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Gravitational waves

- Solution of the Einstein’s equations
¢ 2 pOIarlsatlonS “X" et “_l_n
* quadrupole

Sources

Coalescence of compact objects Pulsar Superradiance of bosons




Detection

« LIGO-Virgo collaboration
e Use of Michelson interferometer
« 2in USA, 1in ltaly

rer]
 macmnaeon ‘ When a gravitational waves pass through the
Fabry Perot Cavities detector’ One arm iS Contracted and the Other
o one is dilated.
%%,

=4t | Length of the arm : 3km for Virgo

Precision of the interferometer : 10 m
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Coalescence of compact
objects

Distance Between Black Holes

& " 10 9 8 7640 3 phases for
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Theoretical Model of GW150914
-0.2 -0.15 -0.1 -0.05 0 0.05
Time (seconds :
secone® . Ringdown

Matched filter technique for detection of these gravitational waves 412



Actual detections

Masses in the Stellar Graveyard - 10
coalescences of

. . black holes

A

e 1 coalescence
of neutrons
stars

4 of the 10 coalescences of
black holes come from a
second analyses of the first
and second run of observation

EM Neutron Stars

LIGO-Virgo | Frank Elavsky | Northwestern
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The analyses upgrades :
low latency

e | 1 O1 -Médian:ﬁ?.:ls ° GW151226
0.07] 1 [ 02-Median=21.9s | detected with
0.06 ] delay of 70
| | secondes

« Use a new
filter =>
detectable In
20 secondes
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arXiv:1901.08580

Useful for multi messenger astronomy
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The analyses upgrades :
bank and likelihood

1) Template bank

 Old bank : 2 solar mass - 100 solar mass
e New bank : 2 solar mass - 400 solar mass

2) Likelihood

* Inclusion of phase and time delay into the
likelihood

7/12



02 : Virgo enters into the
g a m e | - LIGO-Hanf(;rd - LIG;L'J-Livm?;ston - ‘vugo

BNS Range [Mpc

0 1 P 12 16 20 54 28 392 36
ArXiv 181112907 Weeks from Start of O2

« At the end of O2 Virgo was able to detect up to
30 Mpc

« GW170814 detected by the 3 interferometers




I Technical upgrades

e Laser upgrade :

At high frequency, the noise is dominated by the shot noise g~ ﬁ

Higher intensity of the laser = weaker shot noise

« Light squeezing :

At low frenquency, the noise is dominated by the radiation pressure

h * Minimise the error on the phase

A.’EAP Z E « Maximise the error on the amplitude 9/12



I The objectives

Number of events for O3 : 50 more

Distance for Virgo : 60Mpc for neutron star

Triple detection and better localisation

Multimessenger
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The next months

LIGO-VIRGO Joint Run Planning Committee

Working schedule for O3
(Public document G1801056-v4, based on G1800889-v7)

2018 2019
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul ' Aug >
ER13: from Bam PT Dec 14 ER14: up to four weeks, starting at the earliest March 1s5t, 2019
L to 6 am PT Dec 18 03 to follow
I H'I Commissioning I EFiS Commissioning EH} O3: one calendar year long
0 L1 Commissioning EF‘S Commissioning EFIF 03: one calendar year long
V[ HGO Commissioning Edﬂ Commissioning EH} 03: one calendar year long
GEO ~70% observing mode
Detector operational . commissioning mode Detector not producing data
(small fraction of observing mode time) (downtime)
Detector in observing _
- mode for a fraction of the time 24/7 observing mode
during Engineering Runs (ERs), (Observing Run,
possible GW alerts with human vetting Open Public Alerts in low-latency)




Thank you for your
attention
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