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GW science is driven by detector progress

R1 May 2007
VSR2 October 2009

» Best BNS range for initial detectors
LIGO: ~ 20 Mpc
Virgo: ~ 12 Mpc

» Advanced detectors
LIGO Ol:~ 60-80 Mpc
LIGO O2: ~70-105 Mpc
AdV O2: 25-28 Mpc

» First detected BNS:
GW170817:BNS @ 40 Mpc

» First detected BBH: o
GWI150914:BBH @ 410 Mpc

GW170814: BBH @ 540 Mpc
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Status of channel V1:DQ_META_ITF_Mode -- time range: 2017/08/01 10:00:00 UTC -> 2017/08/25 22:00:00 UTC
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STRAIN NoiseBudget; gps = 1187008830 (2017-08-17 12:40:12 UTC)

Measured; BNS 25Mpc, BBH 3e+02Mpc
Nominal 13W, BNS 45Mpc, VIR-0623A-17

» Mean BNS range: 25-28 Mpc - s e |

Limit was 45 Mpc g:;‘od. |
» Noise budget TEIAN Q

Many bumps and lines and some 2 ‘ R e

extra broadband noise -
» 85 % duty cycle

Longest lock segment: 69 hours s |
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» Main changes
Monolithic suspensions
Laser power: 70 W-> 100 W

..............................

— Monolithic - 256W [101/1040 MPc]
— Monolithic - 50W [102/1050 MPc]
— Metallic - 13W [41/455 MPc]

...| 7 Metallic - 25W [47/523 MPc]

Frequency independent squeezer

» O3 Goal: 60 Mpc

» Installation completed on April 19
Back to commissioning
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Toward O3: back to commissioning

» First: noise reduction at low frequency

Sensitivity for best BNS range of the day (35 Mpc
Improvement observed Y 9 Y (35 Mpc)

LIN- 1 0_19 H‘] —— Virgo sensitivity best of the day (at GPS=1213989408) 35 Mpc
» Then injected power increased | — s Wy
] P 0 - I Rex] Ogserving Scenarig) (60-85 Mp:

From 13 to 25W UK \V\ “ l

Learning how to use it 107 T
» Next: using the squeezer ozl Q&AL IH |
» Plus the usual: ool Y

S sl BN BN B R
Noises/glitches reduction 102 10°

Start=Jun 25 19:16:30 2018 duration=300 sec Freq (Hz)
Robustness

» No major shutdown scheduled before O3
O3 start: Feb. 2019, aligned with LIGO
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» Could we do better than AdV? e W

Frequency/Hz
» Could we stay competitive?

» Could we prepare the way to ET?



2019 2020 2021 2022 2023 2024 2025 2026

Virgo AdV+ Proposed upgrade plan
@ Observing Run O3 (> 60 Mpc) '

I
G D-sion. infrastructure preparation for AdV+ |

@ st signal recycling (AdV) and frequenC)'( dependent squeezing (AdV+)

e —— ? | Observing Run O4 (> 120 Mpc)
G st i\dV+ large mirror upgrades
@ /:\/+ commissioning

Observing Runs _
|
LIGO A+ Upgrade plan (see LIGO-G1702134) :
G A+ fabrication |
I
- LIGO A+: ] Install A+ upgrades

. - A+ integration into chambers
> distance x 1.7 -

, - A+ commissionin
>  événements x 5 : g
> Completion AdV+ and A+

» Strategy: long observing runs and AdV+ upgrades

» A two step approach:

For O4: Frequency dependent squeezing
+ Complete AdV: signal recycling

For O5: Reduce the coating thermal noise

Beyond O3: AdV+

Advanced Virgo
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101

Larger beam: Four test masses or just the end test masses!?

Improved coating

> ede+ proposed to the EGO Council last December
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AdV+ phase |

Microtower
for cavity end
mirror

Microtower
for cavity input
mirror

Cavity tube
about 300 m
(not to scale)

10-21 AdV+ Phase-l
» Complete the AdV program: Tl
I
200 W laser; [25WV at the ITF input 3
Signal recycling — 120 Mpc 2 10
» Frequency dependent squeezing 3
New filtering cavity 5
10724} == = 03:n0SQZ::50W:105 Mpc — -+ Suspension thermal
— |50 MPC —— noSQZ:125W:105 Mpc —— Quantum —
— Nn0SQZ:SR:125W:121 Mpc — Coatlng.thermal
» Newtonian noise cancellation iy v T S S
— 160 Mpc 107401 102 F 0 10¢
requency [Hz] . \uded
» Target: O4 run 1" noises N
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AdV+ Phase |l

» Larger mirrors/beams v
Diameter: 550 mm, thickness: 200 mm, mass: 105 kg (?)

Scenario |: ETM-only — 200 Mpc

10-22 AdV+ Phase-ll
Scenario 2: full upgr’ade — 230 MPC : —— AdV+Phase-1:164 Mpc —-- Suspension thermal
= = Larger ETM:204 Mpc — Quantum
2 Coating improvements m— | arger ETM:advCT:268 Mpc  —— Coating thermal
i~ = = |arger TM:237 Mpc Newtonian (5X att.)
If factor three reduction in CTN: 2 —— Larger TM:advCT:303 Mpc
Scenario |: ETM-only — 260 Mpc <
Scenario 2:full upgrade — 300 Mpc 2 1033}
7 .
» Many challenges and activities 5
Grand Coater upgrade &
Vacuum, infrastructure
Payloads and superattenuators 1oL 1 , . 4
, 10 10
Aberration control Frequency [Hz]



Phase Item Completed|BNS range| Cost
[Mpc] [ [ME€]

AdV-03 2019 65-80

AdV design Tuned signal recycling + 125 W 2021 120

Phase | Frequency dependent squeezing (FDS) 2021 150 3.5
Newtonian noise cancellation (NNC) 2021 160 1.0

Phase Il Scenario 1: Large mirrors, ETM-only (LM1) 11.7
Scenario 1 net cost: FDS + NNC + LM1 16.2
Contingency (20 %) 3.2
Scenario 1- ETM-only upgrade cost 2023 200 - 260 19.5
Scenario 2: Large mirrors, full upgrade (LM2) 20.8
Scenario 2 net cost: FDS + NNC + LM2 25.3
Contingency (20 %) 5.1
Scenario 2 - Full upgrade cost 230- 300 30.4
Risk reduction NDRC 8.5

» Not yet approved...
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» 3G detectors

= Could see
some sources
all over the
Universe

» Detector and
Data Analysis
challenges

Redshift

AdV+:a step toward 3G
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