HAXXF=
@EREXRF

Status of LCGT

Kazuaki Kuroda
ICRR, UT
On behalf of LCGT Collaboration



Generation of Gravity wave

Gravity waves are produced dynamic motion of
massive terrestial objects. Here consider the
radiation by simple rotating equal masses

Radiation formula of EM
Luminosity = (2/3¢3) e?a?
Radiation from Mass dipole moment =0

Radiation of mass quadrupole moment is the
owest term of gravity wave .

Gravity wave luminosity = (G/5¢>)( I )?
L=1y Ly L= Zma(XaXa-1/36;,r8°)
l,: the reduced quadrupole moment

Test of General Relativity by direct detection of GW



Opening GW Astronomy

First detection is desired in GW community

Possible Alarm by GW (international network)
— Positioning sources by the order less than 1 degree (LVJA)
— Alarming, the faster, the better

Short gamma ray burst may be coalescence of CBC
Long gamma ray burst may be SuperNova explosion

EM Follow-up : Telescopes are set within 30 minutes
(Urbino U)

Coincidence analysis with neutrino of ANTARES : no
traces yet (MPI AEI)

Near future

Ground based detector
‘ Far future

Space born Interferometer




Possible sources of Gravitational wave

Coalescence Of BNS ____| Orbiting BNS lose energy and

shrink to coalesce.

Supernova Explosion \

Gravitational collapse of
star emits GW

Coalescence of BH

Falling object to BH

Spinning NS T Spinr\ing NS emits
Orb|t|ng BNS continuous GW
Cosmic background

Unknown GW

Supernova 1987A Rings

Hubble Space Telescope
ide Field Planetary Camera 2

Magnetic field

These can be investigated by GW



C:/Documents and Settings/Administrator/My Documents/deasktop090331/kuroH/科学シンポ/amada/146898main_viz_shiftingall_21.320x240.mov

Binary Neutron Stars

Existing neutron star binaries in our Galaxy
* PSRB1913+16

* PSRB1534+21

* PSR J1141-6545

e PSR J0737-3039 coalescence quasi-mode

hi : | oscillation
e PSR J1906+0746 Chirp steha X
o =rxnu- -300Hz -1KHz
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Estimation of Coalescence rate of CBC

RIow Rre Rhigh Rmax
* NS-NS 0.01 1 10 50
* NS-BH 6X10% 0.03 1
* BH-BH 1X104 0.005 0.3
Density of MWEG

0.012 per cubic Mpc




Detection of gravity wave by Interferometer

Gravity plane wave

Metric perturbation 0 00O
g;=N; + hj h 0 h,; h;,0
, o) 710 hy hy, 0
is detected by x© 000 O
Michelson type Tvpical li
: ypical amplitude
laser interferometer lwave propagation h ~ 1022
Sq(/@eze
Mirror X

Mirror Y

Light speed of propagation
differs for each arms of
Interferometer

Photodetector | | | L |, /2

Beam Splitter

Phase difference at BS is detected by power change of the photodiode



Noise of Current Interferometers

Mirror Substrate thermal ‘1'

Anti-vibration system

\1/ Suspension thermal

Coating thermal Laser pressure

Seismic noise

Sensitivity limited only by
fundamental noise sources
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— < Laser power

s . ﬂ\/ 1
Sugpension thermal Blood sweat and tears in
Mirror thermal

| | | reducing noise is summarized
10 100 1000 Frequency | in Giovanni’s talk




Current detectors in the World

= AURIGA

_| GEO HF e LIGO(I) Hanford

Adv. LIGO

b TAMA/CLIO [‘ (under construction)

ET (planed) = ’ LCGT (under construction)
I . "‘
-.‘

LIGO(I) Livingston [

W

LIGO-Australia (budget request) Ir_
"'"nf A network of detectors is indispensi§iflesto

position the source.



LIGO

Power Recycled
Michelson
Interferometer
with Fabry-Perot
Arm Cavities

recycling
mirror

10 W, 1.06u
Laser

B end test mass

4 km Fabry-Perot
arm cavity

input lest mass

LIGO project and Advanced LIGO

Initial LIGO timeline
Construction started in 1994
One interferometer First data-colletction (S1) 2002
with 4 km Arms, Design Sensitivity Achieved 2005
One with 2 km Arms Enhanced LIGO (S6) 2009-2010
HANFORD

Washington

MIT
Cambridge

beam splitter

CALTECH!
Pasadena

LIVINGSTON
Louisiana

One interferometer
with 4 km Arms



LIGO Advanced LIGO

Scope of Advanced LIGO Oct Jul 2013
B V7

Enhanced LIGC
(200%)
’ L1 Install Install Install

6 months

Instal |

Install I

b
Pul.'l'-'li_l'lt.."a?.d LIGO - e Squeeze Squeezing
(2015} =& ot yad r install Test

PSL/
Install 10 Install Install
_table
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New isolation system




(M2J)INIRGO

Italian-French Collaboration
Construction completed
in 2003
Final configuration in 2005
Data-taking started in 2006
(VSR1) ended in 2007
with LSC
Virgo+ (VSR 2, S6) ended
in 2010

Virgo project

Stabilized Platform
[occeleromeaters/coils

magnetsactiators)

||Colls fixed to ground |-

Typical features:

@ Located at Cascina in
Pisa

® 3km baseline length

® Fabry-Perot Michelson
Interferometer

® Ultra-low frequency
isolation system

| Suspended
| Selsmic Filters

[Fioxion 8ars }——

actuators)

Marionette
[Coils and magnets

and recoll mass

Mirrar




/{@}/\/‘ RGD Current design of Advanced Virgo

1) Funded by INFN/CNRS (and
contributed by NIKHEF) in Dec 2009
2) Procurements and parts
construction started

3) Installation to start at the end of
the year

Ty 4) Acceptance in 2015

T cP
L ITMx ETMx

, BS
from input
Mode %-—{ e
Cleaner 4

PRM
dual recycled

ETMy

40 kg test masses

large spot size

high power
fiber laser SAM [

‘X OMC

@ il DC readout




GEO600 project

GEO optical Layout

End mirrors with
Electro-static
actuators

Power Recycling
Mirror T=0.09%

l

GEO is an observing instrument and a
prototype for new technologies
'Advanced techniques' of GEO:

Me o

S > Monolothic suspensions (since ~10
Signal Recycling Mirror yea I"S)
s I]A%—)] IS . Electro-static actuators
Output mode - Signal recycling

cleaner ~ DCreadout > Squeezing (since 2010)



Strain [1/sqri{Hz)]

Squeezer Installatlon |n IVIay 2010

Squeezing light is introduced from signal |
port to reduce shot noise.

3.5dB Improvement has been achieved
and 4dB more is expected in 2011

1
Frequency [Hz]



LIGO-Australia

A set of Advanced LIGO is planed to be
installed at Gingin north of Perth in Western
Australia

(AIGO project of ACIGA consortium, InDIGO,
China)

*) Funding is being requested to Australian
government, the result of which will be
disclosed, soon.

*) NSF has approved

LIGO-Australia
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If realized, the positioning accuracy
of sources becomes much improved



LIGO-India

nDIGO (since 2009)Roadmap workshop in
Delhi at University of Delhi, December 2010

~unding for 3m prototype interferometer at
the Tata Institute for Fundamental Research

Created an Indo-US Center for GWSs, funding
awarded

Proposing to participate in LIGO-Australia as a
major partner (15%)

Possible alternative of the case of disapproval
of LIGO-Australia




Einstein Telescope

CENTRAL FACILITY e . - S ET

EINSTEIN TELESCOPE

'gravitational wave observatory .
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GWIC roadmap of ground based detectors

2011| 2012) 2013 2025 EEEE|EH2?|EHZE

AdvLIGO

AdvVirgo

LCGT
GEO-HF

AIGO
ET

Us3aG

_ Funding Commissioning
W siteprep I Upgrade

Will be organized as LIGO-Australia or LIGO-India




LIS A

LISA is a joint NASA-ESA space mission of
interferometer to see gravity wave events more
remotely and more frequently.

- Frequency band: 0.03mHz-0.1Hz, abundant
science objects

- 5 million km baseline length

- LISA Pathfinder will be launched in 2013 for the
test of technologies for LISA ‘ Preparatlon of LISA Pathfinder

Orbital motion of LSIA satellites

log,, (strain sensitivity, h)

0.0001 0.001 0.01
Gravitational wave frequen




DECIGO

DECIGO: Fabry-Perot space
interferometer works in frequencies
from 0.1 - 10 Hz

1000 km

Objective:

1)Direct observation of

the beginning of The Universe
2) Measuring the acceleration of Laser Drag-fre apacecraft
the Universe

Frequency

DECIGO Pathfinder tests the technologies

stabllization systom Floa'tlng |3|Irmr
Thruster required to realize DECIGO
Will be nominated by the small science

~
P\ 0 / \ I

Cﬁ- &&tl_l ] I]_[’j spacecraft series run by JAXA/ISAS

il 0 N

Photodatector Aéluntur Local Sansor




AstroWatch recommended by GWIC

 AURIGA and NAUTILUS in operation as an "astrowatch" until
LIGO/Virgo resume operation after upgrade

 GEO-HF enters this operation as soon as possible
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burst sensitivity h., ~ 10-20 Hz-1/2 or

hbur'sT ~ ZXIO-lg
AUNA: “astrowatch” of AURIGA & NAUTILUS



CLIO is a 100 m cryogenic locked
Fabry-Perot interferometer placed
underground at Kamioka mine.

Thermally limited sensitivity was
achieved in 2009 by cooling mirrors
down to 10 K. It is a test bench for
cryogenic part of LCGT.

TAMA/CLIO

TAMA is a 300 m baseline Fabry-Perot Michelson
Interferometer with power recycling and achieved
the best sensitivity and long observation run

earlier than any other long baseline interferometers
by 2000.

R&D are being conducted for advanced interferometer
techniques for LCGT.




LCGT

(Large-scale Cryogenic Gravitational-wave Telescope)

Large-scale
Gi fu.-Ppe™=
Hida-city Detector

Kami oka Baseline length: 3km
Mozumi Are [kenoyama mt. o High-pOWGI’
Underground

Interferometer

XMASSL -
@:ﬂﬁ | Kamiand Altitude 358m

SG Super Kamiokande

{ Cryogenic

K __ interferometer

LCGT <25 - Mirror temperature: 20K

e Prp]e

Underground site
Kamioka mine,
200m underground

Objective: First detection of Gravitational wave
& Opening GW astronomy




LCGT configuration

Input/Output Optics
- Beam Cleaning and stab. Main Interferometer
- Modulator, Isolator ™M 3 km arm cavities
- Fixed pre-mode cleaner - RSE with power recycling
- Suspended mode cleaner - Cryogenic test masses
Length 26 m, Finesse 500 Sapphire, 20K
- Output MC ‘Type-A’ vibration isolator

- Photo detector Cryostat + Cryo-cooler

Y-arm cavity

- Room-temp. Core optics
(BS, PRM, SEM, ...)

Power ~400 kW

X-arm cavity
Length 3,000 m
Finesse 1,550

Gain ~11
Laser Source SE: (Resonant

sideband Extraction)
Wavelength 1064 nm  enal-band Gain ~15

- Output power 180 W Detuned RSE

High-power MOPA (Variable tuning)

LCGT Program Advisory Board (June 21
2011, Kashiwa, Chiba)




Location of LCGT at Kamioka

AR LA Location of Center (BS)

= et e latitude: 36 °, longitude: |37 °N.

® X arm direction: 300°,Y arm direction: 30 °.
® Height from the sea level : about 372.000m.

[ \

1 S

ozumi entrahce

'k 98om(s2 m+360

E{-:Eitlll
155

3 entrances for the experiment room.
Tunnel floor is tilted by 1/300 for natural
water drainage.
Height of the Xend: 382.095m.
Height of the Yend: 362.928m.
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Mozumi

Lo

Map of LCGT

New Atotsu

New Sakonishi

I.  Center parking 9. X-end cryostat room
2. Center front room 20. X-endVI room(2F)
3.  Center experiment room A 21. X-end machinery room
4.  Center experiment room B 22. X-endVI preparation room (2F)
5.  Center experiment room C 23. Approach for X-end VI room
24. X-end experiment room
7. X-front cryostat room 25. X-end staff room
8.  X-frontVI room(2F) 26. Geo-physY-front
9. Front machinery room 27. Geo-physY-end
0. FrontVI preparation room (2F) 28. Y-end cryostat room
I'l.  Y-front cryostat room 29.  Y-endVI room(2F)
12.  Y-frontVI room(2F) 30. Y-end machinery room
3. Approach for front VI room 31.  Y-endVI preparation room (2F)
4. Geo-phys X-front 32. Approach for Y-end VI room
I5. Sakonishi front 33.  Y-end experiment room
6. Sakonishi front parking 34. Cryogenic experiment room
7. Geo-phys X-end 35. Y-end staff room
8. X-end cubicle room 36. Y-end parking
3km
>
# AFE // Vi 2

Xarm and Yarm cross perpendicularly

at the center of BS chamber.

3km:.

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



ﬁﬁi LCGT design Items

Solid-state laser modules
200 W
N
m\

Fiber laser amplifiers

Double floor isolation system
Mounted above cryostat

OW i

PRO (500miv)

Cryostat 4 ' |SO|a’[i0n

500 s,

J9se7 Jamod Y3siH

Cryostat for main mirrors

Main mirror

2084




Sensitivity [1/RHz]

R&D results by TAMA and CLIO for LCGT

TAMA in 2008 (improved after installation of SAS)

10-15 / 300 m arm length
10‘16
CLIO at cryo temperature, 2010/3/7
107" 100 m arm length
107° —
10‘19
10_20 —
-21 ' |
107 — LIGO | .
10‘22 — 4 km ; .
10—23 | \__//
S~ LCGT design, 3 km
24 _|
10 I 1 1 1 1 I 111 I 1 1
2 3 4 b 6789 2 3
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The sensitivities of Advanced LIGO & Advanced Virgo are shown next
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Schedule

2011 2012 2013 2014 2015 2016 2017
( ™
bLCGT
OBS
\, Vi
é é
iLCGT laser preparation Installation bLCGT laser
and operation operation L IS
55 £ g5
MC installation s a0 -2 =
and operation —_—> > g S> © S 3
Room-temperature 2 S 4 §’8
IFO commissioning E = © 8°©
L
> > —> —> >

iILCGT commissioning RSE implementation

Cryogenic full system

Cryostat + Cryo-payload installation and shakedown

Prototype test

LCGT is one year behind in the world but steady construction guarantees success



'm Budget

There are several budget categories in the LCGT project:

a) Leading-edge Research _ Secured (9.8Byen)
Infrastructure Program

b) Budget for infrastructure _ Secured (Tunnel excavation)
c) Budget for infrastructure Requested (Surface building)
d) Budget for infrastructure To be requested |(for bLCGT, about 2Byen)

e) Grant-in-Aid for

an [ ] Being reviewed
Scientific Research

Operational Expenses
To befrequested

iILCGT

' bLCGT = Obs.

A total of 15.7 billion yen (a+b+c+d+e) is estimated for
the construction of LCGT.



LCGT Organization Chart

LGGT Counil

Directors of IGRR, >
NAOJ, KEK and

Praject Integrator

T.Kajita

%

Program Advisory Board

S Whitcomb({LIGO), B. Mours(Virge), B.
Schutz{GEO), G. Sanders(TMT), D.

Theory R&D for Representatives of McClslland(ANU), A.Yamamoto(KEK), M.
TNakamurad ESKanemura Gravity Research lye(NAOJ), T.Nakamura (KyotoU)
(KyotoU) (ICRR} Executive Committee
Numerical QND I.Nakatanai, Executive support
simulation, Nendventan SE Office K.K.uroda, .
Perturvation ke MOhashi,  N.Mio, € Y Saito, T.Suzuki,
cancellation Chief S.Kawamura 8.Kawamura, M.Ando N.Kimura, R.Takahashi,
Dept.Cheif M. Ando S. N.Kanda, S.Miyoki,
Miyoki K.Somiya T.Uchiyama, O .Miyakawa
: I Fi 'Il't I Vib I ti I I MI i Di I"I:al Al II | ! Al 'II' I
; acility ibration : i ain igh nalog i uxiliary Geophysics
Data Analysis Tunnel Slppart Vacuum eilotion Cryogenics Mirror ks tarratar Eystam Eleoirariice In/Out optics Laser Optios e
Kanda Uchiyama Y. Saito Takahashi T. Suzuki Mio Aso Miyakawa Moriwaki Telada Mio (UT, Araya
(ocu) (ICRR) TBD (KEK) (NAOJ) (KEK) (UT,AMS) (UTPhys)  (ICRR)  (UT, AMS) (AIST) AMS) T(-N‘}:gfjs)“ (UT, ERD)
Data Desier Clean Specify, Ee en:;ir:’:g:er? [nterfero—
analysis, e o enwronment, Ordering, DeS|g.n, Desgn, O meter control . I;)emgn of Desian Design, Development, Interface of Compensation
Powerline, Procure, Ordering, Ordering, {length, digital system, : Manufacture, : )
methed, Safety : 5 Procure, ; Manufacturing, : Manufacture, optical of baaseline
s e Mechanical Assembliing, Procure, Procure, Sibetrataiar alignments,  manufacture, Gt Installation Trctalotion o
analysis, data L Igl' . sound noise, Vacuum test, Installation [nstallation ; lock adjustment ! (Laser - PRM) systems & &
control o8g seEc internet Installation saiedlt procedure)}

mirror



Vacuum tube production
(for example of construction)

** manufacturing process of 12-m long tube

* hot roll — austenitic process (Annealing & Pickling) — surface grinding

SS 304L 8-mm thick finish condition
2 5-m wide grinding: Grit # 150, wet
11.2-m long

* press forming — one-seam weld (plasma welding without filler)

geometrical tolerance
straightness: 0.1%/L
circularity: 1%/D
perpendicularity: 0.2%/D

0.8 m in diameter

11.2-m long



Im Vacuum tube production 2

** manufacturing process of 12-m long tube

flange
SS F 304; rotary forging
thickness; 30 mm
welding neck; 120 mm long
flatness: 0.1 mm

* weld flanges and bellows

bellows
SS316L,; hydroformed
stiffness; 100 N/mm or less
finish: chemical polishing

electro polishing
current density; 50 A/dm?2

removal, 30 um

rinsing
pure water; 15 MQ



Iﬁ Vacuum tube production 3

** manufacturing process of 12-m long tube e e
* pre-baking
— dry air venting
— seal

lt..".\'l‘ik l'I
|‘|"”‘| ]
daddl i
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LCLT

Category Type A Review Type B Review Type C Review
Name Internal Review External Review Program Ad‘flSOl‘y Board
Review
‘Understanding detailed &S:ilt:;rlg::e:gl;]:;a;idstatus of the
design/development status of other S
subsystems oy ; :
S ) op . . -Identifying potential problems -Confirming the LCGT
Objectives oltizzt:ly;:gsl;::::ual B SR with each subsystem development status
-Clarifvi gythe oA AT -Recommendation on go/no-go for
- sljtems proceeding to the next development
y phase
: LCGT management and
Reviewees subsystem leaders subsystem leaders &
members
Reviewers internal peers mostly external peers and | Program Advisory Board
(External peers if necessary) a few internal reviewers members
Frequency at each milestone at major milestones once a year
Japanese :
Language dspancee (English if necessary) L
Prrs::]:t,atl] :]1 Japanese/English English English
Participants any LCGT members any LCGT members any LCGT members
Presentation Japanese/English English English

materials




LccT

Review B Reviewers

Masaki Ando

Stefan Ballmer

Alessandro Bertolini

Raffaele Flaminio
Andreas Freise
Warren Johnson
Seiji Kawamura

David Ottaway
Benno Willke

Michael E. Zucker

LCGT/ Kyoto University

LSC/ Syracuse University

LSC/ Albert-Einstein-Institut

Hannover

Virgo/ Laboratoire des
Matériaux Avancés
GEO/ University of

Birmingham
LSC/ Louisiana State
University

LCGT/ICRR, NAOJ

ACIGA/ University of
Adelaide
GEOQO/ Leibniz Universitit
Hannover
LIGO-Lab/ Massachusetts
Institute of Technology

Deputy chief of secretariat

Chief of secretariat

Chair



LCLT Review C Reviewers

Masanori Iye (Extremely Large Telescope Project Office, NAOJ)

David McClelland (The Australian National University)

Benoit Mours (Virgo, LAPP Annecy)

Takashi Nakamura (Department of Physics II, Kyoto University)

Bernard Schutz (GEO, AEI, Potsdam)

Gary Sanders (Thirty Meter Telescope Project)

Akira Yamamoto (Cryogenics Science Center, KEK)

Stan Whitcomb (LIGO, Caltech)




LccT

Academic Exchanges with other projects

LIGO Laboratory
— Quarter request submission
— Support to collaboration with researchers of LSC

EGO/Virgo
— Exchange technical information and R&D for ET

GEO (Glasgow)
— Exchange technical information and R&D for ET

Shanghai United Center for Astrophysics
— Advanced study for next generation techniques

GEO(AEI) in preparation
University of Sannio in preparation
Tsing-Hua University (Taiwan) in preparation



A Summary

 LCGT is under construction for the first detection of GW and
opening GW astronomy as 2"d generation detector

 Advanced LIGO and Advanced Virgo have the similar
sensitivity of LCGT

 AIGO-Australia / Indo-Australia is considered to be built

* Among 2" generation detectors, LCGT solely adopts straight
forward way to improve sensitivity by cryogenics and
underground (techniques of 37 generation detector)

* Although the schedule of LCGT completion is one year later,
still there is a chance to firstly detect GW

e Studies of arranging EM follow-up and joint analysis using
neutrino detector (ANTARES) show the step of multi-
messenger astronomy by GW



