r

T
o O
o

L R L B R

Magnitude [arb.]

10"
Frequency [HZz]

~
o

180
135

Phase [deg]
o

—-135

—180=

iiqiid

10

10

10

0 101
Frequency [HZz]

=
o

20130606 on 07-Jun-2013, J. Kissel

created by design_damping_TMTS

w

w



Phase [deg]

20130606 H1:SUS-TMSY, Calibrated Damping Filters

=
o O
~

I
o O

Magnitude [see legend]

-2 -1 0

10 10 10 10" 10
Frequency [HZz]

\\ /f

(V)
o
w

180fF———————————rr———
=L [N/m] (Gain = -1)
135 —— T [N/m] (Gain = -1)
90_—V[N/m](Gain:—1) Lo
- R [N.m/rad] (Gain=-1)|: @ @@ &
45+ ——P [N.m/rad] (Gain=-1) | = =i
Y [N.m/rad] (Gain=-1)|: = ==~

20130606 on 07-Jun-2013, J. Kissel

-135
—-180

created by design_damping_TMTS

SN 2

10" 10
Frequency [HZz]

(N

|

o
w



Damping Loop Design

Frequency [Hz]

10
10
ol
go)
2 10
c
=2 1
=1
10 .
10°° 10" 10° 10" 10°
MIMO LUGF Phase Margins (red): [89.4  121] [deq] !
MIMO UUGF Phase Margins (blue): [84  56.4] [deg] o
1801 S N [ Plant [m/N] / 1 :
135F | —— SISO Open Loop 5
— , ... :|===MIMO OpenL g
% 90 | =——3SISO Sugi)rr]es(;?opn g
3, 451 S SISO Closed Loop / 1 [{s
o 0 ' ... |===MIMO Closed Loop / 1|
0 : : Control [N/m] / 100 g
E__d _45— o oo :’:':'_§I
& 90 2
_180__2' L ii-_l P ,0 e ﬂ AT I S S| 17 PP VY AU ST —§2
10 10 10 10 10



e

Displacment [m/rtHz]

Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, L Optlc Dlsplacement

. Point L to M3 L
. Point Tto M3 L
. Point V to M3 Lz
. Point R to M3 L}
. Point Pto M3 L
o . Point Y to M3 L
. |===Total L

—BSC ISI Goal ]

ETTH

10"
Frequency [Hz]



Projected Top Mass Sensor > Optic Noise Budget

= =
I
[ —
N

Displacement [m/rtHz]
H
o

H1:SUS-TMSY, L Op

tic Displacemen

| =——M1TtoM3L
|——M1VtoM3L
|—M1RtoM3L
|——M1PtoM3L

M1YtoM3L

e = TotalL
| —— Raw Sensor Noise ]

10°
Frequency [Hz]

=
o

damping_’

A fl 1
created by design

N



e

Displacement [m/rtHz]
H
o

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, L Optlc Dlsplacement

“---MlTotaIL

—MLlLtoM3L
[—M1TtoM3L
|—M1VtoM3L;
|—M1RtoM3L}
|—M1PtoM3L
1—M1YtoM3L§

[T T

ETTH

[ R

10 10 10° 10
Frequency [Hz]



Displacement [m/rtHz]

Damping Loop Performance
H1:SUS-TMSY L Optic Displacement

—— Residual Seismic Noise
—— M1 Sensor Noise

—— M1 Mass Actuator Noise
= = =Total
'mem | Requirements 6 TSE TS HHE HHEHHS I T R\

. 10 10° 10 10
Frequency [Hz]



Phase [deq]

Damping Loop Design

Magnitude

i

MIMO LUGF Phase Margins (red): [52.3 72.4 137] [deq]

MIMO UUGF Phase Margins (blue): [105 110 36.4] [deq]
o =" T 1 T =
135_ o : T Lol o

10 Plant [m/N] / 1

|| = SISO Open Loop

1 ] |===MIMO Open Loop |
: % : | == SISO Suppression

©
2
X
bl
@
-
S
c
p=}
5
5
5
[{e}
8
8
S
SISO Closed Loop /1 [
=
g
Q
£
©
©
5
%]
g
z
e}
2
©
o
o

= = =MIMO Closed Loop /1
: Control [N/m] / 100

-1350 b e |
qe0b— oo o L d L
10 10 10°

Frequency [Hz]




e

Displacment [m/rtHz]
H
o

Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, T Optlc Dlsplacement

o —Sus. Point Lto M3 TE
|——Sus. Point Tto M3 T§
|——Sus. Point V to M3 T
~|—Sus. Point R to M3 T
| ——Sus. Point P to M3 T|]
Sus. PointYto M3 T

—BSC |S| Goal

RTTH

|

10 10° 10
Frequency [Hz]



Projected Top Mass Sensor > Optic Noise Budget

e
o

Displacement [m/rtHz]

H1.:SUS-TMSY, T Optic Displacemen

| = M1TtoM3T B
|——M1VtoM3T ]
|—M1RtoM3T E
|—M1PtoM3T
M1YtoM3T
| ===Total T i
| —— Raw Sensor Noise ]

dampiﬁg_

created by design

[EEN

=

o
N

10°
Frequency [Hz]



e

Displacement [m/rtHz]

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, T Optlc Dlsplacement

:——MlemsT
[—M1TtoM3T
|—M1VtoM3 T
|—M1RtoM3 T}
1—M1PtoM3T
: M1YtoM3T

== -Ml Total T

[T T

ETTH

[T IR

10 10 10° 10 10
Frequency [Hz]




Damping Loop Performance
H1.SUS-TMSY T Optic Displacement

Displacement [m/rtHz]

| — Residual Seismic Noise

10~ 5 — M1 Sensor Noise

10 < § — M1 Mass Actuator Noise
~21]] = = =Total

| 'mem Requirements BiEEE R BRHEHEE T i S B

10 10 10° 10 10
Frequency [Hz]



Phase [deq]

Magnitude

i

Damping Loop Design

MIMO LUGF Phase Margins (red): [78.8 127] [deq]
MIMO UUGF Phase Margins (blue): [83.4  48.7] [de(]
8T " T T 1 [
135_ L . L o

\ @ Plant [m/N] / 1
| = SISO Open Loop
.| = = =MIMO Open Loop i

o bl | ——sISO Suppression
A5 'zé BN B SISO Closed Loop / 1
0 - — 1 — ... ... |===MIMO Closed Loop /1]
: : oo : : N : : o Control[N/m]/lOO

-1350 e

180 i ;;;;;uio NG ]

10 10 10 10 1
Frequency [Hz]

created by design_damping_TMTS_20130606 on 07-Jun-2013 , J. Kissel

[ERN
o
N



Displacment [m/rtHz]

Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, V Optlc Dlsplacement

e
o

o —Sus. Pomt L to M3 VE
 |—Sus. Point T to M3 V
~|—Sus. Point V to M3 V3
| —Sus. Point R to M3 V||
|——Sus. Point P to M3 V|
Sus. Point Y to M3 V|

== =Total V
: —BSC ISI Goal

|

ETTH

10 10" 10
Frequency [Hz]



Displacement [m/rtHz]

e
o

Projected Top Mass Sensor > Optic Noise Budget

H1.SUS-TMSY, V Optic Displacemen

.............. . _l\/llLtO
| =———M1Tto M3V
| =——M1VtoM3V
|—M1RtoM3V
|——M1PtoM3V
M1Y to M3V
|= = =Total V

M3 V

| —— Raw Sensor Noise ]

10 10" 10
Frequency [Hz]



e

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, V Optlc Dlsplacement

Displacement [m/rtHz]
H
o

[—MIiLtoM3V]|
1—M1Tto M3V
|—M1VtoM3V;
|—M1Rto M3V}
|—M1PtoM3V
|—M1YtoM3V;

---Ml Total V|

AT R

[ R

10 10° 10 10
Frequency [Hz]




Displacement [m/rtHz]

Damping Loop Performance

- — Residual Seismic Noise
—— M1 Sensor Noise

| —— M1 Mass Actuator Noise
21| = = =Total
| 'mem Requirements

H1.SUS-TMSY V Optic Displacement

10 10 10"
Frequency [Hz]



Phase [deq]

Damping Loop Design
H1:SUS-TMSY R

10 "5 PE— - -
1072 107" 10° 10" 10°
MIMO LUGF Phase Margins (red): [88.1] [deg] ]
MIMO UUGF Phase Margins (blue): [71.3] [deg] o
180F— REEEEEE A A b b [—Plant[radN.m] /100 _:
1351 | —— SISO Open Loop s
90 1. | = = =MIMO Open Loop e
4| == SISO Suppression g
45+ o SISO Closed Loop / 100 [}«
0 .| = = =MIMO Closed Loop / 100 | %
Control [N.m/rad] / 1 £
_45_ R ’ o N - T _§|
~90f !
135/ g
-180L )
10 0

Frequency [Hz]



Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, R Optlc Displacement

6 = fff—SUS. P0|ntLt0 I\/|3RE
- |——Sus. Point Tto M3 R
NN |——Sus. Point V to M3 R

AT R

o b ' TR ~|——Sus. Point P to M3 R
107 \ |——Sus. Point Y to M3 R
é N\ :”———BSCISIGom :

[T IR

|
[ —
[ —

|
=
N

|
=
w

|
'_\
N

Displacment [rad/rtHz]

e T S S S T T
o O O O O O o O
'_\
(o)

[
=
~

=

CDI
=
(0]

=

=
o

10 10 10° 10 10
Frequency [Hz]




Projected Top Mass Sensor > Optic Noise Budget
H1.SUS-TMSY, R Optic Displacemen

""""""" | =——M1LtoM3R :
??:_MthOM3R g
|——M1VtoM3R ]
|—M1RtoM3R E
|—M1PtoM3R
M1Y to M3 R

HE | ===Total R i
iR T | —— Raw Sensor Noise

Displacement [rad/rtHz]
H
o

ol 1
created by design_damping_

10 10 10° 10
Frequency [Hz]

[EEN

=

o
N



|
[ —
[ —

Displacement [rad/rtHz]

[
=
~

e e e
O O O O O O O O O

=
o

| | | |
ol AN w N
RLILL R AL T

|
=
()]
T

|
=
0o
T

“10f

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, R Optlc Dlsplacement

[—M1LtoM3R]
|—M1TtoM3R
[—M1VtoM3R
|—M1Rto M3 R}
|—M1PtoM3R
| M1Y to M3 R
;---MlTotaIR

RTTH

[T IR

10 10 10° 10 10

Frequency [Hz]



Displacement [rad/rtHz]

Damping Loop Performance
H1.:SUS-TMSY R Optic Displacement

- —— Residual Seismic Noise
—— M1 Sensor Noise

| —— M1 Mass Actuator Noise
1] = = =Total ‘
| 'memi Requirements R ST HE EUE

10 10 10° 10 10
Frequency [Hz]



Damping Loop Design
H1.SUS-TMSY P

Phase [deq]

MIMO LUGF Phase Margins (red): [99.1 138] [deq]

MIMO UUGF Phase Margins (blue): [94.1  38.4] [de(]

created by design_damping_TMTS_20130606 on 07-Jun-2013 , J. Kissel

180 o BN - Plant [rad/N.m] / 100
135 S | = SISO Open Loop I
90 oac - %_:| == =MIMO Open Loop i
S - .| == SISO Suppression
451 S o SISO Closed Loop / 100 [
0 ~...:| == =MIMO Closed Loop / 100 |-
B : Control [N.m/rad] / 1
-45r TN L ' J T
~90¢ . SRl ' -
135 . i —
—180—_2 .iiii_l A N .&LIO SR S N T R B R 17 T PO NP i'ii—2
10 10 10 10 1

o

Frequency [Hz]



Displacment [rad/rtHz]

e
o O

e T S S S T T
O O O O O O O O

Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, P Optlc Dlsplacement

1ol

| | | | | | |
= = = = = - (SN
~ o ol N w N .

|
=
(o]

=

\ —BSC ISI Goal

8 —Sus. Pothto M3PE
B |—Sus. Point Tto M3 P
- |—Sus. Point V to M3 P
~|—Sus. Point R to M3 Pjj
|——Sus. PointPto M3 P
Sus. Point Y to M3 P

RTTH

[ R

10 10° 10
Frequency [Hz]



Projected Top Mass Sensor > Optic Noise Budget
H1.:SUS-TMSY, P Optic Displacemen

| =——M1Tto M3 P B
|——M1VtoM3P ]
|——M1RtoM3P g
|——M1PtoM3P
M1Y to M3 P

| = = =Total P i

o | —— Raw Sensor Noise |]

|
[ —
[ —

|
=
N

|
=
w

|
H
N

|
=
(63

Displacement [rad/rtHz]

|
=
(o3}

[
=
~

e e e
© O O O O O O o O
H
o)

|
=
(o]

=
o

|
N
o

=
o

i Piiiiil & 2 s Piii
created by design_damping_

10 10 10° 10
Frequency [Hz]

[EEN

=

o
N



Displacement [rad/rtHz]

=
o

e e e
O O O O O O O O O

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, P Optlc Dlsplacement

|
[ —
[ —

[
=
~

| | | |
ol AN w N
RLILL R AL T

|
=
()]
T

|
=
0o
T

“10f

[—MiLtwoM3P
|—M1TtoM3P
|—M1VtoM3P
|—M1Rto M3 P}
|—M1PtoM3P|
% M1YtoM3P

[T T

ETTH

10 10° 10 10
Frequency [Hz]



Displacement [rad/rtHz]

Damping Loop Performance

H1:SUS-TMSY P Optic D

isplacement

- —— Residual Seismic Noise
—— M1 Sensor Noise

—— M1 Mass Actuator Noise
[ = = =Total

[ 'memi Requirements

-2 -1

10

10°
Frequency [Hz]



Phase [deq]

Damping Loop Design
H1.SUS-TMSY Y

MIMO LUGF Phase Margins (red): [88.7
MIMO UUGF Phase Margin

10

0

S (blue): [76

180
135

-135
—180=

10

10

i

.-

e

136] [deg]
37.1] [deq]

: Plant [rad/N.m] / 100

/| = SISO Open Loop

= = = =MIMO Open Loop

- | === SISO Suppression

; SISO Closed Loop / 100
2| = = =MIMO Closed Loop / 100

Control [N.m/rad] / 1

10

0

Frequency [Hz]

10 1

created by design_damping_TMTS_20130606 on 07-Jun-2013 , J. Kissel

o
N



Projected Sus. Point > Optic Seismic Noise Budget
H1.SUS-TMSY, Y Optlc Dlsplacement

;;; —Sus. Point L to M3 Y |
i - |—Sus. Point T to M3 Y
10 & {——Sus. Point Vto M3Y

Tl 11

"""""""" g ~ |—Sus. Point P to M3 Y|
i Sus. Point Y to M3 Y
_10 |===Total Y 4

...... |——BsC-IsiGoal |

Tl

|
[ —
[ —

|
=
N

|
=
w

|
'_\
N

|
=
(63

Displacment [rad/rtHz]

e T S S S T T
o O O O O O o O
'_\
(o)

[
=
~

=

C)I
=
(0]

=

=
o

10 10 10° 10 10
Frequency [Hz]




Projected Top Mass Sensor > Optic Noise Budget
H1.SUS-TMSY, Y Optic Displacemen

""""""" |=——M1LtoM3Y ]
| =——M1TtoM3Y B
|—M1VtoM3Y ]
|——M1RtoM3Y E
|——M1PtoM3Y
M1Y to M3Y
| = ==Total Y

| —— Raw Sensor Noise ]

-10¢

|
[ —
[ —

|
=
N

|
=
w

|
H
N

Displacement [rad/rtHz]

|
=
(o3}

[
=
~

e e e
O O O O O O O O O

|
=
(o]

|
=
(o]

damping_’

=
o

=

CDI
N
o

created by design

10 10 10° 10
Frequency [Hz]

|—\

o
.
H
N

[EEN
- L
o

N



|
[ —
[ —

Displacement [rad/rtHz]

[
=
~

e e e
O O O O O O O O O

=
o

| | | |
ol AN w N
RLILL R AL T

|
=
()]
T

|
=
0o
T

“10f

Projected M1 Mass Actuator > Optic Noise Budget
H1.SUS-TMSY, Y Optlc Dlsplacement

—MIlLtoM3Y
|—M1TtoM3Y
|—M1VtoM3Y
|—M1RtoM3Y]|
1—M1PtoM3Y
|——M1YtoM3 Y

---Ml Total Y ]

[T T

ETTH

[ R

10 10 10° 10 10

Frequency [Hz]



Displacement [rad/rtHz]

Damping Loop Performance

tic Displacement

H1:SUS-TMSY Y Op

—— Residual Seismic Noise
—— M1 Sensor Noise

—— M1 Mass Actuator Noise
= = = Total

damping_’

creatéd by design

'mem Requirements

-1

10

=
o
N

10°
Frequency [Hz]



Displacement [m/rtHz]

Projected ISI Seismic Noise Budget

H1.:SUS-TMSY, L Sus. Point Displacement
10 S R R N L L L F R FE

——BSC-ISI ST2 X > Sus. Point L |1
= BSC-IS| ST2 Y > Sus. Point L []
—— BSC-ISI ST2 RZ > Sus. Point L|.
——— BSC-ISI ST2 Z > Sus. Point L H
= BSC-IS| ST2 RX > Sus. Point L}

BSC-ISI ST2 RY > Sus. Point L[}
| = = mTotal L :

10 10 10° 10" 10° 10
Frequency [Hz]




Displacement [m/rtHz]

Projected ISI Seismic Noise Budget
H1.SUS-TMSY, T Sus. Point Displacement
10 S R R N L L L F R FE

——BSC-ISI ST2 X > Sus. Point T |1
= BSC-IS| ST2 Y > Sus. Point T []
—— BSC-ISI ST2 RZ > Sus. Point T
= BSC-IS| ST2 Z > Sus. Point T |3
= BSC-IS| ST2 RX > Sus. Point T

BSC-ISI ST2 RY > Sus. Point T[]
| == mTotal T E

10 10 10° 10" 10° 10
Frequency [Hz]



Displacement [m/rtHz]

Projected ISI Seismic Noise Budget
H1.SUS-TMSY, V Sus. Point Displacement

Fooor oy e e e L B P | IR I I R

——BSC-ISI ST2 X > Sus. Point V. [
| =——BSC-ISI ST2 Y > Sus. Point V []
_..| =—=BSC-ISI ST2 RZ > Sus. Point V||
/] =——=BSC-ISI ST2 Z > Sus. Point V }
| m— BSC-|SI ST2 RX > Sus. Point V-
BSC-ISI ST2 RY > Sus. Point V||
| m = mTotal V

Frequency [Hz]



Displacement [rad/rtHz]

Projected ISI Seismic Noise Budget

H1.:SUS-TMSY, R Sus. Point Displacement

..... S| e BSC—|SI ST2 Y > Sus. Point R[]

- | =——BSC-ISI ST2 RZ > Sus. Point R
RS 11! == BSC-ISI ST2 Z > Sus. Point R

----- S | ——BSC-ISI ST2 RX > Sus. Point R[]
BSC-ISI ST2 RY > Sus. Point R|]

EEEENEE = = mTotal R

q I I EE R LT EE I S S S S S
SESEEEE | =——BSC-ISI ST2 X > Sus. PointR |3

Frequency [Hz]




Displacement [rad/rtHz]
H
o

Projected ISI Seismic Noise Budget
H1.:SUS-TMSY, P Sus. Point Displacement

Fooor oy e e e L B P

EE B s EEEREEELEE BT

0 EEEEEEEUEEEEEE B E EEEEEEEE EEEEL EEE L RN B =
CRERRREE coniiiii | e BSC—IS| ST2 X > Sus. Point P |
| ==—=BSC-ISI ST2 Y > Sus. Point P[]

SRR | ==—=BSC-ISI ST2 RX > Sus. Point PH
BSC-ISI ST2 RY > Sus. Point P[]
SEERERRE | = = =Total P

. ...| ===BSC-ISI ST2 RZ > Sus. Point P
SECEEEE 11| == BSC-ISI ST2 Z > Sus. Point P [

N R S AR

10° 10"
Frequency [Hz]



Displacement [rad/rtHz]

Projected ISI Seismic Noise Budget
H1.SUS-TMSY, Y Sus. Point Displacement
10 Erooorrr o T e b e e e e e T e T

—— BSC-ISI ST2 X > Sus. PointY |3
= BSC-IS| ST2 Y > Sus. Point Y []
.| ==BSC-ISI ST2 RZ > Sus. Point Y||
| ==——=BSC-ISI ST2 Z > Sus. Point Y [
| ==— BSC-IS| ST2 RX > Sus. Point Y
BSC-ISI ST2 RY > Sus. Point Y/
| = = mTotal Y

10 10 10° 10" 10° 10°
Frequency [Hz]




