. 

• Total length：7,694m (Arm tunnels 6,000m, 
Experiment rooms 817m, Access tunnels 880m). 

• Total volume：146,000m3. 

• Method：NATM(New Austrian Tunneling 
Method). 

• Company：Kajima corporation. 

• Period of the construction：2012/5-2014/3.

Tunnel

13
by T.Uchiyama
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茂住坑口!
Mozumi entrance!

980m(620m+360m)

新跡津坑口!
New Atotsu entrance!

470m
Y arm

 

3km

X arm 

3km
30°

Location of Center (BS)!
• latitude: 36 .41°N, longitude: 137.31 °.!
• Y arm direction: 28.31 deg. from the North.!
• Height from the sea level : about 372m.

600m

Tilt: 1/300
Water drain point

• 2 entrances for the experiment room.!
• Center, Xend, Yend are inside more than 200m 

from the surface of the mountain.!
• Tunnel floor is tilted by 1/300 for natural water 

drainage. !
• Height of the Xend: 382.095m.!
• Height of the Yend: 362.928m.

3

KAG
RA

by T.Uchiyama
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KAGRA map

3km: !
X: (25+2m)from BS - Center of X end cryostat room!
Y: (25-2m) from BS - Center of  Y end cryostat room

Xarm and Yarm cross perpendicularly 
at the center of BS chamber. 

New Atotsu

Mozumi

1
2
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4 by T.Uchiyama
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about one year ago …

16
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17

Now ! (4th July, 2014)



Vibration isolation and cryostat

18

Cryogenic mirrorCryostat

Vibration  
Isolation

14 m

viewgraph by K.Yamamoto, 
S.Koike & R.Takahashi
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Cryostat
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22
viewgraph by T.Uchiyama

MC chambers and cryostats installation 

Transportation of cryostat in Y arm 
                                       (took 3.5 hrs) 

Installation of MC chambers 
(center area) 
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iKAGRA observation, December 2015

23
��

140731_SAITO�

IO 

MC 

iKAGRA configuration�

Cryogenic system test 
     - Cryostat + Rad. shield duct  
- Cryo-cooler 
- Cryogenic payload 
- Fixed Type-A SAS 

Type-Bp payload 
     -  Test mass and Core optics (BS, FM,..) 

     Silica, 10kg, 290K 
- Seismic isolator 
    Table + GASF + Type-B Payload 

ETM 

ITM 

Y
-a

rm
 

X-arm 

ITM ETM 

BS 

Type-A isolator 
    full-system test 
     - Room-temp. test 

   Sapphire (?), 23kg, 290K 
- Tall seismic isolator 
    IP + GASF + Payload 

Shorter arm  
length by 61m 

iKAGRA configuration 
  - Room-temp. test masses 
    suspended by Type-Bp payload 
  - FPMI with 2.94 km arm cavities 
  - Low laser power, w/o power recycling 
  - On-site test of VIS and Cryo system 

iKAGRA obs. Run in Dec. 2015 ~1 month 

Type-C system 
     - Mode cleaner 
     Silica, 0.5kg, 290K 
- Stack + Payload 

viewgraph by Y.Saito
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iKAGRA observation, December 2015
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Installation launch at Kamioka now

Digital control and analogue electronics start work shift partially 
in this July, on circuit tests, cabling, etc. 

Cryostat installation started in this August. 

Work shift for many apparatus in the tunnel are now organizing 
, and will be carried by collaborators soon.

24
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New building (“Analysis build.”)

25
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New building (“Analysis build.”)

25at Jan.2014
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Hardware of iKAGRA data system

@Kamioka surface 
bilding 

• 200TiB lustre 
storage system 
(FEFS), separate 
MDT and OSS 

• 1 data server 
• 4 calculation 

nodes (8cores x 
2CPUs) = 64cores 

• 2 job management 
servers 

VPN switch

26

placed at computer area 
 beside the control room,

1st floor of analysis build.

200 TiB ‘lustre’ file system
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(pre-)main storage

@Kashiwa (ICRR building 6th 
floor) 
• 100 TiB lustre storage 

system (FEFS), single 
storage for MDT+OSS 

• 2 login server 
• VPN switch

27
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Data Acquisition, transfer and storage

28

HUB
10G

IFO, DSG frontend

Environmental Monitor
(EPICS layer)

IP address

low latency
hostname

IP address

frame writer
k1fw1

IP address

frame writer
k1fw0

IP address

NDS
hostname

IP address

DetChar
hostname

HUB
1G

monitor hosts 
in control room

IP address

data concentrator
hostname

20TB 20TB

IP address

login / job man.
taurus-01

IP address

login / job man.
taurus-02

disk array

Infiniband 
SW

IP address

data transfer
aldebaran

IP address

calculation
pleiades-01

IP address

calculation
pleiades-02

IP address

calculation
pleiades-03

IP address

calculation
pleiades-04

IP address

primary data server
k1dm0 / hyades-0

IP address

primary data server
k1dm0 / hyades-0

HUB
10G

HUB
10G / 1G

Dedicated optical fiber
4.5 km, tunnel <-> surface build.

IP address

VPN
gwave_kamioka

Infiniband 
SW

IP address

MDS
crab-mds-01

IP address

MDS
crab-mds-02

IP address

OSS
crab-oss-01

IP address

OSS
crab-oss-02

disk array
MDT

disk array
OST

disk array
OST

IP address

VPN
gwave_kashiwa

HUB
10G / 1G

IP address

login server
perseus-01

IP address

login server
perseus-02

Infiniband 
SW

IP address

MDS/OSS
algol-01

disk array
MDT/OST

IP address

ICRR interoperable 
computer system

SINET

iKAGRA data system overview
Drawn by N.Kanda

last update : 2014/8/19
KAGRA’s raw data rate : ~ 20MB/s


(~630 TB/yr)

inside mine

surface building at Kamioka

final storage (Tier-0) at Kashiwa
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Data transfer test

Tunnel  —(via dedicated optical fiber, 10GB) —> Analysis build. on surface 
• using scp*, continuous transfer of dummy files, done by system vender (Fujitsu 

Co.Ltd.) 
It marked ~150MB/s.  

• using scp, 320MB frame data, intermittent transfer every16sec by T.Yamamoto 
~150MB/s during data sending 

• using via socket transfer** by Oohara 
~ 1GB/s during data sending 

Analysis build. on surface —(SINET)—> Kashiwa 
• using scp, 320MB frame data, intermittent transfer every16sec by T.Yamamoto 

~50MB/s during data sending  
• using via socket transfer** by Oohara 

~50MB/s during data sending

29

* scp including file I/O, transfer, encrypt, decrypt* 
** socket transfer only data, exclude file I/O 
!
Specification requirement : 40MB/s 
KAGRA raw data : 20MB/s
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Chief: H.Tagoshi 
Sub-chiefs: Y.Itoh, H.Takahashi 

Core members: N.Kanda, K.Oohara, K.Hayama�

Korean subgroup 
Leader: Hyung Won 

Lee 

Osaka Univ         :  H. Tagoshi, K.Ueno, T.Narikawa 
Osaka City Univ :  N.Kanda, K.Hayama, T.Yokozawa, 
                                H.Yuzurihara, T.Yamamoto, K.Tanaka, 
                                M. Asano, M. Toritani, T. Arima, A. 
Miyamoto 
Univ Tokyo         :   Y.Itoh, K. Eda, J. Yokoyama,  
Nagaoka Tech    :   H.Takahashi, 
Niigaka Univ      :   K.Oohara, Y.Hiranuma, M. Kaneyama,  
                                T. Wakamatsu 
Toyama Univ      :  S. Hirobayashi, M. Nakano 

Inje Univ. : Hyung Won Lee 
                     Jeongcho Kim 
Seoul Nat. U.:  Chunglee Kim 

Total: 26 (Graduate students are included. Undergrad. are not included) 
About 30 people in the mailing list.  

Data Analysis Subsystem (DAS) 

viewgraph by H.Tagoshi, Y.Itoh
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���

pipeline development�

2013� 2014� 2015� 2016� 2017� 2018�

obs�

Adv. 
pipeline�

End to 
end test�

obs.�

iKAGRA� bKAGRA�

pipeline 
test�

pipeline 
test�

iKAGRA target 
•  Operation of the whole analysis pipeline 

which includes analysis of data and 
     setting upper limits. 
•  Discovering  local fortuitous GW events. 

bKAGRA target 
•  Detection of GW signals 
•  Joint data analysis with LV 
•  GW astronomy 

Schedule�

E2E  
test�

viewgraph by H.Tagoshi
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Schedule to the observation era

32

Budget 
Leading-edge …

Excavation

Additional budget

Budget for operation?

Grants-in-aid for Sci.?

Budget and revised schedule
2010 2011 2012 2013 2014 2015 2016 2017 2018Calendar year

Project start
Tunnel excavation
initial-KAGRA

baseline-KAGRA

Observation

iKAGRA obs.

Adv. Optics system and tests
Cryogenic system

Detector
Data analysis   

Surface building 2

drawn by T.Kajita
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Science in GW detection/measurement  
from SNe or GRBs
What can be derive ? 
• Information inside the objects : 

dynamics of SN core 
strong GW suspect the inner structure of the progenitor, 
NS-NS coalescence is one of the candidate of short-GRB 
progenitor.  

• Population, formation 
if we will get enough statistics. 

Chance of coincidence observation 
• Convince the detection as true “event” 
• Multi-messenger 

33
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GW waves : view of event detection ...

34

Features Supernovae Compact Binary Coalescence 

GW waveform
“Burst” various prediction, 

but is NOT well-known or hard to 
give waveform analytically

“Chirp” Post-Newton 
+ 

“Merger” Numerical Relativity  
+ 

“Ringdown” Perturbation of BH 
(analytical + NR waveforms)

Detection 
(Signal 

Identification)

•Excess power filter  
(Integration of signal power),  
•Time-Frequency analysis 

(Sonogram by Short-FFT, Wavelet 
etc.)  

Matched filter between 
signal and templates 
(Winer optimal filter)

Typical Range 
for current detectors.

≤1Mpc ~200 Mpc

Follow-ups / 
Counterparts

EM (visible-infrared,  
X-ray, Gamma-Ray),


Neutrino

EM (visible-infrared,  
X-ray, Gamma-Ray),


Neutrino



KAGRA : Construction Status in Summer 2014 & its Science on SNe and GRBs

Multi-messenger resolve the object 
example : neutrino - GW coincidence

If we will have SNe in our galaxy or near by … 
• Neutrino observation from SNe is promising. 
• In some scenario, GW will emit. In other, no (strong) GW…  

Comparison of Neutrino, EM and GW might explain the 
dynamics.

35
drawn by Y.Suwa
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Team SKE

12

・Provide time correlated    
data, GW and neutrino

・Suggest signature signals
physical phenomenon

Y. Suwa
SNe Theory(A05)

GW analysis(A04)

Neutrino analysis(A03)
T. Kayano, Y. Koshio

M. Vagins
・R&D of EGADS detector 

 ・Signal simulations with 
     EGADS and SK 

・KAGRA detector simulations
・Develop/Optimize GW analysis tools
・Prepare for realtime observation

T. Yokozawa, M. Asano
N. Kanda

viewgraph by T.Yokozawa

EGADS

KAGRA

新学術「重力波天体」
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Motivation

15

No core rotation
No GW signal from core bounce

GW from prompt convection after 
Neutronization burst 

Strong core rotation
Strong GW signal from core bounce

GW from core bounce before
 Neutronization burst 

GW waveform

Neutrino luminosity

GW from prompt convection 
after Neutronization burst 

GW from core bounce 
before Neutronization burst 

Neutronization burst

Core bounce time : 0.196[s] 

0.16          0.18          0.2          0.22         0.24           0.16         0.18          0.2          0.22         0.24 

No core rotation case (0[rad/s]) core rotation case(pi[rad/s]) 

No GW signal from core bounce
Core bounce time : 0.181[s] 

 - Focus on GW observed time(t_obs_gw) and Neutronization burst time(t_obs_nburst)
 - Supernova detection simulation with KAGRA and EGADS detector

+δt -δt

Strong GW signal from core bounce

0.16          0.18          0.2          0.22         0.24           0.16         0.18          0.2          0.22         0.24 
Time from gravitational collapse[s]

viewgraph by T.Yokozawa

新学術「重力波天体」



新学術「重力波天体」

with concurrent analysis of GW and 
Neutrino

Assumptions :

Core-collapse SN


Progenitor is rotating or is not rotating.


Colocate two detectors : KAGRA + 
EGADS


Expectation :

Neutrino burst at core collapse


Strong spike-like GW for rotating core 
bounce / no GW core-bounce for no 
rotating


-> Comparison of GW and Neutrino 
make possible to suppose SN core 
rotation  
-> Understanding of the dynamics of SNe

38
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Fig. 11.— Expected number of interaction

in EGADS. Black component shows electron

neutrino-electron elastic scattering, blue com-

ponent shows electron anti-neturino-electron
elastic scattering, and red component shows

10% of inverse beta decay interaction. Hor-

izontal axis shows time(s) and vertical axis

shows unit of event/1ms/10kpc.
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Fig. 12.— Model dependence of expected

number of summed interaction in EGADS.

Each color shows the progenitor core ro-

tation model, 0.0π(magenta), 0.2π(green),
0.5π(blue) and 1.0π(red) rad s−1, respec-

tively. Horizontal axis shows time(s) and

vertical axis is sum of expected interaction

in EGADS which is shown with the unit of

event/1ms/10kpc.
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Fig. 13.— One example of the fluctuation

of observed number of neutrino for the dis-

tance of 0.1 kpc(red) and 0.5kpc(blue). The

1.0 πrad s−1 model is used for this figure.
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Fig. 14.— The number of maximum ob-

served neutrino which is used as thresh-

old. Each color shows the progenitor core

rotation model, 0.0π(magenta), 0.2π(green),
0.5π(blue) and 1.0π(red) rad s−1, respec-

tively. Horizontal axis is number of observed

event.
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Fig. 3.— KAGRA official sensitivity curve. These curves are estimate from incoherent sum

of the fundamental noise source. Each colors shows each environmental noise and black line
shows total noise. Blue lines show mirror related noise, blown shows seismic noise, green

shows suspension thermal noise and red shows quantum noise, respectively.
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Fig. 4.— One example of the time variation of obtained SNR for each model. Each
color shows the progenitor core rotation model, 0.0π(magenta), 0.2π(green), 0.5π(blue) and

1.0π(red) rad s−1, respectively. The supernova distance is set to 1.0 kpc and on-direction for

KAGRA detector.
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Is there a chance ?

39

How many and where? : (1) RSG
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We know only a small fraction!!
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Distribution of WR stars
The Astronomical Journal, 142:40 (29pp), 2011 August Mauerhan, Van Dyk, & Morris

Figure 10. Galactic distribution of WRs and selected WR-bearing clusters plotted over the Galactic model of Churchwell et al. (2009). New identifications are marked
as bold symbols. The figure axes are in units of kpc, with the location of the Sun at the origin. Dotted lines mark several values of constant Galactic longitude (l). The
GLIMPSE survey area encompasses | l | ! 65◦ on both sides of the Galactic center. The following clusters are listed clockwise from left with respect to the Sun:
Cas OB 5 (Negueruela 2003); the Quartet cluster (Messineo et al. 2009); G37.51−0.46 (this work; circled); G28.46 + 0.32 (Mauerhan et al. 2010c); W43 (Blum
et al. 1999); GLIMPSE20 (Messineo et al. 2009); [MFD2008] (Messineo et al. 2008); Sgr 1806−20 (Bibby et al. 2008); Quintuplet, Arches, and Central parsec of
the Galactic center; [DBS2003] 179 (Borissova et al. 2008); Westerlund 1 (Crowther et al. 2006); Danks 1 and 2 (Bica et al. 2004); GLIMPSE30 (Kurtev et al. 2007);
Trumpler 16 (Walborn 1973); NGC 3603 (Moffat 1983); and Westerlund 2 (Rauw et al. 2007). The Galactic center contains ≈20% of the known Galactic WRs.

is likely to be affected by significant scatter, which is certainly a
partial consequence of the distance uncertainties. Nonetheless,
an overall concentration toward major spiral arms can be seen,
while several regions of enhanced WR density also appear
to punctuate the longitudinal distribution. However, we stress
caution while interpreting Figures 10–12, since the coverage of
WR surveys is not evenly distributed across the Galactic plane.
Still, it is noteworthy that, although we (i.e., Hadfield et al. 2007;
Mauerhan et al. 2009, and this work) have sampled more of our
WR candidates from the side of the Galactic plane that is north

of the Galactic center (l = 10◦–65◦), we have experienced a
slightly, but significantly, higher WR return rate for the southern
side of the Galactic center. We attribute this to the Galactic
spiral arm distribution with respect to our line of sight through
the Galactic plane. For example, the Scutum–Centaurus Arm,
one of the two main Galactic arms illustrated in Figure 10,
and the Sagittarius Arm both run approximately parallel to
our line of sight between l ≈ 300◦–330◦ and l ≈ 280◦–295◦,
respectively. As a result of this, there is more spiral arm coverage
per unit longitude on the southern side of the Galactic center

17

Shara et al. 2012, AJ, 
143, 149

Mauerhan et al. 2011, 
AJ, 142, 40

Search in NIR

WR catalog

van der Hucht 2001, 
NewAR, 45, 135

How many and where? : (2) WR

We know only a small fraction!!
14

viewgraph by M.Tanaka
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GW and GRB  : more chance of mutual follow-ups

NS-NS merger may emit EM radiation.

Features Supernovae
Compact Binary 
Coalescence 

Follow-ups / 
Counterparts

EM (visible-
infrared,  

X-ray, Gamma-
Ray),


Neutrino

EM (visible-infrared,  
X-ray, Gamma-

Ray),

Neutrino

2 Metzger & Berger

of the event (Phinney 2009; Mandel & O’Shaughnessy
2010), for example an association with specific stellar
populations (e.g., Fong et al. 2010).
Motivated by the importance of EM detections, in this

paper we address the critical question: What is the most
promising EM counterpart of a compact object binary
merger? The answer of course depends on the definition
of “most promising”. In our view, a promising coun-
terpart should exhibit four Cardinal Virtues, namely it
should:

1. Be detectable with present or upcoming telescope
facilities, provided a reasonable allocation of re-
sources.

2. Accompany a high fraction of GW events.

3. Be unambiguously identifiable (a “smoking gun”),
such that it can be distinguished from other astro-
physical transients.

4. Allow for a determination of ∼ arcsecond sky posi-
tions.

Virtue #1 is necessary to ensure that effective EM
searches indeed take place for a substantial number of
GW triggers. Virtue #2 is important because a large
number of events may be necessary to build up statis-
tical samples, particularly if GW detections are rare; in
this context, ALIGO/Virgo is predicted to detect NS-
NS mergers at a rate ranging from ∼ 0.4 to ∼ 400 yr−1,
with a “best-bet” rate of ∼ 40 yr−1 (Abadie et al. 2010b;
cf. Kopparapu et al. 2008), while the best-bet rate for
detection of NS-BH mergers is ∼ 10 yr−1. Virtue #3 is
necessary to make the association with high confidence
and hence to avoid contamination from more common
transient sources (e.g., supernovae). Finally, Virtue #4
is essential to identifying the host galaxy and hence the
redshift, as well as other relevant properties (e.g., asso-
ciation with specific stellar populations).
It is important to distinguish two general strategies

for connecting EM and GW events. One approach is to
search for a GW signal following an EM trigger, either in
real time or at a post-processing stage (e.g., Finn et al.
1999; Mohanty et al. 2004). This is particularly promis-
ing for counterparts predicted to occur in temporal co-
incidence with the GW chirp, such as short-duration
gamma-ray bursts (SGRBs). Unfortunately, most other
promising counterparts (none of which have yet been in-
dependently identified) occur hours to months after co-
alescence6. Thus, the predicted arrival time of the GW
signal will remain uncertain, in which case the additional
sensitivity gained from this information is significantly
reduced. For instance, if the time of merger is known
only to within an uncertainty of ∼ hours(weeks), as we
will show is the case for optical(radio) counterparts, then
the number of trial GW templates that must be searched
is larger by a factor ∼ 104 − 106 than if the merger time
is known to within seconds, as in the case of SGRBs.

6 Predicted EM counterparts that may instead precede the
GW signal include emission powered by the magnetosphere of the
NS (e.g. Hansen & Lyutikov 2001; McWilliams & Levin 2011), or
cracking of the NS crust due to tidal interactions (e.g. Troja et al.
2010), during the final inspiral. However, given the current uncer-
tainties in these models, we do not discuss them further.

BH

θobs

θj
Tidal Tail & Disk Wind

Ejecta−ISM Shock

Merger Ejecta 

v ~ 0.1−0.3 c

Optical (hours−days)

Kilonova
Optical (t ~ 1 day)

Jet−ISM Shock (Afterglow)

GRB
(t ~ 0.1−1 s)

Radio (weeks−years)

Radio (years)

Fig. 1.— Summary of potential electromagnetic counterparts
of NS-NS/NS-BH mergers discussed in this paper, as a function
of the observer angle, θobs. Following the merger a centrifugally
supported disk (blue) remains around the central compact object
(usually a BH). Rapid accretion lasting ! 1 s powers a collimated
relativistic jet, which produces a short-duration gamma-ray burst
(§2). Due to relativistic beaming, the gamma-ray emission is re-
stricted to observers with θobs ! θj , the half-opening angle of the
jet. Non-thermal afterglow emission results from the interaction of
the jet with the surrounding circumburst medium (red). Optical af-
terglow emission is observable on timescales up to∼ days−weeks by
observers with viewing angles of θobs ! 2θj (§3.1). Radio afterglow
emission is observable from all viewing angles (isotropic) once the
jet decelerates to mildly relativistic speeds on a timescale of weeks-
months, and can also be produced on timescales of years from sub-
relativistic ejecta (§3.2). Short-lived isotropic optical emission last-
ing ∼ few days (kilonova; yellow) can also accompany the merger,
powered by the radioactive decay of heavy elements synthesized in
the ejecta (§4).

A second approach, which is the primary focus of
this paper, is EM follow-up of GW triggers. A poten-
tial advantage in this case is that counterpart searches
are restricted to the nearby universe, as determined by
the ALIGO/Virgo sensitivity range (redshift z ! 0.05−
0.1). On the other hand, a significant challenge are the
large error regions, which are estimated to be tens of
square degrees even for optimistic configurations of GW
detectors (e.g., Gürsel & Tinto 1989; Fairhurst 2009;
Wen & Chen 2010; Nissanke et al. 2011). Although it
has been argued that this difficulty may be alleviated
if the search is restricted to galaxies within 200 Mpc
(Nuttall & Sutton 2010), we stress that the number of
galaxies with L " 0.1L∗ (typical of SGRB host galax-
ies; Berger 2009, 2011b) within an expected GW error
region is ∼ 400, large enough to negate this advantage
for most search strategies. In principle the number of
candidate galaxies could be reduced if the distance can
be constrained from the GW signal; however, distance
estimates for individual events are rather uncertain, es-
pecially at that low SNRs that will characterize most de-
tections (Nissanke et al. 2010). Moreover, current galaxy
catalogs are incomplete within the ALIGO/Virgo volume
(e.g. Kulkarni & Kasliwal 2009), especially at lower lu-
minosities. Finally, some mergers may also occur outside
of their host galaxies (Berger 2010a; Kelley et al. 2010).
At the present there are no optical or radio facilities

that can provide all-sky coverage at a cadence and depth
matched to the expected light curves of EM counter-

Metzger & Berger, 2011
“Kilonova” 
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EM Follow-ups are expected for 
GW. LIGO, Virgo already started 
these cooperative works. 
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GW signal (example: NS-NS Coalescence)
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Summary

GW detection is ambitious project to confirm GR and to open 
the “GW astronomy”. 

KAGRA construction is progressing steadily. 

SNe and GRB are very interesting source for GW! 
 not only for GW detection, but also counterpart / mutually 
follow-up observation. 
It is expected to open new window!
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GWPAW 2015
Gravitational Wave Physics and Astronomy 
Workshop


GWPAW is an annual open workshop 
(formerly called GWDAW) on the physics 
and astronomy of gravitational waves, 
techniques for their detection, and 
interpretation of data and results.


The workshop also focuses on 
follow-ups/counterparts observations, 
and  
multi-messenger astronomy with GW.


Place: Osaka, Japan 
Date: 17(Wed.)-20(Sat.), 

June 2015 
KAGRA tour may arrange at 16th.



