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Ursa Major

Before and after Fermi LAT views of GRB 130427A, centered on the north galactic pole
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Before and after Fermi LAT views of GRB 130427A, centered on the north galactic pole
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| GRB sono tra le sorgenti piu” distanti che
conosciamo

La loro energia e quindi enorme: 1053 erg:

O Come 100 Supernovae
© Come il Sole per 3000 miliardi di anni
© Come tutta la nostra Galassia per 100 anni

E tutto cio” in pochi secondi....
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Long GRB progenitors




The Neutron Stars Merging Scenario

ESO PR Photo 32¢/05 (October 6, 2005)



COMPACT OBJECT MERGER SCENARIO ShOCk

1 Neutron stars aCC8|erat|On

Central engine
jets

AFTERGLOW

OF GAMMA RAYS

Black

PRE-BURST

INTERNAL EXTERNAL
SHOCKS SHOCKS

Faster Slower Blobs

Ty Highly beamed
blob collide

gamma rays

Massive
star Local
medium
1 THE FORMATION of a gamma-ray burst begins either with the rich in iron

merger of two neutron stars or with the collapse of a massive star.
Both these events create a black hole with a disk of material
around it. The hole-disk, in turn, pumps out a fireball at close to the
HYPERNOVA/COLLAPSAR SCENARIO speed of light. Shock waves within this material give off radiation.
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Telescopio
oftico

Telescopio X:

Osservatorio di
Breral

Data di lancio:
20 Nov. 2004
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- 15-150 keV
- FOV: 2 steradiants
- Centroid accuracy: 1" -4’

- 0.2-10.0 keV
- FOV:23.6" x23.6°

- Centroid accuracy: 5”

- 30 cm telescope

- Bfilters (170 nm - 600 nm]

- FOV:17’ x 17’

- 24% mag sensitivity (1000 sec)
- Centroid accuracy: 0.5
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Lo Scenario Osservativo

1. BAT localizza il GRB, e calcola |a posizione a meno di ~ 3 arcmin
2. La navicella autonomamente punta il GRB in ~70 s

3. Il telescopio X trova la posizione a meno di ~ 5 arcseconds

4. |l telescopio ottico/UV trasmette immagini a terra

BAT XRT
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= SN2003dh
= SN1998bw

afterglow
host --
SN ----

sum —

83 days |
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A )
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RB 060614 GRB 060505
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9 events with z> 5
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GRBs as probes

Thanks to their brightness, GRBs are detectable from the local Universe to very high
redshift. A unique tool to study:

e cosmic star formation history

* metallicity & dust evolution

* the properties of faint galaxies that would be missed by ‘traditional’ surveys



non-GRB science



Swift J1644+57: Onset of a relativistic jet
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1. Asun-like star on an eccentric 2. Strong tidal forces near the 3, Thepartof the star facing the 4, Near the black hole, magnetic
orbit plunges toward the black hole increasingly distort black hole streams toward it fields power a narrow jet of
supermassive black hole in the the star. If the star passes too and forms an accretion disk. particles moving near the speed
heart of a distant galaxy. dose, it is ripped apart,

The remainder of the star just

of light. Viewed head-on, the jetis
expands into space.

a brilliant X-ray and radio source.

Credit: NASA/Goddaed Space Flight Center/Swift

Swift Science

- BAT discovery of bright transient Mar '171

- Located at center of non-AGN galaxy

- Emission due to relativistic jet from star torn apart by ~1057 M, black hole

- TDEs long predicted but never seen so clearly. Jet not predicted



Swift J1644+57: Onset of a relativistic jet
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1. Asun-like star on an eccentric 2. Strong tidal forces near the 3, Thepartof the star facing the

orbit plunges toward the black hole increasingly distort black hole streams toward it

supermassive black hole in the the star. If the star passes too and forms an accretion disk.

heart of a distant galaxy. dose, itis ripped apart, The remainder of the star just

expands into space.

LETTER

Relativistic jet activity from the tidal disruption of

doi:10.1038/nature10374

a star by a massive black hole
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Particle jet

4, Near the black hole, magnetic

fields power a narrow jet of
particles moving near the speed
of light. Viewed head-on, the jetis
a brilliant X-ray and radio source.

Credit: NASA/Goddard Space Flight Center/Swift



Swift Science

- SN shock breakout discovered by Swift /XRT

- Swiftis accumulating best UV data set on Type la SNe.

- Swift has detected far more SNe in X-rays and UV than any
other mission
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The Future



Oltre lo spettro EM: le onde
gravitazionali

© 2006 Encyclopzedia Britannica, Inc.




Sorgenti di onde gravitazionali

» ? r y, -
\ L et}

Coalescence ol massive black Black holes orbiling massive Hundreds of galactic binary SU pernovae
holes during collisions belween black holes, providing precision slar systems, many containing

galaxies, perhaps in formation lesls of gravilational theory in neutron slars or black holes,

ol massive black holes, probing the high-field limit. including several known

the central engines powering binary systems.

quasars.




Rivelatori di onde gravitazionali

LIGO VIRGO

Laser Interferometer Gravitational-Wave Observatory

Ciascun braccio dell” interferometro e’ lungo circa 3-4 km
Distorsione prevista: 101 m



Rivelatori di onde gravitazionali
il futuro

eLISA/NGO (2027?)
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Survey del futuro: LSST

Large Synoptic Survey Telescope (2020)

- 18000 gradi quadri ogni 3-4 notti (50% del cielo)
- sorgenti variabili

- 15 Tbyte (1000 Gb) di dati ogni notte per 10 anni
- 8.4 metri di apertura




Legacy



| telescopi del futuro: JWST

James Webb Space Telescope (2018)

Hubble primary
mirror 4




| telescopi del futuro: E-ELT

European Extremely Large Telescope (2020)
Diametro: 39 m

& Aperture diameter (m) %
E-ELT 39.3
Thirty Meter Telescope (TMT) 30

Giant Magellan Telescope (GMT) 24.5




938 GRB (10% short]

/11 Active Galactic Nuclel

334 Supernovae

186 X-ray Binaries

42 magnetar outbursts

20 Pulsars

2 Tidal disruption events

Up to /3 target per day

> 1800 scientific papers (>28000 citations)

50



Overall Mission Ranking
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World’ s premier GRB observatory: outstanding science results on GRBs
[X-ray light curve, high-z GRBs, GRB-SN connection, short GRBs]

Rate of publications remains high and includes game-changing papers
Gl program (5 Ms/year) making discoveries on a broad range of topics

Unigue Time Domain sampling and wavelength coverage

* Up to /75 target per day, >1000 observing program per year

* Autonomous response (s to min): GRBs, SGRs, flare stars, X-ray transients
 ToO response in periods from minutes up to hours and/or days

* Now: spending most of its observing time on non-GRBs source

Swift has improved capabilities and exciting new opportunities:

* Automated tiling of large error regions to identify high-value events
* Augmented on-board catalog to find transients in nearby galaxies
* Improved ground-based instruments to identify high-z GRBs

* Future collaboration to find & identify gravitational wave event

Detected for the first time the onset of an extragalactic jet (+1] result of a TDE by SMBH
53






