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Localization: GW140817 — Binary black hole
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Localization: GW170817—- Binary neutron star
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LIGO-Virgo binary neutron star inspiral range
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« Horizon » = 2.3 X « range »

Virgo ~ 60 Mpc
Livingston ~ 220 Mpc
Hanford ~ 110 Mpc
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Virgo performances

Virgo ranges: 2017/08/01 -> 2017/08/25 -- now: 2017/08/26 21:55:13 UTC
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2017/08/21

2017/08/15 2017/06/18

Science: 85.08 %
Locking: 8.71 %
Calibration: 1.86 %
Maintenance: 1.28 %
Not locked: 1.26 %
Locked: 1.15 %
Adjusting: 0.41 %
Unknown: 0.25 %

L

DUTY CYCLE: 85%

LONGEST LOCK STRETCH: 69 hours

HIGHEST BNS RANGE: 28.2 Mpc

AVERAGE RANGE: BNS 26 - BBH,, 134 - BBH;, 314 Mpc

2017/08/24




Virgo sensitivity
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Virgo sensitivity

Advanced Virgo
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B Early (2016-17, 20- 60 Mpc)
=1 I Mid (201718, 60 -85 Mpc)
t--v-+-+f I Late (2018-20, 65115 Mpc)
(- -roed i Design (2021, 130 Mpe)
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FROM THE 2013 “OBSERVING SCENARIO”
Abbott BP et al. (LSC-Virgo), arXiv:1304:0670
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03 preparation



Three phases in the detector life

“Construction”: detector lock for hours

* LIGO: march 2015

* Virgo: end 2016

KAGRA: early 2019

(LIGO India not operational before 2024)
“Commissioning”: improvement of the sensitivity
* Scheduled improvements

« Tackling unexpected problems

“Observing run(s)”: scientific data

* Cost-benefit commissioning/Observing

12



Commissioning/installation plans
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Commissioning

Commissioning

Improve detector
configuration, re-
measure noise
couplings, Optical

Credit: Alessio Rocchi
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Observing runs and sensitivities

Early w==Mid Late =mDesign
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Virgo sensitivity curve
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Upgrade between O2 and O3 in detail

Replace steel wires with fused silica wires

* Reduce suspension thermal noise

Increase laser power

* Reduce quantum noise (at high frequency)
Use frequency dependent squeezing

* Reduce quantum noise (at high frequency)

Goal: ~ 60 Mpc (max is 100 Mpc) factor ~ 2 wrt 02
(goal for LIGO ~ 120 Mpc)

17



Strain [1/v Hz]

Virgo / Fused silica fibers

AdV Noise Curve: Fin =1250W
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Squeezed light injection
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After 03



Virgo/LIGO plans > 2019

2019 2020 2021 2022 2023 2024 2025 2026

Virgo Ad Proposed upgrade plan

serving Run O3 (> 60 Mpc) :

Design, infrastructure preparation for AdV+ |

G 'nstallsi cycling (AdV) and frequenc* dependent squeezing (AdV+)
? | Observing Run O4 (> 120 Mpc)

O stal }\dv+ large mirror upgrades

G /- issi
04 Observing Runs%

|
|

LIGO A+ Upgrade plan (see LIGO-G1702134) : 05

G A fabrication |

G sta A:+ upgrades

@ A+ integration into chambers

- A+ commissioning

{ Completion AdV+ and A+

22



Sensitivities after 03
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Advanced Virgo sensitivity
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Upgrades between 03 and 04
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The role of the thermal noise
coating and mirror size
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Ranges

LIGO Virgo KAGRA
BNS BBH BNS BBH BNS BBH
range/Mpc  range/Mpc  range/Mpc  range/Mpc  range/Mpc  range/Mpc
Early 40-80 415-775 20-65 220-615 825 80-250
Mid 80-120 775-1110 65 -85 615-790 25-40 250-405
Late 120-170  1110-1490 65-115 610-1030 40- 140 405-1270

Design

190 1640 125 1130 140 1270

29



The new infrastructures



Einstein Telescope
(and US Cosmic Explorer)

Credit: Einstein Telescope
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The big picture (again, as a summary)
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