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Laser interferometers in the world
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Noise spectrum --aLIGO,aVIRGO,KAGRA--
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Data for the KAGRA noise spectrum :
http://gwcenter.icrr.u-tokyo.ac.jp/en/researcher/parameter



aLIGO, aVIRGOR%

Advanced LIGO
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- Deterministic

Short
duration

Long
duration

known
waveform

CBC(inspiral,ring
down)

Pulsar (rotating

NS)

Matched filter

unknown
waveform

SN
CBC (merger)
Pulsar glitch

Burst search

Stochastic
Early universe Astrophysical
origin origin
inflation Superposition of
too many
sources
Nearly isotropic anisotropic

Cross correlation search

11



* Iﬁlﬁr\/\)lf'j'—.
(J:BEFET)




m YA

EE TN

':F'E?E 77‘J77|'\ ILDEEDER
ﬁ(:@l‘i?ii@iéw

SHoBE-10REFELINIZEARILLDONSE-6{EHS

ZE] VR ERms) | AEREHA(hr) | BEDER | Fan(Gyr)
B1913+16 59.03 775  0.617 0.37
B1534+12¢ 37.90 10.10  0.274 2.93

JO737-3039A¢  22.70 2.45  0.088 0.23
J1756-22512 28.46 7.67  0.181 2.03
J19064+-0746°  144.14 3.98  0.085 0.082

JOToF1 TG  89.76 8.047  0.681 0.32
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Expected detection rates

Abadie et al. CQG27, 173001(2010)

Table 5. Detection rates for compact binary coalescence sources.

I[FO Source? Niow yr~! Ny yr~! Nhigh YT~ Ninax yr~!
NS-NS 2 x 107 0.02 0.2 0.6
NS-BH 7 x 107 0.004 0.1

Initial BH-BH 2 x 1074 0.007 0.5
IMRI into IMBH <0.001° 0.01°¢
IMBH-IMBH 1044 1073¢
NS-NS 04 40 400 1000
NS-BH 0.2 10 300

Advanced BH-BH 0.4 20 1000
IMRI into IMBH 10° 300°¢
IMBH-IMBH 0.14 1€




Physics in Compact Binary Coalescence

Inspiral ) Merger s RiNgdOWN
(BH oscilation)

Qﬁ Numerical Relativity f
> - \merger | /.

: (BH perturbation)

(PN approximation)
inspiral
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Basic value for the inspiral waveform

I A A

frequency@ISCO[Hz] 1570 Hz 386 Hz 220 Hz

duration(10Hz-ISCO)[sec] 1002 sec 224 sec 38 sec

cycle(10Hz-ISCO) 16038 3585 605

orb. radius@10Hz[Mt] 174 Mt 68 Mt 47 Mt
Mt=m,+m,

ISCO: Inner most stable circular orbit.
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Parameters polarization
angle
(In(r), In(M,), 6 or In(n), Lo »Ge,Os, bs, s cos(e))
M, =Mn?>5 §=(mi—ms)/M direction Inclination
angle

M = T —l—mg,?] = mlmg/M2
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NS-BH (10,1.4)Msun

NS-NS (1.4,1.4)Msun
PN Order | At, Ap, AM/M  An/n Az, Ap., AM/M  An/n
Advanced LIGO
1PN 0.3977 09256 0.0267%  4.656% 0.5959 1261  0.1420% 7.059%
1.5PN 04668 1.474 0.0142% 1.638% 0.7394  2.091  0.0763% 2.316%
2PN 04623 1.392 0.0143% 1.764% 0.7208 1.848  0.0773% 2.669%
2.5PN 0.5090 1.354 0.0134% 1.334% 09000 1.213  0.0686% 1.515%
3PN 04938 1.326 0.0135% 1.348% 0.8087 1.126  0.0698% 1.571%
3.5PN 05198 1.273 0.0133% 1.319% 0.9980 0.9203 0.0679% 1.456%
BH-BH (10,10)Msun
At, Ap, AM/M An/n
S/N=10

1.162 1974 1.041% 59.88%

1441 3.188 0.6115% 9.609%

1.404 2.850 0.6240% 10.79% |

1819 1555 0.5300% 5.934% Arun et al. (2004)

1.544 1559 0.5466% 6.347%

2086 1.137 0.5237% 5.730%
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To have 4th and 5th detector is very important
to determine the source direction accurately
because of more number of 3 detectors combination
NS-NS coalescence @180Mpc  (95%Cl)

L:LIGO-Livingston
- wv uww
median of 6Q [Deg?] 30.25 9.5 \I: I\(IXE(I:A

I: LIGO-India

J.Veitch et al., PRD85, 104045 (2012)

(Bayesian inference )

direction, inclination, polarizat |
See also Rodriguez et al. 1309.3273 JeCOl S UGN O0 L DOLZALIONLAN S C

are given randomly

BH-NS coalescence @200Mpc

T [ L

median of 6Q [Deg?] 21.5 3.44 4.86

(Tagoshi, Mishra, Arun, Pai (2014), Fisher analysis) 23



NS-NS, BH-NS are can
GRB jets are beamed,

SGRB and CBC

didates for the progenitor of SGRB
probably toward the direction perpendicular to

the orbital plane of the progenitor binaries.
Jet direction and orbital inclination angle are related definitely.

It is interesting to det

ermine the inclination angle independently from GRB observation

Jet—ISM Shock (Afterglow)
Optical (hours—days)
Radio (weeks—years) ///
’ Ejecta—ISM Shock
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Kilonova *_
Optical (t ~ 1 day)

Merger Ejecta
Tidal Tail & Disk Wind

v~0.1-03¢c

Metzger, Berger ('12)




Inclination accuracy

(10,1.4) Msun @200Mpc
Median of AL [rad] ((1.4,1.4)Msun) @200Mpc only SNR . >8

9.3deg 8.3deg 3.3deg

(41.5deg) (34.4deg) (8.6deg)

LHVK 7.1deg 6.5deg 2.7deg
(24deg) (21.0deg) (6.4deg)

LHVKI 5.8deg 5.5deg 2.2deg
(15.5deg) (14.3deg) (5.1deg)

(Arun, Tagoshi, Pai, Mishra (2014), in preparation, Fisher analysis)
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Post-merger waveform of NS-NS

Hotokezaka, Kyutoku, Okawa, Shibata, Kiuchi, PRD83, 124008 (2011)
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Ref. Ott, CQG, 26, 063001 (2009), Fryer and New, LRR, 14, 1 (2011)

Various possible gravitational wave emission mechanism.

* Core collapse and bounce
* Rotational non-axisymmetric instabilities of proto-neutron star

* Post-bounce convection
* Non-radial pulsations of proto-neutron star

Related to the explosion
mechanism

* Anisotropic neutrino emission

etc.

|
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l L1 1 1
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Collapse and bounce wave form from
Dimmelmeier et al. 2008 [PRD 78, 064056] 28
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Model
Dim.

Candidate Explosion Mechanism

Neutrino-driven mechanism
(slow/no rotation)

MHD mechanism
(rapid rotation/large B fields)

2D

SASI| & Convection

Bounce & MHD Outflows

—
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Ref: K.Kotake, arXiv:1110.5107
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Data analysis activities of KAGRA

KAGRA DMG (Data Management Subsystem)
- Data flow

KAGRA Detchar (Detector Characterization-MIF subsystem)

- Characterization of detector noise

KAGRA DAS (Data Analysis Subsystem)

- Analysis itself [ ]

Each subsystem is managed by the leadership of subsystem
leaders, and is conducting the tasks as a team

31




Data Analysis Subsystem (DAS)

Chief: H.Tagoshi Korean subgroup

Sub-chiefs: Y.Itoh, H.Takahashi Leader: Hyung Won Lee

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

Osaka Univ : H. Tagoshi, K.Ueno, T.Narikawa Inje Univ. : Hyung Won Lee

Osaka City Univ : N.Kanda, K.Hayama, T.Yokozawa, Jeongcho Kim
H.Yuzurihara, T.Yamamoto, K.Tanaka, Seoul Nat. U.: Chunglee Kim
M. Asano, M. Toritani

Univ Tokyo . Y.ltoh, J. Yokoyama

Nagaoka Tech : H.Takahashi,

Niigaka Univ  : K.Oohara, Y.Hiranuma, M. Kaneyama,

T. Wakamatsu
Toyama Univ  : S. Hirobayashi

Total: ~22 (incl. graduate students)
 Core members' meeting (with DMG) : every Friday 16:30-17:30
* Plenary meeting: about once a month on Friday evening

32



-RA data analysis schedule

Emrrenmm) GammmrTrem———)

iIKAGRA target bKAGRA target

e Operation of the whole analysis pipeline ¢ Detection of GW signals
which includes analysis of data and e Joint data analysis with LV
production of the scientific results. e GW astronomy

e Discovery of a local fortuitous GW event. 33
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*Triggered search
ENRLUNDES (BHE, —a2—K) /) DERANSEZ]. ARMN

AL, BRI TER(LELMEA T FONRE).

(e.g., Kochanek,Piran (1993))

AN

Bl HOEEN—RANM 2OFENREE oraV/NIMEZEK
—a—K)/ RN RIEFETHDREBIFEIER
IREF I F RN ERR: B EREFE, GRBEH

F[R, LIGO-Virgo 0)2009-2010TF —42 D T TI,

154E DGRBDEFZI, ARDIEHZEFE>T-F)H—EFEETIL,
FEHLGVERTEY2EREELSMEN T IFoNT-.

(EEBE C2{E = ETEAITET ) arXiv:1205.2216
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SRR ZEH : LIGO — Virgo £R Al

Ref. A&A 539, 124 (2012), A&A 541, 155 (2012)

LIGO S6, Virgo VSR2 M2 DM HARIIZ, THL K ERAIZ K SHfollow-up
Z#HIEL T, low-latency/ N\ T ZAUIZKBE NFEARN MEFEIE
BE EHEHARNEDLEE D ERBHAITHMNT=.
(12/17/2009-1/8/2010, 9/2-10/20/2010)

AL, [ e ;SW
oy ' 4ie jf’] LOFAR | ¢ £| Piofthe Sky =
F 4 [RoTsEb TARUTH 4
+ y <+ | ROTSEd
| Liverpool _
QUEST * <+ : _ SkyMapper
TAROT S ROTSE e + ¥
; = « | rROTSEa
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Number of events

SRR D FEH : LIGO — Virgo £ Al

Data ISeneration Identify Write to Select Tl'iggers and | Send Alerts
and|Transfer Triggers Database Determ|ne Pointing | to Telescopes
H1 ‘ K
Data
L1 copied
4 { A to
computer
V1 centers
D;I““’
N —
Added latency: EARGRE B R I Total Latency:
<1 min. <1 min. 3-6 min. <1 min. 2-3 min. 1D—20ﬁmin. ~30 minutes
_ 4 ADEELTIT
i T M
MBTA(EZ S1A)DiHE D
BB SN =35 O & DB RS
301 —_
) BRI (Z[XA 72 FEE. agasa1, 155 (2012)
A
- = L~ | BEIFFHFLOLAZEIZEKY,
% 2 4 6 8 10 12 14 37

Time after the event (minutes)

157 LARIZ5E



=51l : LIGO — Virgo & Al--sumcmas ~zgmems—-

L—H—FF5H KA EREREIIZI0~100F A E
(initial LIGO,VirgoZi M TaLIGOL YL IZELY).
(FEAEDKER RIS DMREFA(FOV) LY KRZLN.

-

£R ;AI712 0% (The Gravitational Wave Galaxy Catalog (GWGC))
FRAWT, EEITARSEEZLITS (HERZ(E3-4deg?E T).

GWGC:
BEOEHOXEHISEDTEEDHT=LOD.

100Mpc AN D 53,225 D £R:A] . 150E DRI RANEIREFZE L.
SDSST—A LD HLERT. 40Mpc LN D ERAIIZDULNTIE
[X[Xcomplete&EBhHhinb.



KAGRAT D EE T —3 8T, 1REh

KAGRATYH, B R T —3BITERXEANDRERMN TES IO
VATLEEET S

EUHZT L, BFIEE A TS TROLESAZENBEE.
2AO0—7vyIE8AITAREAMIE, EAKEITTEL, ERTI2ERA
HAOT G EXRABELTRYIAHDAIEEE N D (BEfRET).

LI EISKAGRAD EIRE 1 REAE~NDS MM EIHR. - T, &
¥ E R IXbKAGRAD RS EEZEZ B NS,

™,
LIGO Hanford GEO 600 A
& ° KAGRA P
° Virgo
ivings o .
naia
o
=
2]
@

Analyze data,

identify triggers,
construct position

taken from
arxiv:1206.6163

Estimate background




Current relation to the LSC and VIRGO

* N. Kanda and H. Tagoshi are assigned to liaison persons between
LSC/Virgo and KAGRA on data analysis. This is based on the MOU
between KAGRA, LSC and Virgo.

Since October 2013, they are participating the meeting of the Data
Analysis Council of LSC-Virgo.
(Every Friday night at 0 a.m. or 1 a.m. (JST))

* We want to perform data transfer test between LIGO and Virgo
within a few month.

This will be an important first step toward the collaboration
on the data analysis with LSC and Virgo.

40
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HUHgA—A R 12UR M 5100080 ELVS KRR 1,

A< EH1 B 1 ERRERKICEETLHE.
R/ \—2R K (Long Burst): # #5280 LA E
55 LV N\—X K (Short Burst): #t#EFFEI2F LLT

BOWVA—XFOFEER(IRE) EE2FHEFE, HHLIE
hEFETSVIHR—ILEEDERK

LIGO S5T —43f&#T Astrophys. J. 681, 1419 (2008)
GRB070201 : SGRB, AT R :M31MD A [H]
ﬂ (FUoROX5EE, 7J_ZrOLkpc)
11 A

LALEEAS, LIGOTHDT—REMDEER, Z0
BZIZIXEESARENRITFEHR TELLN.

DFEY, M31 TR -aVv/\INEESRKRIRZ
TIXHEW(EFEEIIBLL L T).




Crab /\)LH—

MZE2EEd|zHA/NLY—(hEFE)

1054F DB EFRFE THAE

BEREIRE DR D DIRE
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