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ONDE GRAVITAZIONALI
oltre la scoperta
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GRAVITATIONAL WAVES (1916)

Néherungsweise Integration der Feldgleichunggy
der Gravitation.

Von A. EINSTEIN.
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s handelt sich niin
scheinbare

iartig zitternd

RIPPLES in the spacetime
propagating at the speed of light
Generated by big masses moving
at high speed
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o ADVANCED LIGO
- Funded: April 2008, >200 M$
- Construction complete: Oct 2014
~ First data: Sept 2015

o ADVANCED VIRGO

~  Funded: Dec. 2009, 21.8 ME
~ Construction complete: Aug 2016
~ First data: Aug 2017
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AUG 14", 2017

LIGO/Virgo Coll., PRL, 119, 141101 (2017)
Hanford ~Livingston ~~  Virgo
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AUG 17,2017

1,500

50 to 300 keV GRB 170817A

Fermi

Counts per second

LIGO/Virgo

Frequency (Hz)

Time from merger (seconds)
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Image credit: NASA

FROM NUCLEAR PHYSICS. ..

Thin atmosphere:
H, He, C.... ¢

Outer crust: ions, electrons

LVC, PRL 121, 161101 (2018)
Inner crust: ion lattice, soaked i

s Insuperfluid neutrons (SFn)

. Outer core liquid: e, i, SFn,

perconducting protons

Inner core: unknown
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— ~2x nuclear density

2x10g am
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4x10"gm??
“neutron drip”

m (M)

LIGO/NVIRGO are measuring the NS radius/mass.

Improving the accuracy (better SNR, more events)
will allow to determine the EOS




Gravitational Wave Signal
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AND FUNDAMENTAL PHYSICS
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B EINSTEIN'S THEORY

S. GHONGE, K. JANI | GEORGIA TECH

B. P. Abbott, et al., (LIGO Virgo Collaboration), “GWTC-1: A Gravitational-Wave Transient Catalog of
Compact Binary Mergers Ot?seryeg by‘ LIGO and Virgo during the First and Second Observing Runs”

PRX, 9, 031040 (2019)
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O3 ALERTS SUMMARY

o 48 public alerts (excluding
retractions) in O3 so far

o Sum of probability in each
category:

o Extensive follow-up but no e.m.

32 BBH

6 NSBH

/ BNS

3 "mass gap"

counterpart in O3

https://gracedb.ligo.org/latest/
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https://gracedb.ligo.org/latest/

In just 4 years. ..

GRAVITATIONAL-WAVE TRANSIENT CATALOG-1

...to population studies
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Galileo, 1610

Questo ¢, che Saturno, con mia grandissima
ammirazione; ho osservato essere non una stella sola,
ma tre insieme, le quali quasi si toccano; sono tra di loro
totalmente immobili, e costituite in questa guisa: 0Oo

Firenze, 13 novembre 1610
Lettera a Giuliano de' Medici



Galileo, 1610

Galileo, 1616




WE HAVE THE RIGHT INSTRUMENT.
NOW WE NEED TO MAKE IT BETTER AND BETTER AND BETTER...

Galileo, 1610

Galileo, 1616

HST, 400 yrs later




MID-TERM OUTLOOK

o KAGRA to join the network in O3b
o Ligo/Virgo to be further upgraded (A+/AdV+) after O3
a Ligo India to join the network in ~2024
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Gravigfational Wave Observatories




VIRGO must be considered both as an experiment
and as a step towards a future observatory. (...) it also
has the long term goal of being one component of
the gravitational wave detector network which will
involve other detectors in other countries, and

adn(

provide data of astrophysical interest.

THE VIRGO PROJECT

o The group leaders from ltaly, 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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LONG-TERM OUTLOOK
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COSMIC EXPLORER

o 3rd generation observatory in the US
o Above ground, L shaped, 40 km

o NSF funded design study under way (www.cosmicexplorer.org)
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Image credit: NAOJ/ALMA http://alma.mtk.nao.ac.jp/
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"RIVELARE LE ONDE GRAVITAZIONALI.
NESSUNA IDEA E' PIU' FOLLE DI QUESTA"

A. Giazotto




