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GRB History

Vela satellites discovery (1967 - 1973)



GRB History



Gamma-Ray Bursts

Temporal behaviour Spectral shape

Spatial distribution



CGRO-BATSE (1991-2000)

CGRO/BATSE  (25 KeV÷10 MeV)



BATSE (1991 - 2000)



Norris et al. (1996)

Rise Time ~ Geometry of the Shell
Decay Time ~ Cooling Time

GRB Light curves

Piran (1999)



GRB time dilation?

Norris et al. (1994)



The great debate (1995) Fluence:10-7 erg cm-2 s-1

Distance: 1 Gpc
Energy:1051 erg

Distance: 100 kpc
Energy: 1043 erg

Cosmological - Galactic? Need a new type of 
observation!

GRB: where are they?



Costa et al. (1997)

BeppoSAX and the Afterglows

Kippen et al. (1998) Djorgoski et al. (2000)

• Good Angular resolution (< arcmin)
• Observation of the X-Afterglow

• Optical Afterglow (HST, Keck)
• Direct observation of the host galaxies
• Distance determination



BeppoSAX (1995 - 2002 )



BeppoSAX

Costa et al. (1997)



BeppoSAX

Kippen et al. (1998)



Afterglow Era

Fruchter et al (1999)

Host Galaxies identification



Afterglow Era

Redshift measurement Djorgoski et al. (2000)



The Fireball “standard” model

• Relativistic motion of the emitting region
• Shock mechanism converts the kinetic energy of the shells into radiation.
• Baryon Loading problem

Internal Shocks
Source activity
Synchrotron Emission
Rapid time Variability
Low conversion efficiency

External Shock
Synchrotron & SSC
High conversion efficiency  
Not easy to justify the rapid variability



The Fireball Model

Cartoon by Piran (1999)



Afterglow Observations

Harrison et al (1999)

Achromatic Break

Woosley (2001)



Jet and Energy Requirements

Frail et al. (2001)



Jet and Energy Requirements

Bloom et al. (2003)



X-ray Lines

Transient Absorbtion Line

Emission Lines
GRB 990705

Amati et al. (2000)

GRB 991216
Piro et al. (2000)



X-ray Lines

Reeves et al. (2002)GRB 011211



A “Cosmological” era?

GRB cosmology
Cosmological rulers
High z events GRB 990123



Cosmology with GRB

GRB 000131
z = 4.5

Andersen et al. (2000)



High precision radiography 
of ISM from z=2.3

Schaefer et al. 2002



GRB and Cosmology

Djorgovski et al. 2003



GRB and Cosmology

Schaefer (2003)



X-ray Lines

Watson et al. (2003)GRB 030227



GRB and Cosmology

Meszaros & Rees (2003) astro-ph/0305115
GRB afterglow detection in the range (z = 10 – 30)

X-ray flashes (Epeak, Rate ½ GRB, Isotropic) (Heise 2003) 
structured jets off-axis GRBs or high Z GRBs?



GRB Cosmology

Loeb and Barkana (2000)



Peak Energy – Isotropic Energy

Sakamoto et al. (2003)



GRB for Cosmology

Amati et al. (2002)
Ghirlanda et al. (2004)



Hubble Cosmology



Hubble Cosmology



GRB for Cosmology

Dai, Liang & Xu (2004)



Tonry et al. 2003

The SNIa “cosmology”



GRB for Cosmology

Ghirlanda et al. (2004)



GRB for Cosmology

Friedman and Bloom (2004)



GRB progenitors

GRB 020813 (credits to CXO/NASA) 



Progenitors

Short GRB

Long GRB



Collapsar model

• Very massive star that collapses in a rapidly spinning BH. 
• Identification with SN explosion.

Woosley (1993)



Supranova

SupraMassive NS
Baryon Clean Environment

Salgado et. al. (1994)

Vietri & Stella (1998)



GRB progenitors

Distance from Host GalaxyFryer et al. (1999)



SN- GRB connection

SN 1998bw - GRB 980425 
chance coincidence O(10-4)
(Galama et al. 98)

SN evidence



GRB & SN

Dado, Dar & De Rujula (2003)
GRB 980326
(Bloom et al. 99)



GRB 030329: the “smoking gun”?

(Matheson et al. 2003)



Bright and Dim GRB
(Connaughton 2002)Q = cts/peak cts

× BRIGHT GRB
◊ DIM GRB



GRB tails

Connaughton (2002), ApJ 567, 1028 
Search for Post Burst emission in prompt GRB energy band
Looking for high energy afterglow (overlapping with prompt 
emission) for constraining Internal/External Shock Model
Sum of Background Subtracted Burst Light Curves
Tails out to hundreds of seconds decaying as temporal power 
law δ = 0.6 ± 0.1
Common feature for long GRB 
Not related to presence of low energy afterglow



GRB tails

Method
BATSE LAD data
Procedure of subtracting background (sensitivity 10-9 erg cm-2 s-1)
Long and “intermediate” GRB
Division on GRB peak flux
Spectral Hardness

Sample: 
2365 GRB (April 1991 – March 1999)
526 spacecraft reorientation
595 another GRB in “equal” orbits
426 affected by telemetry gaps
296 background fit
400 long GRB, 120 short GRB

Connaughton 2002



GRB tails

BATSE data stream in 2 orbits

Background Subtracted Curve

GRB trigger

Noise effects

Connaughton 2002



GRB tails

Connaughton 2002

Background subtracted BKG curve

Average = -0.5 ± 0.7 counts s-1 event-1



GRB tails

Giblin et al 1999

Giblin et al 2002

(100-300 keV)/(50-100  keV)

(50-100 keV)/(25-50  keV)

Prompt

Tail



GRB tails

Sum of 400 long GRB bkg subtracted peak alligned curve

Connaughton 2002



GRB Tails
Sum of 400 long GRB bkg subtracted peak alligned curve

2 < ∆t < 30 s GRB

∆t > 2 s GRB

Connaughton 2002



GRB tails

Connaughton 2002(50-100 keV)/(20-50  keV)



GRB tails

Connaughton 2002

Dim Bursts

Bright Bursts



Bright and Dim Bursts

3 equally populated classes
Bright bursts

Peak counts >1.5 cm-2 s-1

Mean Fluence 1.5 × 10-5 erg cm-2

Dim bursts
peak counts < 0.75 cm-2 s-1

Mean fluence 1.3 × 10-6 erg cm-2

Mean fluence ratio = 11



Bright and Dim GRB

Q = cts/peak cts
× BRIGHT GRB
◊ DIM GRB



The Compton Tail

Barbiellini et al. (2004) MNRAS 350, L5



The Compton tail

“Prompt” luminosity

Compton “Reprocessed” luminosity

“Q” ratio



Bright and Dim Bursts

Bright bursts (tail at 800 s)
Peak counts >1.5 cm-2 s-1

Mean Fluence 1.5 × 10-5 erg cm-2

Q = 4.0 ± 0.8 10-4 (5 σ) fit over PL 

τ = 1.3

Dim bursts (tail at 300s)
peak counts < 0.75 cm-2 s-1

Mean fluence 1.3 × 10-6 erg cm-2

Q = 5.6 ± 1.4 10-3 (4 σ) fit over PL 

τ =2.8

Mean fluence ratio = 11
“Compton” correction
Corrected fluence ratio = 2.8

R = 1015 cm
∆R ~ R
θ ~ 0.1



Effect of Attenuation

Epeak

Egamma

Ep ~ Eg
0.7

Ep ~ Eg

Preliminary

Tau = 1.5 +- 0.5 
Caution: scaling fluence and Epeak 



Effects on Hubble Plots

Luminosity
distance

Redshift

Reducing the scatter

Preliminary



Effects on Hubble Plots

Luminosity
distance

Redshift

Preliminary



Effect of Attenuation



Effects of attenuation

τ=1.0 (Thomson)
Same τ for all bursts
Including KN corrections
Amati correlation: 

Slope=0.69+0.02 
χ2=78/22 dof (Corr. prob. 1.6E-3)

Ghirlanda correlation
Slope=0.86+0.06 
χ2=32.6/13 dof (Corr prob 1E-5)



Recent evidences

Piro et al. (2005)

GRB 011121



Recent evidences

Piro et al. (2005)

GRB 011121



GRB and Cosmology

PRELIMINARY

Redshift random Extraction



GRB fluence distribution
GRB RATE∝SFR

Madau & Pozzetti 2000

z
z

+1
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dz
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~
dzdt
dN GRB

FLUENCE DISTRIBUTION
USING AMATI RELATION

By random extraction of Epeak (Preece et 
al. 2000) and GRB redshift for a sample of 
GRBs we reproduce bright GRB fluence
distribution. Bosnjak et al. (2005)



Conclusions

Presence of Material around GRB
Detailed Analysis on Bkg light curve
Hard X point source transients 10-3 ph cm-2 s-1

Effects on Std fireball evolution still to be explored
Work in progress: 

Estimating the effect of τ on GRB Fluence Distribution
Trying to constrain the τ distribution

Importance of estimating τ
Possible test on Hete2 and SAX results



GRB 000131

Conclusions

GRB: Massive Stars

GRB Cosmology


