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»Gamma-Ray Bursts: what are they?
» The build up of the ‘'standard’ scenario
»Is everything solved?

Highlights in Physics Today:
One hundred years After the Birth of Beppo Occhialini - Milano, 16.2.2007




Treates banning nuclear tests between USA and USSR in early 60s
VELA Satellites: X and soft y-ray detectors

Brief, intense
flashes of y-rays

Klebesadel R.W., Strong I.B., Olson R Astrophysical Journal, 182, L85
" Observations of Gamma-Ray Bursts of Cosmic Origin’




Tens of GRBs detected in the following years

Search for counterparts, but the angular resolution achieved is
larger than a degree

NASA image




What are they?
Progenitors ? More than 100 models proposed...

Energetics?

Energetics:
Galactic: d= 50 kpc > E~10%erg

Extragalactic d=7 103Mpc (z~1) > E ~ 10 erg

Where are they located?




urst And ransient Source Experiment
Energy range: 0.03-2 MeV COMPTEL  EGRET

OSSE .
FOV ~ 4 misr \:...l ._,/

GRB rate: ~1 event/day

Thousands of GRB allowed to study their distribution
in the sky and their temporal and spectral properties




2704 BATSE Gamma-Ray Bursts
1991-2000

Fluence, 50-300 keV (ergs cm™)

Dipole and quadrupole <1 o from isotropy




Homogeneous Euclidean distribution in distance
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Very local (<100pc)?

Galactic halo (100 kpc)?

GRBs due to Neutron stars in the Galactic halo
R [F. Lamb]

Cosmologic ?

Explosions in galaxies with more energy than a Supernova

[B. Paczynski]




GRB 920513

Highly variable
Duration: ms - 1000 s

50 100
time [sec]

Light curve diversity [duration, structure]

Widths of pulses ~ constant
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Bimodality in duration: different origin?




featureless continuum

power-laws - peak in VF,
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Non thermal spectra
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Typical E,.q ~250 keV  (observer frame)




Italian-Dutch
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Narrow Field Instruments

tens arcmin resolution

Slewing in several hours




3 March

BeppoSAX observation of GRESTVOZ2E field BeppoSaX cbhservaticn of GRES702338 field
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GRB localization
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Fading optical transient




GRB 970228

4000 5000 6000

Cosmological origin |

~70 / 3000 with z: <0.1 - 6.3

(Batse, SAX, HETE-II, Integral, Swift, ..)




E ~10%%erg ~ M., C? 2> SN like event

Variability: + ~ ms
R~ 1 ¢~ 3107 cm ~ 10 R, for My, 10 M,

Large energy release in small volume

Isotropic equivalent energy 10%°-10°% erg




Compactness problem:

T, ,O(L/R?)R~L/R>»1  for photons above threshold

Yy «—> e'e

Fast variability
R;. ~1083 cm > + ~R/c ~300 s

while observed t ~ ms

Both issues accounted for if plasma is in
relativistic motion I ~ 300




* Thermal equilibrium: y-y «—— e‘e

= High pressure - Adiabatic expansion > Acceleration

»T~B50keV: y-y &€ e‘e

= Transparency

But temporal and spectral properties




Non-thermal spectra > Dissipation in optically thin regime

Thermal fireball energy
- Kinetic energy (baryon pollution)
- Kinetic energy dissipation

Constant pulse width > Repetition of same process

Internal shocks due to flow inhomogeneities

—~>Relativistic particle acceleration

- Synchrotron emission




Coasting ~ Prompt’emission

Acceleration
Yol 01100

opaque

fireball internal shocks

R ~ Ro rz ~10 14 cm

Relativ. e- + B-field: synchrotron




Veyn = 3.6x106B y* T/ (1+2) Hz

Magnetic field: Ly =gl,, 2 R2IM2B2%c = gl
Size: R ~ R, (internal shock)

Electron energy: ym,c=e,m c?("'-1) ~ e,m,c?
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External shock = shock onto circumburst gas

Deceleration when My, ~ m/T



Circumburst (ISM + star wind)

Acceleration Deceleration
ol 1100

opaque internal shocks
~ 14
fireball N HO e

external shock
R~10cm

Relativ. e~ + B-field:
synchrotron Relativ. e~ + B-field:
synchrotron

prompt emission " afterglow’ emission




Achromatic

jet break time




Achromatic breaks:
evidence for
collimated outflows
= Jets




Toreqk  Measures' 0
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All same intrinsic energy ?
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1205 + SN 1998bw V—band (z=0.16854, §t=0)

GRBs associated with SN (Ib,c)
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Host galaxies

Faint (mg ~ 25 ) galaxies
Sites of star formation
Low metallicities

2002 '[o 42 woo|g




core collapse of massive stars (M > 30 M_,,)
long GRBs

Collapsar or Hypernova (MacFadyen & Woosley 1999)
GRB simultaneous with SN

Supranova - Two step £Lollgpse (Vietri & Stella 1998)
GRB delaygd™ by few months-years

compact object mergers (NS-NS, NS-BH)
short GRBs

Discriminants: host galaxies, location within host, duration,
environment, redshift distribution, ...




Formation of a spinning BH + dense torus,
sustaining B ~ 1014-10 G

Extraction BH spin energy (0.29 M, c?)

Extract E > 10°2 erg

,2\/ tore ~ 10% Tayn




Efficiency?

Typical E .o ?

Hard-to-soft evolution ?

Non-thermal spectra?
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Kippen et al. ?
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. E,cax. 0(1), B(T) decrease
Bl independent of flux

¥ Internal shocks
should be similar: why




Synchrotron emission?

o
3

Counts in 0.0032 s bins

O
Low Energy Power Law Index




Efficiency?

Typical E .o ?

Hard-to-soft evolution ?

Non-thermal spectra?

Alternatives: Thermal comptonization/Compton drag...
Cold fireball/El.m. energy transport...




Physics:
- extreme relativistic fluid
- black hole formation + energy extraction

- evolution of massive stars

Cosmology:
z=63 > -IGM

- Star Formation first objects

Cosmological parameters: GRBs standard candles?




_y-ray telescope

X-ray telescope
Italy (INAF-Brera Observatory)

Optical telescope

* GRB at z=6.3
» Short localization (redshift, host, afterglow...)

- Afterglows at early times
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Nature of fireball and dissipation

The powerhouse: energy extraction
Connection with SN (1% of Ic?) Supranovae? Rates?
Reality/origin of energetics relations ?
High redshift GRBs

Short GRBs

Density of circumburst matter - lines?
Dark GRBs

Orphan GRBs

Structure of jet
Luminosity/collimation angle evolution?

SWIFT & GLAST plus
Neutrinos - UHECR - GW ..



Thank you |




