Annual report@ICRR
18-December, 2010

LCGT B E D HE RFI AR RS

Report of Researches related with
LCGT in FY 2010

Kazuaki Kuroda
ICRR



A2

|

LR 22 F EHFEFIFATZEER (LCGTREHE)
Subjects related to LCGT in FY 2010
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R&D and Design of large-scale cryogenic gravitational wave telescope (XII)
MRAR: EHMHA F&E: 100FH (ik%E100)
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Development of suspension system for single crystal sapphire mirror
RAK: BHARE— F&E 210FH (FRES50)
LCGTUZAA A3V DBEEZEXIGIE~DHIE

Study of a LCGT cryostat toward ultra-high vacuum operation

MRAK: SHEEANE F&HE 260FH (fk&40)
CLOFHEtaH RN HRERELEE DA
Development of an intensity stabilization system for a high-power laser for

CLIO MERKR.=ZEHR Y& 400FH (fkZ0)
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Seismic classification of underground facilities for low frequency ground
based gravitational wave detectors)
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Change by LCGT funding
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Ccct

Higher priority

2. Coalescence of black hole binaries
3. Core collapse of massive stars
4. Rotation of pulsar

Existing neutron star binaries in our Galaxy

PSR B1913+16
PSR B1534+12
PSR J0737-3039
PSR J1756-2251

Target GW Sources of LCGT

1. Coalescence of neutron star binaries

Supernova 1987A Rings
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Hubble Space Telescope

%) Wide Field Planetary Camera 2
By OPTL

PSR J1906+0746
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Detectors in the world

LIGO(I) Hanford
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Adv. LIGO
(under construction
wLilyEle N cince 2008)
LCGT, construction starts
in 2010 E ; ‘%hu
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LIGO(I) Livingston
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A network of detectors is indispens§ifiesto
position the source.
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m LCGT in World-wide GW Network

1) Increase the large baseline length (20 ms time flight among North America,
Europe and Asia)
2) Widen the sensitivity pattern

Adding LCGT to L/H-L/L-Virgo, the whole sky coverage is realized

33% coverage 100% coverage

m—) L/H+L/L+V+LCGT
By global network

L/H+L/L+V 50%
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10 11 12 13 14 15 16 17 18 19

Construction commigsioning Obsdrvation

LCGT ] E B EEEER >
Firgt phase |LCGT obs
Baseline LCGT | upgrade observation
LIGO LIGO+
(Hanfrd)
(Livgstn) —L
Virgo Virgo+
GEO HF

GEO I | I F

Observation(Astrowatch)
AIGO Construction(plannef)

| | | |
Site prep |
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m LCGT: Time line (Budget)

| Japanese FY

tem 2010 2011 2012 2013 2014 2015
Excavation  ————————

vacuum gygtem #

Optical system I

|aser system ] ]

suspension / Cryogenic ]

Vibration isolation [ E—

2nd phase (Cryogenic system) |
Geophysics interferometer  —————————

Digital system | [

control room (building) I

B Project for the promotion of advanced researches (Granted)
I Budget request (MEXT to Ministry of Finance)
BN To be requested

N

We will hear the final
decision at the end of 2010.



m LCGT: Time line (Construction/Observation)

tem Japanease FY
2010 2011 2012 2013 2014 2015 2016 2017

Excavation —_—
vacuum system EEEEEEEEEE DN
Optical system IllIIllhlI‘_
Laser ssytem HEa =
SUSpens i on HEE N § N
Anti Vibration HEEEEEEEEE BN
2nd phase (Cryogenic system) HEH N EBE B N I
Geophysics interferometer mim m m m|m m l*
digital system A E N -II_
control room (building) I
system tuning I I |
observation N E EEE ﬁ

B m m construction (off-site)
Bmam  construction (on—site)
BN 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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LCGT Organization for Construction
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m Sensitivity of LCGT and future improvement

This figure will be revised

5Gpc S| soon by new design
| 'l-“‘ --.‘“..
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& - Broardband RSE
5 _
% 100Mpc - for BH QNM ringdown
a0y e Detuned RSE
_ ==== Broardband RSE
: MNote: The range is defined
for SNR=8, sources
20Mpc at optimal direction.
10Mpc —

1 10 100 1000
mass of accompany star [Msolar]
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Sensitivity [1/RHz]
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TAMA in 2008 (improved after installation of SAS)
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‘ R&D: Seismic vibration compared with Virgo

Mode and 10/90% spectral variation from half hour PSDs, N

10718 [

1017

Frequency [Hz] by Mark Becker @NIKHEF



m Optical design of LCGT (main part)

Beam radius 3cm
Parpen.
arm cavity

PRM

Fused Sllica
Temp.: 300k

75W

—

ETM2

These main parameters determine
backbone of optical configuration and
reachable sensitivity

Rf=0.99995
Sapphire
Temp.: 20K

ITM2

i
Te::l':::r;OK Inline arm cavity

Langth: 3000m
Finessa: 690-1550

Beam radius 3cm

ITML  armpower ETML

~200-400kW

l IFO output



Study of Optical Design

Sensitivity (1/rtHz)
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LCGT Vacuum System

** for reducing noise due to a residual gas effect
** for maintenance minimizing

/ B TypeA /EM: End Mirror

FM: Front Mi
O Chamber hichironkhicd

% BS: Beam Splitter
MC: Mode Cleaner

@ Pumpingunit PRM: Power Recycling Mirror
SEM: Signal Extraction Mirror
MMT: Mode Matching Telescope
I DN1000 gate valve |PD: Photo Detector p
=
l DN800 gate valve 2z |8
5 |3
I DN400gatevalve -
\. J
TypeB
UHV (ultra high vacuum)
---------- Type A

----------------------------------



m Three types of anti-vibration system

Type A) SAS(GASF 3stage)+cryo-sus: ITMX, ITMY, ETMX, ETMY
Type B) SAS(GASF 2stage)+non-cryo: BS, PR2, PR3, SR2, SR3, MC2F, MC2E
Type C) STACK+2stages: MC1F, MC1E, MMT, PD

Flex Joint ,D, ——Acc. sensor
. =1—Disp. sensor
:“I\T— ~Coil-magnet 2m

N actuator
A
N
= = = I
PoR Sy | ~ GAS filter
Inverted
Pendulum | /]
=
A LN
1 i, <
Flex Joint = = A
— 8 H .
(@)
ﬁ. .5 ol 1-2m
Damping '“39“‘?‘5" , __ Suspension :
Mini-GAS spring - Platform
Upper Recoil Mass _ | | -Upper Mass A :
Damping magnets |/ ! .
Co“-magneF ............................. =
. , Test Mass
Recoil Mass —— apphire, 30kg) A B C




m Quality selection machine of sapphire substrate

In order to select appropriate sapphire substrate,
qguality selection of sapphire pieces was developed.

PD

Lens{f=0.1m)

Analyzer

A/4

Sample

A/2

NA:YAG laser  FI Oompensator

ND filter ; 0
: U Steering Mirrors

Lens
(=0.5m)

X-Y Stage

Auto scanning birefringence device

100"

50

Y|mm]|
S

_50,

—100-

~100 =50 0 50 100

X[mm)]
LIGO sapphire sample 250mm in diameter
20kg lent by the courtesy of LIGO.
The optical quality was a few times less than
required for LCGT specification
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m Laser

Laser diode pumped injection locking laser system
by Mitsubishi Heavy Ind. e

Master
laser Fl EOM Fl

- 2 W _
A L
PZT T Thermal /4 PBS EOM oW

Reference
[ Frequency]cav'ty U \vj

stabilization
\ 4
Phase
lock




m Data Analysis

* |tis difficult to detect burst wave events by a
single detector

* Coherent observation gives more fruitful
result

* |tis natural to promote data-sharing in the
world-wide GW observation network

* We have experienced data taking & analysis
by TAMA and CLIO

* We collaborate with LIGO-Virgo project for
developing techniques for analysis
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International collaborations with other
projects

e Attachment agreed under existing MOU between
ICRR (represents LCGT Collaboration) and LIGO
laboratory

— Manpower, software & technique exchanged

e MOU with Attachment between EGO + Virgo
Collaboration and ICRR is now on process to be
signed

* MOU between ICRR and SUCA in Shanghai
Normal University is now on process to be signed

e MOU between ICRR and GEO people is also
conceived
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Summary

 LCGT has been partially funded (June, 2010)
to promote fundamental physics by GW
detection

* We keep high competitiveness with other GW
projects in the world for the detection of GW

* Playing a key role in the worldwide GW
network with adv. LIGO, adv. Virgo and
possible other observatories

* Thanks for supports by both ICRR and CRC



