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LCGT [m

(LARGE-SCALE CRYOGENIC GRAVITATIONAL WAVE TELESCOPE)

L ¢ '4 PR, e
U nderg round Ramiokam Wihord prototype CLIO _
. . detector is placed Gifu Pre.
in Kamioka, Japan i i ales
- ~ Kamioka =
Silent & Stable o argr” " o .
environment v Ny G ke
e h W ; Altitude 358m

Super Kamiokande

3km baseline

Cryogenic Mirror
e 20K
¢ saffhire substrate

Plan
2010 : construction start how! <-- partially funded in this year. ( 9.8 billion yen,

: : bout 2/3 of whole fund.
2014 : first run in normal temperture about /3 of whole fnd.)
2017- : observation with cryogenic mirror
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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

Strain Equivalent Noise spectrum [1/VHZ]
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LCGT

LCGT (varRSED, BWstudy2009)
LCGT (varRSEB, Bwstudy2009)

advanced Virgo

advanced LIGO(ZERO DET, High P)

advanced LIGO(NS-NS)

Einstein Telescope ET_B

frequency [HZz]




gATF—FICDOWT
o T — 45 Dt

F— 4B
‘7_‘“—90)) ZZ_EE

201158178 XEH



IF digital
control

underground

R tHEEZMZIS

201158178 XEH

pre-proces /
calibration
server

Kamioka facility

g

]

1

R

—_— Main Server

Main i
@gge (disk or tape) N/

client
./

)
client

Kashiwa

!

( Data Sharing )




pre-proces /

[ IF digital 1= Server ve
ain
control data Storage (disk or tape)

underground Kamioka facility
[ Junr XN ) it FTAR

Data Sharing

201158178 XEH



pre-proces /

(" IF digital }= SeTve
Main
control data Storage (disk or tape)

undergro

[ Juubers

Data Sharing

201158178 XEH



B R DEFIZ O W T

o HHEN S IFRFRIDEAIEENFE SN D,
(Eimi‘ﬁavj— ht) " TTLK 3% TEFFHEZF)

-él—\
Hm
||m|\

HEEOMEHLEL ->TWS)
ﬁﬂ‘ﬁ’?“ci LR EEE h(f) (CEBRUIcBHDHAEWNS,

e THETORERIHICET 5155 (INHERICKR

oi%i% _:9—%

10

201158178 XEH



tl:% EE % (HBNEZFDZEEAL) :.:> (ERSRTTHE. SR ATHELT) E%
N

A voltage [V]
ener digital value
o # of ticks...
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X = Hx
I feedback error

L feedback oo = or (wzn — xfeedba,ck)
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Lin
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L feedback —
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X = Hx
I feedback error

L feedback oo = or (wzn — xfeedba,ck)
THETDES
(Z4—RNRvIES)

error — 1—|—GH m
GH
Lin
1+ GH

L feedback —

12
201158178 XEH



Tl R DIE =

Lin
BN
/\
L feedback
FHE0ES

(74—RKRN\vIES)

201158178 XEH

SIS EE

(ADC: Analog-to-Digotal Converter)

13




201158178 XEH



L feedback

FHHOES

(74— RN\vI{ES)

15
201158178 XEH



» =

i D F DISERIEL HEiRD)

BME
BRATEMS

Ln

N BB

FP + E5 « QESEHISES

: SHlE
W THREEL |
'C} RS
\W__ |
- TESHFER
BRI BPLaes

) SDMS

—F— DS

GBE. FRE) o
sLER{ES(1, N,

201158178 XEH



201158178 XEH

Nose Spectral Densit

=]

--> high power laser, cavity, massive mirror

e Seismic (tEIREN)

--> vibration isolation

575\ --> silent site = underground
f \Pendulum Thermal
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# : TAMADE 5 (57— %)

Och ADC1{E[Volt]

Och /XD —ZAXR7T KL

zoom 16bit ADC
0-0.1 [SGC] ‘ 20 kHz sampling
— (= 50 u sec interval)

5 kHz anti-alias filter

3.27/68 sec (2'6samples) -> 1 frame
20 frame -> 1 file
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TAMA DAQ SYSTEM (20004)

workstation
(HDAQ)

workstation
(mirror archive) ,
|
Interferometer workstation i
workstation NE'S S (HDAQ.inlin :
(MDAQ) 7 ;l |\ monitor) i
servo etc. \/ — i
= T
I NFS i
£/ NFS !
workstation = workstation |
_ (EPICS) (diagnosis,
environmental environmental monitor
etc)
o = et [—=r
;l |\ pLLLLTIN il [l
AR NES A\ A
SC
P~ >

Figure 1: Schematic of DAQ System (with major hosts only)
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— Data acquisition system —

HDAQ : 20kHz, 16bit, 8ch Data archiver : 1TByte

Command RS232C 2\

MXI

o00000

timing signal s, §

Data archiver
Workstation 70GB HDD x6

Gp§ Anti-aliasing (FUJITSU) 70GB DLT x14
receiver, |RIG-B filter O I =

bus — |
SCSI
Doar 20kHz clock A/D Workstation

\

2

Converter converter (SUN) \&
625Hz clock ,—\
625Hz . Whitening filter NAO
Calibration Main d.ata 4 network
peak signal (GW Slgnal. ) _I_
2 MDAQ : 316.5Hz, 16bit, 64ch
3 N S
o
- 2
_ HHARHAEH I HS — o=
Monitor data sleisleisislels]| T =) -
N \ , ; (Power, A/D Workstation o0
FB signals, ...)\\__Sonverter (SUN) =
. TAMA300 Interferometer =
LDAQ : 0.1Hz, 12bit, 64ch o5 =
- . p < 2
EPICS unit =3
Environment data f(.h:n.tf: ?1.) (Cer:ter #2) (West end) (South end) 9 21 Workstation
(Temperature, OOOOh:'OOO oooF,.oooo ...F;t:r... ooo"_;t:ooo d (SUN)
Vac. pressure, ...) — = = F
3l = i< 2 & @
t
g i =)

11

data amount ~1GB/hour
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On-line analysis

Status monitor
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Environment

ADC
Diagnosis

ADC

Station ‘ Station Station

Station ¢ (| ;

Main System

Data
: F Maker === ( Pre Anal
Station Crame . eD C oo ys1s> ( DlStl‘lblltel')

Station Main ADC ) *

Raw Data Diagnosis Time
—(Cumet) (e, )

From Another
DAQ system
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oISIET Y —
S TIRESDMER E. ©ZEEExd D UL |
LCGT 14 raw data ~ 600 TB/&

limli

T—YEN
eVirgo, LIGO 5 & EHRRYIC R T 3 % Frame data

format”
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Figure 1 Schematic representation of data organization within a file

FILE

FILE MAKE-UP

FILE HEADER (1 per flle)
FRAME
END OF FILE (1 per flle)

FRAME FRAME MAKE-UP
ooo-ooo-ooo- FRAME HEADER (1 per frame)

DATA CLASSES

END OF FRAME (1 per frame)
STRUCTURE MAKE-UP

LENGTH

!] DATA CLASS

TYPICAL STRUCTURE COUNTER FOR INSTANCE

OF CLASS IN FRAME

) AGGREGATE DATA
(VECTOR W/ VARIABLE TYPES)

CO100Ps~dV T HdS"ODYIA - —H-0L [0L6.L7001']

* Dictionary structure behavior is unique in that:

1. It preceeds header for first frame of file;

2. Dictionary is built up incrementally as addititional
structures are incorporated into frame

3. It is valid for entire file (persistent)
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Figure 2 Schematic representation of frame structures and relative pointers

// Frame Header 7 FrHistory \ Structures filled by E
Frame time&duration .k(‘ommcm ) Frame Builder
+  Frame history *(Next history)
*  Detector geometry #
*  Raw data Qor :
. 'l'riuu;r data j—-( FI'DCtCCtOI'\ I:Ilssl1caln1Pa[E§l11\ ¢ FrSerData \
- 14 4 B d s J h z \~ \~ W
«  Post-processed data Detector ' ' I name, lime,
«  Summary data Cricntation data blks data blks
. . . il c ;

¥

FrAdcData \

FrAdcData

FrRawData ™\
=(SerialData) r Comment Comment
#(1st ADC) data []
*(ewADC) *(nex
+(laserADC) (next ADC)
. /
/Structures filled FringData ™ / FringData ™\ i
by On-line or Off- Algorithm param. Algorithm param.
i trigger data || | trigger data ||
line *(next algorithm) 7 *(next algorithm)
(post)processing
/ FrirocData ™
sampling f 7~ FrSummary ™\
buffer size ave. noise
h{] K calibration signal )
. /
Structures filled /~ FrSimData
by simulation o Modelnformation
*(simData) )
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Sampling Number of Bit Effective
Clock (Hz) Channels Resolution | Band-width (Hz)

Main DAQ system 32768 = 21° 32 24 10 k
Detector Diagnosys 16384 = 21 | 512 =64 x 8 16 5k
Environment Monitor 32 =2° 512 = 64 x 8 16 10

7 17.7: % Analog-to-Digital Converter Oftk—%

From Each Station | On Data Archive
Main DAQ system 4 MB / sec 14.1 GB / hour
Detector Diagnosys 2 MB / sec x 8 56.3 GB / hour
Environment Monitor | 2 kB / sec x 8 0.05 GB / hour
Total 20 MB / sec 70.4 GB / hour

7% 17.6: 7 —F Uik L — b & Raw Data Archive L TOZET —% &

raw data ~600 TB/& sempling freq. = factor x5 =%y k DEIRDERE
= FEt OB

+
RIETF—4%, YSalb—yayikéE

!
~ 1 PB/4E

27
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v(t) = Const. X h(t) =L&=cdh. ..

IS D R SR TR
ERH  G(w)
h(t), v(t) DT —1J TZH#  h(w), T(w)

e

I(w) =G"(w) - h(w)
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201158178 XEH



+ HERONE
* ¥ Y ET 1 DA

%) &
e J4—RKIN\wOD
K1FIE

201158178 XEH

BRI &
IRDFD (BEHRKICKT

iR 2L

5 1

 TAMA®D 57—

100 mHz 1 Hz

[/tHzZ]

1e-05

()]

1e-15

>

1e-20 p

1 kHz 10 kH

H&kmﬂ

10 Hz 100 Hz

0,01 0.1 1 10 100

o
JA K% [ Hz]



Sme 1
A¢:h7'9 10" R o
& A 2
\/l -1~ (47rfG'WTs)
10'3. i
°
£
+rEF AR — VR RDEAL <
°
!
2
o
1012P
optical gainDZ 1k
Delay Line “ %
1010, ‘ . ——— ‘162
Frequency (Hz)

“Fundamentals of Interferometric Gravitational Wave Detectors”,
P.R.Saulson, World Scientific/ipSik#:
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Z4—RN\y D75 L '
Tin —— G(f) [—— Terr |
Z4—kN\yOFY T 4— RNy I DD BTN BRI (GH<<1)
zin 2o G(f) - e e = (1 +GGH ) -
1
o 5 *Lerr

= 81 -

T4—R/INy oD P> TWBEIREH(GH>>1)

1+ GH
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Lin
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HEEESEBTITION?

ADCTIHTWAERIL. &H(E
EIRDES+HHE  v(w) + vn (W)

lml

ENBIFEALEENIIESOH N (TN, BN, KEHDMOTAEL)...
ELICTRIFEDHO>TR LR AT ADEZTOREALIZN T, REBIIIESL, FzBEAHED,
(EVBZTLSANS) ADCOIEEFLTEHRESHO>THRET
HULMENRA!

3(w) = G (W) - B(W) + Tn(w)]

EWVDTEF, T .
s(w) = hw) +n(w)

% 2_’(2_2_1’;/1/ o (linear system*®N5)
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example h(f) HE DB AN S

O 0 6 X PGPLOT Window 1
etraln equlvarant spactrum etraln aqulvarant epactrum
-+ Q
= T =
wn o
N I
= 1
= . N
N -
T 1 y
- [
=) 3
N -
—
1 ]
—_ —_ o
N N
. o
o o 2
= E =%
o
a d
= s
3 -
g [ =
=23 q
[
F’ s
2 Uil ]
" I " :?D saal " y 2 233233l 1 s 2 2 aadal 2 L ' g
10 100 1000 = 10 100 1000 1ot

frequenzyy [Hz] frequenzyy [Hz]

fEEh (3 B R EL(Hz]

stEmDE AL (L. [1/VHZ]
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« F— 4 IZBRIITESZ v(l)

eBELABWEEZRW v(t) = s(t) or o(f) = 5(f)

|

o BEMTICIE D DI,

SRI. AREGEE. (B2 ...
s(t) or 5(f) (A(t) or h(f))

e frame format
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