Section 1: Green Lock #iZ&

LCGT @ arm cavity (&. &R 3000 m TIJ - X 1500, Power Recycling Gain = 15 EWSEETHS

pole frequency of the power-recycled cavity = 1 Hz

FiR#RIE = IRE / 2 / Finesse / Gy = 22 pm (FWHM)

DFED, SINSOHUFDOEKRT B LZB(E. IFECIRONIIRIRIEIC, T SEBVRE TSI EAXZNE VLT

EWS T,

ULHEINSUNCE, BRECKLDIHE, TAMIR - ES5—(ICHUTEASN S HDOHIRREDOR#MEIRI TS,

ZCT. Power-Recycled RSE interferometer configuration &WSEMQRTFHEt%E
BEHTERS. WSOHDFIEEERICERTWFHERBIRBICEDRICH U TRABRENGSNIIREIC
BITEBLSICTBZED. "Green Lock” ERATWSHIHS AT LADBNTHS.

B&MIC(E. arm cavity & 1064 nm L—H—DEiETH S 532 nm OL—H—(CH U T low finesse ([CEEETULTHE.
¥& Green Laser Z{#E>T lock 936D T. Fill(3#ERI S,
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Aso configuration for LCGT green locking
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Figure 1: Green Lock configuration for LCGT



Lock procedure for LCGT arm cavity

(1) FOHRBEHEZELESNTZAA > L — — (PSL=Pre-Stabilized Laser) &
#iBhL —Y— (Innolight PRMETHEUS) OEXREHEH (IR) DE— hEE D,

(2) BonreE— MEEEATrY MEEEZ phase comparator TEEES,

(3) BonrEszwL —Y—(CmEIT D &, ML —T—XEMNSHHEND
IR & Green beam (=fZK) DOREREN' Pre-Stabilized Laser (Cx LT, HICERFEILEND.

(4) L LT PSL &L —H — (3. ATEY MEABBDEFXL L3 THEOY SN T D,

(5) #iBhL —5— (D Green beam) ZFHHCABULT. BiZEOvY I,
SRR (&, #EIL —Y—d AOM (freq. shifter) (CT« — R)\wWO%EIRT,
BEKETEEANCEIS—(CT1—RN\vI%&IRY,

(6) LDIREET. PSL (ZBID FSR OHFDE THhDEICEE SN TS (LT,

(7) ATty FRABRBZFRLRICERD L.
(5) DES— DT« —R)\w IR arm cavity length ZZEX2DT. #ERELT
PSL [Cxt U THIDRIRFEMADBIEENBIREB(CTESD.
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Green Lock System (3Z4MEMTHBDT.

Bl Y —REEET S L VHE ([CH 9 DEERBRDFHEL
BUFDERIC, 2DD)\— MCRIFTIT OIS
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Section 2: Phase-Lock Loop

Pre-Stabilized Laser (PSL) (C¥f L C. Green Lock Ff#EIL —Y — (Innolight PROMETHEUS) ®d
1064 nm beam (IAF IR) ZHEILT D, IR ZREILTDZEICKD. PROMETHEUS s hENsd
Green Laser (=f&)¢) BREEILETND.

[[ Servo Design ]]
Laser EIREDEZEICT 1 > & IRDNEETZU\,
PZT servo loop @ UGF (&. PZT actuator O#F DHIRERKEZZERE L 20-30 kHz (CERE U1z,

"f--> phi" ZHDREFD 1/s (=1/f) BIRENFIEC.

servo filter T 1/s (zero) Z ANTZ/ZF®D openloop TF &,
1/s72 (zero 2D) MY —/REEET CARRER ELEE UL
KDIKER TOTF gain i'#kIF D 1/s72 &Et=HEA LTz,



Simulink Model of PLL part
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[[ Each components ]]

Phase comparator

=1V /rad
(see LCGT wiki : http://gwwiki.icrr.u-tokyo.ac.jp/IGWwiki/LCGT/subgroup/ifo/ISC/TaskList/LockAcquisition)

Innolight PROMTHEUS: PZT actuator
=2 MHz /V

** catalogue spec.

Servo filter for PZT loop (One zero version)
servo gain @DC = 0.01
zero freq. (1) = 10 kHz
zero freq. (2) = O Hz

Servo filter for PZT loop (Two zero version)
servo gain @DC = 0.01
zero freq. (1) = 5 kHz
zero freq. (2) = 5 kHz
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[[ Noise Response to f;; 1]

OTF = openloop transfer function

* f_{IR FR} In(2) --> Out(1)
OTF =1/ (1+G)
f < UGF OTF = 1/G
f > UGF OTF=1

* f_{offset} In(5) --> Out(1)
OTF =G/ (1+G)
f < UGF OTF=1
f > UGF OTF =G

*f_{PSL} In(1) --> Out(1)

same as LO, butthe-signtisfopped.

* Shot noise (PLL) In(4) --> Out(1)
LO &LEEL T, "f-->phi" DA IT:E 5 1E7,
OTF =G/ (1+G) * f

* Servo Electronics Noise (PLL) In(3) --> Out(1)

Shot noise &Lt L T, "phase comparator gain” 21+:& 5 137,
£ MEII=F =%, "phase comparator gain" = 1 &7 >71=1=8% shot noise &£E L OTF,
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[[ Amount of noise source estimation ]]

* Shot noise of the phase comparator

= 2.5e-8 rad/sqgrt(Hz)
Wiki £ ES5—EHEFTYVD => #iH

* Servo Electric noise
= 100 nV/sqrt(Hz)
PZT loop (& UGF = 20 kHz EWSZ&EEHD., 7FHOTHIEERBCEZEZD E

100 nV (& worst case THDEEZXTCRULIESS,

* Frequency noise of the laser free-run
= 1.0e+4 / f Hz/sqgrt(Hz)

* Local Oscillator freq. noise
** Agilent EB663D-UNX catalogue spec.
= be-5/ ™2 Hz/sqgrt(Hz) --> freq. noise = 5e-5/ f Hz/sqrt(Hz)

Koji's comment:
>3y M)A XEAKRICPLLOE—-LfEER (Rv/\E24F—) OMEIREME (EBRICEAESINEAFER) 2EEIINE
D&M ? ERARIKREITE, >3y b1 X'=E#accoustic couplingZeiRE U THITUIKLID,
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fir CRTHHEFEICTOVTOER

=AKETIE. PLL servo TIIIELENEI DIz —T —DRIBEGHEZEN,
{ERR(Z. Local Oscillator OFFDAHHME (BIRSGHE) HZENTHS.
CDEPET. ESENRHIERIRETNEDBIMEMNRICDOVTERATCHD.

=ERME (>10kHz) i RIEDIZE(F. FIDFRL. L—Y—XIRE LT PROMETHIUS &

> TULBDT broadband EOM ZEB A9 3 ENBH TIFRL,
10-10 kHz 1% T(E. PZT servo gain ZiEWI CETHEESS(CHIETE 308k (EH D,

A& (C. 10 Hz BUFT(& PZT servo sHETCEANDS I RAIKREGMEN TDEE fIR (CHFS5IDDT

EE4E (CRMEFF D Local Oscillator Z#E A 9 D LIIMIITSR (E/RU N,



Section 3: Green PDH lock servo

PSL ZEE(CETFEILSN/z@BIL — —H D Green beam (=FRK3)
(CX LT arm cavity % lock 93,

[[ GrPDH Servo design ]]
=EIR (& Acousto-Optic Modulator (for frequency shift) (C feedback U.
RSB T (& arm cavity Z#86k 9 D test mass (C feedback 93,

C CCl& mass feedback servo (&7 )LHEIEIS AT L% ED Z E&HIHRIC

cross-over freq. = 100 Hz &5 E LTz,

AOM pass (&) @ UGF = 40 kHz,
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[[ Each components of Green PDH ]]

Cavity pole for green laser
=c/ 4/ L/ (Finesse for green laser)
= 2.5 kHz

Finesse for green laser = 10

Demodulation gain for GrPDH
Resonant width in freq. of the arm cavity

= frsr / (Finesse for green laser)

&2 <D _LEEORRIZEEDIR N Sk TR I D & 1 Volt LARET D

Demod Gain for GrPDH = (Finesse for Gr) / f_o,

= 2e-4 V/Hz
fregg = € /2 /L = 50 kHz

Servo filter (F_GR)
servo gain @DC = 0.1
pole freq. (1) = O Hz
zero freq. (1) = 2.5 kHz

Servo filter (F_GR1)
servo gain @DC = 1
zero freq. (1) = OHz
pole freq. (1) = 10 Hz

Servo filter (F_MASS)
servo gain @DC = -1e+3
zero freq. (1) = 10 Hz
pole freq. (1) = 60 Hz
zero freq. (2) = 3 Hz
pole freq. (2) = 0 Hz

Mass Actuator (A_MASS)
servo gain @DC = 5e-6 um/V * m2Hz
= 4.7e+5 Hz/V
pole freq. (1) = 1 Hz
m2Hz = 2/lambda * c/2/L
= 9.3e+10
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[[ GrPDH noise TF ]]

cross-over freq. Bl FTUMD mass servo (EFHIRVDT.
cavity displacement (& 100Hz I FTUMIEZNRL

* Seismic noise (& 100 Hz U T THIEE=N .
2DDH—RD5|23RDENT., HRERMELZI<DIE 10 HZz BLTF.

* SHG noise, VCO noise, f {GR} (& 100 Hz U FTEHNEETNI/RUN,

* Shot noise GrPDH (&. SHG, VCO, f {GR} & cavity pole B2 &S,

cavity pole freq. = 2.5 kHz --> pole Z#HIE T DT zero &£7xd,

* figr -> f,, (& SHG noise 72 & EREEk,
cross-over freq. & UGF M 2 &EFf(C pole W DImERE ETRD.
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[[ Amount of noise source estimation ]]

* SHG induced noise
le-5 (phase noise, f>10 Hz) --> 1le-5 * f (freq. noise)

** measured spectrum at Caltech 40m: LIGO G1000311-v2

* Seismic noise
= 1le-9 / 2 m/sqrt(Hz)
PR LD EHREN L X)L & worst case & U TIRTE.
W(CED & requirement EDEN., BEBESNDPBIRIEEEZ D ENTED,

* Shot noise of Green PDH
= 8e-6 Hz/sqrt(Hz)

?27?

* VCO freq. noise
** Agilent EB663D-UNX catalogue spec.
= 5e-5/ ™2 Hz/sqrt(Hz) --> freq. noise = 5e-5/ f Hz/sqrt(Hz)
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foy ISHT BREFEICOVTOER

BEHRLEDI A D TULVRLVZ8D. SDIRFETIL Seismic noise hZELRY,

BUB. RERBIRMNE DIRFUX
mass loop % 77O #llC LT cross over freq. & _E£iF 3.



Section 4: Whole Green PDH lock system

section 2 Tiam UIZHME (3, section 3: fi; --> f,, ZNMT LU TEREBRNLBHE(CHFSI .
section 3 Ti&am UICME & LELDME (L, fog SHEREN.

IRR—= out(9) NEWRND,
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Magnitude
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Freq noise coupling to IR Error
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m/sqrt (Hz)

Displacement

Displacement noises at IR Error
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RAHZFELOMLSE

* Displacement noise & LT, 1B TIHAZLSI(C arm cavity OHIRIE (22 pm) & D
+43(C RMS displacement hV\N&WLWH\ZEHEER T B,

* PEERZERITI T, BHIREEDS ENFEBENHETE --> FEER.
*FERANTRVMEBROUA NV

* feedback EBEY® sensor NI F SRR T DIz, &FID RMS X% 5TE.,

* [shot noises MIETE by #1FH 1 %& cross-check.



