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* Additional mirror (SEM) at dark port
* [ CGT: (exact) broadband RSE

*Length degrees of freedom

* Common-arm: Lp = (L,+L,)/2 End Test Mass
* Differential-arm: Lm = (L;-L,)/2

* Power-recycling cavity: Ip = (I,+1,)/2 :

» Michelson : Im = (1,-1,)/2 Lo ff Am Caviy

* Signal-extraction cavity: Is = (I;+1,)/2
Input Test Mass

Power Recycling Cavity Is

o Sig nal ports Power Recycling Mirror l2
* Bright (reflection) R ¢
* Pickoff o—r o
* Dark (GW-readout) i T

Beam Splitter la L
Signal Extraction Cavity

@ @ wv Signal Extraction Mirror

Bright Port  Pickoff Port @

Dark Port

14 May 2009



LSCR—RF A ¥

*Readout scheme
* RF readout
* DC readout (still in review)

*Modulation scheme
* Double modulation (producing balanced sidebands)
* Double demodulation
* Parallel EOM modulation (to avoid sub-sidebands)

*Modulation arrangement Carrier
*Carrier Amplitude Modulation

* Phase modulation J o I

* Amplitude modulation -

Optical frequency
Phase Modulation
*Signal extraction
* Arm control signals from CR x PM
@ Signals for central part of RSE from PM x AM
———— [ EERRRRRERERD———®—xRE———B—BB————
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RO (1)

*Carrier
@ Circulates inside arms and PRC

Ty

*Phase modulation (f,) Phase Modulation

Carrier
@ circulates inside PRC+SEC Amplitude Modulation

* Amplitude modulation (f,)
@ circulates inside PRC

*No longer coupled cavity
* For both modulation side bands
* PM: Michelson as a steering mirror
* AM: Michelson as an ideal reflection mirror Ts ts

tp

Resonant in PRC+SEC
P ™I T

tp 5% ls
Resonant in PRC

E —,/
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THRDBRE (2)

*Michelson interferometer (Ml) is a kind of “mirror”
*ry, ty, are functions of I, and Q_,
*ryy = €0S(lsep, $2,,/C)
? tMI =\ Sin(/sch 0 m/C) Phase Modulation

Michelson
Interferometer

*Point 1
*MI is transparent to PM
* Iem = €0S(lsep $2p/C) = 0, sy $2p/C = 0+n17

Transparent

*Point 2
*MI is opaque to AM
* Niam = €0S(leep 20/C) = 1, oy, 2p/C = 01/2+mn

Amplitude Modulation

*Example:
*l =75m oracuc
Q. =10 MHz pad

2 Q.= 60 MHz (2€2,,, = 20MHz, 452,,, = 40MHz does not work)

14 May 2009




) EYYYIRMYSR

*L-signals
*From CR x PM 1 1
* Almost diagonal due to carrier enhancement in arms ( 1 1 )

:/s S
: orthogonal

diagonal

*|-signals (central part of RSE)
* From PM x AM
* Orthogonal (instead of diagonal)

*LCGT base line

Black: Analytic results
Red: Numerical simulation using “FINESSE”

DM Phase Degrees of freedom

Port RF1 | RF2 Lp Lm Ip Im Is
Bright | CRPM 0 1 0 0.0036 0 0.0026
1 0 0.0026 0 0.0013

Dark | cRPM | 90 0 1 \ B0l &
0 1 0 0.00125 0

Bright | AMPM 0 0 0.0017 0 0 0.73
0.0021 0 1 0.0006 0.51

Dark | AMPM| 90 0 0 e ¢ 1 ¢
0 0.00238 0 1 0

pickoff| AMPM | 0 o~ -0.00032 0 — 0 1

-0.0019 0 -1.65 -0.0012 1
e T ——
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LSCA 7S 3 : "Delocation”

*Same modulation arrangements
*PM: circulates inside PRC+SEC
*AM: circulates inside PRC

*The idea

* Make use of slight “off-resonance”
—> Causes rotation of sideband fields
* Different demodulation phases

* Two diagonal signals from one port

0.5

-0.5

Phase Modulation
Carrier

Amplitude Modulation

“Delocation”
h

>

IS

0.5

a

-0.5

6

_ T “Delocation”
Ui

Exact Resonance in PRC+SEC

Uy

——

14 May 2009



) LCGT-RSERIStDEIE

*Almost diagonal!
*Perfect separation for Ip and Is (in principle)

*Some effect on
*Signal strength
*Off-diagonals

Black: Analytic results
Red: Numerical simulation using “FINESSE”

DM Phase Degrees of freedom

Port RF1 | RF2 Lp Lm Ip Im Is
-l i | 0 0 0.00356 0 0.00256
1 0 -0.0026 -0.000062 -0.0013

park | cRPM | 90 - 0 1o 0 0001 0
0 1 0 0.0013 0

Bright | AMPM | -1.3 | 14.4 | 0001 < 1 0 8 2
-0.0017 0 1 0 0

Dark | AMPM| 90 | -14.4 0 0RO 2 10 ¢
0 -0.0017 0 1 0

Pickoff| AMPM | -1.3 | 424 | 0001 -0.001 0 0 1 0
0.00088 0 0 0 1

— —
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2 /ﬂl]jnyI 7 ~ ?‘.EEE L 975557;%5% gEM: signal extraction mirror

DAL L VSR

my, Phase Modulation

¥ Carrier
Amplitude Modulation
Non-resonant sidebands

Degrees of freedom:

ITMC: common mode of ITMs
ITMD: differential mode of ITMs
ETMC: common mode of ETMs
ETMD: differential mode of ETMs
PRM: power recyding mirror

Power Recycling Mirror Input Test Mass End Test lMass

Arm Cavity

Signal Extraction Mirror
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P34 AY MESTEE (REER)

o - BIRAAIE. EEIER—b
o EHREH (UHZH+EEZH) « BEDLCGTT V1>
o +FEHIEY 1 /W R
QEEDIESRGN— N ZHE

e YA VI IR DHEERRMRE
2 iEBH B BINEE
QMM IRES Z TS EHHFH
oA RINY K DBAZHNARZEMY

I RZTHEL Degrees of freedom: e Egzqs'ngOdUIatlon
2ITM-ARICHIZEEZ 9 7. LXARIC ITMC: common mode of ITMs Amplitude Modulation
-G A9)0JHIREBENTGouyfiifiZ differential mode of ITMs Non-resonant sidebands

: common mode of ETMs

SMMTHHY DIEEEZ 17 ) > HIRER IeTmD: differential mode of ETMs
=D fefcHr VA0 iR e ;ﬂgﬁ;’g‘f&ﬂ;ﬂﬂm
(aLIGOD AR TH A V) '
o fRSTIEH
off (BHZE) [FRUMETEDH?

Power Recycling Mirror Input Test Mass End Test F{Iass

Arm Cavity

SEMDVEIEES S REMICIXEIEEN ? 8
MEFME. HIMREN. X 1
eetc... " A

Signal Extraction Mirror

14 May 2009



P21 X MESIEE (IRXRIAEH) sl
bop-1[7 1
ES Sk
fBA U
Port Demod. ITMD  ETMD ITMC  ETMC PRM SEM
Bricht PM-AM (1)  —2x1073 3x10~%* —5x1077 2x1073 —1x10~°
Dark CR-PM 0.6 1 5x107% —1x1072  6x1072 0
Bright AM-NR —9x1073% 1xI0~° @ —2x10~3 0 0
Pickoff CR-NR 1x10™*  3x10~* 1 2 0
Bright AM-NR 5x107°  6x1077 0 1x107° (1) 0
Pickoff PM-AM 2x10~*  4x10~”7 0 6x10~6 09 1
HaiRdp D
Bright PM-AM m —2x107%  —2x107%  4x107°%  2x107*  5x1074
Dark  CR-PM 076 1 5x107° 3x107° 0
Bricht PM-AM  4x1075 —7x10~® ~2x107% 0.6
Bricht CR-NR —3x1073% —8x1073 @ —2
Bright CR-AM —2x10~* 0 2x 104
Bright CR-PM —7x107* —9x1074 1x1072 é

VIEBDBEWVWEZEIEE S ICHIEIETEFES

—FMEDL VT ZAI X2 MEEDHRNES
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=y, Phase Modulation

¥ Carrier
Amplitude Modulation
Non-resonant sidebands

Degrees of freedom:

ITMC: common mode of ITMs
ITMD: differential mode of ITMs
ETMC: common mode of ETMs
ETMD: differential mode of ETMs
PRM: power recyding mirror
SEM: signal extraction mirror

Power Recycling Mirror Input Test Mass End Test [Mass

Arm Cavity i

Signal Extraction Mirror
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