DARM, A L [m/rtHZ]

10

10

10

=
o

=
o

=
o

=
o

10

10

_Bifferential Arm

-15

|
=
\]

|
=
[e0]

|
=
(o]
T

|
N
o

=21

=22

~16| W

Damping Loop Performance

= | Residual Seismic Noise * sqrt(4)

L Sensor Noise * sqrt(4)

| PUM Mass Actuator Noise * sqrt(4)
==V Total * 0.001[m/m] * sqrt(4)

P Total * 0.001[m/rad] * sqrt(4)
==Y Total * 0.001[m/rad] * sqrt(4)
= = m | Total * sqrt(4)
Expected Early Run [T1200307 * L] |

Expected Mid Run [T1200307 * L]
Expected Near—Final Run [T1200307 * L] |7
Zero—Detuned, Low—Power [T0900288 * L] A

=
&)

Frequency [Hz]

111
, J. Kissel, A. Pele

Piidii P
damping_QUAD_20130614 on 14-Jun-201

i
created by design

Displacement (Assuming Identical Performance for all 4 Optics)

3

N



e e
o O O

Displacement [m/rtHz]
=Y
o

~10f

|
[E
[E

|
[N
N

Damping Loop Performance
L1:SUS-ITMY L Test Mass Dlsplacement

| — L Residual Seismic Noise
| = L Sensor Noise 5
| —— L TOP Mass Actuator Noise |
| —— L UIM Mass Actuator Noise |.

F| —— L PUM Mass Actuator Noise| L SEEE NN
1 1 1 [ 1 1 1 I 1

-2 -1 0 1

10 10 10 10

Frequency [Hz]

=
&)

il i
QUAD_20130614 on 14-Jun-2013, J. Kissel, A. Pele

i
created by design_damping

N



Phase [deg]

Magnitude [arb.]

ping Filters

-2 -1 0

10 10 10 10"

Frequency [Hz]

180F—
135

_135_ . Lo . LoD . Lo
180k el

-2 -1 0

10 10 10 10"

Frequency [Hz]

=
o

20130614 on 14-Jun-2013, J. Kissel, A. Pele

created by design_damping_QUAD

w



Phase [deq]

Magnitude [see legend]
e = B e

=
o o O O
ol

o

180
135

-135
-180

2013-06-14 L1:SUS-ITMY, Calibrated Damping Filters
Calibration = 55.07 [(sens ct/m) . (N/drive ct)] or [(sens ct/rad) . (N.m/drive ct)]

10 10 10 10" 10

-2 -1 0

Frequency [HZz]

= L [N/m] (Gain = -1)

| = T [N/m] (Gain = -1)

— V [N/m] (Gain = -1) Lo

——— R [N.m/rad] (Gain=-1) = = = ==

| = P [N.m/rad] (Gain=-1)| = =i
Y [N.m/rad] (Gain=-1)[ - - = ="

= - i R RS U IR T I Tl 2 s p R SRR T T i S ] 'i'i'ixiin

10 10 10 10" 10

il
-2 -1 0

Frequency [Hz]

=
o

20130614 on 14-Jun-2013, J. Kissel, A. Pele

created by design_damping_QUAD

w



Phase [deg]

Magnitude

Damping Loop Design
L1:SUS-ITMY L

MIMO LUGF Phase Margins (red): [81.6 142 123 144] [deq]
MIMO UUGF Phase Margins (blue): [74.9 51.6 585 31.7][deq] -

20130614 on 14-Jun-2013, J. Kissel, A. Pele

180 B R T T T - =
: : Plant [m/N] /1
135 - | = SISO Open Loop
90 | ===MIMO OpenLoop U
—— SISO Suppression

45 : SISO Closed Loop /1 [|g
0 | == =MIMO Closed Loop / 1|3
Control [N/m] / 100 £
—45 T —EI
-90 &
-135 =
180 . M L o NIRRT :
0.1 1 10 20

Frequency [Hz]



Projected Sus. Point > Test Mass Seismic Noise Budget
L1:SUS-ITMY, L Test Mass Dlsplacement

= o —SUS POIﬂtLtOTSTLE
|—Sus. Point Tto TST L |
10 Fsmrm N |—Sus. Point Vto TST L5

8 f | |——Sus. Point R to TST L]
N |—Sus. Point P to TST L]
10 Sus. Point Y to TST LE

10 Rl . |==+Total L .

P dtemendt TN, N\,  |=BscisiGoa

|G TN
|
=
N

Displacment [m/rtHz]
[N
o

Frequency [Hz]



Displacement [m/rtHz]

Projected Top Mass Sensor > Test Mass Noise Budget

_10 .....

o

|
=
[EE

|——TOPPWTSTL |
TOPYtoTSTL |
oo ST A N T I T TR | ===TotalL .

L1:SUS-ITMY, L Test Mass Dlsplacement

L —TOP LtoTSTL g

| ——TOPTtoTSTL f

| ——TOPV1toTSTL [

| ——TOPRto TSTL |

SR < o : EEEEEE _RaWSGnSOI'NOiSGE

e e
o O

|
=
N
L R B

1 10 20
Frequency [Hz]



Displacement [m/rtHz]
=Y
o

Projected Top Mass Actuator > Test Mass Noise Budget
L1:SUS-ITMY, L Test Mass Displacement

S —TOPL'[O TSTL
 |—TOPTtoTSTL |
|—TOPVtoTSTL

|—TOPRtoTSTL]]
|—TOPPto TSTL
TOP Y1to TST L

oL ~[==-TOP Total L

T -

il

Frequency [Hz]



Displacement [m/rtHz]
=Y
o

Projected UIM Mass Actuator > Test Mass Noise Budget
L1:SUS-ITMY, L Test Mass Displacement

e [ e fffgff—Ull\/I LtoTSTl_ &

 |—UIMTtoTSTL |
| —UIMV1to TST L

|—UMR1to TST L |

T -

I e A |—UIMPtoTSTL
|~ UMYtoTSTL}

T I

—op ---UIM TotaIL

Frequency [Hz]



Projected PUM Mass Actuator > Test Mass Noise Budget
L1:SUS-ITMY, L Test Mass Displacement

-0f o Eiﬁzé--.PUM TOtalL

o

|
=
[EE

|
=
N

e e
o O

|—PUMTtoTSTL |
{—PUMV 1o TSTL

ST |—PUMPtoTSTL
| —PUMYtoTSTLFR

= —PUI\/I L tO TSTL |

T -

|—PUMRtOTSTL{

T I

Displacement [m/rtHz]
=Y
o

Frequency [Hz]



Displacement [m/rtHz]

Damping Loop Performance
L1:SUS-ITMY L Test Mass Dlsplacement

REREE

5 —ReS|duaI Seismic Noise

- —— Sensor Noise :
| — TOP Mass Actuator Noise |
~200 — UIM Mass Actuator Noise |-
-21/| —PUM Mass Actuator Noise |

f| = ==Total ?@?sz55535553553355;3355335533§5335533;55335:53355;3355;335;533;553;35553?57????5.

0.1 | 1 | 10 20
Frequency [Hz]



Phase [deg]

Magnitude

Damping Loop Design

MIMO LUGF Phase Margins (red): [85 108 894 177] [deq]

MIMO UUGF Phase Margins (blue): [103 84.2 92.2 138] [deq]

180F

135 _
90
45

: Plant [m/N] /1
.| == SISO Open Loop

o o |===MIMO Open Loo

—— SISO Suppression

SISO Closed Loop / 1 [}

_45 . ] . ] . . A
-90 | e DTS (§ ASETE RN

_180_;;;U.;;;;iLJ; L

-~
h)
] ! .
N .| == =MIMO Closed Loop / 1
; : Control [N/m] / 100
’ "" N I B | e A, ’ ’ ’
N

damping_QUAD_20130614 on 14-Jun-2013 , J. Kissel, A. Pele

ated by design

0.1 1 10
Frequency [Hz]

N
Q cre



i

Displacment [m/rtHz]
[N
o

Projected Sus. Point > Test Mass Seismic Noise Budget
L1:SUS-ITMY, T Test Mass Dlsplacement

JN TN [=BscaisiGoal

: —Sus. Pomt Lto TST TH
|—Sus. Point Tto TSTT|
|——Sus. PointVto TST T§
|—Sus. Point Rto TST Ty
S |——Sus. Point Pto TST T}
Sus. Point Y to TST T}

1 | - 10
Frequency [Hz]




o

|
=
[EE

|
=
N
T T T T

e e
o O

Displacement [m/rtHz]

Projected Top Mass Sensor > Test Mass Noise Budget
L1:SUS-ITMY, T Test Mass Dlsplacement

L —TOPLtoTSTT g
| ——TOPTtoTSTT &
| =——TOPV1toTSTT [
| ——TOPRtoTSTT |
|——TOPPtoTSTT
T TOPYtoTSTT
. |===Total T

...... RS _RaWSGrISOfNOiSeE

0.1 1 10 20
Frequency [Hz]




Projected Top Mass Actuator > Test Mass Noise Budget
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Projected ISI Seismic Noise Budget
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