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{{@}} Presentation plan

* Frequency dependent squeezing + EPR
* Optical bench

* Optical cavity lock

* Qur finite state machine

 High level control software

Cascina 26/06/2025 M. Bawaj



()]

From FIS to FDS

3 km North arm

H

Frequency
Independent _
Squeezing "'°"
Virgo Laser PR BS
Il 9
=1
Faraday[i]
Isolator ]

Output Mode
Cleaners
(OMCs)

Cascina 26/06/2025

- - - s - -

I Faraday Isolators

]

]
'& Alignment
actuators

In-air Vacuum
Squeezed Source

In-air External Squeezer Bench

PD2

h(t)

Frequency
Dependent _ _
- West arm
Squeezing
Vigo Leser  pp BS 3 km North arm
| ] [ —]
U it
285 m Filter Cavity (FC)
SR ==
o ]
i
1
Faraday @4 ----- — - -+
Isolators Faraday
@ Isolator
II:arIaday @] ] In-air Vacuum
t
solator .- *@ Squeezed Source
; In-air External Squeezing
Alignment actuators Bench (EQB1)
In-vacuum Suspended
Squeezing Benches
Output Mod
Yesner - | (SQB1, SQB2)

(OMC)

PD2

PD1

M. Bawaj

h(t)




EPR working principle courtesy of F. De Marco

SIPS laser

L3 1. Signal and idler are
vacuum squeezed beams,
EPR-entangled and detuned by A

SIPS p The idler acquires

:J;E o frequency-dependence in SIPS

g due to its detuning

5 . Combined measurement
with optimal filter gain transfers

_ the frequency dependence to the
et caviy [ ] signal via EPR entanglement

&, . by Measured
; : —— Signal wy idlr-bea

— Idler wg+A
9] —— Main laser wy+A4/2

——— Pump 2wg+A

HD idler M SQZ beams
Pros: Cons: e O
More compact and cheaper e 2 squeezed beams to be handled Credits: Ma et al. - Nature Phys 13, 776-780 (2017)
More flexible vs SR e 3 dB penalty w.r.t. optimal
Avoids FC optical losses squeezing rotation ellipse

FDS in Virgo and EPR strategy F. De Marco - 2024 KGWG Summer Meeting 20



{{@}} Pound-Drever-Hall error signal generation
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{{@}} Pound-Drever-Hall error signal generation

PD,, demodulation:
- right phase (quadrature)
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//@}} Generic controller
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Nguyen, C., et al. “Automated Source of Squeezed Vacuum States Driven by Finite State Machine Based Software.” Review of Scientific
Instruments 92, no. 5 (May 1, 2021): 054504. https://doi.org/101063/5.0046317
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{/@}} Suspension Control System DSP

Each UDSPT unit contains: &l 3@%%%”‘@ i1 “"‘D@'% f,W =
6 analog-to-digital and 6 digital-to-analog W @ E ﬂ ﬂ ﬂ

converters (24-bit, IMSPS); AN
* FPGA and DSP.
Units in the same create communicate via back panel.
Each unit can become a TOLM.
There are 20 crates in Advanced Virgo, that

means ~200 UDSPT boards in total.

UDSPT unit boards in a yTCA chassis. On
the right there is the NAT-MCH switch.
Entire crate has ~800 GFLOPS of
computing power available.
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{/@}} Suspension Control System DSP

Software:

*  Programming language (~ASM) * Data exchange between units

e Digital FIR filters * Finite State Machine

Input variables: oOutput variables:

UNLOCKED ERR FLT - filtered loop errer signal  OUT - output to the actuator DAC
ENTRY STATUS = 07 ERR_AVG - filtered DC error signal STATUS - current status of the lock
TRAN - transmission photo-detector 0 - unlocked
ol - BUTTON - variable to set state: - cal. or search for lock
ey pro = Bl iy . 0 - unlock 2 - locked
) A p St 3= 1 5
< iy, 1 - calibrate, search 3 - cavity alignment ramp
sz, Snd Toak Sy [“JTerminal Edi=lEd|
2 - cavity alignment ramp  MIN_TEST - minimum of transmission fle Edit View Search Terminal Help
3 TRAMP - ramp for cavity alignment MAX TEST - maximum of transmission
BT OUT_H - too high output threshold OFFS - error signal offset Level: Top
UT L -t tput Virgo Inertial damping on 172.16.2.98 Page 1
TEST CALIBRATE ouT_L too low output threshold s ping [ ] gt
Festart TEST_RAMP_FGS; WIH = 2007 : . .
e i ax = -20.07 Local varisbles: Hardware implementation
OOT = TRRME ¥ i REC4_UNLOCK i operative.hrd
= ramp RAMP
TEST RAMP POS; Start RETURN_RAME; i i
E—— ouT = 0; STATUS = 1; ramp TEST RAMP POS Ramp Time [le.60] Downsampling Factor [1]
OUTlocal = OQUT: ramp TEST_RAMP_NEG Sampling Frequency [160000.000] Oversampling Factor [1]
OUT = RETURN RAMP; ramp RAME RETURN
ramp RAME CAL TInput Output Filename GUARD  Gain Gname @Frequency When
double - minimal trans.

double

S mre e From Tango

TESTEXIT - 208 - :
= ke s ADD TRAMP_F no 20 trian_freq
double A MARGER ADD TRAMPO no o trian_off
double OUTlocal - copy of OUT General variables
ADD ouT_H no il
ADD ouT_ L no <

= m =y SIG_GEN TRAMP RAMP no 0.4 trianAmpl

SEARCH

Restazt POS_RAMP;
sTATUS = 1,

: Input variables SHG
FEED S_OFFS

T S_OFFS S_ERR NULL no -1
(505 _Rwe ~n FUENING) ADD

sa1n2axa awwelaboud

g\
so|dwes elep usamiaq

L]
FOUND_MAX MINMAX S FOUND_MIN + NEG_RAMP ADC2 S_TRAN NULL no -1
T I e ADC1 S_ERR NULL no 1
2 % ADD S_TRAN no ]
OUT = RAMP_CAL; P>[0UT = RAMP_CAL; _:u,inifﬁizjm:;; - S,y_;,‘_ ADD S_BUTTON no (] SHG_on
ourlocal = CuT: sy, Error signal filtering
| . ... | S_ERR FLT SHG_filter.flt no 1 SHG_gain 1 after
TRAN > LOCK 3 S_ERR STERR_AVG AVG_filter.flt no 1 6.801 after
RAN > MAX TRAN < MIN Finite state machine
LOCKED MP Fsm SHG. fsm
W saup_CAL.status == EXHAUSTED [Status = 2: | 2 Output variables
LGALTSLaL AT e e EEsta ADD S_STATUS no 0
REC4_SEARCH s T oUTTocal; » ADD S_MIN_TEST no (]
[Stazt RETURN RaMB; ceno®® OUT > GUT A || [gor—paws RETORN; | ADD S_MAX_TEST no 0
STATUS = 1; AP OUTlocal = OUT; QUE <.OUT L — ADD S OFFS no [
i s Stop BOS_RAMP: -
TRAH < OMLOCK_LEV Stop NEG_RAME:

OUT = RETURN RAME;

Bouit “Add *Ins “Del Modify Up Down Compile Save Title Load Hrd_setup Page
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{{@}} Suspension

Graphical User Interface
Software:
*  Python based
* Minimizes parameters
* Speeds up interaction with loops

. Provides feedback on the status
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Control System DSP

Squeezer Cavitiy Controls

File PLL Peltier DDS Utilities Help

)
INFN

SAT Board GUI

(@

Cavities Controls

General

Controls

SHG | Green MC Mach Zender | QPO

Ramp

Frequency | 0.50
Amplitude | 1.80

Offset | 2.00

Ramp On

InfraRed MC sig InfraRed MC idl COH LO sig COH LO idl COH pump

Control
::" Hz .
= ¥
g v
ON
Gain | 300.00 2]
Set Gain Set Default

Tools
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execution rate 160kHz
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Control Room

2 Video
ADC7674
DaqBox - Tolm ¥2

Minitowers
Timing
SUSP - SBE

SIB2

SPRB

SDB and EDB
SDB2

SDB1

SWEB

Isc

ALS TEB
ALS NEB
ALS WEB

ALS_CEB

# SSFS

-
# Log
2022-08-13 12h51m41 UTC
2022-08-13 13h21m00 UTC
2022-08-13 13h21m03 UTC
2022-08-13 13h42m58 UTC
2022-08-13 13h43m34 UTC
2022-08-13 14h04m34 UTC
2022-08-13 14h33m26 UTC

Virgo Process Monitoring (VPM)

TelescreenLeft | TelescreenRight | TelescreenDET | @ TelescreenArt
EER_ADCT7674 CEB_ADCT7674_0 CEB_ADCT674_1

DET_ADC7674

[o55rs cutpro] SsreshorJossrapmJossrs o

@ SSFS Curl

SSFS Cii

R ly C Power Di:

CEB Hall PDU_CEB_NNC

DAQ Hall PDU_DAQ_NNC

Suspension

S s Bdes n

Interface to TANGO-SAT

Golls SwitchBoxes

Vacuum

Vacuum Supervisor

L2 Sensors

Vacuum Dag

Air Venting

Pressure sensors
Residual Gaz Analysers
Tube Level sensors

Tube Temperature sensors

Vacuum Sms Bridges

A CoilsSbW1 | & CoilsSbNI | A CoilsSDWE | A CoilsSbNE | CoilsSbBS

'© ModbusVac

0 Sen02
0 ToVac
A vent

0 FdVac 0O FbsVac A Alpvac

TubeTemp

Detector s Environment Monitoring

Infrastructure

Environment

Noise hunting

Earthquakes

Tilt Meters

Newton Noise
NNC collection

omMc

&amagazzu  Session timeoul

&amagazzu  Session starl

&amagazzu  ‘AATuning servo:Disable AATuning servo’ sent to PyAATuning

&amagazzu  'OMC temp stab:Scan/Lock Temp Ramp [periode factor=1,Mode -1:scan, 1:lock=-1]' sent to SDB
Aamagazzu  'OMC temp stab:Temp Ramp Set Freq [Frequency=0.0008amplitude=0.35,offset=22.5 ramp time=2]

a "OMC temp stab:Temp Stab [Fr 0.00 ime=5] sent to SDB1_OMC
&amagazzu  'OUT:DAC_V [CHROCC_V_DAC=0.43,ramp time=0] sent to TCS_CHROCC_PR
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[Aicisoner | curtemnsener | ewobemsererz [0 Upsserer |
' UpsServer2 0 IMMSServer O IMMSServer2 O IMMSServer3
A BACnetServer BACnetServer2 ParticleCounterCEB
ParticleCounterSQZ ParticleCounterINJ ParticleCounterDET
ParticleCounterNE ParticleCounterWE ParticleCounterWAB
[ W © EnvServerCb1 | @ EnvServerSqz
0 EnvServerMc | @ EnvServerNe (@ EnvServerWe |@ EnvServer1500W
@ EnvServerEPR @ TIMING_mol
Magneticinjections. LargeColl
[ usGs | ProcessUSGSData__ | @ ParseSeismonProcessing
EarlyWarning INGVEarlyEst
TstageTilt MaxiGaugeTl

© NNC CEB LEV2|@ NNC_CEB_LEV1|@ NNC_NEB © NNC_WEB

sent to SDB1_OMC

M. Bawaj

Storage - Stol03
Stol3 Input

Raw Full Computing

Raw Full

RDS Computing

RDS

Trend100s

Data Access

Online ITF control

Online Front End - Storage

Web Monitoring
FFL Moni

Environment data for transfer
to LIGO

Automation
FomFE

Fbs.

FbmMain

Metatron Nodes - FomMain

O Stol03INRaw_dy
0 Stol03FullFDS_SQZ 10
T T

FbTrendRepro

FbTrend100s_1000 FbTrend100s_10000 FbTrend100s

© FmTrend100s

A FomDetUsers | A FomMoniUsers | A FomSuspUsers | A FbmMainUsers

A FomPyAccess

A FomFEUsers © FomFEUsersBis | A FomFEUsersTer | @ FbmMainDy

A FomStD © FbmStDy|

0 Mdvim MdvimSpectro | MdvimSpectro_setz | mape |
FFLMonis2 A FFLMoni53 A FFLMoni54 FFLMoni147

0O EnvDataWrite

N L UL S
© PyAATuning
050555 [ 5057 [0 505 57 [0 50s_1w [o 505w [0 sus. e

2022-08-14 03h18m42 UTC (05h18 local)
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(@)

host machine

Main configuration

© GP1262654904-000018850(10808) - UGF FILT ON 1 % ENBL

Application: VirgoSIaging/ACIVOr4Bp12/Linux-X86_64-SL6-2.6.32.11-x86_64-h fl I e
Host: ripcd virgo.infnit Pid: 8256 Process uptime:

[# Configuration: ivirgoDatai/VirgoOniine/LSC._Acl cfg

;.’.

Log file

' Graph of algo: http:/www.virgo.infr iticommissioning/plots/LSC_Acl.5)
(# Nested graph of algo: hitp:(/www.virgo.inn.iticommissioning/plots/nested/LSC_Acl/OverviewLs

Reload config  Reload config and synehro  Reload config and resel || Get ADC channel  esel the fiter...

Updale gragh (TODO) | Update

Partlal reload: Relosd Fillers | Reload MICH sublract

1 Reload PRCL sublraction

\

Reload SMS | Reload M

LSC_ENABI nable Logk...  Disable Lock...

[# LSC filters: AvirgoData/VirgoOnline/LSC_Filters.cfg
(# MICH subtraction: /virgoData/VirgoOnline/LSC_MICH_subtract.cfg
(# PRCL subtraction: /virgoData/VirgoOniine/LSC_PRCL_subtract.cfg
@ ARM algo: virgoDalaiVirgoOniine/LSC_ARM.cfg
[# MICH algo: fvirgoData/VirgoOnine/LSC_MICH.clg
(& CARM algo: fvirgoData/VirgoOniine/LSC_CARM.cfg
(& DARM algo: virgoDataMirgoOnine/LSC_DARM cfg
@ PRCL algo: ivirgoData/VirgoOnline/LSC_PRCL.cfg
(# UGF manitors: fvirgoData/VirgoOniine/LSC_UGF.cfg
[# DemodMoni: /virgoData/VirgoOniine/LSC_DemodMoni.cfg
[# ASC Outputs: virgoData/VirgoOnline/LSC_ASC_Outpuls.clg
(# Nolse hunting: virgoData/VirgoOnline/LSC_NoiseHunting.cfg
(# DAQ SMS: /virgoData/VirgoOnline/LSC_SMS cig

Secondary
configuration files:
included in the main one
but separated to easy the
work

/

Virgo Process Monitoring (VPM)

Stop / Start

- important for e zome

debugging

The Algorithms for Control and Locking

(Achserver Documentation

R.Bonnand, A. Masserot, B. Mours, L Rolland, E.Pacaud, M. Was
Code: VIR-OXXX-16

Date: Sepi28.2017

Lo

e LSC

© Last most critical alert was: 2013-02-14 14n46m58 UTC AcAdCChCheck> SS

C AchdcChCheck> SSFS B4 S6MHz O - SSFS B4 Err Q unnorm 19KHz delayed or missing from GPS1282653876-769900880 for
AcAdcChCheck> SSFS_B4_56MHz_1 - SSFS_B4_Err_T_unnorm 18kHz delayed or missing from GPS1202653876-759909680 for
C CfoReachState> Golden(Golden] Ok
AcdcChChecks SSFS B4 56MHz O - start delayed
AchdcChChecks SSFS B4 56Mz 1 - start delayed
CfgReachState> Active(Active) Ok
C AcAdcChChecks SSFS B4 56MHz O - SSFS B4 Err 0
AcMicChChecks SSFS B4 S6MHz 1 - SSFS B4 Err I
T CfgReachStates Golden(Golden] Ok

or missing at GPS1262654835-23996%618
or missing at GPS1202654835-239909610

unnorm_10kHz delayed or missing from GPS1202654835-239909610 for
unnorm 18kHz delayed or missing from GPS1262654835.239989618 for

g of th

process in real time

nare or less
nore or less

nore or less
nore or less

1.68012(s)

nLoop 1@18866Hz

1.60012(s) - nLoop 1916068Hz

1.08181(s) - nLoop 1310860H:

1.68181(s)

- nLoop 1g16888Hz

Log

=it LR —
2018-02-14 14h24m51 UTC & alelio
2018-02-14 14h27m00 UTC & bonnand
2018.02-14 14n27m45 UTC. & gouaty
2018-02-14 14h27m47 UTC & gouaty
2018.02-14 14h2Tm48 UTC & alalio
2018-02-14 14h28m03 UTC & gouaty

[P RS ———

"OUT OFF" sent to SETCSWI

'OMC1 temp stab: Temp Stab [Frequency=0.001 amplitude=0,offset=22.82.ramp time=10]' sent to SDB1_OMC

‘Bench:Open Angular Loop [-1:Disable,1:Enable=-1]
I

sentto SDB2 LC

DUT ON' sent to SBTCSWI
asition Lo

1] sent to SDB2_LE

2018.02-18 14n4Bm07 UTC (1508 Iocal)

# Ongoing Activities

Global log

sent fo SDB2_SBE

TN 1% 14 4 4RBmAN | ITE & i ei Nzl Bansh Meifs (4-Nie ahia 4-Enahia={F sant tn GNA7 GAE
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Real-time Virgo data plot at real sampling frequency

Features:

time series plot
averaging and overlaying

spectrum with spectral density computation plot

spectrum waterfall

reference

zoom

data export

coherence between two channels
transfer function between two channels

DataDisplay

dataDisplay plots

dataDisplay v10r10 : staried by verkindl on May 2 2021 15:48-52 UTC b

V1:ENV_CEB_MIC__FFT

V1:ENV_CEB_MIC__TIME

. f L
10 10° 1w Hz
1269363433.00 : Mar 27 2020 16:56:55 UTC dt:2s nAv=34
V1:ENV_CEB_MAG_N.vs.V1:ENV_CEB_MIC_ COHE

o LA

i f !
10 10 10’ Hz
126936340350 : Mar 27 2020 16:56:25 UTC dt:1s 1269363433.00 : Mar 27 2020 16:56:55 UTC dt:2s nAv:34

VI:ENV CEB MIC_ FFT
3 w.E._._._.'._-......_. ..... ot

VI:DAQ_LNFS_Outl_sampls FFT

§ %u‘

LU et .

g.,ma-E 4 -rl_lF.._ ! =1
ot | n' T "
w' i i

f i i
1 0 w 1w e 1t w 1w " He
D292 100 1 Miar 2T 2OD0 Db UTC

VIPAY_WE_Cam_Image_ RAW
Baooo)

N DRS00 ; Mar 27 2020 1 Sacdd UTC

W1 Gn_Ervimaand BAMS ENV_CER MG 16 10 3000 TIME

4p00

2000

L2EWIEAZ0.00 1 Misr 27 2020 18642 UTC 1269364000000 © Mar 27 2030 16:56:22 UTC

Verkindt, D. “ Advanced Virgo+ dataDisplay. Users Manual”, Technical note, Virgo, 2022. https://tds.virgo-gw.eu/?content=3&r=20688.
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https://tds.virgo-gw.eu/?content=3&r=20688

()]

PyALP / PyServer

PyALP and PyServer are two similar concepts based on python implementation.

from virgotools import cm send, AclServer
import logging
import numpy as np

def setup(state, frame, outputs):
# produced channel
outputs.add channels ('ON', prefix='S0z")

outputs.ON = 0

log.info ("Init done™)
def loop(state, frame, outputs): # every each second
outputs.ON = 1

err signal = np.mean(frame.LFC SC PD RF 11MHz I CAL)

# perform the action every 2 seconds

o)

if frame.gps % aom actuation time == 1:
# do the job

outputs.info = ('ON: {}'").format (outputs.ON)

cce
has direct @

Cascina 26/06/2025

from pyserver import *

from virgotools import *

import os, time

import configparser

config = configparser.ConfigParser ()

@cm handler

def

def

def

run

M. Bawaj

handle command (message, sender, ):
sender = pvt utils.native_ str (sender)
logger.info('Received a message from %s', sender)

try:
message = cm_lib.parse cm message (message)
logger.info('Parsed message*: %r', message)
except:

logger.exception('Error')
# do the handling procedure
return cm.CmMessageOk

init () :

logger.info ("Doing init'")
cm.CmMessageInstallHandler (handle command, 'my cmd')
return None

worker (): # every each second g 1O data
data = do_the worker job () . Cx,aCCeS

return data no \ i
. Nas a

server (worker, init=init) o 0@

17
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Thank you for your attention!
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