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GW Detector Engineering Aspec

ARecycledFabry-Perot Michelson Interferometer
with Resonant Sideband Extraction Technique.
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Merits of GWdetection network

#1 1 OET AET ¢ 0O400A AAO,

A By coincidence of independent detectors.

. Determination of

A Arrival time,

A Polarization of GWs,

A (in case ofinspiral binary,) absolute amplitude and
Inclination angle of orbit.

Duty time of observation

A More GWevents,
A Chance of follow upobservation.

v

Sky coverage enhancement



KAGRA Highlights

KAGRA highlights that are

different from other GWDs _
such asalLIGO,&VIRGO are KamlokaObservt‘g:r}
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(2) Usage of Cryogenic
Mirrors and suspensions
A Reduce Thermal Noises

(3) Collaboration with
Geophysical Laser Stram
meter




Merits (& demerits ) of Undergrounc

A Out-band frequency range seismic noise at low frequency has
nonlinear effect on in-band frequency range sensitivity in
GWD. So lower seismic noise in odtand is desirable.

- Smaller low{frequency motion of mirror

- Lower gain of control system necessary

- Lower in-band noise imposed by control system
A Low Gravity Gradient Noise
on the other hand,

A7A £ O1T A OEA OxAOAO6 ET OEA
many practical aspects.

A7A OEI Ol A AEAAE OEA O' OAOGEOU
flow near mirrors



Low Seismic noise Undergrounc
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Cryogenic Mirror and Suspensio

A Thermal noise reduction using cryogenic mirror and
mirror suspension.

A CLIO prototype verified these properties.

Suspension Thermal Noise Mirror Thermal Noise

y (, Mirror 242K)
12:00, Upper 225K, Mirror 212K)
16:21, Upper 91.4K, Mirror 78.9K
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KAGRA Road Map

2013 | 2014 | 2015 2016 | 2017 | 2018
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nitial-KAGRA2010~2015.12)

Construction Phase.

A Tunnel

A Vacuum

A Facility

Interferometer component design.
3km arm Michelson Interferometer

construction.

AMlirrors and suspension are set at 300K.
ASiO2 Mirrors.

AW level laser sources

ASimple Mirror Suspension

. Short Observation ( for thrashing out problems )



baselineKAGRA2016~2017,18)

. Toward the Targeted Sensitivity ~ 280Mpc
ACryogenic mirrors and suspensions (sapphire)
A00W~ 25W Laser (Mitsubisihmp or FiberAmp)
ARSE technique (Broadband or Detuned in Variable RSE)
ADC readout technique
AOutput Mode Cleaner
ASAS full operation
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Inspiral Range of KAGRA
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construction Status ot KAGH
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Tunnel Excavation

- Tunnel Design

Excavation has started in May
2012.
Sometimes, we got a lot of water.

5

& X End
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7
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Access

Mozumi v
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Access
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Blasting for 22 months from May 20:




TunnelExcavation around 2013 Augus

lkenoyama

Hida=city

Gifu Prefecture

Access Tunnel XMASS B ) Kamland

Yarm and Yend -

~850 m Yarm

Corljer Station N Atotsu
Acgess Tunnel Entrance




Tunnel Completed in March 2014
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Tunnel Design

® Slope of 1/30was selectedttodraintthewaterttorfivers.
® Horlzontal planesfor each station are preparedifor
easinesscduhing instalimgwvacuum:tanks

YA

EYC *
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New Building for GWPO
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MC : Mode Cleaner
I, O, F, E : Input, Output, Front, End
Fl : Faraday Isolator

MM : Mode Matching Telescope
PRM : Power Recycling Mirror
PR2, PR3 : PRC folding mirrors
SRM : Signal Recycling Mirror

—
SR2, SR3 : SRC Folding Mirrors . >
—

Vacuum System

~250vacuum duct units (L=12m, d=0.8m)
formed 3km arm, using metal gaskets. No

BS : Beam Splitter
X,Y:XandYarm

AIAOX. ting — leak was found. No baked, but ECB was
C:iCmogenc adopted inside to minimize outgas.
REF : REFL , Reflected Light detection —— . Almost vacuum tanks have been set at thei

GPO : GPOP, Green laser injection and POX, POY

final position.
Minimum number of vacuum pumps will be
IvC prepared.

@ (2.4 m in diameter)

IFI IMM

@Ncc@@@@}{@ou MQ@lQ
@ @ IXC o
IXV . oy
30 units per one arm

Type B chamber Type C chamber
(1.5 m in diameter) @ (1~1.5m in diameter) IP TMP X
[ ]
OMM ‘ FLP

3000 m

Type A double chamber @




fuanel ahd Vecuuntubes | x'&m tunnel and vacuymebgs
Leak check was ¢d ' Leak check was complete
. ’ — _ . : 1 gﬁh i

AR
Input Optics
Tanks




Vibration Isolation System

Seismic noise isolation Is one
iIn GWDs. Not only ifband freo
several kHz) but also oubanc
EO EO EI Bl OOAI

AT T OAOOET 1T OAEOI EA

of essential requirements

uency range (10Hz ~

frequency (below 10Hz),
O O 1T AOAEI

N

| T EOAO

A Highest performance SAS for the main four sapphire

mirrors (type-A).

A Less performance isolators than Typé\ for silica mirrors
that form main parts of IFO (TypeB, TypeBp, TypeBpd ( 8

A Simple isolators for MC mirro

rs and small opticqType-C)



Super Attenuation SystemTypeA)

-for sapphire mirrors-

Corner Y-End

A Upper tunnel containing preisolator
(short IP and top filter)

A 1.2m diameter 5m tall borehole
containing standard filter chain

A Lower tunnel containing cryostat and 7 *
payload




Super Attenuation SysteniTypeA)

-for sapphire mirrors-

Topfilter [FilterO] and Inverted
Pendulum (IB

T -
N
/]

gt - o

wire:

 Payload ~

Geometric AntiSpring (GAS)
Filterl(Filterl~3 in Typed)




Pendulums (Typd3)

- Simplified TypeA -

———

Topfilter [FilterO ]

Pre-isolator

Inverted Pendulum (P)

- - Geometric AntiSpring (GAS
Filter chain  Cieriritert-3 in Typeny = =55

— il 0

Bottom Filter (BF) -

Payk)ad Intermediate Mass (IM)

Intermediate Recoil Mass (IRM)-——" 2

Test MasqTM)
. Recoil Mass (RM) p—




Bottom Filters

Maraging blade springs
made by NAOATC

Blades and fishing rod are

mounted onto the base plate. 7 ) | Assembled bottom
. filters in ATC




Full TypeB Test in TAMA

into the chamber from the top. The system is working in
vacuum now.

TypeB |
endulum S




Input Output Opticsfor IKAGRA

tested at Kashiwa and the performance was
OK

PSL is being installed ilKamioka The
DOAZI T AAwadlbckeliT AO
Input Faraday isolator has been assembled,
andthe performance was measured to beOK.
Themode cleaner suspensions were
assembledand testedat NAOJ. One
suspension system habeen installedin
Kamioka




