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TUM Astrophysics Seminar WS 2003/2004

Observations and Physics of Gamma-Ray Bursts
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GRB Characteristics

#* Gamma-Ray Emission Bursts, Brighter than Galaxies & QSO's
! Duration 0.1 sec ... 1000 sec, Bi-Modal (3rd in-between?)
#* Diversity of Time Profiles

2! Diversity of Energy Spectra

#* No Apparent Correlation Among GRB Observables

#t No Known / Identified Counterpart Objects

# Sometimes Afterglows in X-Rays...Optical

# Host Galaxies ~Normal, but blue (star-forming)

#* Tsotropic Appearence in Sky

#* Paucity of Low-Intensity GRB's
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GRB Observations

2 Isotropy and Confinement
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GRB Time Profiles
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GRB Spectra

#* Empirical Findings:
““"Photon Emission up to MeV...2 GeV Energies
“"~Power-Law Type Spectra in Gamma-Ray Region, No Lines/Features
“"Temporal Evolution of Spectrum During GRB (hard- >soft)

“ Parametrizations:
““"Range of Power Law Exponents (low, high end; ~-0.5...-1.5, -2...-3)
“*"Range of Characteristic Energies (Epeak, Ebreak; ~100 - 1000 keV)

* Temporal Evolutions: E.. (1) ~exp(-E(t)/-E,)
% Harder Emission from Short GRB Class (<2 s)

“* Observed Gamma-Ray Emission:
““"Synchrotron Emission from a Relativistically-Ejected Plasma
““"Spectral Evolution: Flow Deceleration (Beam Widening, Jet Geometry)

Physical Processes: ??1?2?
Underlying Object/Event:

“"Relativistically-Expanding Fireball as Inner Source
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GRB Spectra

“ Power Law Spectra
“ Characteristic 'break’
“ Temporal Evolution
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e Mreak ey [0+ % L Wik LG ex of Fresdann, ¢ = 12158 The high-gain detector (crosses) covered the energy range from 20.2 to 1283
T B S N degreas of freeéam, 1 keV and the low-gain detector (digmonds) ranged from 43.1 to 3300 keV,
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GRB Polarization?

“"RHESSI, 2003

field is oriented randomly,
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Empirical Models

“ Relativistically ; _
Expanding Fireball Explosion - ;

* Canonball Scenario | R s

Break time

Relativistic 'L
-

Jet opening FIGHE A
angle v
= - '
g X
Gamma-ray — . . 4
burst 1ho 5 .
r-50 ) f
i 100 million km
A - i -
i, T,
l {SEC Dnds} . ‘—H\_a-"w- T
Brightness l

. rasmang

 J

Time

‘igure 1 Size and shape of a gamma-ray burst. The burst launches a jet of material that moves at : A
nearly the speed of light, corresponding to a Lorentz factor, I', of 200. Because of the effects of x =ra y L 1 {]{} b |I Ilﬂ n kﬂ"l
y. an observer on Earth can initially only see a tiny fraction of that jet (light blue).

Is it a jet or a sphere? It's too early to tell. As time p and the jet runs into the surrounding Gpt Ica] rad o

material it slows down, and an observer on Earth can see more of the jet (yellow). Eventually, at the __(1‘ E‘ E 5 i $__ 5} E

so-called break time, the entire jet becomes visible (here, when I"~10; grucn}. Beyond this point,
no new matter becomes visible and the brightness of the afterglow declines more quickly. When {Da? E ] .
I'~2 the jet has slowed enough for all the matter within a much larger area (orange) to become &

visible, Frail ef al.” have now analysed the afterglow break times of 17 bursts and calculated the size
of their jets. From this they find a typical energy for gamma-ray bursts, which is similar to that of
an ordinary supernova.
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Collapsars

! Model: i

““"Massive Star Core Collapse

to Black Hole . a
“~ Accretion Disk Formation -> =
Preferred Jet Axis -> GRB » i
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Merging of Neutron Stars

-> Formation of Black Hole
Angular Momentum -> Disk Accretion, Jet Formation
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GRB Afterglows (1)

#* Afterglows in X and Radio Regimes

" Allow Precise Location of GRB
““"Identification of Host Galaxy -> Distance
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GRB Afterglows (2)

#! Spectral Evolution of GRB

Expansion Dynamics

Jet Constraints
CSM Constraints -
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GRB Afterglows (3)

#! Afterglows in Optical and IR

“"Identifying the Host Galaxy
““"Power-Law Decay (1st Order)

““"Complex Decay in Detail
- ISM/CSM?
- “Cannonballs"?
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GRBs and cc-Supernovae

% ... Confirming the collapsar model...

vith model cu
the light curve of 3
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Seminar Plan

Date Theme
24.10.2003 Introduction: GRB Overview, and Talk Assignments

31.10.2003 GRB Time Profiles and Spatial Distribution
07.11.2003 GRB Spectra and their Evolution

14.11.2003 Empirical Models (Fireball Scenario, Cannonballs, etc.)
21.11.2003 The Collapsar Model

28.11.2003 The Merger Model

05.12.2003 GRB Afterglows: X-rays, Radio

12.12.2003 GRB Afterglows: Opt/IR

19.12.2003 GRB Afterglows: Theories

16.01.2004 GRB Energetics

23.01.2004 GRB Host Galaxies and Progenitors
30.01.2004 GRBs and Core-Collapse Supernovae
06.02.2004 Cosmology with GRBs

13.02.2004 GRB Observations: Instrumental Challenges
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