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GWTC: Gravitational Waves Transient Catalog - 3
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LOOKING BACK
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CONCEPT
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

RESEARCH LABORATORY OF ELECTRONICS
CAMBRIDGE, MASSACHUSETTS 02139
(V. GRAVITATION RESEARCH)

B. ELECTROMAGNETICALLY COUFPLED BROADBAND
GRAVITATIONAL ANTENNA

Introduction

The prediction of gravitational radiation that travels at the speed of light has been
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From CONCEPT to PROJECT
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THE VIRG/:O PROJECT
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VIRGO must be considered both as an experiment and as a step
towards a future observatory. The immediate goal of the VIRGO
experiment is to realize, or to participate in, the first detection of
gravitational radiation, but it also has the long term goal of being one
component of the gravitational wave detectors network which will
involve other detectors in other countries, and provide data of
astrophysical interest. These goals imply a collaboration with the other
groups having similar projects, without excluding some competition.
The group leaders from lItaly, France, Germany, Scotland, and the USA
have agreed to exchange all information and to collaborate on all the
aspects of the construction of large interferometers in order to
generate the international effort required by the birth of gravitational
astronomy.

A BRILLET & A GIAZOTTO
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o A Giazotto was the first who
conceived a detector with low
frequency threshold at ~10 Hz

o He was thinking about
detecting continuous sources
(pulsars)

o And he thought he had the
right idea to achieve the goal
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ASD [m /~ Hz]

Seismic spectral variation. Virgo-CEB-floor. Direction:EW

vomeni| =50 percentile
/iy 7= -Low and High Noise models

10 and 90 percentile (based on 363 days)
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In detection band (>10 Hz2)
a point on ground moves by

~107m/Hz'"*  f~10Hz

S eism

To detect the little displacement
caused by a GW

X~10" m/Hz "

a seismic suppression of ~ 10
orders of magnitude is needed!!!
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VIRGO COMMISSIONING

6 YRS FROM FULL LOCK (2005)
TO DESIGN SENSITIVITY
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Sensitivity [h\Hz]

102
10-21
10%

108

iiiil i I A |

——— C1 Nov 2003

C2 Feb 2004

C3 Apr 2004
———— C4Jun 2004
——— 5 Dec 2004
B Aug 2005
-~ C7Sep2005

——— WSR1 Sep 2006
——— WSR10 Mar 2007

——— VSR1 May 2007

— VSR2 October 2009

Virgo+ design

102 10°
| €1 & c2: single arm ; C3 & C4: recombined ; C5 & after: recycled |

10*

Frequency [Hz]

G Losurdo - INFN Pisa

19



1st GENERATION SENSITIVITIES

o LIGO and Virgo both reach design sensitivity but...no detections

11111

— Virgo VSR4
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- - Virgo design

— Virgo+ MS design

Virgo opens the way to
low frequency

Strain sensitivity [1/vV Hz]
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2007: LSC-Virgo MoU

2007: LSC-VIRGO MoU for a “SINGLE MACHINE"
A MAJOR STEP TOWARDS GW ASTRONOMY

Memorandum of Understanding
between

VIRGO

on one side

and the

Laser Interferometer Gravitational Wave Observatory (LIGO)

on the other side

Purpose of agreement:

The purpose of this Memorandum of Understanding (MOU) is to, establish and define a
collaborative relationship between VIRGO om,the one hand and"the Laser Interferometer
Gravitational Wave Observatory (LIGO) on the otherhand in the uSe of the VIRGO, LIGO and
GEO detectors based on laser interferometry toumeasure the distoftions of the space between free
masses induced by passing gravitational waves.

NFN Pisa

IMPROVING EVENT
SIGNIFICANCE AND
LOCALIZATION, SKY AND
TIME COVERAGE
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THE CASE FOR BETTER DETECTORS

EVENTS ox d3 T

Observing for a long time is good,
improving the sensitivity further is better.
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LIGO/VIRGO HAVE OBSERVED UP TO ~50 Mly. NOT ENOUGH FOR GW DETECTION

ADVANCED DETECTORS: LOOK 10x FARTHER
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NEW PAYLOADS,
MONOLITHIC
SUSPENSIONS
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Advanced LIGO/Virgo timelines

‘03 ‘08 14 5 16

LLO accepted o1
1t NSF review aLIGO funded (205 M$ + in kind)
‘ LHO accepted

‘ Decommissioning
AdV fundin_g approved start AdV accepted
1t AdV concept @L8ME*Inkind) | o4 AdV TDR (exey)
(white paper) 15t project review science run | released
L | | | | | | | | | | I‘ | | B
‘05 ‘08 ‘09 n 12 14 15 16
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AdV aLIGO*
Date of approval Dec 2009 Apr 2008
End of integration Aug 2016 Oct 2014 (LHO)
First stable lock Mar 2017 Feb 2015 (LHO)
Run start/1st GW Aug 2017 Sep 2015

*LIGO data from LIGO-L1400164-v3
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~6.5 yrs

~7.5yrs
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August 1, 2017

VIRGO JOINS LIGO IN THE OBSERVATION RUN O2

THREE 2G DETECTORS ACTING AS A “"SINGLE MACHINE"
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LOCALIZATION: WITHOUT VIRGO
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LOCALIZATION: WITH VIRGO
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“"DETECTING GRAVITATIONAL WAVES

NO IDEA COULD BE CRAZIER”

ADALBERTO GIAZOTTO
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