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IP_Photosensor Transfer Function @ NM2 IP_Photosensor Transfer Function @ EM2
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kK % Phase N . ﬁ — -1
~ x £ ks £ & Phase :
2 3 4 5 6789 2 3 4 56789 2 2 3 4 5 6789 2 3 4 5 6789 2
0.01 01 7 0.01 0.1 1
Frequency[Hz] Frequency[Hz]

g4s:NM20O00000O O46:EM200000



04 SASOOO0OO0 000000

43. 0D00oDOOo0O0O

Abs

IP_Photosensor Transfer Function @ NM1

100 - 180
4 135
10
4 90
1 14 %
>
53
40 S
@
2
0.1 145 g
-90
0.01
K\‘ -135
0.001 = -180
0.01 0.1 1
Frequency [Hz] g
Measurement Fitting
Abs  —— TF Abs ———
Phase —— TF Phase ——

pole 41.2363607325m 35.6776415805 ### fitted (name = pole0)
zero 80.0627635112m 50.9206467364 ### fitted (name = zero0)
pole 86.0876818774m 115.5998852797 #i## fitted (name = pole1)
pole 357.0152345670m 1.7337870029 ### fitted (name = pole2)
zero 159.4959787971m 1.3411047642 ### fitted (name = zero1)
pole 504.2535459534m 353.5701841473m #### fitted (name = pole3)

factor 1.5458914362 #i# fitted

O47:-NM1O0000O00O0O00O00OO0OO0

Abs

IP_Photosensor Transfer Function @ NM2

100 180
10 H 135
90
1
) 5 3
0.1 )
0 =}
0.01 I 3
| 45 g
0.001
-90
0.0001 -135
1e-05 180
0.01 0.1 1
Measurement Frequency [Hz] Fitting
Abs —— TF Abs
Phase —— TF Phase

pole 35.4460707215m 32.9782576146 ### fitted (name = pole0)
zero 68.7195427742m 4.9778950089k ### fitted (name = zero0)
pole 74.8623583566m 517.4903022365 ### fitted (name = pole1)
pole 507.5689460347m 26.7433284563 ### fitted (name = pole2)
zero 503.5290223394m 159.3598550268 #i## fitted (name = zero1)
pole 505.5108139515m 53.6121773004 ### fitted (name = pole3)

factor 15349228630 ### fitted

g4oNM2O00000000O00O00O0OO0

IP_Phot Tr fer F ti @ EM1
180
135
90
45 g
®
2 o S
< 2
g
45 £
-90
-135
0.001 - -180
0.01 0.1
F H i
Measurement requency [Hz] Fitting
Abs Abs
Phase Phase ——
pole 46.3893402761m 31.3563302350 ### fitted (name = poleO)
Zzero 89.6650320314m 395.1270972905 ### fitted (name = zero0)
pole 93.0510524898m 30.3512149335 _##t# fitted (name = pole1)
pole 546.5054720025m 52.9230656660 #i## fitted (name = pole2)
#pole 550.4169018982m 12.7864190997 ### fitted (name = pole1)
#zero 550.4169018982m 12.7864190997 ### fitted (name = pole1)
factor -2.0223351873 ### fitted
param factor 0.0001 100000
fit IP_PS_TF_EM1.txt absdeg semi
IP_Photosensor Transfer Function @ EM2
100 270
225
10
180
1 135
B
0.1 05
2 8
o 45 2
< 001 8
X o 8
o
0.001 -45
-90
0.0001
-135
1e-05 - -180
0.01 0.1
Measurement Frequency [Hz] Fitting
Abs TF Abs
Phase TF Phase

pole 48.8976758575m 28.1604924862 ### fitted (name = pole0)
zero 83.9347218705m 37.1668549701 ## fitted (name = zero0)
pole 89.7690112390m 54.3275062542 #i## fitted (name = pole1)
pole 479.8576665246m 37.4832179172 ### fitted (name = pole2)
zero 369.5814768562m 1.2252159784 ### fitted (name = zero1)
pole 369.6446268067m 1.7864955064 ## fitted (name = pole3)

factor 14812612669 ### fitted
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0 4.1: 0 SASO Torsionmode OO0 O 00O

Mode Frecuency[mHz] | Q factor

NM1 || LowestTorsitonmode 41.2 35
Node 80.0 - ——
SecondT orsionmode 86.0 116

EM1 || LowestTorsionmode 46.3 31
Node 89.6 - ——
SecondT orsionmode 93.1 30

NM?2 || LowestTorstonmode 354 33
Node 68.7 - — =
SecondT orsionmode 74.9 517

EM?2 || LowestTorsionmode 89.8 28
Node 83.9 - ——
SecondT orsionmode 89.8 54
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Filter1 Free_run Damping Oscillation @ NM1

T
—— Filte1 Angular fluctuation
—— Torsion mode(41mHz)
— fitting

Q = 257

0.5

Angular fluvtuation[rad]
0.0

i
T

1000

wn
s V ! ARRRS
MQ yo + Ao exp(- zeta * 2 * Pi * fo * t)
< |
: 0 200 400 600 800
Time[s]
O411:NM1OO0ODOOOOO
Filter1 Free_run Damping Oscillation @ NM2
™ T T
—— Filte1 Angular fluctuation
------ Torsion mode(35mHz)
N —— fitting -

Q=69

M’Wﬂlﬂlﬂ‘lmWIIMI!Wulﬂ!uuwuuuuuuwlmwmuuuu "

Angular fluvtuation[rad]
[

-3x107

0 1000 2000

Time[s]
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Angular fluvtuation [rad]

Angular fluvtuation [rad]
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-10

-15x107

170

-10
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Filter1 Free_run Damping Oscillation @ EM1

T
—— Filte1 Angular fluctuation
—— Torsion mode(41mHz)
—— fitting -

Q=23
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VVVVVVVY

A
VAR AAAY

L

i
L

yo + Ao exp(- zeta * 2 * Pi * fo * t)
1
0 200 400 600 800 1000
Time[s]
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Filter1 Free_run Damping Oscillation @ EM2
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N S
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0 42:0 SASODODOO0O Torsionmode D OO OO QO

OO00c¢ | Qfactor
NM1 0.005 257
EM1 0.022 23
NM?2 0.016 69
EM?2 TxT qqq
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0000 FiterlODOODDOOODODO YawOOGOQOQODOOOOOODODOOOOODOODOO
Photosensor] Optical Lever 1 D 00 000D 0D0O0OO0OOODODODOOOO0O

e OpticalLever Calibration factor 2499V/rad

e Photosensor Calibration factor 1200V/rad
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Servo filter for NM1 Servo filter for EM1
10 10 T T T T T T T
sf—Gain  0.02
4f-—2zero[0.004Hz]*pole[ 10Hz] (*Phase compensation*)
zero[0.110Hz,Q=5]*pole[0.100Hz,Q=2]
- [ zero[0.570Hz,Q=10]*pole[0.570Hz,Q=1](*Notch*)
- 1 ’/‘ _l ; pole[0.7Hz,Q=0.7](*high freq roll off*)
g g ~\/ \
S» > S A 4 T
I S
= 0,7Ey/ ':“ 0.1
Gain 0.05 >
zero[0.007Hz]*pole[ 10Hz] (*Phase compensation*)
zero[0.47852Hz,Q=7]*pole[0.47852Hz,Q=1](*Notch*)
pole[0.7Hz,Q=0.7](*high freq roll off*)
0.01
180 oon
5 120 120
3 60 3
3 o S % e ~ i
§ 60 8 e ——
g <
-120 -120
-180 -180
3 4 5 6 89 2 3 4 5 6 89 2 3 4 5 6 8 4 6 89 2
0.01 0.1 7 0.01 0.1 7
Frequency[Hz] Frequency[Hz]
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Servo filter for NM2 Servo filter for EM2
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8
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eerol z"polel 10Hz] (*Phase compensation®) T 2ero[0.250Hz,Q=10]*pole[0.250Hz,Q=2]* (*notch*)
zero[0.2168Hz,Q=5]*pole[0.2168Hz,Q=2]*(*notch*)
+ P PR % 2+-zero[0.476Hz,Q=10]*pole[0.476Hz,Q=1]*(*notch*)
zero[0.51758Hz,Q=10]*pole[0.51758Hz,Q=1]*(*notch*) 1610.3Hz. 0=0.71(*hiah f 1 off*
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051:00000000000 poleld zero(frequency 1 U O O mHz)

NM1 EM1 NM?2 EM?2
freq Q freq Q freq Q freq Q
zero 7| ———1| zero 4| ——— | zero 4| ———| zero 4| ———
zero | 478.52 7| zero 110 5 || zero| 216.8 5 || zero 250 10
pole | 478.52 1| pole 100 2 || pole | 216.8 2 || pole 250 2
pole 700 0.7 || zero 570 10 || zero | 517.58 10 || zero 476 10
pole | 10Hz | — — — || pole 570 1| pole | 517.58 1| pole 476 1
pole 700 1 || pole 300 0.7 || pole 300 0.7
pole | 10Hz | — — — || pole | 10Hx | — — — || pole | 10Hz | — — —
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Open Loop Transfer Function @ NM1 (Calculation) Open Loop Transfer Function @ EM1 (Calculation)
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Open Loop Transfer Function @ NM2 (Calculation) Open Loop Transfer Function @ EM2 (Calculation)
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0000 DOUO0O0OO0O0erord00000DOCO0ODOOCOODOOCOODOOODDRandom-
Noise 3VpkU O O OO DOADDO OO OODO Photosensor U 0 OO OO OO openloopd OO OOMO
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Vacuum chamber Primary mode Secondary mode

Frequency Open loop gain Frequency Open loop gain

NM1 41.2 mHz 12.432 86.1 mHz 4.2
EM1 46.3 mHz 14.779 93.1 mHz 1.1
NM2 35.5 mHz 16.854 74.9 mHz 5.1

EM2 48.9 mHz 14.827 89.7 mHz 4.3
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Open Loop Transfer Function @ NM1 Open Loop Transfer Function @ EM1
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Open Loop Transfer Function @ NM2 Open Loop Transfer Function @ EM2
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O 6.1: O SASO Torsionmode 0O O 00O O

Mode Frecuency[Hz] | effective Q factor | original Q factoor

NM1 || Lowest Torsion mode 41.2 5.21 257
’ EM1 H Lowest Torsion mode ‘ 46.3 ‘ 5.29 ‘ 23 ‘
’ NM2 H Lowest Torsion mode ‘ 35.5 ‘ 1.99 ‘ 69 ‘
’ EM2 H Lowest Torsion mode ‘ 48.9 ‘ qqq ‘ 27 ‘

gboobobooboboQubuobbobobobobobobbooo
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Filter1 Damping oscillation w/ control @ NM1 Filter1 Damping oscillation w/ control @ EM1
~ o
—— Filte1 Angular fluctuation N
—— Torsion made(41mHz) —— Filte1 Angular fluctuation
—— fitting © wweses Torsion mode(41mHz) =7
A Q=11 l\n —— fitting
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Filter1 Spectrum @ NM1 Filter1 Spectrum @ EM1
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Filter1 Spectrum @ NM2 Filter1 Spectrum @ EM2
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Test Mass Spectrum @ NM1 Test Mass Spectrum @ EM1
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