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OUTLINE

Radiazione Elettromagnetica
Onde Gravitazionali
- Rivelatori di Onde Gravitazionali
- Sorgenti di Onde Gravitazionali
Astrofisica Multimessenger
Possibilita scientifiche dell’ Astrofisica Multimessenger
- Transienti
- Cosmologia

- Fisica Fondamentale

WE CAN'T ACTUALLY DO ANY RESERRCH BECAUSE
WE SPENT OUR ENTIRE BUDGET ON SCI-FI CORRIDORS
AND OCTAGONAL POWER-DOORS, BUT EVERYONE
AGREES THAT IT'S THE COOLEST LAB ON CAMPUS,

S0, WE'VE GOT A CATCHY ACRONYM,
A STYLISH LOGO AND A SHINY NEW LAS.

NOW, HAS ANYONE GOT ANY SUGGESTIONS
FOR SOME GROUNDBREAKING SCIENCE?




RADIAZIONE ELETTROMAGNETICA

= Gia parlato tanto...

= Propagazione nello spazio dell’energia di campo
elettromagnetico

= Duplice natura, ondulatoria e particellare

PARETE DIVISORIA

. E = energia g
i E — hV h = costante di Planck :

v = frequenza
q er SORGENTE DI LUCE /, e,
}\ c = velocita della luce SLglRpate
Vv A = lunghezza d’onda
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ONDE GRAVITAZIONALI
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= |915: Einstein > Teoria della Relativita Generale
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= |a gravita e una proprieta geometrica della spazio-tempo H...... ]
dipendente dalla distribuzione di massa Iﬁ======g
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= 1916: Onde Gravitazionall i==ﬁ==ﬁ==|

= Increspature dello spazio-tempo che si propagano come
onde alla velocita della luce

= Possibile natura particellare: Gravitoni




RIVELATORI DI ONDE GRAVITAZIONALI
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SORGENTI DI ONDE GRAVITAZIONALI

= Binarie Coalescenti: BH o NS = Pulsar

®  Core-Collapse Supernovae 0

Galactic Binaries ~ Compact Objects Orbiting
Massive Black Holes

high-precision probes
of strong-field gravity ‘

including future
type la supernovae
NG




ASTROFISICA MULTIMESSENGER

Onde Gravitazionali (Gravitoni?)

= Neutrini

= La rivelazione delle onde gravitazionali ha portato alla = Raggi Cosmici
nascita dell’ Astrofisica Multimessenger!

= Diversi “messaggeri’ cosmici portano informazioni
diverse sulla stessa sorgente

Gravitational

Gamma-rays

Cosmic-rays
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Multi-messenger Observations of a Binary Neutron Star Merger

Abstract

On 2017 August 17 a binary neutron star coalescence candidate (later designated GW170817) with merger time
12:41:04 UTC was observed through gravitational waves by the Advanced LIGO and Advanced Virgo detectors. The
Fermi Gamma-ray Burst Monitor independently detected a gamma-ray burst (GRB 170817A) with a time delay of
~1.7 s with respect to the merger time. From the gravitational-wave signal, the source was initially localized to a sky
region of 31 deg” at a luminosity distance of 40§ Mpc and with component masses consistent with neutron stars. The
component masses were later measured to be in the range 0.86 to 2.26 M. An extensive observing campaign was
launched across the electromagnetic spectrum leading to the discovery of a bright optical transient (SSS17a, now with
the AU identification of AT 2017gfo) in NGC 4993 (at ~40 Mpc) less than 11 hours after the merger by the One-
Meter, Two Hemisphere (1IM2H) team using the 1 m Swope Telescope. The optical transient was independently
detected by multiple teams within an hour. Subsequent observations targeted the object and its environment. Early
ultraviolet observations revealed a blue transient that faded within 48 hours. Optical and infrared observations showed a
redward evolution over ~10 days. Following early non-detections, X-ray and radio emission were discovered at
the transient’s position ~9 and ~16 days, respectively, after the merger. Both the X-ray and radio emission likely
arise from a physical process that is distinct from the one that generates the UV /optical /near-infrared emission. No
ultra-high-energy gamma-rays and no neutrino candidates consistent with the source were found in follow-up searches.
These observations support the hypothesis that GW170817 was produced by the merger of two neutron stars in
NGC 4993 followed by a short gamma-ray burst (GRB 170817A) and a kilonova/macronova powered by the
radioactive decay of r-process nuclei synthesized in the ejecta.

Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90% credible regions from
LIGO (190 deg?; light green), the initial LIGO-Virgo localization (31 deg?; dark green), IPN triangulation from the time delay between Fermi and INTEGRAL (light
blue), and Fermi-GBM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 10.9 hr after the
merger (top right) and the DLT40 pre-discovery image from 20,5 days prior to merger (bottom right), The reticle marks the position of the transient in both images.
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Ma quali sono le possibilita
scientifiche dell’astrofisica delle onde

gravitazionali e, piu in generale,
dell'astrofisica multimessenger?



TRANSIENTI

La piu importante classe di eventi per I’Astrofisica MM,
nonché quella che racchiude gli eventi piu interessanti

Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

s
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Credit: NASA/AEI/ZIB/M. Koppitz and L. Rezzolla

I85: piu antica supernova osservata
| 604: Supernova di Keplero

1967: il volo di un razzo scopre la prima sorgente
transiente di raggi X, CenX2

1968: “Observation of a Rapidly Pulsating Radio
Source”, ]. Bell et Al., Nature

1 973: annuncio della scoperta, da parte dei satelliti
Vela, dei Gamma-Ray Burst




TRANSIENTI - GW 170817

= Gamma-Ray Burst
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Lamb G. P., Kobayashi S. ArXiv:1710.05857 [astro-ph.HE], (2018)

- prompt emission

- afterglow emission

= Kilonova
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- emissione legata alla nucleosintesi

- massimo nell’Infrarosso
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Figure 2. Timeline of the discovery of GW 170817, GRB 170817A, SS5173/AT 201 7gfo, and the follow ap cbservations are shown by messenger and wavelength
relstive tothe time £, of the gravitsional- wave event. Twotypes of information sre shown for esch bend /messenger. First, the shaded dashes represent the times when
information was reparied i 3 GON Crrcular. The names of the relevant instruments, faciliies, or olserving teams are collected o the begmning of the row. Second,
reprsenttive obxervations (see Table 1) in each band are shown s solid circles with their aness spprosimately scaled by brighmess; e solid lines indicste when the
source was detectable by at kst one telescope. Magnification insets give a picture of e firg detections in the gravitstional wave, gamma ray, opfical, X-ray, and
radio hends. They are respectively illusirated by the combined spectrogram of the signak received by lJ(x()llmkml and LIGOLivingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lighcurves masched in time resolution and phase Gee Section 2.2), 1sx1's postage stamps extracted from the initial six
olservations of SSS17a/AT 017gh and four exrly spectra token with the SALT (at £ + 1.2 days: Buckley et al. 2017; McCully et al. 2017h), ESO-NTT (2t
1.+ 1.4 dayx; Smartt et al 2017), the SOAR 4 m telescope (2t £. + 1.4 days; Nicholl etal. 2017d), and ESO-VLT-XShooter (a1, + 24 deys; Smartt et al 017)
described in Section 2 3, and the firgt Xoray and raddio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). I order 1o show
reprsentative spectral energy distabutions, each spectrum i normalized to its maximum and shifted arbizanily slong the linear y-axis (no shvolute scale). The high
background in the SALT spectrum below 4500 A pevents the dentification of spectral features in this hend (for details McCully et al. 201 7).
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COSMOLOGIA

= Costante di Hubble: v = HyD -. Dark Matter

®  Tasso di formazione stellare Dark Energy

=  Energia oscura (grazie ai rivelatori 3QG)

= Background cosmologico di Onde Gravitazionali




FISICA FONDAMENTALE

A NEUTRON STAR: SURFACE and INTERIOR
5 Spaghett

THEY ALL ASK “WHAT 1S DARK MATTER?” cone. St
AND “WHERE IS DARK MATTER?”) BUT s
= [ NOBODY ASKS “HOW IS DARK MATTER?” — |

®  Materia oscura

= Struttura delle Stelle di Neutroni

" Velocita della gravita

®  Gravita in condizioni estreme

Graviton, Marvel Comics
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