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ABSTRACT

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 5, and time-integrated flux densities from ~10—% ergs cm—2 to ~2 % 10—4 ergs
cm—% in the energy range given. Significant time structure within burste was observed. Directional
information eliminates the Earth and Sun as sources.

Subject headings: gamma rays — X-rays — variable stars

I. INTRODUCTION

On several occasions in the past we have searched the records of data from early
Vela spacecraft for indications of gamma-ray fluxes near the times of appearance of
supernovae, These searches proved uniformly fruitless. Specific predictions of gamma-
ray emission during the initial stages of the development of supernovae have since
been made by Colgate (1968). Also, more recent Vela spacecraft are equipped with
much improved instrumentation. This encouraged a more general search, not re-
stricted to specific time periods. The search covered data acquired with almost con-
tinuous coverage between 1969 July and 1972 July, vielding records of 16 gamma-ray
bursts distributed throughout that period. Search criteria and some characteristics of
the bursts are given below.

II. INSTRUMENTATION

The observations were made by detectors on the four Vele spacecraft, Vela 54,
5B, 64, and 6B, which are arranged almost equally spaced in a circular orbit with
a geocentric radius of ~1.2 x 10° km.

On each spacecraft six 10 cm?® Csl scintillation counters are so distributed as to
achieve a nearly isotropic sensitivity, Individual detectors respond to energy deposi-
tions of 0.2-1.0 MeV for Vela 5 spacecraft and 0.3-1.5 MeV for Vela 6 spacecraft,
with a detection efficiency ranging between 17 and 50 percent. The scintillators are
shielded against direct penetration by electrons below ~0.75 MeV and protons
below ~20 MeV. A high-Z shield attenuates photons with energy below that of the
counting threshold. No active anticoincidence shielding is provided. .

Normalized output pulses from the six detectors are summed into the counting
and logics circuitry. Logical sensing of a rapid, statistically significant rise in count
rate initiates the recording of discrete counts in a series of quasi-logarithmically
increasing time intervals. This capability provides continuous coverage in time which,
coupled with isotropic respomse, is unique in observatonal astromomy. A time
measurement is also associated with each record.

The data accumulations include a background component due to cosmic particles
and their secondary effects. The observed background rate, which is a function of the
energy threshold, is ~150 counts per second for the Vele § spacecraft and ~20
counts per second for the Vela 6 spacecraft.
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GRB History

= Vela satellites discovery (1967 - 1973)
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Gamma-Ray Bursts
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CGRO-BATSE (1991-2000)

COMPTON OBSERVATORY INSTRUMENTS
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TWO OF EIGHT

CGRO/BATSE (25 KeV+10 MeV)




BATSE (1991 - 2000)

BATSE 3B Catalog
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BATSE Trigger 7343

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

Piran (1999)

Norris et al. (1996)

Amplitude

GRB Light curves

Pulse Model: exp[—([t—t,cul/0:4)"]
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GRB time dilation?
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Frs, 3 —Average wavelei-threshold profiles of BATSE bursts in three
brightness groups, with highest peak for each burst shifted into temporal
alignment. Dimmest (selid, outer profile), dim (dofted), and bright groups (solid,
inner profile).

Norris et al. (1994)




Fluence:10”7 erg cm™2 s™!
Distance: 1 Gpc
Energy:10°! erg

Distance: 100 kpc
Energy: 104 erg

Need a new type of

Cosmological - Galactic? [RE———
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BeppoSAX and the Afterglows
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e Good Angular resolution (< arcmin)
e Observation of the X-Afterglow

Costa

et al. (199

e Optical Afterglow (HST, Keck)

e Distance determination

e Direct observation of the host galaxies
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BeppoSAX (1995 - 2002 )
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BeppoSAX

Beppoiii observation of GRESFOR2E field
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BeppoSAX
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Afterglow Era

Host Galaxies identification

Fruchter et al (1999)

The H5T GRB Collaboration




Afterglow Era
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The Fireball “standard” model

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

External Shock

= Synchrotron & SSC

= High conversion efficiency

= Not easy to justify the rapid variability

LOCAL MEDIUM

Pre-Burst -
E ~ 1053 ergs P i
ot ‘_ "-.,"“':_-_.:_._...-." E . ey _1 r&dil:i
T=0s T~ 1t:|E =

Internal Shocks R = 1[]6 eI ;
= Source activity A - 14:,14 o L
= Synchrotron Emission - “]'3 A - EH"I'EI'
= Rapid time Variability
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The Fireball Model

The Fireball Model

Ganina rays are
Produced here

Aftershow:
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Cartoon by Piran (1999)
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GRB 990705
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X-ray Lines
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= GRB cosmology
= Cosmological rulers
= High z events




GRB 000131
z=4.5

Betarive I

T

wadength | nm)
Spectrum of the Optical Counterpan of GEB 0600131
(VLT ANTU + FORS 1)
& Brampscan Spatomn (eorvmons Bk

ES PR Pt 3500017 Dioober 000

.\ Py Y 42 YAYAYA XY



High precision radiographny
of ISM from z=2.3
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GRB and Cosmology

mean = 1.31
median = 1.00
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Djorgovski et al. 2003



GRB and Cosmology
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GRB and Cosmology
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= GRB afterglow detection in the range (z = 10 — 30)
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= X-ray flashes (E., Rate V2 GRB, Isotropic) (Heise 2003)
structured jets off-axis GRBs or high Z GRBs?



GRB Cosmology

History of the Universe
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Hubble Cosmology

+WOG R

oo

o= =
o
2 =
Z .
E | §
[ —_————ey ]
[ 3
A
METAHEF

oY rARBELS
FIGURE 1



GRB for Cosmology
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The SNIa “cosmology”
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GRB for Cosmology
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GRB for Cosmology
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GRB progenitors

Supernova
Shell

GRB 020813 (credits to CXO/NASA)




Progenitors
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Collapsar model

Woosley (1993)

Scenario X: Collapsar

Initial Conditions:

Single Star

Mitar™ Mgy

Star Evolves of Main Sequence

Wind Ejects Hydrogen
Envelope

He Core Collapses
& GRBESc. X

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




Supranova

Salgado et. al. (1994)
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GRB progenitors
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= | SN evidence
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chance coincidence O(10-4)
(Galama et al. 98)
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GRB 030329: the “smoking gun™?
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Bright and Dim GRB
(Connaughton 2002)
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& GRB tails

C-"c;n‘naughton (2002), Ap] 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 & = 0.6 = 0.1

Common feature for long GRB
Not related to presence of low energy afterglow



GRB tails
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= Method
= BATSE LAD data
= Procedure of subtracting background (sensitivity 10° erg cm=2s1)

=« 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
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GRB tails

b

Background subtracted BKG curve

SO T T T T T ' I ]
20 T -1 T E
-+ =T
E I
. - o T Fe
L 10 ';4 T
= IR Gl
SN i 1l :
C1117234 L B s
% g }@'E_ =:_r€ b .
?r? =, % g
T —10F [[$ I =
3 = . P -
] C ]
o oL - 1 .
—20E8 |+ =
_\_7}{'_‘} E 1 1 1 1 ] 1 1 1 1 | 1 1 1 | L E
—1000 —200 U 500

Seconds after peak

Average =-0.5 £ 0.7 counts s*! event!

1000

Connaughton 2002




GRB tails
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GRB tails

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

Sum of 400 long GRB bkg subtracted peak alligned curve
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GRB tails
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GRB tails
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Bright and Dim Bursts

Iht R
R

= 3 equally populated classes
= Bright bursts

= Peak counts >1.5 cm2 s!
= Mean Fluence 1.5 x 10~ erg cm2

= Dim bursts

= peak counts < 0.75 cm2 s1
= Mean fluence 1.3 x 10 erg cm~2

= Mean fluence ratio = 11
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The Compton Talil
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The Compton tail

= Prompt” luminosity
dn ne. e~ T 02
(Ls) ={567) = —o— " 75

= Compton “"Reprocessed” luminosity

py_Mp(l—e) (Ro+AR)6?
< T 2n tgeom Pgeom ~ ¢
= Q" ratio < )
L.C C t rb
— — (e —1)- 5
@ (Lg) ( ) (Ro + AR)




= Peak counts >1.5 cm=2 s R =10 cm
-5 -2
= Mean Fluence 1.5 x 10 grg cm AR ~R
= Q=4.0+£0.810% (5 o) fit over PL
0~0.1
m T — 13

= Dim bursts (tail at 300s)

= peak counts < 0.75 cm2 s!

= Mean fluence 1.3 x 10°® erg cm
« Q=5.6+1.4103 (4 o) fit over PL

m T =28
= Mean fluence ratio = 11
= “"Compton” correction |E = e” Eqbs
s Corrected fluence ratio = 2.8




Effect of Attenuation

Epeak

Epeak {keV)

Preliminary

~F O
EP Eg ’

Tau=1.5+-0.5

Caution: scaling fluence and Epeak




Effects on Hubble Plots
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Reducing the scatter
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Effects on Hubble Plots
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Effects of attenuation

1=1.0 (Thomson)

Same < for all bursts

Including KN corrections

Amati correlation:

= Slope=0.69+0.02

= v2=78/22 dof (Corr. prob. 1.6E-3)
Ghirlanda correlation

= Slope=0.86+0.06
= y?=32.6/13 dof (Corr prob 1E-5)



Recent evidences
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GRB and Cosmology

dN/dtdz / 107 yr™
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redshift z

Redshift random Extraction




GRB RATE«SFR

GRB fluence distribution

———
| “Wfﬂm

Redshifl

dN  dV Re(2)

dzdt dz 1+~

exp (3.4z)

Rgp1(2) = 0.3hes exp (3.82) + 45

Madau & Pozzetti 2000

FLUENCE DISTRIBUTION
USING AMATI RELATION

y random extraction of Epeak (Preece et
. 2000) and GRB redshift for a sample of

number of GRBs

— — — BATSE
model
......Preece GRBs

RBs we reproduce bright GRB fluence
stribution

Bosniak et al. (2005)



Conclusions

Presence of Material around GRB

Detailed Analysis on Bkg light curve

Hard X point source transients 103 ph cm2s1
Effects on Std fireball evolution still to be explored

Work in progress:
= Estimating the effect of t on GRB Fluence Distribution
= Trying to constrain the t distribution

Importance of estimating t
Possible test on Hete2 and SAX results
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