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{(@}} The DET subsystem

BEPR, BERPR, 5\ West End Benches
BAPR, B3pPR ey '
-
-

e Senses the beams coming out -
€ Six suspended optical benches G N
€ Photodiodes, quadrant photodiodes, N

Beams & optical benches
for Advanced Virgo

Cameras’ phase cameras.. : . DUnder—vatuum benches
‘ OMC ‘ ot DExternalbenches
e Key new features for AdV: fe, > "

€ DC readout - new OMC

€ Signal recycling—> one more bench
squeezed in the PR cavity
€ More suspended benches
» To mitigate diffuse light effects
» =2 minitowers
€ New photodiode chain with digital
demodulation for RF signals
» More flexible solution;
» more compact for muItipIe frequencies

€ More phase camer \ R
See next tqlPon mode matc mq telescopes by Matteo Tacca ’
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(@) The AdV OMC

e DC readout requires RF
side bands rejection

# Higher finesse cavity W —
== N il

e Evolution of the initial " a—ere T (——
Virgo deS|gn : SDB1_OMC1 SDB1_OMC?2
€ Two small monolithic cavities

€ Thermal control + PZT
» PZT: length modulation
» PZT not along cavity axis
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{(@}} OMC Finesse

e Specification : 143 1 “’“
e All measurements: ~125 | | | ¢ ¢ oo 0 ]
\ S v
€ Cavity scans R ‘ .
€ Cavity pole measurement MRV, \‘w'l 'x,L - A
€ Reflection coefficients measurementc; NS

e Smaller finesse but still ok for filtering

€ “double” safety factors
» Requested DARM accuracy to prevent noise up-conversion: AL DARM< 101> m
- Includes a factor 10 of safety margin
- Do not include non-linear response correction

» Low frequency SB noise could spoil DARM accuracy — set constraint on SB
residual power after OMC: PSB < 80 pyW (per side band) + SB dP/P < 4%

- Includes another factor 10 of safety margin.
— Impact on sensitivity of lower finesse (nominal PSB x 1.5) is negligible
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{{@}} OMC losses

e Measured total losses 5% 8152 .
® 1.4% mismatch losses: %ﬂ/i% B2
L Blsl -415———3#—
» Misalignment, SDR1 OMC1 SDB1 OMC2
» Birefrigence (< 0.6%) TR OMCs total losses (refl. 1 + transmission)
» Astigmatism oo - K e —
0.035 - : ! : I-‘ X 278.9 A
» .. 0.00 o T — II | Y:0.0382
. — 0.025 i i I ! i .
€ 2.4% OMC1 scattering §' oo} & .|' o1 i ]
B1s1
» was ~ 1% twelve months earlier® ”"‘05: Both OMCs \ omc2 | et |
applied first contact to clean it; ;. locked j‘\-&f“"’CkedJ OMCs unlocked |
reSUIt Stl" unknown 00 5|0 1(1)0 1|5(] - 2(;!] 2.|50 300
¢ 1.1% OMC2 Scattering OMCs internal losses (refl. 1 + refl. 2 + transmission)
0.04 X:73.24 T X1g02 1 u
0035 L ¥:0.03211 ¥: 0.08275 X: 2795 .
0 03 - " “‘\ f _,____._....\:l -I e
e Hope for ~ 4% total losses gt h.' | oo
% 00z ' | B1t2+B1s1+Bis2
o 0015+ i T =
0.01 Ijl!l |||
0.005 Ll H .
0 I 1 _)I I\a_ AL -
0 50 100 150 200 250 300
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{{@}} OMC beam quality

e OMC2 is slightly astigmatic: ARoC < 10% (substrate #5)

e Direct measurements are ambiguous
€ Depend on order of HOM used

1o waist vs distance, after OMC AdV

e Mismatch is low (total < 1.4%) X
e Beam quality is good : ; ,

=
~

beam size (mm)
o
[=3]

I I I I i
=60 -40 -20 0 20 40 60
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Lock precision

e |ock precision RMS below 2 Hz

¢ OMC1:6x 1013 m
e 4 OMC2: 3x 1013 m
| TTaeL et 1 @ Requirement from thermorefractive
bl noiserl2 x 103 m
||  Remarks:
i » OMCL1 is shot noise limited at 1Hz

» OMC2 modulation depth larger by a
factor ~3

ASD (m/Hz'"?)

T P D S o Y PP B NN P WU AU S N DU B S B
-2 1 1 2

10 10” 10° 10 10
Frequency (Hz)
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{(@} Shot noise + thermorefractive noise projection

refracti . ith dL=6e-13 m
AdV sensitivity

~ 102 T
E e e I AdV sensitivity / 10
- hY
= Y OMC thermo-refractive noise with dL=6e-13 m
"\ OMC thermo-refractive + feedback noise with dL=6e-13 m
10-22 1 % \ i
\-i- gl
B P -
RN N o e
AN // o e
10-23 \x\ 7 / I/ -’/,
\\\\ .Li e /’, ///
N o
SO il A
A e
LA
1024 \\‘?\‘ /_,// oduced by PZT
N - 10
A Y A
NioX e —_ e
10° <10
Hz £

e PZT Feedback noisemz

€ 7 x 1014 m/Hz - shot noise N
€ ~10>m/Hz @ 10 - 100 Hz shaped by PZT loop filter T i ™

€ Noise above 100 Hz can be easily suppressed by an additional low-pass
e Thermorefractive (F=125) + PZT =within specifications
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Other noise projections

T
“-71] ——Naoline

| —gEere..d @ PZT dithering modulation depth
5 & power modulated by < 0.1%
—modulation <6 101l m

€ Non-linear noise coupling at PD

€ - thermorefractive at 200 Hz

&€ Not an issue
V1:MC_PD5 DmB21 flat FFT

2“2)

(1H

Normalized PD power

10~ % 10° ;_ | "j!‘i.‘" |
- 10" ; OoMC1 éxct.tat.lon ;
E! : OMC2 excita ;
e Internal resonances - ,‘ “ &
® Injecting white noise into PZT f w A :’}‘“ | "‘m
—"ﬁ eference s

4 Mechanical resonances > 5 kHz 00 o

1101114632,0000 : Nov 27 2014 09:10:16 UTC
1101115075,37 : Nov 27 2014 09:17:39 UTC dt:0.66s nAv:9Y

e OMC length noises expected a factor 10 below AdV sensitivity
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{{@}} OMC bench status

e OMC benchassembled over the last months

N 40,

A
;

,'/‘
7
\ \L\. \
SDB1_B5_L2
SDBY B5_M4 — !’. SDB4_B5_L3
i § i .

SDEY.B5. M5
N

e Moved to the “tower” on Feb. 12
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Q)

e The photodiode provide audio and RF signals

e Preamplifier
€ Use simple load resistors followed by voltage amplifiers
€ 3 channels provided )

Photodiode electronic layout

c : Mezzanine demodulation
» DC from 0 to ~ 5 Hz( well more) / RFPreamp metodode o b°fh ( o
» AUdIO. 5 HZ tO 10'50 kHZ —Dig R Kl nofrf:_:'ies ] ﬁgrcll:b St cable L G\:Ggﬂ | 1.8n{;’!2:;p:mz]
M5 20dB
» RF:1 Mhz to ~100 MHz g
, : 3 o
e Demodulation mezzanine ; o SRS B A s L) oEp
3 =50 n: S.E. out: diff. nV/sqrt(Hz)
‘ Handle the RF channel B[ o LT1028 LT1028 A 2 order A.A. LTC2378
) . g G= 1000 L 62 H{E - fCut=tkz (> 5V
‘ PrOVIde demodulated Slgnals Ji Low Pass(5Hz) (To be tested) g In: S.E. out: diff. 35nV/sqrt(Hz)
. . & | s slowADC 10-1kHz, 5V power |
e Service mezzanine ) T 1| arr—
‘ Audio and DC channels readout Re;::;t}oi\;:;nLNA <1 Regﬁ:t-;::;?iozs " W D:glltocolt&gyfj;;ly Mezzanine
® Provide power to the preamplifier\ — \"TET:T;’?L‘EQL”Q{"biiii’r“;l"“ “/
€ Provide/monitor Vbias and current \ '

|
In a “DAQbox”
inside the bench

» includes safety in case of over current
€ Provide P and T measurements, shutter control
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/{@}} New photodiode chain
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Q)

RF §

/ Timing
system

RF signhal demodulation

Y

Jitter
cleaner

igna

400MHz
V

ADC

Demodulation board; FPGA\

[ DSP \

f Real time Pa

/Table of 6MHz

sin values

400MHz

Running sum
of N (~1000)
values

400kHZ_

.

e Digital demodulation:

€ Provides up to 9 demodulated signals per photodiode

N\

cos values

Table of 6MHz

S

Running sum
of N (~1000)
values

400kHz_

One demodulation line (several in parallel)

>
O
©

=~ LU

20kHz f
Phase
adjustment —I
20kHz ACq
ISLA 214 ACp @ 56MHz
ACp @ 6 MHz
N ACp @ 8 MHz
§40" ACp @ 8 MHz no input signal
c
2102k / Much. louder than
E /ﬁ \ in science mode
10°
— I\
10"

€ Possible to do phase correction using “2f” signals
€ Tested on electronic signals

€ Requires a wide band preamplifier and readout chain

\\\ m
|y
UBHIE. LS R

102 10° 10*

frequency[Hz]
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Q)

Photodiode chain status

e Tests: full chain successfully tested
€ Low noise channels in their frequency band

€ \We can get the electronic noise at ~ shot noise/10

With 32 mA of ligth
No light, electronic noise only
ADC noise only

=1 L' . .
& Expected shot noise + elec. noise
° 10* 1 Expected shot noise only

8 ‘l Expected resistor + ADC noise
Es I 2

s o LA, '

N i :

I |

T

o

j_l‘_'}

>

=

IﬁLL
:
\udio ban \\
lh“i_‘_n_L_ -‘ b
U gy )
- s ) HE
10 10° 10° 10° 1f?:zquency[HZ]

e Production of all parts on going

nV/sqrt{Hz) at demod. board input

10°

10

With 32 mA of ligth

No light, electronic noise only

ADC noise only

Expected shot noise + measured elec noise
Expected shot noise only

Expected resistor (50 Ohms) + ADC noise

N
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{{@}} The minitower suspended benches

e Required to mitigate diffused light noise
e The challenge: limited space

e The solution:
€ Bench in “small” vacuum tank: “minitower”
€ A compact isolation system build by Nikhef

€ Electronic “inside” the bench
» To avoid spoiling the seismic isolation by cables
» Additional challenges: heat dissipation
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{{@}} Heat dissipation tests

e Checked that the heat could be evacuated through radiation
€ Upper limit: 300 W on the most crowded bench

€ Increase heat transfer by
» Anodizing the benches
» Sand blasting the minitower

€ Test: bench temperature stay below 40°C

e Checked that the multSAS is well shieldea

€ No suspension retuning while opening the minitower doors

1 1 Venting test - h=47 cm

45

= 35

30

25 [

20

0 2 4 6 8 10 12 14
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{{@}} Minitower benches: status

e 3 out of 5 minitowers installed with their seismic isolation
€ Extensive tests at Nikhef of the multiSAS isolation system

e All benches produced
€ vacuum tested

e Production of optics &
electronic well advanced

e Starting bench assembly

€ In clean room at LAPP-Annecy A2
@ First quadrants received from Nikhef| \-

e To be installed at the site
In the coming months...

T e

' THE MINITOWER BENCHES (HOSTING THE
o PHD TO BE ISOLATED) ARE BEING ASSEM
e
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