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Sensitivity scenarios

AdV sensitivity evolution from O3 to post-O5
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Introduction
Control system setup

On long superattenuators (BS, NI, NE, WI, WE, PR, SR) are installed:

FO

* 18 LVDTs of 3 different types
* 9 Vertical LVDTs (FO — F7 Crossbar, Bottom Ring)
* 3 FO Horizontal LVDT P
*6 F7 LVDTs

» 5 Accelerometers of 2 different types installed on FO:
* 3 Horizontal Accs
« 2 Vertical Accs

23 Coils of 4 different types
* 5 FO Coils
* 6 F7 Coils
» 8 Marionette coils
* 4 Mirror coils

* 3 Piezos on bottom ring ( )

* 21 Motors
* 1 Top screw FO vertical motor
* 3 FO trolley motors
* 6 Fishing rod motors
* 2 Marionette motors
* 4 F7 motors
* 5 Accelerometer motors



Introduction
Control system setup

On IB superattenuator are installed:

* 9 LVDTs of 2 different types
* 6 Vertical LVDTs (FO, F4, F7 Crossbar, Bottom Ring)
* 3 FO Horizontal LVDT

» 5 Accelerometers of 2 different types installed on FO:
* 3 Horizontal Accs
« 2 Vertical Accs

13 Coils of 2 different types
* 5F0 Coils
* 8 Marionette coils

* 3 Piezos on bottom ring ( )

* 18 Motors
* 1 Top screw FO vertical motor
* 3 FO trolley motors
+ 3 Fishing rod motors
» 2 Marionette motors
* 4 F7 motors
* 5 Accelerometer motors



Introduction
Control system setup

On MC superattenuator are installed:

* 9 LVDTs of 2 different types
* 6 Vertical LVDTs (FO, F4, F7 Crossbar, Bottom Ring)
* 3 FO Horizontal LVDT

» 5 Accelerometers of 2 different types installed on FO:
* 3 Horizontal Accs
« 2 Vertical Accs

» 17 Coils of 3 different types
* 5 FO Coils
* 8 Marionette Coils
* 4 Mirror Coils

« 3 Piezos on bottom ring ( )

* 19 Motors
* 1 Top screw FO vertical motor
* 3 FO trolley motors
* 4 Fishing rod motors
» 2 Marionette motors
* 4 F7 motors
* 5 Accelerometer motors




Introduction
Control system setup

On detection superattenuator (OB) are installed:

* 9 LVDTs of 3 different types
* 6 Vertical LVDTs (FO, F4, F7 Crossbar, Bottom Ring)
* 3 FO Horizontal LVDT

» 5 Accelerometers of 2 different types installed on FO:
* 3 Horizontal Accs
« 2 Vertical Accs

* 5F0 Coils
* 3 Piezos on bottom ring ( )

* 18 Motors
* 1 Top screw FO vertical motor
* 3 FO trolley motors
+ 3 Fishing rod motors
» 2 Marionette motors
* 4 F7 motors
* 5 Accelerometer motors




AdVirgo Superattenuator

Control system hardware
* A total of 14 boards, each one equipped with an 8-core TMS320C6678 DSP, are connected to each

long suspension:
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+ 185 control code files are running at the same time on the DSP cores at 10 kHz (IP, F7, LC controls), 40 kHz

AdVirgo Superattenuator
Control system software

SA control is an extremely complex system:
» 131 DSP boards are installed on BPC, BS, 1B, MC, PR, NI, NE, WI, WE, SR, OB

(Global signals oversampling) and 320 kHz (Digital demodulation of sensors)

* All the DSP software (code, generated assembler and binaries) is archived in an SVN repo that can be browsed

https://svn.ego-gw.it/svn/satsw/DSPCode_ Adv/

02 SOFTWARE MAP

SA BOARD IP CONNECTED DEVICES SOFTWARE RUNNING (Cored, 10 kHz) SOFTWARE RUNNING (Core1, 320 kHz)
BPC 172162104 P30 [/virgoDev/5a/D5PCoce_Adv/BPC/BPC_PSD
B°C 172462141 P20 JirgoDey/Sa/0SPCoce_Aav/SPC/ERC_CD
S3 85 17216262 B3 LVDT: JvirgoDey/Sa/DSPCoce_Adv/S5/LVOT/ES_MASTER /virgoDev/Sa/05PCoce_Adv/85/LVDT/BS_BR_LVDT_Demod
Ss 85 17216233 FO LVOT: JvirgoDey/Sa/DSPCoce_Adv/35/LVOT/ES_LVDT_HG_SRIO /virgoDev/5a/05PCoce_Adv/85/LVDT/BS_LVDT_HG2
Ss 85 17216232 FO VACes /vomv/sn'nsm Adv/BS5/Accs/BS_vAce_LOG /virgoDev/5a/05PCoce_Adv/85/Accs/BS_vAcc_Demod
Ss 85 17216233 FO Coils /58/05PCoce_Aav/35/inerti ping/E5_ID_Disg
Ss_85 172162133  FOHAcs Ivor;ooev/S\'DSPCoce Adv/B5/Accs/BS_Acc_LQG IvirgoDev/5a/D5PCoce_Adv/85/Accs/BS_Acc_Democ
Ss 85 17216232 F1-F7 VLVDT: JvirgoDev/Sa/DSPCoce_Adv/85/LVOT/ES_VLVDT_SRIO [virgoDev/5a/05PCoce_Adv/85/LVDT/BS_VLVOT
Sc B 17216220 PSD JirgoDey/Sa/DSPCoce_Adv/35/LC/8S_PSDY
Sc B 172162108 FID JirgoDey/Sa/DSPCoce_Aav/35/LC/ES_PSDm
Sc_BS 172162110  PSD fvirgoDev/Sa/DSPCoce_Adv/85/LC/B5_PSDt
Sc_BS 17216284 PSD [fvirgoDev/Sa/DSPCoce_Aav/85/LC/ES_PSDI
ScBS  17216218f1  MIR MARCoiks JvirgoDev/Sa/DSPCoce_Adv/BS/LC/ES_Mir
Sc_BS 172162179  MAR Coils JvirgoDev/5a/DSPCoce_Adv/B5/LC/BS_Mar
Sc_BS 172162135  F7LVOT /virgoDev/5a/DSPCoce_aav/85/LVDT/85_F7_LVOT /virgoDev/Sa/DSPCoce_Adv/8S/LVDT/BS_F7_LVDT_Democ
5¢_ B3 172162120  F7 Coils [fvirgoDev/Sa/DSPCoce_Adv/85/F7/85_F7_CD
sa_3 17216228 SR LVDT: JirgoDev/Sa/DSPCoce_AQv/IB/LVDT/IB_MASTER /virgoDev/5a/05PCoce_Adv/18/LVDT/IE_BR_LVDT_Demod
Ss_i8 172162130 FO, F4, F7 LVDT: /\nwv/h'bspcme Adv/1B/LVDT/i3_LVDT /virgoDev/sa/DSPCoce_Adv/18/LVDT/IB_LVDT_Demod
sa_3 1721829 FO VAcs I Coce_Aav/iB/Accs/IB_vAcc_LQG [virgoDev/5a/D5PCoce_Adv/18/Accs/1E_vAcc_Demod
Sa_18 172162121 FOCoils /uwv/sﬂasm Adv/i8/inertialDamping/i3_ID_Diag
S8 18 17216223 FO HAccs firge 'Coce_Aav/18/Accs/IB_Acc_LOG /virgoDev/5a/D5PCoce_Adv/18/Accs/1B_Acc_Demod
sc_l8 1721621412 P30 /mrgooevlsl’bsPcooe_.\mleIm_Psu
sc I8 17216286 PSD /virgoDev/Sa/DSPCoce_Adv/1B/LC/NS_PSOI
sc I8 172162107 PSD /virgoDev/Sa/DSPCoce_Adv/1B/LC/NB_PSDt
sc_ls 172162173 MAR Coils /virgoDev/5a/DSPCoce_Aav/1B/LC/B_Mert
Sc_I8 172162174 MAR Coils [virgoDev/sa/DSPCoce_Adv/iB/LC/S_Mar2
Ss_MC 172162128  BRLVDT: JvirgoDev/Sa/DSPCoce_AQv/MC/LVOT/MC_MASTER /virgoDev/5a/05PCoce_Adv/MC/LVDT/MC_BR_LVDT_Democ
Ss_MC 17216231 FO, F4, F7 LVDT: JirgoDev/Sa/DSPCoce_AQv/MC/LVDT/MC_LVDT IvirgoDev/5a/D5PCoce_Adv/MC/LVDT/MC_LVDT_Demod
Ss_MC 172162138  FOVAccs [virgoDey/5a/DSPCoce_Adv/MC/Aczz/MC_vac:_LOG /virgoDev/sa/D5PCoce_Adv/MC/Accs/MC_vAcc_Demod
Ss_MC 172162103  FO Coils Farg /S8/DSPCoce_Adv/MC/inerti ing/MC_ID_Disg
Ss_MC 17216214 FO Haces b /5a/DSPCoce_Adv/MC/Accs/MC_Acc_LQG /virgoDev/5a/D5PCoce_Adv/MC/Accs/MC_Acc_Demod
Ss_MC 172162130  PIEZ0 /ur;ooev/sa/bspcooe AQV/MC/Tilt/Piezo_Test
Sc_MC 172162101  PSD JvirgoDev/5a/DSPCoce_AQv/MC/LC/MC_PSD!
Sc_MC 172162168  PSD JvirgoDev/5a/D5PCoce_ATV/MC/LC/MC_PSDI
Sc_MC 17216288 = [virgoDev/5a/DSPCoce_AQv/MC/LC/MC_PSDTY
ScMC 172162105 PSD /virgoDev/Sa/DSPCoce_Adv/MC/LC/MC_PSDTI
SC_MC  17216217f  MAR Coils JvirgoDey/Sa/DSPCoce_AQV/MC/LC/MC_Mari
SC_MC 172162172  MAR Coils JirgoDey/Sa/DSPCoce_Aav/MC/LC/MC_Mar2
ScMC 172162176  MIRCois [virgoDev/Sa/DSPCoce_Adv/MC/LC/MC_Mir
Ss_NE 17216237 SR LVDT: JirgoDev/Sa/DSPCoce_Adv/NE/LVOT/NE_MASTER /virgoDev/5a/D5PCoce_Adv/NE/LVDT/NE_BR_LVDT_Demod
Ss_NE 17216240 FO LVDT: JirgoDev/Sa/DSPCoce_Adv/NE/LVOT/NE_LVDT /virgoDev/5a/DSPCoce_Adv/NE/LVDT/NE_LVDT_Demod




Summary of O4 activities

Here is a summary of O4 activities in charge of Virgo Pisa:

* Monitoring of system mechanical components:

 Overall monitoring of all signals generated by the entire suspension system (> 500 channels).
 People currently involved: Boschi, Majorana (Roma1), Ruggi (EGO)

* Maintenance of control system hardware:

» Maintenance and development of control system software:

* On call during both commissioning and science run:

* Troubleshooting of all sensors (153 LVDTs, 50 Accelerometers), actuators (196 coils, 201
motors), and signal processing devices (131 DSPs, 19 MCHs), timing and DAQ systems links.
* People currently involved: Boschi, Gennai, Piendibene, Ruggi (EGO)

* Troubleshooting and development of all software currently running on DSPs (185 control
files).

* Troubleshooting and development of all software currently interacting with the automati
system (supervisor).

* Troubleshooting of DAQ and Global Control communication.
* People currently involved: Boschi, Gkaitzis, Ruggi (EGO)

 Rapid response diagnose and intervention (24/7 during run) in all
to solve the issue.
* People currently involved: Boschi, Majorana (Roma1), Ru



Optical Design
AdVirgo+ Phase Il LMs

WE
Input
Mode
Cleaner
wi
—F— cp
CP NI
Faraday
130W Isolator ﬂ“ /35 ”
Laser U u U
PRM POP
¢-fp-=-1]
¢ Filtering cavity
SRM
Output A;‘ Squeezed

Mode Cleaner B light source

Photodiode



Optical Design
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3 Mirrors will have to be
used for each new cavity:

« 2x3kg
« 1x20kg

P/S-RM1 P/S-RM2

P/S-RM3
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The future of gravitational wave astronomy
Einstein Telescope
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http://www.et-gw.eu/

Einstein Telescope

Seismic isolation

The gravitational-wave interferometers of next generation, Einstein and Cosmic Explorer, aim at
gaining a factor of 10 in noise level, respect to Virgo and LIGO, but also extending at low frequency
their detection band.

Even in a site with very low seismicity, the sensitivity increase in the low frequency region will put
challenging constraints on the suppression of seismic noise: new designs should be studied.
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ET Design Update (ET-0007B-20)


https://apps.et-gw.eu/tds/?call_file=ET-0007B-20_ETDesignReportUpdate2020.pdf

Laser Interferometer Lunar Antenna
https://lwww.vanderbilt.edu/lunarlabs/lila/

Multi-band test of General Relativity White dwarf mergers Early-warning alert of days
at cosmological scales as progenitors of Type Ia SNe; to months for binary
with IMBH binaries Emissions from Core collapse SNe neturon star merjers
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Multi-messenger observation Superradiance of axion-like particles
of IMRIs as tidal around primordial black holes;
disruption events Sub-atomic dark matter emissions

Gravitational-Wave Frequency Spectrum
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Pulsar Timing Arrays fipace-bised GW/Petector Earth-based GW Detector
[NANOGrav, EPTA,/ IPTA] [ESA/NASA LISA mission] [LIGO, Virgo, KAGRA]

Moon-based GW Detector
[LILA]
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https://www.vanderbilt.edu/lunarlabs/lila/

