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{{@}} Commissioning sensitivity evolution

=) |
2 Virgo Commissioning Runs Sensitivities C1Nov 03 Single arm
@10 —— C2Feb 04 Single arm
10| —— C3Apr04 Single arm
= = | | ———C4Jun04 Recombined
1014 SPSUTU ST W—— N | T __________________________ ——— C5Dec04 Recycled
. oy tyoall — C6Aug05 Recycled
10- Ll ! l‘ L P2 DR OO O OO ORI .......................... C7 Sept 05 Recycled
10 | |
10-17
107

107
10
10°%
102

1 0-23
10 10?

| C1 & C2 : single arm; C3 & C4 recombined; C5 & after : recycled '

TTTTI

53

T T

B0saac0000000dl] Tholkaaodbod boo e CyCIe 90%
lock

"I"l'lI'HIII""["I'l'l|||l|""|"lI'HHI "'l"l'll'l'\'ll|""I"H'I'IHI' "-E'-"IIIII|'

ock

_F'l'|'IIHI["'l"l'[l'|'|'|l|"

4
frequency[HJ]0

H. Heitmann 3 GWADW Elba 30.05.2006



/{@} Problems with configuration up to C7

Hrysd etstsatarynubdae

=> Operate with reduced power (10%)

" | foi
Resonances => Control problems
Shift sensitivity => alignment drifts
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* New power recycling mirror
* New injection bench
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/{@}} VIRGO layout
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Old power recycling mirror
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New power recycling mirror

)

firi

No more internal resonances in the control band !!

Fits rEes
=> no more lens effect (no more part of input telescope)
=> larger beam coming out of injection bench
=> parabolic telescope needed on IB

H. Heittmann
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/{@}} Origin of the fringes
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{{@}} New injection bench

NMyeuaes
» Faraday isolator
 Parabolic output telescope

 Thinner suspension wires
more suitable resoance frequencies
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{{@} New injection bench (OptoCad design)
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NEW injection bench (below)

.




R
installed
aligned
controlled

Ban
output power 7 W (10x C7)
matching: coupling into arm cavities 95-97%
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The variable finesse locking technique
Mode cleaner mirror radiation pressure
Suspension improvements

New injection system autoalignment
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Locking: Step 1

/1 WE Recombined interferometer
Controls - Power recycling mirror misaligned
NE North cav. transmission P . ..
WE West cavity transmission P == no signal mixing
BS ~ Darkfringe power DC - e Each cavity locked independently
© e ITF output at « grey fringe » (50%)
g
=
/1 wi
PR BS NI
/7 |_| North arm
U 50% |‘|
H. Heitmann yil
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Locking: Step 2

H. Heittmann

/1 WE Recombined interferometer
Controls - Laser locked on ITF common mode
NE-WE North cav. transmission P . .
BS Dark fringe power DC very high bandwidth loop
laser  Recycling cavity pick-off P => get rid of dominating
PR ITF reflection (3Q) P £ _
I~ common mode signal
o
@
=
_,o”‘ITF common mode."x_
ﬂ PR BS NI
e N /7 |‘| North arm
U 40% |-|
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/{@}} Locking: Step 3

WE Recycled interferometer
Controls  Power recycling mirror aligned
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{ { @}} Locking: Step 4

WE Recycled interferometer

Controls

NE-WE North cav. transmission P
BS Recy.cav. pick-off Q
laser  Recy.cav. pick-off P

PR ITF reflection (3Q) P

- Stepwise going down to dark fringe

West arm
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Controls

NE-WE Dark fringe P

BS Recy.cav. pick-off Q
laser  Recy.cav. pick-off P
PR ITF reflection (3Q) P

ITF common mode

U

H. Heittmann

Locking: Step 5

WE Recycled interferometer

e Dark fringe reached

West arm
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North arm

0%
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{{@} Mode cleaner mirror: radiation pressure effect
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Mode position changes with mirror alignment

—  extra torque
—  resonance frequency change

Problem:

- Autoalignment loops became unstable

- Corrector adaptation was needed

H. Heittmann

MC locked full power
MC locked 60% power
MC unlocked

Oy: 2.13 -> 1.97 Hz

G)y: 1.27 -> 2.0 Hz

-
-
-
-
-
-
e
-

mirror dimensions: 30x80 mm
360 grams
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Contribution to control

[((#))

Mirror excitation with bad weather

= less stable lock

Changed suspension top stage control

30 mHz

Ground-independent
control above 30 Hz

DAC noise on mirror actuation coils

Hierarchical control

Rearrange forces going to the suspension
Switch to low-noise coil drivers

H. Heittmann

10°

/

seismic acceleration

Suspension: recent problems and solutions

Filter Zero

— Pre-lzolator

(sea waves)

(See talk by G. Losurdo)

|ml—| - s
Foy noisy day
e calm day -
[ e
. i i Y
i EEEE Filiers
10"
Micro-seismic peak

Filter
T Seven
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/{@}} Injection system autoalignment

@' | Mode cleaner transmitted power fluctuations

Idea: if IB is rigid, no misalignments
(turned out not to be true) 7

IB under local control

6.5

i N ¥ ] | o
2004 03/06 10/06 17/06 24/06

NS

Beam aligned on fixed mechanical reference (external bench)
Mode cleaner fully aligned on beam
Autocentering of beam onto MC end mirror

Ftestamret
Beam aligned on 3 km target
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{{@} Old injection system autoalignment layout

_ e Picomotors
-- Beam autoalignment
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/{@} New injection system autoalignment layout

-- Beam autoalignment ‘ e Picomotors

MC

tror €D wavefront sensors

- MC mirror autoalignment | == = = = == — >
. DC position sensors

Injection bench

MATRIX | — <o e

Beam D
prealignment N4
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/ { @}} Present status

PRI G S S S N S N AU ST S N T

Elht&gd'rtrhmr&r - ‘M/ N Thermal effects in rec. cavity
1-2 hours locking periods 1 W
or 5 minutes ... I
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Hasten full autoalignment (5/10 d.o.f. OK)
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/{@}} Next steps

| i

Low frequency

control noise (alignment)

modulation frequency tuning (servo)
Medium frequency

scattered light

acoustic shielding in laser lab
High frequency

increased power

new low-noise HF modulation generator

NNEar
better surface quality

lower losses

larger, heavier?
avoid radiation pressure problems
facilitate control
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/{@}} Old injection bench (OptoCad design)
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Duty cycle [%]

{{@} Duty Cycle of last two commissioning runs

C6 (14 days Aug. 2005) C7 (5 days Sept. 2005)

Cumulative duty cycle from start Cumulative duty cycle from start
100 T T T T T T 20 T ‘ ‘
' : : : : | = Locked (state15)
% ol | —— Science mode
80
70
70
60
— Locked (state15)
60 — Science mode =
&=
= b0
o
50 g‘
=
S 40
a]

40

30
30

20

10

0 2 4 6 8 10 12 14 0 05 1 1.5 2 25 3 35 4 45 5
Time [days] Time [days]

40 hours locked 14 hours locked

H. Heitmann D GWADW Elba 30.05.2006



)

Ty TR T——

=> more frequent unlocks when weather is bad

10°

10°:

seismic acceleration

Suspension: recent problems

%

R e noisy day

Py calm day
A

?ww@ﬁﬁawﬁhw
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susp displacement

Micro-seismic peak
(sea waves)

DR T

High force needed for lock acquisition

=> pad DAC dynamics in steady conditions (low force)

H. Heittmann

Filter Zero

— Pre-lzolator

Standard
Filters

|~| \\ Mlarionette
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{{@} Suspension: inertial damping modification

hetHdnuy

Inverted pendulum top platform is immobilized by

HF accelerometers (inertial sensors)

IELVDT’s (ground based) => introduce seismic noise
Sl

Reduced HF/LF cross-over frequency to 30 mHz

Not so simple ... (see G. Losurdo’s talk)

accelerometer
I|

«— accelerometer

L(s)

rd
external fram

e e e 2 : bz HpHng LVDT coil-magnet
10* g 10" 10"

LVDT = linear variable differential transformer
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/{@}} Suspension: hierarchical control

IP and filter % Eoed Initial condition:

— N
control -lock acquisition
DC-0.01 Hz -all force goes to mirror
Tide control I i 21 I
J\ hﬂ/ﬁ ﬁ Static condition:
M '\NW U Il  -interferometer locked
'] G | ;
Interferometer -force split according to
error signal ﬂ frequency bands
0.01-5 Hz
| ’ Marionetta
A control
BN —ﬂ Mircor “+—— DAC noise
5-50 Hz

After lock acquisition: reduction of mirror actuator gain
== reduction of DAC noise
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/ l{@}} 1.4 M, coalescence detection range

M31 (Andromeda) 700 Kpc

dataDisplay v?ri8pl : started by vaurun on Sep 27 2005 11:15:34 UTC

Horizon NSNS Optimal _ TIME
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0.5 control system
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{{@}} C7 noise budget

C7 noise budget C7 sensitivity {Sep 15}
BS longitudinal control noise with alpha technique
£1 0-13 % Wl angular contral naise (tx + by)
- T i
il M NI angular contral noise [tx + ty)
“,_"' > . Actuator noise {upper estimation}
%1 0 E_ Demodulation noise {Marconi phase noise)
E E B1 electronic noize
10_15 v B1 shot noise
Ef Laser frequency noise
: Incoherent sum of all noizes
-16 Yirgo nominal sensitivity
107°
10-1? i
18 |:
10 7" &
19 ||
10777 L LU
3
10 10

frequency[Hz]

H. Heitmann il GWADW Elba 30.05.2006




)

H. Heitmann 5H GWADW Elba 30.05.2006



/{@}} Mirror centering

] SPSRP— —

Necessary for reducing alignment noise which limits us at low frequencies
Vot e
Visual centering
Where possible...
Mirror shaking at natural resonance
Find frequency in longitudinal motion (locking error signal)
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Leelorid ceanae
observation of diffused beam spot while moving mirror

rror

U Before centering O After centering
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