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Observations and Physics of Gamma-Ray Bursts
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GRB CharacteristicsGRB 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
Diversity of Energy Spectra
No Apparent Correlation Among GRB Observables
No Known / Identified Counterpart Objects 
Sometimes Afterglows in X-Rays...Optical
Host Galaxies ~Normal, but blue (star-forming)
Isotropic Appearence in Sky
Paucity of Low-Intensity GRB’s



Roland Diehl<file>

GRB ObservationsGRB Observations

Isotropy and Confinement
No Direction Preferred
Paucity of Low-Intensity GRBs
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GRB Time ProfilesGRB Time Profiles

Variety of Profiles
Two Classes
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GRB SpectraGRB 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: Epeak (t) ~exp(-E(t)/-Eo)
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: ??!??
Underlying Object/Event:

Relativistically-Expanding Fireball as Inner Source
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GRB SpectraGRB Spectra

Power Law Spectra
Characteristic ‘break’
Temporal Evolution
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GRB Polarization?GRB Polarization?

RHESSI, 2003
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Empirical ModelsEmpirical Models

Relativistically 
Expanding Fireball
Canonball Scenario
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CollapsarsCollapsars

Model:
Massive Star Core Collapse 
to Black Hole
Accretion Disk Formation -> 
Preferred Jet Axis -> GRB
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Merging of Neutron StarsMerging of Neutron Stars

-> Formation of Black Hole
Angular Momentum -> Disk Accretion, Jet Formation
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GRB Afterglows (1)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)GRB Afterglows (2)

Spectral Evolution of GRB
Expansion Dynamics
Jet Constraints
CSM Constraints
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GRB Afterglows (3)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 ccGRBs and cc--SupernovaeSupernovae

… Confirming the collapsar model…
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Seminar PlanSeminar 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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