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® Sources

LCGT

e Overview
e Construction Schedule
e Detection Range for GWs

Counterpart / Follow-up observations

¢ Possible Sources
e Science (Physics) outcome
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Propagation of the distortion
e --> Waves !
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xplosion of

Propagation of the distortio the star ?
e --> Waves !
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Juv — Tuv =+ h,uu

a wave equation is derived as; 1 5’2
<v2 ) h

--> Wave of strain ‘h’

Gravitational Wave

e light speed (00 0 0) [0 0 0 0)
¢ transverse 01 0 0 0O 0 1 O
e quadrupole i =hl 9 0 Z1 0 e =0l g 1 0 o
(tidal force) \0 0 0 0] \ 0 0 0 0
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2010%F11B16H A EH



YN XX
VNN N w

1%
Pt
P A S T L B U NI RN

FH Y TIBRRIE ~BERDER~, 2010/11/16
201011 B16H A EH

A G s
A S
VNN

I Y A
R N T
NN
\

N e e
RS

%t&

Jt&

— -
——l-

MREERENREEHELCGT TR BIRIF—XKERR,

NN
T AT YN T

!
\
\
~
'
/
/

/‘///'/V,J

Y R A

f

;X
N
;o4

A A

NN



Astronomy, Astrophysics
e Radiation from compact / massive objects.
Physics of black-hole, neuron star, supernovae, etc...
--> Gravitational Wave Astronomy

Cosmology
e Cosmic background radiation of GW
e POP-Illl stars, star formation, etc...
Physics on early universe.

FH Y VIBRRIE ~BERDER~, 2010/11/16 TKEEEBEHKEEEHELCGT TR EIXRILF—KEFRR, 6
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Expected GW sources

Event like:
e Compact Binary Coalescence
neutron star (NS)
black-hole (BH)
e Supernovae
e BH ringdown

Continuous waves:

e Pulsar rotation
e Binaries

Stochastic Background

e Early universe (i.e. Inflation)
e Cosmic string

(& Unknown sources...)

FH Y VIRRXE ~HAEDEIE~, 2010/11/16 TKEEREHKRERFELCGTTESIEIRILF—KEFRR, 7
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x107%*
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1
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l

strain amp

1
N
|

| | | | |
3.0 3.2 3.4 3.6 3.8 4 0

time
amplitude ~10-24 for NS NS at 200Mpc away!
(in frequency spectrum, ~1022~23 [/ JHz] @10~100H2)
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e

24 | »  ‘chirp’ waveform |
f(t) --> mass --> absolute amplitude 4.0
| TTTTrTeremei time
an . t 200Mpc away!
(infreI* VUU\/vvuwuuuw /\JHZ] @10~100Hz)
1 |

T > VHRRIE ~F
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(L

21 | =1 ‘chirp’ waveform

f(t) --> mass --> absolute amplitude 40

MMMHMMMM”” J[|rne
an t 200Mpc away!

/JH4 @10~100Hz)

I I I I I I I
3.93 3.94 3.95 3.96 3.97 3.98 3.99
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distorted space-time
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Michelson Interferometer
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To integrate strain ‘h’ --> long baseline arms. h = —

4
Limited size --> Foldi arms / Storage cavit

Y

Against noises -->
* high power laser
e Cooling
* etc..

FH Y NVBRIE ~BERDER~, 2010/11/
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LCGT AT,

(Large-scale Gravitational wave Telescope)

s -3 RS
U nderg rOU nd Kamloka Where the prototype CLIO _
. . detector is placed Gifu Pre.
°in _Kamloka, Japan | AT
Silent & Stable environment g Kami oka ~
‘Mozumi Ares [kenoyama mt.
‘ 1000w
Underground

3km baseline L i1k 90

Cryogenic Mirror
e 20K
e saffhire substrate

Plan
2010 : construction start now!

2014 : first run In normal temperture
2017- : observation with cryogenic mirror

MY VRRXF ~BEDERK~1 2010/11/16 "TKREEREHKERFELCGTTHRIEIRILF—REFER, 12
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Program
Advisory Board
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N\

Executive
Committee

J

Executive
Support

/

~

iLCGT Subsystem

\_

~ (Geophysics)

Data Analysis Tunnel Facility Support Vacuum
 Vibration |/ : j el |
 Isolation || Mirror I Cryogenics I ISC J
Digital Control Electronics Input Optics Laser
" Baseline IFO || Optical |

~ Configuration

MREERENREEELCGTTRSBIRILF—XKERR,

13



L ) |
|
" -
Ao ] —
\ K
—
A

\ Sakd'm‘hlg

'\ : \-.' | ‘ Sal X
Tilt: 1/200; e
Y arm end -up> BS -up>X arm end " NeW Atoa}; \> \

30m height difference between 7
arm end and Y arm end.

.3 access mme?pad%

-

FH Y VIBRRIE ~BERDER~, 2010/11/16 TKEEEBEHKEEEHELCGT TR EIXRILF—KEFRR, 14
2010%F11B16H A EH



Broad band RSE installed in a power recycled

|
-

FP-Michelson interferometer RI=0.90005
Sapphire
Tamp.: 20K
:::mmm AV perd sy Main interferomeber
and Modulation Unit - e 400KW Resonant su::nu
Extraction co R
Langth: m with Power Recyding
N 2
. J| Rf=0.995
‘ mﬂk Inline arm cavity
MMT2 Fused Sllica i
n’; g | o
‘o ) \ ' _—
e e g
1 Re=0.68  gonal Band: 200Hz
MC1 MC2 - Demod.
signal signal Gravitational
) ﬂ_‘_‘[\l_-!ghg]
IFO IFO Output Optics
signals signals

Re-design is under going ;for example
---removing the 180 m long mode cleaner cavity
---flexibility change of possible adoption of detuned RSE
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** for reducing noise due to a residual gas effect
** for maintenance minimizing

UHV (ultra high vacuum)

FH Y TIBRRIE ~BERDER~, 2010/11/16
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- ~

Chamber

Pumping unit
DN1000 gate valve
DN800 gate valve

DN400 gate valve

\

TypeB

Type C1 Type 8

(EM: End Mirror

FM: Front Mirror

BS: Beam Splitter

MC: Mode Cleaner

PRM: Power Recycling Mirror
SEM: Signal Extraction Mirror
MMT: Mode Matching Telescope

MREERENREEELCGTTRSIBIRIF—KERR,

@D: Photo Detector y

3D units

3000m
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Design of anti-vibration system

A)SAS(GASF 3stage)+cryo-sus:
FM1. FM2, EM1, EM2
B)SAS(GASF 2stage)+non-cryo:
il & I N BS. PRM., SEM. FM, MC2F. MC2E
1F ) e C)STACK+2stages: MC1F. MC1E. MMT. PD

Vibration
Izolation Syslam
{ Room lemp )

I~ GAS filter
9

Inverted

R e g g g

_SUs pension
upper ~ Platform
Recoil Mass .| | TT——Damping mag nets
Cryogenic _-Upper Mass
Suspension (sPI) Test Mass
(4K-20K) Cooling Sysiam
+—Heat Link
Coil- 11T
E‘M:::ﬂ:‘ “H | Test Mass PUMP
(Wain IFO] ':nflbratlnn
—t salation | Cryo-pump
Mass L T T I T T Ty, -
4.2K shield 77K shield
e |
|
MY YRR FE ~BEDEK~, 2010/11/16 "TKEEREHKEEFELCGTTRSIEIRILF—KEFHR, 17
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— VRSE (Broadband)

Binary inspiral:
=== 1.4-1.4 Msolar, 200Mpc

BH ringdown: Kerr param. a=0.95
-=-=- 2.8 Msolar
------ 100 Msolar

Stellar core collapse at Galactic Centre
O DFM waveforms
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10 LCGT detection range (VRSE-D)
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' ~ | £ 90% probability e
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£ 10 3 N /9
5 ZE
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8 0.1- 7 A v
§ i sky average range of| 1 7:) Sky average range of | |
S BRSE ] —er BRSE 1
w 3555(3) @ 3225(5)
001l - - VRSED) | 2 VRSE(D)
0 7 8 g 8 — = e, T
5-x10 detection r1a?|ge [pcl 210 0 5.x107 1.x 108 1.5x108 2.x10®
detection range [pc]
NS-NS Detection Range (sky average) 123 Mpc
(optimal direction) 281 Mpc
Expected # of events 6.9 +17.3.5 5 events/year
Probability of detection at least one event 99.9 % for one year
90% for 1st event 4 months
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_ VRSE-D, with lyr integration _
- - 10yr integration -
I O 0 1A O O O ETPEE 2weeks integration -
23 | == VRSE-B, with lyr integration i
10 77 = - 10yr integration E
] 2weeks integration =
- ® known pulsars (maximum allowed amplitude) :
. ¢ LMXB etc. B
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s Japanease FY
2010

Excavation

vacuum system EEEEEER

Optical system HEEN

Laser ssytem B B

suspens ion

Anti Vibration EEN

2nd phase (Cryogenic system)

Geophysics interferometer m

|[digital system

control room (building)

system tuning

observation

® ® ®m construction (off-site)
B construction (on—site)
B observation

The construction/observation plan is in 2 stages:
In 2014, non-cryogenic observation.

Full observation with the cryogenic system, at the beginning of 2017.
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2010| 2011 2013| 2014| 2015( 2016 2017 2018 2019| 2020( 2021| 2022]| 2023 2024| 2025 2026| 2027|2028

AdvLIGO
__

AdvVirgo .
__—
LCGT
. ‘

Vet
GEO-HF

::::Is__:__,.

ET

B cConcept

I Design

P Funding Commissioning
. SitePrep ~ Upgrade

htts //WIC ligo.org/
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https://gwic.ligo.org
https://gwic.ligo.org
https://gwic.ligo.org/roadmap/Roadmap_100814.pdf
https://gwic.ligo.org/roadmap/Roadmap_100814.pdf
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0 0 .,  LCGT will make important role in the network,

RA [hour] with a complemental sensitivity map.
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0 0 .,  LCGT will make important role in the network,

RA [hour] with a complemental sensitivity map.
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RA [hour] with a complemental sensitivity map.

FH Y VHRRNE ~HEDEE~1 2010/11/16 TKEUEREHFEERFELCGT RIS I RILF—KERR, 26
2010%F11B16H A EH



R.A.[hour]

decl.[deg]
o

LCGT will make important role in the network,

0 12 with a complemental sensitivity map.
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High Energy Astrophysical Ojects and GW

o gnetic@tiation, Figha
Part'cles (neutrlno Cﬁ gec partlcles ol M

CHANDRA X-RAY ILLUSTRATION

[ Fig. 4.3 — Chandra re of the Galactic Center (left). Illustration of massive stars formed from a l. rge dis
AUS around S ll \'. il.-' Milky Way's central black hole (illustration on nght). Credit: X-ray \/C \l 1] ”/:F_
F.K.Bag et £ I llustration: NASA/CXC/M. Weiss
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Counterpart / Follow-up Observations
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Counterpart / Follow-up Observations
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Compact Binary Coalescences

NS-NS binary might be a progenitor of Short-GRB.

Beaming angle

We studied the chance of coincidence between GRB
RB detector(s observations and GW detector by numerical simulation.

FH Y VIRRXE ~HAEDEIE~, 2010/11/16 TKEEREHKRERFELCGTTESIEIRILF—KEFRR,
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Mutually Followup Observations

RB detect

merger before 30sec !
direction (xx.xx, yy.y

Vo wudiod the chance of cotacidence botworn GRB

If NS-NS = Short-GRB,

[Forecast] 4

-

Followup by
X, Gamma, Qptical

Confirmation of
Afterglow

|[Aux trigger]
Date, direction, ..

W by LCGT etc.
Real time analysis

Delayed precise
analysis

[Alert]
date, direction, distance,...
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Alfven Wave Damping and Plasma Production

= , Radio Signature

X-Ray Signature, ALY “._ - Relativistjc Wind

-
-

Acceleration Region | A _ X-Ray Signature

Cdbling Region

"?".\
- v .

N & Pair Produi:tion Front

Trapped Pair Plasma

seconds

2010F8E 1MEB KRB

arranged by K.Hayama
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— LCGT noise (VRSE-D configuration)
- =« GW from binary inspiral (arbitrary amplitude)

strain equivalent noise amplitude [1/rHZ]

.
10 10 10 10
frequency [HZz]
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== NS-NS (1.4-1.4Msolar)
— BH-BH (10-10Msolar)
— (30.53-(?.§5I§V|§s§olar) _
=
10 sec --> 80Mpc o 60
(*optimal direction.) <
Pz
C(Z; 40
Forecast by GW is not easy, however it %
is not impossible in principle.
Even it is not a forecast, 20 3
faster alert is useful for 1 N
observe the transient behavior. 0 —
0.01 0.1 1 10 100
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ZN\ -
5 fEEE
(1.4,1.4)Msolar, @200MpcDiH&
LIGO-L1, VIRGO, LCGT 328 MDHS A1, inclination, BIBAIZKET 5.

ChoZEMTERD.
ISCOETHER:
E15S/N (p) 8.2/M58.9 (BRHEZT)
EHAENREE Fi7.6/%E, FEH0.99FE (3B N EE)

B ARER#S0HZzTITHYY:
F1SIN(p) 25M52.8 (RRHET)
L AESRE Ko 123F, SEH13FE(3EDEE)

i ) \ﬁm

= by H.Tagoshi

FTH Y VBRE ~HAEDBK~1 2010/11/16 'KAUBERE I REEBELCGT  CHRA I RILF—XIFIRR) 34
201011 B16H A EH



0.4 rad 12.4%

If beaming of GRB is
about 0.2 rad, a chance
IS once for 30 times.

Chance of GRB detection
when GW detected by S/N >8 in LCGT

> 3 : loose threshold

S/N for GW event VS. distance to the source

e all

© beaming angle < 0.2 rad
B beaming angle < 0.1 rad

‘SIN > 8: Threshold for GW detection

c
8 100

=

3

2

'8 10 -

g :

= Jtsm
P

(/)] 1_:_'

1 with external trigger from other observatiohs, e.g. G ':‘.. L

T T
0.0001 0.001

T
0.01

0.1 1
cosmological redshift : z
GRB chance probabilty , when GW is detected.
0.14 & with GW detection
- - = without GW (geometrical chance of beaming)
0.12- {
0.10 1
0.08 - {
0.06
0.04 :
0.02- i :
Reawe? i
0.00 - T T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5
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Physics on CBC waveforms | AAAN f\f ﬂ\

1k

Inspiral Merger Ringdown

T {ekaab™y

NS-NS, NS-BH, BH-BH )

GW emissions from different phases carry out different informations.
In case of CBC, methods of waveform prediction are also different.

Inspiral (Post-Newton)

e frequency development ---> mass of stars, and absolute amplitude
¢ measured amplitude ---> distance from the earth
e polarization ---> inclination angle of binary orbit

Merger (Numerical Relativity)
e depends of many (initial/boundary) conditions ---> Complex information of stars , e.g. radius,
viscosity, EOS ...

Ringdown (Perturbation)

BH quasi-normal mode
e frequency ---> mass
e decay time ---> spin (Kerr parameter)

\What a fruitful source is it !
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convection

formation of proto-neutron star
e g-mode oscillation

neutrino emission

accretion
e cf: SASI (standing-accretion-shock instability)
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Evolution of Supernova and GW
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FIG. 4: Angular distribution of 7.p — ne* events (green)
and elastic scattering events ve~ — ve~ (blue) of one simu-

lated SN.
Neutrino (Super-Kamiokande)
e Typical Range ~ several 100 kpc 2000
e Typical Angular Resolution
at 10kpc 1500
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R. Tomas, D. Semikoz, G. G. Raffelt, M. Kachelriess, A. S. Dighe
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Magnetar
Super strongly magnetized neutron star

Magnetic energy R’ 104 B \°
Gravitational energy ~ GM?/ R,

"> Deformation of neutron stars

1. Precession
2. GW source (e.g., GRB)
3. Influence on the oscillation

Equilibrium of maagnetized stars
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LMXB (Wagoner star)
SMBH, IMBH

Pulser (Continuous, Pulser glitch)
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Gravitational wave's phase difference

Radiometry Filter
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Stochastic GW (convolution of point sources, random phases) will be able to detetect.
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¢ trigger data-base

EM / high energy particle counterparts
e wider field of view / quick response
e sky coverage
GW will be detect from whole sky.
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Il ODSeIrvalio \\/

GW observatories.

Mutually Follow-up
observations between GW and electromagnetic or high energy particles
or both is expected.
Counterpart information will make appear the inside/structure/
development of high energy astrophysical objects.
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