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Perugia, 29 giugno 2021 - Le collaborazioni scientifiche Virgo, LIGO e KAGRA hanno annunciato oggi
le prime osservazioni di sistemi binari composti da una stelladi neutroni (NS, dall’ inglese Neutron Star)
e un buco nero (BH. dall’inglese Black Hole). Questo e stato reso possibile dalle osservazioni nel
gennaio 2020 di segnali di onde gravitazionali (denominati GW200105 e GW200115 dalle date in cui
Sono stati osservati) emessi da due diversi sistemi in cui un buco nero e una stella di neutroni che
ruotavano uno attorno all’ altrasi sono fusi formando cosi un unico oggetto compatto.

L’ esistenza di questi sistemi € stata prevista dagli astronomi diverse decine d’ anni fama non erano
mai stato osservati con sicurezza primad’ ora, né con segnali el ettromagnetici né gravitazionali. Il
risultato, insieme alle sue implicazioni astrofisiche, € stato pubblicato oggi sullarivista scientifica The
Astrophysical Journal Letters.

“Finora avevamo osservato coppie di buchi neri o di stelle di neutroni mediante osservazioni di
radiazione elettromagnetica o gravitazionale. La coppia formata da un buco nera e da una stella di
neutroni erail sistema binario che ancora mancava all’ appello degli astronomi - ha detto Astrid
Lamberts, membro della collaborazione Virgo e ricercatrice del CNRS al laboratorio Artemis,
Observatoire de la Cote d'Azur a Nizza (Fr) - Questa scoperta ci dimostra ancora una voltacomei
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rivelatori di onde gravitazionali stiano espandendo il nostro orizzonti, permettendoci di osservare cio che
fino aieri non potevamo proprio vedere”.

| segnali gravitazionali rivelati in gennaio portano informazioni preziose sulle proprieta fisiche dei
sistemi, come le masse e le distanze delle due coppie NSBH, cosi come sui meccanismi fisici chele
hanno generate e portate allafusione. L’ analis dei dati ha mostrato che il buco nero e la stella di neutroni
che hanno dato origine a GW200105 erano rispettivamente circa 8.9 e 1.9 volte piu massicci del nostro
Sole e che si sono fusi circa 900 milioni di anni fa, vale adire centinaiadi milioni di anni primadella
comparsadei dinosauri sullaTerra. Nel caso di GW200115, gli scienziati di Virgo, LIGO e KAGRA
stimano che i due oggetti compatti avessero masse approssimativamente 5.7 (BH) e 1.5 (NS) volte
maggiori dellamassa del Sole e che s siano fus circa 1 miliardo di anni fa.

Il risultato annunciato oggi, che si aggiunge alle dozzine di altre scoperte fatte finorada Virgo e LIGO, ci
permette per la primavolta di osservare in dettaglio alcuni dei fenomeni piu violenti e rari nel nostro
Universo e di disegnare un'immagine ineguagliabile delle regioni affollate e caotiche che costituiscono
uno dei possibili ambienti in cui tali eventi possono essersi sviluppati. Inoltre, le informazioni dettagliate
che stiamo raccogliendo sullafisicadei buchi neri e delle stelle di neutroni ci offrono la possibilita di
mettere alla provale leggi fondamentali dellafisicain condizioni estreme, che non saremo mai in grado
di riprodurre sulla Terra.

“Lascoperta annunciata oggi € un’ atra preziosa gemmain quel tesoro che € il terzo periodo osservativo
di LIGO e Virgo - hadetto Giovanni Losurdo, il portavoce di Virgo ericercatore INFN - LIGO e Virgo
continuano a svelare collisioni catastrofiche che non sono mai state osservate prima, e ci mostrano un
panorama cosmico davvero nuovo. Ora stiamo migliorando i rivelatori per riuscire a guardare ancorapiu
in profondita nel cosmo, in cerca di nuove gemme, per capire sempre piu afondo I’ Universo in cui
viviamo”.

“Siamo particolarmente felici di questi ultimi e importanti risultati - sottolinea Helios Vocca, responsabile
del gruppo di Onde Gravitazionali dell’ Universitadegli Studi di Perugia e dell’INFN di Perugia - oltre a
loro incredibile significato scientifico, anche perché sono le prime rivelazioni alle quali partecipa, oltre
allaormai collaudata collaborazione L1GO-Virgo, anche la collaborazione dell’ esperimento giapponese
Kagra, guidata dal premio Nobel Takaaki Kgjita, del quale il gruppo di Perugia e uno dei partner e del
guale ho I’ onore di essere nel gruppo di coordinamento come responsabile europeo (ed unico membro
non asiatico)”.
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Virgo and L1GO have observed thefirst ‘mixed’ black hole and neutron star pairs

Virgo, LIGO and KAGRA add another missing piece to our knowledge of extreme cosmic phenomena: the
first direct observation of pairs consisting of a black hole and a neutron star. Thisrepresents a
completely new kind of system, since the gravitational waves detected so far were generated by pairs of
black holes or pairs of neutron stars. It is a discovery that gives us new insights into the complex
mechanisms that may have generated these extreme and rare events and, together with the previous Virgo
and LIGO detections, begins to shed light on a yet unexplored cosmic landscape

The Virgo, LIGO and KAGRA scientific collaborations today announced the first observation ever of
binary systems consisting of ablack hole and a neutron star (NSBH). This was made possible by the
detection, in January 2020, of gravitational signals emitted by two systems, in which a black hole and a
neutron star, rotating around each other, merged into a single compact object. The existence of these
systems was predicted by astronomers several decades ago, but they had never been observed with
confidence, either through electromagnetic or gravitational signals, until now. The result and its
astrophysical implications have been published today in The Astrophysical Journal Letters.

On the 5th of January, 2020, the Advanced L1GO detector in Livingston, Louisianain the US, and the
Advanced Virgo detector in Italy, observed a gravitational wave produced by the last few decaying orbits,
before the merging, of aNSBH pair; just ten days later a second gravitational-wave signal from the
inspiral and merger of asimilar binary system, was observed, this time by both Advanced L1GO detectors
and the Virgo detector. These two events, nicknamed GW200105 and GW200115 (from the dates of their
detection), represent the first observations of gravitational waves generated by a mix of neutron stars and
black holes. Two past gravitational signals (GW190814 and GW190426) have been considered NSBH
candidates, but without a sufficient level of confidence.

“Double neutron star systems were first observed in the Milky Way in 1974 by monitoring pulses of radio
waves emitted by the neutron stars, known as radio pulsars. “ Astronomers have spent decades searching
for radio pulsars orbiting black holes, but have found none in the Milky Way up to now,” says Astrid
Lamberts, CNRS researcher of the Virgo collaboration at Artemis and Lagrange laboratories, in Nice “
Black hole and neutron star pairs were indeed for astronomers the * missing binary’. With this new
discovery, we can finally begin to understand how many of these systems exist, how often they merge,
and why we have not yet seen examplesin the Milky Way.”
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The gravitational signals detected in January encode valuable information about the physical features of
the systems, such as the mass and distance of the two NSBH pairs, as well as about the physical
mechanisms that have generated them and bring them to collapse. The signal analysis has shown that the
black hole and neutron star that created GW?200105 are, respectively, about 8.9 times and 1.9 times the
mass of our Sun (Mo) and their merger happened around 900 million years ago, hundreds of millions of
years before the first dinosaurs appeared on Earth. For the GW200115 event, the Virgo and LIGO
scientists estimate the two compact objects had masses around 5.7 Mo (BH) and 1.5 Mo (NS) and that
they merged almost 1 billion years ago.

The estimated heavier mass in both cases fits within the range predicted for black holes by stellar
evolution models. The lighter massis also consistent with neutron stars and these results indicate that
both detected systems are NSBH pairs, even if they have different confidence levels. In this regard,
although the statistical significance of GW200105 is not very high, the ‘shape’ of the signal aswell as
the parameters inferred from the analyses, lead the researchers to believe in its astrophysical origin.

“A large amount of work and computational resources has been dedicated to this parameter estimation.
Indeed a crucia issue in the analysis of the data recorded by gravitational-wave detectorsis to disentangle
the useful information, which always comes mixed with the noise”, said Giancarlo Cella, INFN

researcher and Virgo data analysis coordinator. “We need to obtain our best estimates for the properties
of the sources and at the same time we want to know what is the probability that the identified signal
might be just a random fluctuation”

An additional proof of the detection of a mixed neutron star black-hole system would have been the
detection of electromagnetic radiation along with the gravitational waves. In fact, if the masses of the two
compact objects are roughly comparable, the neutron star, while approaching the black hole, is subjected
to such powerful tidal forcesthat it is broken up. In this case, in addition to gravitational emissions, one
could also observe spectacular flares of electromagnetic radiation, due to the disintegration of the stellar
matter around the black hole: a mechanism similar to that which leads to the formation of accretion disks
around giant black holes at the center of galaxies. This probably did not occur for either GW200105 or
GW200115, because in both cases the mass of the black hole was too large, so once the separation
between the two objects has been sufficiently reduced, the black hole has, so to speak, swallowed its
companion in one bite.

“We got the evidence that our sensitivity is now above the threshold needed for detecting systems of this
kind”, claimed Cella, “and we expect that we will do thisroutinely in the next runs.”
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Drawing a new cosmic landscape

“The fact that we have now detected the three types of binaries will help us to develop theories that
explain the properties of all of them consistently - added Astrid Lamberts - In fact, this discovery allows
us to deepen our knowledge of the most extreme phenomena in the Universe, helping us understand better
which mechanisms may have generated them”.

The result announced today, alongside the dozens of detections made by Virgo and LIGO to date, allow
us, for the first time, a close observation of some of the most violent and rare phenomenain the Universe
and to draw an unprecedented picture of the crowded and chaotic regions that are one of the possible
nursery environments of these events. Furthermore, the detailed information we have started to collect
about the physics of the black hole and star mergers, gives us the chance to test the fundamental laws of
physics at extreme conditions, which obviously we will never be able to reproduce on Earth.

“The discovery announced today is one more gem in the treasure of the 3rd LIGO-Virgo observing run -
stated Giovanni Losurdo, Virgo spokesperson and INFN researcher - LIGO and Virgo keep unveiling
catastrophic collisions, which have never been observed before, shedding light on atruly new cosmic
landscape. We are now upgrading the detectors with the aim of looking much farther into the depth of the
cosmos, searching for new gems, seeking a deeper understanding of the universe we livein”.
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