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CLIO 100m prototype
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New tunnel for CLIO
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Start of CLIO construction

Mode Cleaner install. 2003/12.




The 1st cryostat install
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The inline end cryostat has been installed. 2004/09.
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One arm has been completed.

Perpendicular arm has been completed. 2005/02.




Vacuum system completed

2005/06
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AR, CLIO TIBETIEFERE

12MHz
mod FB
Innolight “’ “’
MEPHISTO
1064nm, 2W A
15MHz
mod

Mode Cleaner;
Length: 9.5m FB
Finesse: 1800

We cooled two front
mirrors at 20K.

Locked Fabry-Perot Michelson

Length: 100m
Finesse: 3000
Cavity pole: 250Hz
Beam radius;
Front mirror: 4.9mm
End mirror: 8.5mm

1 or
Frequency stabilization

Test mass;

Substrate: Sapphire
®100x60mm, 1.8kg
Coatings: Ti02/Si02

100m FP for
GW detecti

A

FB
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Displacement noise [m/Hz "]
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CLIO noise budget at 300K

10

10-14

107

10—16 i
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—— 2008/11/05 Sensitivity

—— 2008/10/29 Sensitivity

—— Seismic noise

=== Suspension thermal noise

e \irror thermal noise
Shot noise (mass lock)

=== Shot noise (freq stab.)

—— Freq noise err (Inline arm err)
Intensity noise

— RF intensity noise (2008/06/26)
Detector noise (mass lock)

—— Detector noise (freq stab.)
Servo Filter noise (for fb based)

—— Whitening filter noise

«— Coil Driver noise

BS seismic noise

JGW-G1100595
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Inline near mirror
2] _ Plot start: 2008/05/17, 17:00
: AN Cooling start: 2009/05/17, 18:00
| "\ i End point: 2009/06/18, 7:50.
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= Inner shield top
o 31 Outer shield to :
- smed top Mirror
----- 4KPT 2nd head
24 5m duct mid
4m duct mid ' —16.4K
-------- Cryo-base !
10 |~~~ Upper mass 4 T 11.5K
g [T Mirror T R A A S o A
—I T T T T ” T I 1
! 0 50 100 . 1%) 200 250 300
Time [hour]

250 hour needed for cooling the mirror.
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«F.m: thick amorphous fibers

« (KR 99.999%, d=0.5mm
pure aluminum fibers

1. 242K 5/19/2009
2. 212K 5/20/2009
3. 79K 5/26/2009
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---------- Mirror thermal noise (300K)

081105_5 (Currentbest)

090519_2 (12:10, Upper 251 K, Mirror 242K)
090520_2 (12:00, Upper 225K, Mirror 212K)
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Displacement [m/Hz'/ 2]
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— (81105_5 (All Mirrors 300K)
— 100320 _2 (Near mirrors: 18K & 17K)
—— 300K model

Crvogenic model

LOW ITCH NOISE ('L nne)
High freq noise (Fit line)
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3DD/AXTATMNEHEST
WbEEZLND

Low freq noise: {2
® Suspension thermal noise

High freq noise: cavity pole
250Hz.

® Shot noise

® (RF intensity)

Mirror thermal noise.

@ all mirrors at 300K

® only near mirrors at 20K.
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AR /A XETILEDLLE?

Displacement [m/ Hz" 2]

[J Cryogenic sensitivity (CryoSens)

All mirrors at 299K.
——— Cryogenic noise model (CryoNM)

Front mirrors at 17K & 18K. End mirrors at 299K.

[] Room temperature sensitivity (RoomSens) ﬁ% %I]'d_ é - t' J: L)

300K AT DEL

—

ﬁllBE’é?%ﬁEibT:t%iBh
éo

Room temperature noise model (RoomNM)
|
M 4
#ﬁJ“ Pl coREDRLEIFRED
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BLELY,

2x10 %1

Wﬁ % J . i

| T | |
160 Frequency [ﬁz(f 200
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m History of cryogenic mirrors Japan original!!

1997 Stating of feasibility study at KEK.
Sapphire mirror & fiber suspension.

2001 CLIK: Control of cryogenic Fabry-Perot cavity at
Kashiwa.

2002~ CLIO: Sensitivity of cryogenic GW detector.
100m

2011: We are here now!!

2017 LCGT: Detection of Gravitational wave. ‘
3000m

JGW-G1100595 2011/9/18 HAYMEFZ@FARIKE, Bl & 2
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m THETRFHETEDHERE

Michelson interferometer (MI) Fabry-Perot MI (FPMI)
ea DaybAXETIFS

OB RAES — Fabry-Perot caivty%
IR D K5l AL BETHRZITYIR
LABREZNES

] :zjj_—! —]
CLIO

Power recycling (PRFPMI) [{)ual recycling (DR)

Dark Portflll D E AR

Bright Port{8l| D 3¢t

ZBEUITERL, = FTILEITHRLUIBIET S
MBI RER S d — (Signal Recycling)
£ EIF5 [»

TAMA, LIGO , VIRGO == LCGT, aLIGO, aVIRGO
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Resonant area

Carrier
= Control area
[ | = linear area (straight slope)
Sidebands (probes for carrier)
— ~1Tnm
+signal

Unlocked !
EOM:Modulation _ Lock point (<1pm
S/
“©
[y
.90
(%]
Oscillator
~10MHz\~v,
)
—J
~ >;><;
\_ L _ Feedback

TEEICEDITILEA Ll
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Elmf

leferentlal f DAC R
- .. Driver 11, & AAY
‘for-ADC- %

B | Real time PC
CentOS 5.2+real time kernel

r‘l 4core x 2 Xeon
Anti Imaging filters
Anti Alias filters

DAC adapter

Binary output adapter

l§ ADC/DAC
) In Expansion Chassis
ADC:32ch/#. $4K

DAC:16ch/#%. $3.5K
Binary Output:32ch/#%. $250
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CLIO sensitivity
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AD/DAC noise

CLIO sensitivity
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m Overview of digital system network

GPS

Building a digital Providing a platform
Network system for signal input/output

Application
Interferometer

SAS

Interface/ etc.
driver box

RT Frc_mt-end PC
Timing
network -

TMX
S : p IO(ADC/DAC)

RT Front-end PC

RT Front-end PC

IO(ADC/DAC) IO(ADC/DAC)

« Master PCs

\\(boot/ NFS/ :

NDS/DC server)
N

N

Data analysis

1. #HEMEBS VLT —0: T—REEXZNIZEZLIHNLD, FIHEIESLGTVR/NDEBETELTVLELNHD
-> 1)UL 9T 47 AE!): GE (long distance ~km, but slow), Dolphin (fast, but short distance ~100m)
2. EHREESFRINTI—0. BEHRIEREERECEIREREDERETHINSGDS., BRXET—4=
--> Myrinet or Open Myrinet ((BIEDA7ELNTOkRa)L)
Ea—<TAUR3—Tz—RD=HDTCP/IPRYET—H
4. ADC/DACE UG EHEMORHRYET— FLULEEIXBHB F1%13:30~ SVEIHIZT

--> Master/Slave style timing system

o
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Real time system mounted in 19inch rack:
PC, 10 chassis(ADC/DAC/BO), timing,
AA/Al

— Front room: length(1), WFS(1-2),
auxiliary(1), network(1-2)

— Center room: Input optics(1-2),
suspensions(1-3)

— Main suspensions: ITMX(2), ITMY(2),
ETMX(2), ETMY(2)

CO Raw data storage at site for Imonth long:
(171 100TB

N

\_/

O
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