
Status of the Virgo gravitational-wave
detector and the O3 Observing Run

—

Diego Bersanetti
INFN Genova

on behalf of the Virgo Collaboration

EPS-HEP2019, Ghent (BE)

July 13th 2019

mailto: diego.bersanetti@ge.infn.it


1 Introduction

2 Upgrades & Commissioning for the O3 Observing Run

3 Status of Advanced Virgo in O3

4 After O3: Advanced Virgo Plus

Background Image Credit:University of Warwick and Mark Garlick

https://warwick.ac.uk/
http://www.markgarlick.com/index.html


Introduction

1 Introduction

2 Upgrades & Commissioning for the O3 Observing Run

3 Status of Advanced Virgo in O3

4 After O3: Advanced Virgo Plus

Diego Bersanetti (INFN Genova) Status of the Virgo detector and the O3 Run EPS-HEP2019 - July 13th 2019 2 / 24



Introduction

Interferometers: Working Principle

Interference between laser beams

“Null signal” at the output port

A GW signal makes light to leak out

Phase difference converted in length, then
into gravitational wave strain h (t)
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Introduction

World-Wide Effort
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Introduction

Where we were: the O2 Observing Run

Advanced Virgo joined O2 on August 1st, 2017
Lower sensitivity than LIGO, very good
stability and duty cycle

Very useful to be in “Science Mode”
Two big detections: GW170814 and
GW170817
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Introduction

GW170817: First GW Detection from BNS Merger

On August 17th, 2017, three-detector signal

Immediate alert sent to astrophysical
partners

Electromagnetic counterparts were found:
GRB170817A from galaxy NGC 4993

Global effort of GW and astronomers
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Introduction

Gravitational Wave Transient Catalog 1 (1)
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Introduction

Gravitational Wave Transient Catalog 1 (2)

Three-detector signals are a game-changer for sky
localization
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Upgrades & Commissioning for O3

Monolithic Suspensions (1)

SiO2 fused silica fibers 400 µm thick hold the mirror
Already used in Virgo+ (1st Gen.)
Reverted to steel wires for O2 because of several breakages

Cause found: contamination of dust particles from vacuum
system
Mitigation: vacuum system cleaning, separated venting pipe
After mitigation, no more failures in 1.5 y
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Upgrades & Commissioning for O3

Monolithic Suspensions (2)
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Upgrades & Commissioning for O3

Quantum Noise
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Upgrades & Commissioning for O3

Increase of the Input Laser Power (1)

Input power raised from 13W to 18W:

✓ Shot noise
naturally reduced

✓ Little to no effect
at low frequency

! Thermal issues
become relevant!
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Upgrades & Commissioning for O3

Increase of the Input Laser Power (2)

Diego Bersanetti (INFN Genova) Status of the Virgo detector and the O3 Run EPS-HEP2019 - July 13th 2019 14 / 24



Upgrades & Commissioning for O3

Injection of Squeezed Vacuum States (1)

Injecting squeezed states from the output port:

✓ Shot noise gets
reduced

! Possible effect at
low frequency

✓ No thermal issues
arise!
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Upgrades & Commissioning for O3

Injection of Squeezed Vacuum States (2)

For a standard, “coherent”state, the
uncertainty principle holds:

∆X1∆X2 ≥ 1

We can squeeze the uncertainty on phase,
at the cost of increasing the amplitude one

Squeezer source from AEI-Hannover
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Upgrades & Commissioning for O3

Injection of Squeezed Vacuum States (3)
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Advanced Virgo in O3

Where we are: the O3 Observing Run

Advanced Virgo and Advanced LIGO started
O3 on April 1st, 2019
Trying to catch up with LIGO, but some gap is
still there

O3 will last one calendar year
Configuration is fixed, but small tasks
can be carried out
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Advanced Virgo in O3

Advanced Virgo in O3 (1)

Target was 60Mpc: close, but not there
“Flat” Noise is the major culprit
Stability and duty cycle still very good
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Advanced Virgo in O3

Three Detectors as a Network

The three detectors run as a network Maintenance, Commissioning and general
downtimes synchronized to favor
triple-coincidence detections
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Advanced Virgo in O3

Open Public Alerts

From O3 onwards, Open Public Alerts
are issued for Events and Superevents
GraceDB is the place to look at
About 1 event/week detected so far

Instructions are at the Public Alerts User Guide
page
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After O3: Advanced Virgo Plus

1 Introduction

2 Upgrades & Commissioning for the O3 Observing Run

3 Status of Advanced Virgo in O3

4 After O3: Advanced Virgo Plus

Diego Bersanetti (INFN Genova) Status of the Virgo detector and the O3 Run EPS-HEP2019 - July 13th 2019 23 / 24



After O3: Advanced Virgo Plus

What next: the Advanced Virgo Plus project

♦ Phase 1: hitting the thermal noise wall:
Signal Recycling mirror
Frequency Dependent Squeezing
Increased laser power (40W)
Newtonian Noise Cancellation

♦ Phase 2: pushing down the thermal noise:
Larger beams on bigger & heavier mirrors
for the End Test Masses
Higher laser power (100W)
Better mirror coatings (TBC, R&D
ongoing)
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Thank You



Backup



Mystery Noise #1: the f−2.5 Noise

Spotted at the beginning of August 2018
Unfortunately, several activities on the
detector were performed in a short time
Difficult to find the culprit

Cause found: coupling of the electronics
common mode with the residual charge
(not randomly moving) over the mirror
surface Mitigation: reduction of the actuators’

common mode



Mystery Noise #2: the “Flat” Noise

Mystery noise in the most important
region Mpc-wise
Cause(s) still under investigation

Initially considered as frequency
independent, then remodeled as f 0.25

First priority for next Commissioning
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