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glTM=1.00, gETM= 057 (flat-7km)

gl TM=-0.88, gETM=-0.58(1.6km-1.9km)
gl TM=-0.58, esETM=-058 (1.9km-1.9km)

FEC DIV ADSRIEZNMNTCIHE

TANRY Y I VERHITEO<SAICRKDETIVLGE
(2011/5/13hR)




ILCGT Suspension

FILTER'S CHAIN TYPE &

VERSION 1

Top tilters total nass (411 ter+hal |oshrases lerameters) 57d.4 kg

it

Tertal load en the blades S81-12 kg
W3 blodes: +=5¢ w=l25: |=i06: |oodblades 116,15 kg
N'S blades: =it W=33.4T1 |=6061 |eodiblades T7.55 kg

IF Toral 10od 1155.5 kg
dicnetsr flex Joint 10.39 m

Suspenslon first vire dla 7.1 mn
o = 76993 Wme
¥ire's lenght 2100 m

Suspenslon sescrd wire dla 2.8 m
o= TT5.44 WM
WIre's lenght 2100 M

SUSPENS o THird wire dia 2.5 mn
o = THE.9 Hemn2
Wire's lenght 2350 M

Suspension fourth wire dia 2.2 m
o= THI.2 Hemnz
Wire's lenght 2085

Fllter 13 Mass 48.%4cup 30.04bal last 444+ ring magnatel 0.5=107.44 kg
Tetal load 4774 kg

H10 blodes: t=2.43 w=80: loadiblode 40.5 kg

W2 blodest .41 weT3.921 |ad/blade 7.2 R

Tetal lood 387,25 kg
B blades: +=.4i webli load/blade 43.3 Kg
H2 blodes: +=2.4: w=d.36: |oodrblade T2.dz kg

Filter 2: Wass 47. TRcup 38.84pal last 4. T-total nass 50.27 kg
[

Fllter 3: Wass d4.Fcup 36.84bal last 4. 15=total nass 87.25 kg
Total lead 300 kg

NG blodes: +=2.4t w80t load/blade 40.7 kg

N2 Blades: +=0.41 weiT.63 |cadiblade 25.1 Ky

Flltsr 4t Wass 41.47 Egeup 38,8+ ballast d=tota] mass 84.27 kg
Total 1o0d 21575 kg

4 blodes: t=i.4t w01 loodblade 40.3 Kg

W2 bladest =241 w=5d.21 |oad/blade 27.28 19

1R nss 25,73 Kg
10 mss 90 kg

Wirror mass 10 kg
FH mass 30 19

[RM mass 25.75 Kg
IM mass 90 Kg

Mirror mass 10 Kg

RM mas

s 90 Kg
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Phase [deq]

ILCGT Suspension

SILDONDBEOBEANDTE(Hrad)

Torque on TM to angle of TM
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Phase [deq]

ILCGT Suspension
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Torque from RM to angle of TM (mechanical)
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Abs [rad/(Nm)]

Phase [deg]

Opto-mechanical TF

« glTM=1.00, gETM=0.57 (flat-7km)
kSOF T=-33.8 Nm, kHARD=4.4 Nm

yaw

Torque from RM to angle of TM (Pincav=400kW, gITM=1.00, gETM=0.57)

—— Type-A yaw no radiation

— Type-A yaw SOFT

| = Type-A yaw HARD
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Abs [rad/(Nm)]

Phase [deg]

Opto-mechanical TF

gl TM=-0.88, gETM=-0.58(1.6km-1.9km)

10°

[ J
« kSOF T=-4.6 Nm, KHARD=28.2 Nm
. , .
2 Torque from RM to angle of TM (Pincav=400kW, gITM=-0.88, gETM=-0.58) 2 Torque from RM to angle of TM (Pincav=400kW, gITM=-0.88, gETM=-0.58)
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Abs [rad/(Nm)]

Phase [deg]

Opto-mechanical TF

gl TM=-0.58, gETM=-0.58(1 . 9km-1.9km)

[ J
¢ kSOFT=-5.1 Nm, KHARD=19.0 Nm
. , .
2 Torque from RM to angle of TM (Pincav=400kW, gITM=-0.58, gETM=-0.58) 2 Torque from RM to angle of TM (Pincav=400kW, gITM=-0.58, gETM=-0.58)
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« DU, IRIADg-factor
glTM=1.00, gETM= 057 (flat-7km)
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Lisa Barsotti, Matt Evans: Modeling of Alignment
Sensing and Control for Advanced LIGO,
LIGO-TO90051 1-v4 (2009)
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— ZHIEHBBHEZIRDE. ENEITOESHEIDINWFS sensing matrix)
— SHEHBEBREDESESN— F&EIR
ZQPDIC ABDCHS5BEE (07 7R —4 TASMIMNIHISOMWIC)
BEBEOAEEIRDE. BEBEOE—AZRNY ROENZTEIKH p;igﬁc
SEDFI (FrEZIZfrA+HrB) ICRVVZDC probeMsigACEM/ radlCEIFIT = wﬂ
sig
BESEDEE (MMech) < TMICIIZZ RILODSTMBEADT AR Y 3 VImERHES A2 THE
OptickleD#EREA T, SHIHBEBEOGIEIL—T =555
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m ZHlET D
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AL(f) = spot(f) * 0Mirror(f)
N Optimorspot(f) + dioog Ontirror (f)

FOESZEINCTREEOANDY T I TREENTT. DARMANDAHY TV TETS

TMs: 1 < DARMICBE#ZL

BS: n/(2F) ~1/980 < 1/243RXR

PRC mirrors: 1/100 < #ENICE1%EHy TILUENS LD, THORBE> TWTEZE

SRC mirrors: 1.2e-2X(10Hz/f)2 < IZECOBEDOMNIFECIER LTSV, SAIXENHZTF1/100& LIE
DARM(T5$E1RE) &5t nidLl LETD
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ROAOBTZ radiation
Optickle© | pressure effect [ residual angular motion
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S— L O
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Optickle Model

TRY
of LCGT ASC e
ETMYThr=10ppm
%I ETMYLhr=45ppm
IN1Thr=0 Larm=3000m
Laser PRMChr=1/332.28 v_ ITMYChr=0
— = PRMThr=1  pR2Chr=-1/3.269 1~ MY Thr=0.004
Pin=20W fmod1=16.88092MHz PR2Thr=0 ITMYLhr=45ppm
91=0.1i (PM) v LPRM_PR2=14.7609m LBS_ITMY=23.3351m
fmod2=45.015898MHz > ITMXChr=0 ETMXChr=1/7000
g2=0.1i (PM) REFL ITMXThr=0.004 ETMXThr=10ppm
IN2Thr=0 LPR2_PR3=12.0667 ETMXLhr=45ppm ETMXLhr=45ppm
VBSThr=0.5
> > TRX
<€ €
LPR3_BS=14.7638nf} LBS_ITMX=26.6649m Larm=3000m
PR3Chr=1/27.38
PR3Thr=0 SR2Chr=-1/3.269
SR2Thr=0
LSR3_BS=14.7638m| LSR4 _SR3=12.0667m
Chr, Lhr, Rar, Lmd are all 0 for non-specified Mirrors v LSRM_SR2=14.7609m
Nmd=1.45 for all Mirrors SR3Chr=1/27.38 -
ai0=0.6292 deg for PR2, PR3, SR2, SR3 SR3Thr=0 22%.?2:;1/332'28

Bold parameters are different from bLCGT

Lengths not specified are all O
ASSPLITThr=0.01

Parameters from:
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam AS

(AR FEH A 2011-04-19 17:43:58 EE#H & YoichiAso)

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf

19



http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf

Sensing Ports

POP REFL AS

0 0.9945 0
CPOP A><—<Gouy / REFL A / C AS A ><—<Gouy /
POPHALFThr:O.SREFL ADC EFLHALFThrZO.SAS ADC ASHALFThr=0.5

POP_ADC

POP_A1l REFL_A1l AS_A1l

POP_A1Q @ REFL_A1Q AS_A1Q @

POP_AZ2| REFL_AZ2I

POP_A2Q REFL_A2Q
POP_BDC REFL_BDC AS_BDC
POP_B1lI REFL_B1lI AS_B1lI
POP_B1Q REFL_B1Q AS_B1Q
POP_B2I REFL_B2I
POP_B2Q REFL_B2Q

TRX TRX

POPIZILCGT TIXfEH ALY,
(rmxa Y couy / (mva Y cou / bLCGTERLEFLEHE TV
TRX_ADC TRXHALFTA=0.5 13y ADC TRYHALFThr=0.5 =8 A>TL\BF 1T,

TRX_BDC TRY_BDC 20




BRI TODCH S

Laser: 20 W

from PR3 to BS: 198 W £ 7 DAHDDCHE

intra—cavity: 9.4 kW
SZM—

POP: O mW (LCGT CIJIRERIICE
REFL: 49.6 mW

s/ANA)

AS. 042 mW £R—MZEALTIE,

TRX/Y: 470 mW

HARNUELEH-2DCEE

ASRIFN, RIREOMWICTZ DR DICFHE

EDREEICHEITDDODUNNH?
JND —Z&18XDT &1 /sart(P) TV 3w
BEOENITI™ND

~/ A XCKD



« Gouy3

max Gouy
max ampl
Gouy
ampl
contami

N big sig

max Gouy
max demod
max ampl
Gouy
demod
ampl
contami

N big sig

max Gouy
max demod
max ampl
Gouy
demod
ampl
contami

N big sig

M— FOBIRECIR

« [UIMBIEE TEXIBRE EIZITHD
LICISEFRNIEAREN T D BEDZES

Lmi

= 2

REFL DC

CS CH DS DH BS PR3 PR2
F 194 2220 69.7 67.1 537 414 56
- -85389.3 13890.1 41.2 6.5 400.3 12381 301.1
- -48 71 70 NaN 70 70 70
- -53033.7 509.8 291 NaN 271.7 768.9 919
- 1.2 4.2 71.8 NaN 77 2.7 228
- 1 2 5] NaN 4 1 5

REFL f1 demodulation

CS CH DS DH BS PR3 PR2
F 887 60 -19.7 -19.7 -19.7 203 220
F 0.0 -0.0 -89.9 -90.0 -67.0 0.0 0.0
E_ 12610 456.5 7887 -968.7 744 6 8934 978
a 70 h -4 -3 -3 ( -2 ) -4 N -4
- 2 0 -90 -90 -90 [4] 0
- 12133 449 6 756.4 =927 .4 653.0 790.4 93.0
= 1.2 3.6 3.1 25 3.6 2.1 17.5
N il Y, 2 i N 3 A 1 . q

REFL_ALI REFL_B1Q REFL_BIlI
(min PR3) REFL 2 demodulation (min CS)

CS CH DS DH BS PR3 PR2
F 856 59 =43 -82.9 -20.0 203 -22.0
- -0.0 -0.0 -1.4 2.1 -0.0 -0.0 -0.0
F -3205.2 -1192.9 -16 -0.6 -760.8 -2151 2555
= 70 -4 -4 -4 4 -4 -4
E -89 28 90 90 S0 38 38
F -56.0 -40.8 0.0 -0.0 0.2 -71.7 -84
E 1.2 3.6 232 19.0 53 2.1 17.4
- i o B 4 3 1 4

DE=E1E

EDORA

max Gouy., max demod(ZFZNDEHEDIES%
= KIZT 548 [deg]

max ampllEZDFDIEEDKES
[W/rad/sqrt(2/pi)]

Gouy, demodIZZ D EHEDEED D EEEN
BE<% 5148 [deg]
contamilF Z D DEFTEELANILAFZE. TD
BERHEDQESLMEFENTLVENELSIL)

N big sigl&ZDHIMET. TOEHEMIEFRIC
KELMESH

NETIEFEITRKIETEATULA, sensing
matrixxt BILIZIFIEFTESLANILEIMED A
KWGENRZ N EIZEN DL (ZFDAMERE
[Zayb/A XN TNDB)
THOEHEDESTHEZVLIETHILTHE
ENKLEEELE5LT. BLTEHFEYEDLS
WL RKIEZESKIICZTS

min XX [EXXDEFZEH&R/IMNIT 5 &L5IZGouyfiL
HERDBDENSTE



M— FOFBREMEOREI

s IMBIEETHEXINREELZTHES)
o GoUyFECIIERNBHEENTNNDEDEES

ASDC TRX DC
CcS CH DS DH BS PR3 PR2 CcS CH DS DH BS PR3 PR2
max Gouy[F  70.2 70.2 -3.0 715 12 69.7 68.0 max Gouy [ -285 74.8 265 748 40.7 -0.6 -23
max ampl-_ 197.4 -242.1 -1.1 -0.5 -0.8 -242.3 -28.8 max ampl - -41157.8 14899.3 -41157.8 14899.3 -0.0 -42.2 -5.0
Gouy - =22 =22 -20 -20 -20 -19 -20 Gouy - -15 ( 64 -15 ( 64 ) NaN NaN NaN
ampl- -54 6.6 -0.7 -0.2 -0.6 -4.0 -0.7 ampl - -28613.6 10350.0 -28613.6 10350.0 NaN NaN NaN
contami - 3.4 2.3 6.0 20.4 7.8 27 6.0 contami - 2.0 2.0 2.0 2.0 NaN NaN NaN
N big sig - 2 1 2 7 5 1 3 N big sig - 2 \ 2 2 \ 2 NaN NaN NaN
AS f1 demodulation LT TRY DC
(min CS/DS)

CS CH DS DH BS PR3 PR2 CS CH DS DH BS PR3 PR2

max GouyF_ -19.5 228 70.5 67.2 -32.4 B69.6 67.9 Fo- - -0 -0 e
mi‘r’]‘ag’(eg“n?é i 0.0 =200 | 900 209 =000 =200 e ampl T s T Tt s [ sea s 52 =
Gouy _ -20 a 23 19 -20 a a GouyF -15 ( 64 -15 ( 64 NaN NaN NaN

demod £ 0 a 1 (0] a a F- =
S S = e s B
contami - 50.0 a 11 23 40 a a M = 2 = 2
N big sig = a 1 3 a a N big sig - 2 N 2 2 \ 2 A NaN NaN NaN
_ALQ min CS/DS
(max DS) ( )

TRX + TRY TCommon HARD
TRX — TRY TDifferential HARD % &5
GouylECS/DSH&w/MI7EHKIIZ



(Gouy phases at POP A:0, POP B:0 REFL A:69.7, REFL B:-4.3, AS A:70.5, AS B:160.5, TR A:64.5 deg)

POP_ADC
POP_BDC
POP_A1l
POP A1Q
POP Bl
POP B1Q
POP A2l
POP A2Q
POP B2
POP B2Q
REFL_ADC
REFL_BDC
REFL_A1|
REFL A1Q
REFC BA|
REFL B1Q
REFLC_A2I
REFL A2Q
REFC B2
REFL B2Q
AS_ADC
AS_BDC
AS ATl
AS A1Q
AS Bl
AS B1Q
TRX_ADC
TRX_BDC
TRY_ADC
TRY_BDC

FSensing Matrix

WES Sensing Matrix [W/mrad/sqrt(2/pi)]

cS CH DS DH BS PR3 PR2
—550 575 005 500 5737 577 000
—300 ﬂ 500 0 00T 5071 00 500
—300 s 5.00 500 WIS 573 .00
—— 0.00 0.00 -0./6 0.93 -0.06 0.00 0.00
—5 T 553 500 500 500 500 00T
000 0.00 . -0.00 . D.00 -0.00
—500 77 500 500 573 557 550 ]
—500 500 500 500 500 500 050 ]
—3 77 517 500 .30 500 517 507
—500 5.00 500 500 500 5.00 .00
C——_0.00 0.00 . _0.00 _0.00 0.00 0.00
C— 0.00 -0.00 0D.37 0.0T -0.00 -0.00
—500 4 7 20 - 330 330
w o E— 500 5071 500
—>% 783 5510|158 500 503 .00
W—[l 837 B0 1T 027 507 507 500
T >010 1.88 2010 | -1.88 0.02 0.03 0.00
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BT HY W/mrad/sqrt(2/pi)
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(Gouy phases at POP A:0, POP B:0 REFL A:69.7, REFL B:-4.3, AS A:70.5, AS B:160.5, TR A:64.5 deg)

REFL_A1I

TRX_ADC

AS_A1Q

TRY_ADC

REFL_B1Q

REFL_B1I

=1

WES Sensing Matrix [W/mrad/sqrt(2/pi)]

C|S C|H D|S D|H B|S Pll?S PI|:32
- 1.2 0.20 0.01 0.00 0.00 0.00 -0.00
- 0.03 10.37 0.03 10.37 -0.00 -0.01 -0.00
- 0.00 -0.00 5.34 0.87 0.01 -0.00 -0.00
- 0.03 10.37 -0.03 -10.37 -0.01 -0.01 -0.00
- 0.00 0.00 -0.76 0.93 -0.66 0.00 0.00
- 0.00 0.45 0.00 0.00 0.28 0.79 0.09

RI&MDSensing Matrix

AR . KEVIEXT
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(FEIZFARTD
10%LL FDES. PR2
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A A



Opto-mechanical TF

e DAV RICTNATE FILDODBEOBEANADTF (pitch)
S O8N (Pincav=9.4kW) R CHxEaRIC

Torque from RM to angle of TM (Pintracav=9.4 kW, glTM=1.00, gETM=0.57)
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Gain

Phase [deg]

Servo Filters
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Gain

Phase [deg]

A= )—=ZRIEN

Openloop TF for each DOF

10 =
10
10° k&
10
10
10
10
10
10
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1072 10™ 10° 10" 10°
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Angular noise [rad/rtHz]

HEIREICKDBEIEN

EO<AR
(2011/5/13kR)
“‘Noisy day”

10 10 10° 10 10

Frequency [HZz] 29



Angular noise [rad/rtHz]

—

o,
-
-

— — — — —
C)l C)l C)l C)l C)l

Residual Pitch Motion
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Displacement Noise [m/rtHz]

E—ARNY FDE

Beam Spot Motion

=

10 10
Frequency [Hz]
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DARMA®DAD Y T D

Displacement noise [m/rtHz]

10 10 10°
Frequency [HZz]
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Angular Noise Coupling to DARM (Wlthout ASC)

Displacement noise [m/rtHz]

; Ll ; h. ;
10 10 10 10 10
Frequency [HZz]
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bLCGT ASC



bLCGT ASCETEIEDIRTE

1112 O VA i

ETMX, ETMY, ITMX, ITMY, BS, PR3, PR2, PRM, SR3, SR2, SRM

- HIEIBERE

CS, CH, DS, DH, BS, PR3, PR2, PRM, SR3, SR2, SKRM
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« ARV Y 3 VREREHIEILCGTEEUEDZER
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« £TUIDAILYADSHEIEH
« £ CpitchDETE
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1/100c Lic
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Optickle Model

TRY
A
of bLCGT ASC
ETMYThr=10ppm
%I ETMYLhr=45ppm
IN1Thr=0 Larm=3000m
Laser PRMChr=1/332.28 v_ ITMYChr=0
— = PRMThr=0.1 pR2Chr=-1/3.269 1~ 1 MYThr=0.004
Pin=77.5Wfmod1=16.88092MHz PR2Thr=0 ITMYLhr=45ppm
91=0.1i (PM) v LPRM_PR2=14.7609m LBS_ITMY=23.3351m
fmod2=45.015898MHz > ITMXChr=0 ETMXChr=1/7000
g2=0.1i (PM) REFL ITMXThr=0.004 ETMXThr=10ppm
IN2Thr=0 LPR2_PR3=12.0667 ETMXLhr=45ppm ETMXLhr=45ppm
VBSThr=0.5
> > TRX
<€ €
LPR3_BS=14.7638nf} LBS_ITMX=26.6649m Larm=3000m
PR3Chr=1/27.38
PR3Thr:500ppm SR2Chr=-1/3.269
SR2Thr=0
LSR3 BS=14.7638m| LSR4 SR3=12.0667m
Chr, Lhr, Rar, Lmd are all 0 for non-specified Mirrors v LSRM_SR2=14.7609m
Nmd=1.45 for all Mirrors SR3Chr=1/27.38 @
. B SRMChr=1/332.28
ai0=0.6292 deg for PR2, PR3, SR2, SR3 SR3Thr=0 SRMThr=0.15

Bold parameters are different from iLCGT

Lengths not specified are all O
ASSPLITThr=0.01

Parameters from:
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam AS

(AR FEH A 2011-04-19 17:43:58 EE#H & YoichiAso)

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf

36



http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/ifo/MIF/OptParam
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf
http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/LCGT/subgroup/OCG/parametermeeting?action=AttachFile&do=view&target=interface_parameter_%28selected%29.pdf

Sensing Ports

POP REFL AS

AttPOP AUREFL AHAS

(auwor) (pumers) (s ),

CPOP A><—<Gouy / REFL A C AS A ><—<Gouy /
POPHALFThr:O'SREFL ADC EFLHALFThrZO.SAS ADC ASHALFThr=0.5

POP_ADC

POP_A1l REFL_A1l AS_A1l

POP_A1Q @ REFL_A1Q AS_A1Q @

POP_A2I REFL_AZ2I

POP_A2Q REFL_A2Q
POP_BDC REFL_BDC AS _BDC
POP_B1lI REFL_B1I AS_B1lI
POP_B1Q REFL_B1Q AS B1Q
POP_B2I REFL_B2I
POP_B2Q REFL_B2Q

TRX TRX

0.974 0.974

CTRY A><—<Gouy /
TRXHALFThr=0.5 TRY_ADC TRYHALFThr=0.5

TRX_BDC TRY_BDC 37

(TRX A><—<Gouy

TRX_ADC




BRI TODCH S

Laser. 775 W
from PR3 to BS: 799 W £ 7 DAHDDCHE
intra—cavity: 379 kW

27—
POP: 509 mW
REFL: 951.1 mW
AS- 0018 mW A
TRX/Y: 49.3 mW ﬁfgy%mtpm%\mm\:a

ASRIFN, RIREOMWICTZ DR DICFHE



M— FOERENMEOREL

min XXIZXXDIEBE&AIZT H&I(ZGouy phaseZRHDHELNSITE
AIHLEHENZENTLELD (I hTGouyZRDHNTLES=HLD (GouyE ESTERE>THR B TELZ LB D)

POP DC REFL DC
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
max GouyF-19.4 [ -220 [ 247 [ -8714 | 443 [ -469 | 881 87.0 64.5 645 | 645 max Gouy F -3'5 3’8 08 [ -16.8 21 319 470 36.0 83.8 838 | 838
max ampl r42003.1-7661.3 | -8.2 -0.5 |-507.3 [-1310.5/-33750/-1680.9| 1.3 0.2 0.1 max ampl r86522.557318.2| -57.7 | 43.8 28726.4/81234.2-9402.2|-3818.7 |-2485.2| -297.9 | -156.4
Gouy - -2 -2 NaN NaN 71 7 70 70 NaN NaN | NaN Gouy - -86 86 NaN NaN -6 86 86 -87 -86 -86 -86
ampl r28338.6/-5091.0 | NaN NaN | 153.3 | 433.5 |-2268.6/-1136.5| NaN NaN | NaN ampl ~6172.3 |-5533.9| NaN NaN +20108.3|-7887.1| -923.3 | 1472.1 | 1729.5| 207.3 | 108.9
contami- 1.2 6.8 NaN NaN | 294 10.4 20 39 NaN NaN | NaN contami- 1.7 37 NaN NaN 8.6 26 224 7.3 6.1 509 | 96.9
N bigsigr 1 2 NaN NaN 6 3 1 NaN NaN | NaN N bigsigr 1 2 NaN NaN 4 1 6 3 2 5 6
POP ADC (min CS)
POP f1 demodulation REFL f1 demodulation
CS8 CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM CS8 CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
max Gouy [ 171 [ -329 | 518 518 [ 393 [ -286 [ -273 [ 196 | -255 [ -255 [ -255 max Gouy[- 899 [ 839 718 711 1138 T -223 7 -570 [ 192 62 6.2 62
max demod 0.1 0.1 -89.9 [ -89.9 [ -71.0 [ -0.1 -0.1 0.5 -0.0 -0.0 -0.0 max demod 0.0 0.0 776 | -883 0.6 0.0 0.0 0.0 -0.1 -0,1 -0.1
max ampl FT18.7 [-119.7 | 53. 655 [ 484 [ -707 | 87 83 [ 16472 -19.7 [ -10.3 max ampHA61213.226218.0[ -128.0 [ -153.4 [ -909.2 [-3111.6] -620.T [6313.7 [-384.4 | -46 242
Gouy |- 64 =73 -81 -81 -82 73 =73 -38 73 \ -73 =73 Gouy - _-71 0 0 0 0 0T N\ U0 [1] 0 a a
demod O -2 -89 -89 9 - -2 -90 -2 -2 2 demod -1 -3 -90 -90 -90 -3 -3 -3 -4 a aN |
ampl- 811 [ -915 | -36.3 | 445 | -323 | -505 | 5.7 01 [-1107 | -133 [ -7.0 ampl 152357 .5-1858.0| 405 | -49.7 | 35.9 |-2876.0| -337.4 [ 5954.7 [ -381.3 a a
contami 1.3 3 3.1 25 36 0 52.9 131 27 227 | 432 contami - 1.2 6.7 33 27 3.7 44 371 2.1 32.8 a aN |
NbigsigE 1 2 2 1 3 3 7 6 5 6 N bigsigE 1 3 2 1 3 2 6 1 5 a a
POP_B1I (min CS) REFL_B1I (min CS)
PCP f2 demodulation REFL f2 demodulation
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
max Gouyf 726 [ 7B.6 3818 795 1 735 73.5 735 | 734 815 815 | 815 max Gouy -89, 84.0 764 | 867 [ 749 [ -754 [ 781 [ 263 [ -793 [ -793 [ -79.3
max demod 0.1 0.1 =269 | -23.0 0.0 0.1 0.1 0.1 -90.0 | -90.0 [ -90.0 max demod il 0.2 8.5 -16.5 0.0 0.0 0.0 -0.0 89.8 89.8 | 89.8
max ampl -5076 B[22828 ] 238 -40 U847 9) 551121 6605 | 3358 0, 0. 0, max ampl{B3972.419501.2] -21 13.3 [-4926.0114407.0-2073.016213.0 [ 0. 0.
Gouy -20 70 70 -20 -20 -14 a a a Gouy F 40 a -79 40 40 40 -1 a a a
demod E-70 -70 90 90 9 -70 -70 75 a a aN_| demod E_90 -90 a -90 -a0 -90 -90 -87 a a aN |
amp|--90.6 | -557 | -13 1.6 26 [ -982 | 116 | 42 Na Na Nal amp| -265.0 | 105.4 | Nal 3.7 676 | 1854 | 218 [ 2917 | Na Na Nal
contami 1.2 37 6.7 56 49 21 17.8 362 a a aN | contami 1. 2 37 a 876 57 21 17.8 12 a a aN |
Nhigsigk 1 2 4 2 2 i 4 5 a a a N big sig &£ al 3 3 i 4 1 a a a
POP_AZ2I REFL_A2I (max CS)
ASDC TRX DC
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
max GouyF-16.9 [ -169 [ 873 [ 302 | 62 [ 249 [ -266 | 837 [ 133 [ 129 [ 238 max GouyF-25.6 | 748 [ -256 | 748 | -10.4 075 04 -06 [ -363 [ -363 [ -363
max ampl- -7.5 9.2 -0.2 0.3 -2.7 5.7 0.6 0.9 12.7 16 |14 max ampl 43183.815641.0143183.3/15640.8] 0.0 -43.4 | 5.2 -2.6 0.0 0.0 0.0
Gouy - -66 -66 74 77 73 77 77 73 64 65 73 Gouy - -15 64 -15 54 NaN NaN NaN | NaN NaN NaN | NaN
ampl- -3.5 4.3 0.1 -0.1 -0.4 -0.8 -0.1 0.6 2.0 0.2 0.5 ampl F30013.6{T0865.5}30013.470865.4) NaN NaN NaN | NaN NaN NaN | NaN
contami- 5.5 45 223 53.4 8.4 3.9 31.1 4.9 31 245 59 contami- 2.0 2.0 20 20 NaN NaN NaN | NaN NaN NaN | NaN
Nbigsigr 3 2 6 9 5 1 8 1 1 7 4 N bigsigr 1 1 2 2 NaN NaN NaN | NaN NaN NaN | NaN
_ AS_BDC (min CS/CH) TRX_ADC (min CS/DS)
AS f1 demodulation - TRY DC
CS8 CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM CS8 CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
max Gouy - 848 | 814 94,9 862 [ -134 T 896 895 [ 836 788 771 [ -675 max GouyF-25.6 | 748 [ -256 | 74.8 0’5 0’5 04 -06 [-239 [ -239 [ -239
max demod F -90, -90 -90.0 | -90.0 [ -90.0 [ -90.0 [ -90.0 [ -90.0 [ -90.0 | -90.0 | 89.3
max ampl = _-0.3 00 511 0) 3455 52 05 il G0 0 0 0 max ampl +43183.8/15641.0/43183.4+15640.8 -30.6 | -43.4 | -52 -2.6 -0.0 -0.0 -0.0
Gouy - Na a L o] -1 a a a a a a Gouyr -15 -15 NaN NaN NaN NaN NaN NaN NaN
demodI ;q@ a 000 000 000 a a a a a aN | ampl F30013.7[10865.5|30013.5110865.4 NaN NaN NaN | NaN NaN NaN | NaN
coramb R a T T %9 a 2 a 2 2 2 contami- 20 | 20 | 20 | 20 | NaN | NaN | NaN | NaN | NaN | NaN | NaN
N big sig E Na a i i 3 a a a a aN_ | Nbigsig 1 L1 _J 2 2 _J NaN NaN | NaN | NaN [ NaN [ NaN | BlaN

AS Al1Q (max DS) TRY_ADC (min CS/DS)



FSensing Matrix

WEFS Sensing Matrix [W/mrad/sqgrt(2/pi)]

(Gouy phases at POP A:70.6, POP B:-72.9 REFL A:-89.9, REFL B:-0.1, AS A:89.5, AS B:73.1, TR A:64.4 deg)

SR2  SRM
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BIREBDSensing Matrix

WEFS Sensing Matrix [W/mrad/sqgrt(2/pi)]

(Gouy phases at POP A:70.6, POP B:-72.9 REFL A:-89.9, REFL B:-0.1, AS A:89.5, AS B:73.1, TR A:64.4 deg)

REFL_A2I
TRX_ADC
AS_A1Q
TRY_ADC
POP_A2|
REFL_BDC
POP_ADC
REFL_B1I
POP_B1|

AS BDC

SR2[EWFSTI&

C|S C.H D|S DIH B|S PIIQS PI|?2 PRII\/I SI|?3 SI|?2 SRIIVI
163.97119.39 | 0.02 | 0.01 | -4.76 |-13.95] -2.03 | -2.74 | 0.00 | 0.00 | 0.00
-0.03 |10.88 | 0.03 |10.88| 0.00 | -0.01 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00
-0.00 | 000 | 151 | 0.25 | 0.00 | -0.00 | -0.00 | -0.00 | 0O.00 | 0.00 | 0.00
-0.03 |10.88]-0.03 |-10.88] -0.01 | -0.01 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00
--5.07 1227 | 000 |-000]| 194 | 5.49 | 0.66 | 0.33 | -0.00 | -0.00 | -0.00
~46.95]1-40.431 -0.04 | 0.03 |-20.30|-57.30] -6.63 | -2.18 | -0.19 | -0.02 | -0.01
-003 | 024 | 000 | 0.00 | 015 | 0.43 |-228]-1.14 | 0.00 | 0.00 | 0.00
-0.27 1-1.811-0.00]-0.00]-088|-288]-034]| 596 |-0.38|-0.05]-0.02 SR
--0.00 | -0.09 | 0.00 | -0.00 | 0.02 |-0.05]-0.01 ] 0.00 |-0.11 | -0.01]-0.01
--0.00 | 0.00 | 0.00 | -0.00 | -0.00 | -0.00 | -0O.00 | 0.00 | 0.00 | 0.00 | O.00




Opto-mechanical TF

e DAV RICTNATE FILDODBEOBEANADTF (pitch)
SHEREE (Pincav=379kW) N TR ETRIC

Torque from RM to angle of TM (Pintracav=379.5 kW, gITM=1.00, gETM=0.57)
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Gain

Phase [deg]
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Servo Filters
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Gain

Phase [deg]

A= )—=ZRIEN

Openloop TF for each DOF

O = N W
m
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Frequency [HZz]
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Angular noise [rad/rtHz]

HEIREICKDBEIEN

EO<AR
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“‘Noisy day”
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FREBEREREN

Residual Pitch Motion
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Displacement Noise [m/rtHz]

E—AAMNY FOIE

Beam Spot Motion

Beam Spot Mation (Cumulative RMS)
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Displacement noise [m/rtHz]

DARMADAO Y 7)) 20

Angular Noise Coupling to DARM

bLCGT sensitivity |

Frequency [HZz]
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7 Angular Noise Coupling to DARM (Wlthout ASC)
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