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Bethe Bloch Formula
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For Large By the medium is being polarized by the
strong transverse fields, which reduces the rise of
the energy loss - density effect

At large Energy Transfers (delta electrons) the
liberated electrons can leave the material.

In reality, E,,, must be replaced by E_; and the
energy loss reaches a plateau (Fermi plateau).
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- first decreases as 1/p2

* increases with In y for =1

* is ~ independent of M (M>>m,)

* is proportional to Z,2 of the incoming particle.
* is » independent of the material (Z/A ~ const)
» shows a plateau at large By (>>100)

odE/dx ~ 1-2 x p [g/cm3] MeV/cm

W. Riegler/CERN Energy Loss by Excitation and lonization
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Interactions of photons with matter

Photon Total Cross Sections
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Risposta del rivelatore - 1

Photoelectric
absorption

Escaping scattered
gamma ray

Single Compton scattering

Pair production

Escaping annihilation
photons

Only single interactions take place the detector active volume

Figure 9]"Small" detectoa Figure 10: ['"Large"” detector|

most of the “secondary products” remain in the detector

Photoelectric

Single escaping
annihilation photon

Figure 1 lllntermediately sized detectoﬂ

F. Knoll




Risposta del rivelatore - 2

Double
dN escape
dE peak
P ——

By s 2m002

Electron energy
distribution (spectrum)
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(hv-2moc?) (hv—m ¢ 9 F hy

Multiple
Compton
events

Case of intermediate-size detector (Knoll)

Photo-peak (full-energy
peak): all photoelectric
events remain in the
detector and produce an
energy deposit at the
energy of the incoming
photon
Single-escape peak: one
annihilation photon leaves
the detector without
further interaction
Double-escape peak:
both annihilation photons
leave the detector
(escape)




Detector Response Matrix

Instrument Response

Incident Energy (keV)

Nal ' DRM

1 4

10° 10° 10
Measured Energy (keV)

10

The response of a detector, which signal depends of the energy of an incoming photon, distributes the photon

of a certain energy over many pulse height channels according to the gain and energy resolution of the detector.
Usually this resolution function is relative complicated and depends on the photon energy. Since the energy
acceptance and resolution of a given detector is determined by its design it is convenient to table this function
while the photon energy serves as a parameter. This procedure leads directly to a form of a matrix and gives

the whole data set the name detector response matrix.
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Exercise #1

0 sites of BATSE
0 site (if any) of BeppoSAX
0 site of Fermi/GBM

0 site of AGILE/MCAL GRB

n site of CALET GRBM
0 site of AstroSAT CZTI GRB

n site of GECAM



Exercise #1

* Find the web sites of BATSE
e https://gammaray.nsstc.nasa.gov/batse/

BATSE

channels are as follows:



Exercise

« Find the web site(s) of BeppoSAX

— https://heasarc.gsfc.nasa.gov/W3Browse/all/
saxgrbmgrb.html

— https://www.ssdc.asi.it/bepposax/
— https://www.ssdc.asi.it/grb_wfc/

The BeppoSAX Wide Field Cameras GRB catalog at SSDC

Help

Tools

Search table columns
[ [ Search ]

o i ! ! Cone Search

Source Name

Resolve name and search

@RA, Dec. O I,b | Clean

(e.0-000234.6,553 01 10.2 or 0.64417,-53.0195)

‘g ! s ' o
g0 T13G° T 13 "‘o‘gp" TR T I T T AT T TR T3S T ST
1 i v ! ! I e f

radius| 5 v jarcmin Search
Reset filter

L. Vetere, P. Soffitta, E. Massaro, P. Giommi, E. Costa
A&A 473, 347-349 (2007)



Exercise #1

* Find the web site of Fermi/GBM
e https://gammaray.nsstc.nasa.gov/gbm/

Fermi GBM Trigger History
B GRBs ™ Particles BTGFs SGRs Solar flares Other
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Exercise #1

* Find the web sites of AGILE/MCAL GRB
catalog

* https://www.ssdc.asi.it/mcalgrbcat/
» https://www.ssdc.asi.it/mcal2grbcat/

The Second AGILE-MCAL GRB Catalog

m ktAGTI.E GRBs observed from November 2007 to November 2020
ICK to view




Exercise #1
* Find the web site of CALET GRBM

¢ e.qg.
https://cgbm.calet.jp/cgbm trigger/ground/1306670489/
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Exercise

 Find the web site of AstroSAT CZTI GRB
» http://astrosat.iucaa.in/czti/?q=grb

Home CZTI Design Details CZTI Calibration CZTI Test & Evaluation Documents Contacts Software and Data Data Quality Report

CZTI GRB page CZTI| Movie

User login CZTI GRB monitor page

Username *

Password * AstroSat CZTI GRB Archive

Create new account

Request new password GRB Trigger time RA, Dec theta, phi T90 i
No GRB Name Astrosat d de o Links2.2
seconds €9 9 sec
170.12, 109.36, CZTI_lightcurve
488 GRB201227A 346778047.0 0.09
-73.61 287.67 Veto_lightcurve
487 GRB220128A 381035897.619 350.19, -49.73 128.86,1.52 26 Veto_lightcurve
246.18, 11.29, CZTI_lightcurve
486 GRB220124A 380691499.829 231 Veto_lightcurve
42.29 133.72
Compton_lightcurve
CZTI_lightcurve
485 GRB220111A 379624910.0 149.1,0.5 49.62, 237.50 10
Veto_lightcurve
CZTI_lightcurve
484 GRB220107B 379278096.0 216.5, 20.0 52.88, 35.17 19
Veto_lightcurve
CZTI_lightcurve
483 GRB220107A 379262739.0 168.2, 35.0 23.65, 96.07 97 Veto_lightcurve

Compton_lightcurve



Rate (counts/sec)

Exercise #1
* Find the web site of GECAM

¢ e.q.
http://twiki.ihep.ac.cn/pub/GECAM/GRBList/
gecamb Ic grd all combine 68795799.png

GECAM-B - Trigger 68795799 - 2021-03-07 05:56:39.100 UT
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OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN
Ray W. KLeBEsaDEL, IaN B. STrONG, AND Roy A. Orson

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Reccived 1973 March 16; revised 1973 April 2

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 s, and time-integrated flux densities from ~10~5% ergs cm—2 to ~2 X 10—% ergs
em—2 in the energy range given. Significant time structure within bursts 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, yielding 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 Vela 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?® CsI 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 spacecrait 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 response, is unique in observatonal astronomy. 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 Vela 5 spacecraft and ~20
counts per second for the Vela 6 spacecrait.
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© American Astronomical Society * Provided by the NASA Astrophysics Data System

GRB history

» \ela satellites discovery (1967 - 1973)




First Detected Gamma-Ray Burst




Creativity of Theorists

With so few constraints, theorists came up with all
Sorts of models relying on a range of physics.

Three Classes based on

. Galactic
location:

Solar System  S°

Galactic

Cosmological
(outside of the Energy
I\/IiIky Way) Requirements

Vary over 20 orders
Of magnitude!

Energy = Observed Flux d?

Cosmological



Models for Galactic GRBs

* Accretion
|) Binary Companion
- N0 companion seen
II) SN Fallback — Too

long after explosion
* Magnetic Fields

~107° G Fields
-“Magnetars”




If normal GRBs are also neutron stars, GRBs should
Also center around the Galactic Equator.

This 1s a Prediction of the Galactic Models!
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Extragalactic Models

« Large distances
means large
energy
requirement
(10°7erg)

 Event rate rare
(10--10-° per year
in an L, galaxy) —
Object can be
exotic




Models for Cosmological GRB

» Collapsing WDs
« Stars Accreting on AGN

» Black Hole Accretion
Disks
l) Binary Mergers
II) Collapsing Stars




GRB History

e i " Interplanetary Network (IPN)
[THE " TRIANGULATION" METHOD

http://www.ssl.berkeley.edu/ipn3/

23



The Compton Gamma Ray Observatory

http://cossc.gsfc.nasa.gov
COMPTON OBSERVATORY INSTRUMENTS

The Inst-uments nn CGRO Cover Six
Orders of Magnitucle in Photon Energy

OSSE

The Compton Gamma Ray Observatory (CGRO) is a sophisticated satellite observatory
dedicated to observing the high-energy Universe. It is the second in NASA's program of
orbiting "Great Observatories”, following the Hubble Space Telescope.

While Hubble's instruments operate at visible and ultraviolet wavelengths, Compton carries
a collection of four instruments which together can detect an unprecedented broad range of
high-energy radiation called gamma rays. These instruments are the Burst And Transient
Source Experiment (BATSE), the Oriented Scintillation Spectrometer Experiment (OSSE),

the Imaging Compton Telescope (COMPTEL), and the Energetic Gamma Ray Experiment
Telescope (EGRET). 24



The Compton Gamma Ray Observatory

SUMMARY OF COMPTON GRO DETECTOR CHARACTERISTICS

Table 1:
OSSE COMPTEL EGRET 3 BATSE
LANGE AREA SPECTHOSCORY
ENERGY RANGE
(Mo V) 4056 in 140 .8 o JO.0 0 to 3 x 18 .03 1o 1.3 0815 e 119
EMEAGY ARSOLUTION 12.5% 83 0.2 MeVY 2.0% st 1.27 Me¥ . 12% ot .66 May 0.2% ot 009 MoV
{FWHM) 6.8% a1 1.0 MoV G.5% 8! 2,75 MoV ~20% 27% 4k 059 MaV 7.2% st D.66 eV
4.0% a1 6.5 MoV 6,2% st 4.43 MoV 100 to 2600 HMoY 20% at 9.66 MaV 5.8% at .37 MaV
EFFECTIVE AREA 2633 #1 8.2 MeV 25.8 at 1.27 MeV 1267 at 18T MoVY 1200 en. ot 0.83 MaV 152 ea, 8l 9.3 MaV
{om?} t450 81 1.0 MeV 9.3 at 2.75 MoV 1008 at ST MoV 1300 oa. w1 0.t MaV 127 es. al 4.2 MoV
56% #l %.0 MoV 29.4 at 4,23 NeV +4Q0 «i 29CG0 MaV¥ 450 n. ol Q.66 MeV 5% sa, m»t 3 MeY
POSITION LOCALIZATION 10 arg min syubie 4.5 - 1.6 dag 5 @ 10 are 1win ge
{STRONG SOURSE) crrpr box (99% canlidynce {to redius; 0.2 a falrong Gurai) e
[specisi modr; 4.2 x Cral apecirum) Crad spoecltuin}
¢t x Crab spocirdm)
FELD OF ViEW 3.0 x t1.40 ~ 54° ~ B.6 4% 4 n oar 4 & us
MAXIRUM EFFECTIVE
GEGMETH::C FACTOR 13 30 1450 15600 5G0¢0
(cm? ar} {~ 5080 MoV)
LIKE {(3-8) x 0% «m~? 31§18 x 10-% 1o & x 102 R.4% oquivaient whilh
ESTIMATED SOUACE it a1 15 soe Intaprailon)
SENSITIVITY
§5 a0 seei on  GORTIHULH 3 X 30°F gme? a3 1.6 x 10* em~% gt T x t0°% cmr? af 3 X 102 atg cu-?
soulee, o3t xoy-1 12 @ detacilen, .33 MsY) {> 190 AesV) (1 sec-LUral)
Cialsciic Piwne) {@1 MsY}
2 % 10-? egnd ot
{» 1006 MoV}




CGRO performance

BATSE 0OSSE COMPTEL EGRET
Naval :
Developer | NASAMarshall | Research | =1 NH-& 1 NasaiGoddard
MPE
Lab
Energy 003t019 ||0.05t010.0|0.08to 300 30.0to 300000
Range {(MeV)
Field of View entire sky 3d0 x114 64 degrees | 0.6 steradians
egrees
32%at0.06 125 % at 88 % at
Mel 0.2 MeV 1.27 MeV
Specha 27%at009 | 5.%at10| 65%at .
Resolution 20 %
(FWHM) Mel Mel 2.75 MeV
20%at066 ||[40%at50| 63%at
Mel/ Me 443 MeV
1000 ea. at0.03| 2013 at02 || 250at1.27| 1200 at 100
) MeV MeV MeV Mev
Effective Area|| 1300 ea. at0.1 || 1400at1.0(29.3at2.75| 1600 at 500
(cm?) MeV MeV MeV MeV
550ea. at055 || 55at50 ||294at443| 1400 at 3000
Mel Mel/ Mel Mel
Spatial
Resolution 3 dogrees 10 X 10 05-10 5 = 10
(for strong arcminutes degrees arcminutes
sources)
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The Compton Gamma Ray Observatory
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Figure 11-2. OSSE Detector Assembly
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- 0.05-10 MeV
- e*e” annihilation, sopar flares




OSSE detector
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Figurc IT -1 The Oriented Scintillation Spectrometer Experiment (OSSE)

The Oriented Scintillation Spectrometer Experiment (OSSE) measured the distribution
of the energy emitted from a number of gamma-ray sources, and as such studied
nuclear lines in solar flares, radioactive decay of nuclei in supernova remnants,

and matter-antimatter annihilation taking place near the center of our galaxy.

OSSE consisted of four Nal scintillation crystals, and was sensitive to gamma rays
with energies ranging from 50 keV to 10 Mev. Each of the detectors could be

pointed individually. For most instances, observations of a gamma ray source

were alternated with observations of nearby blank sky so as to be able

to determine the background gamma ray emission.




The Compton Gamma Ray Observatory

OSSE 511 keV Model Distribution
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Intensity of gamma-ray emission from positron-electron annihilation in the

plane of our Galaxy near the Galactic center. The emission is at 511 keV, which is
the rest-mass energy of the electron and positron. The map is of a model that fits
the OSSE 511 keV observations. OSSE has discovered that the radiation is mostly
contained in a region of about 10 degrees diameter centered on the center of the

Galaxy. The line plot superimposed on the map represents an OSSE observation
of the 511 keV emission line. 29



The Compton Gamma Ray Observatory

4 June 1881 solarflare
T | T

104
103 5

-

102 |

Counts sec! MeV-1

10-1 1 1 |

p
Energy (MeV)

On June 4, 1991, the OSSE instrument observed a bright high-energy flare from
an intensely active region of the sun. The energy spectrum of the flare shown in
this slide indicates that solar flares accelerate particles to extremely high energies
causing interactions which produce nuclear emission lines from excited atomic
nuclei of Fe, Mg, Ne, Si, C, O, and N, along with emission lines from the

formation of deuterium by neutron capture (labeled "n" in the slide) and electron-
positron annihilation (labeled "e+"). 3¢



The Compton Gamma Ray Observatory

BATSE

- GRB, SGR, X-ray sources

- 20 keV -10 MeV




The Compton Gamma Ray Observatory

Soft Gamma Repeaters are one of the biggest success stories of BATSE on CGRO. These recurrent
soft X-ray transients were discovered in the early '80s and identified as a separate population of young
neutron stars that emitted frequent, but randomly spaced in time, outbursts of low-energy gamma rays,
of very short duration, usually tenths of seconds. Until 1998 only three such sources were known; SGR
1627-41 is the first new SGR discovered with BATSE in June 1998. The figure displays a tremendous
outburst from the source that reached a peak count rate of ~300000 counts s, and lasted less than 150
ms. In 1998, SGRs were shown to possess extremely strong magnetic fields, of the order of 101 Gauss,
i.e., roughly 1000 times stronger than the average magnetic fields of radio pulsars and binary X-ray
pulsars. They now form a well defined new class of objects, together with the Anomalous X-ray Pulsars

(AXPs), called "magnetars".



The Compton Gamma Ray Observatory
2704 BATSE Gamma-Ray Bursts

BATSE can determine directions to gamma-ray bursts with an accuracy of a few degrees. This
diagram shows the positions of 2704 bursts detected with BATSE over 9 years of operation. The map is
an Aitoff equal-area projection in Galactic coordinates. The only anisotropy detectable in the distribution
is due to a small anisotropy in BATSE's sky exposure. The isotropic source distribution, combined with
information from the burst intensity distribution, showed conclusively that the burst sources do not
reside in the Galactic disk, as previously thought. This discovery initiated a paradigm shift to the view

that the sources lie at cosmological distances. Direct redshift measurements have now confirmed
this interpretation, making gamma-ray bursts the most powerful explosions in the Universe.



CGRO-BATSE (1991-2000)

The Instruments on CGRO Cover Six
Orders of Magnitude in Photon Energy

COMPTEL

OSSE

CGRO/BATSE (20 keV+10 MeV)

34

COMPTON OBSERVATORY INSTRUMENTS

/ EGRET

BATSE
TWO OF EIGHT



GRB history

Distribution of Gamma-Ray Bursts on the Sky

Expected Observed



Gamma-Ray Bursts

Temporal behaviour

Spectral shape

BATSE Trigger 8116

Gaml la Ray Burst Spectrum

Sh IIow at
C  lower energies

Spectral Flux

Steep at Ii |

higher energies |I{\
\

Il

20 100 1000
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The GRB phenomenon

e most of the flux detected
from 10-20 keV up to 1-2
MeV

e measured rate (by an
all-sky experiment on a
LEO satel ite): ~0.8 / day;
estimated true rate ~2 /
day

e fluences (= av.flux *
duration) typically of ~10~/
— 10 erg/cm?

e diverse and
unclassifiable light curves
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The Ep,i — Eiso correlation

» spectra typically described by the empirical Band function with
parameters o= low-energy index, = high-energy index, E,=break
energy

> E, = E;x (2 + a) = peak energy of the vFv spectrum

10° E‘qu—_\:—_' SRR
® _....ﬁ“'*-‘.
T
E: ’ﬂé— 06007
NS(£)=A(Im keV) exp(— Eo)’ ‘r Qi:SEE o
(x—pE, 2 E
- pE ] E_Y ) o+
) [100keV wO-Nwwew) | 1
(- PE,<E| ~ E -




» all GRBs with measured redshift lie at cosmological distances (z = 0.033 — 6.3) (except for the peculiar
GRB980425, z=0.0085)

»  from distance, fluence and spectrum, it is possible to estimate the cosmologica-rest farme peak energy Ep,i and the
radiated energy assuming isotropic emission, Eiso

{7 D2 104/1+2
’ (1 +2) Jij4e
12[ ' ' i 12[ T T T ]
oL log(Ep,i)=2.52, ﬂ ; .ol log(Eiso)= 1.0, ]
[ 0=0.43 / ] L 0=0.9 :

8l ‘T \ ] 8l
I / \ i I
z 6 fa \\\ — =

/ \

o D/V \ ] . ]
'[]‘ L |_| | - 1 1 ] U L ’_| |_| — . 1 . ' ' 1 L T
10 100 1000 1048 10*° 10% 10%
B,y (keV) F (erg)

Ep,i and Eiso distributions for a sample of 41 long GRBs (Amati 2006)



The Ep,i — Eiso correlation

> Amati et al. (2002) analyzed a sample of 12 BeppoSAX events with
known redshif found evidence of a strong correlation between Ep,i and
Eiso, highly significant (p = 0.949, chance prob. 0.005%)

> by adding data from BATSE and HETE-2 of 10 more GRBs the
correlation was confirmed and its significance increased

~ (0.52+/-0.06) _
E : — kEiSO o

[ | I 1 Lol L I Ll L . s L L Ll
1053 1054 1052 1{}53 1054
Ersa {€rg)

|
1052
Erad (erg)

Amati et al. , A&A, 2002 Amati, ChJAA, 2003



» analysis of the most updated sample of /ong GRBs/XRFs with firm

estimates of z and Ep,i (41 events) gives a chance probability for the Ep,i-

Eiso correlation of ~10-1>and a slope of 0.57+/-0.02

> the scatter of the data around the best fit power-law can be fitted with a

Gaussian with o(logEp,i) ~ 0.2 (~0.15 extra-poissonian)

> only firm outlier the local peculiar GRB 980425

10000 £ ' w ; ; L L B
1000 & I
Epi |
(keV) | 10+ -
100 = Z
‘o
10 - T ]
1E = U_.._L_/...|...| H__J_._
. | | | | I ] -1.0 -0.5 0.0 0.5
10 10*®  10% 10%"  10%® 10%  10% log(E,)-log(77)-0.57+log(E,)

Eiso (erg)

Updated from Amati, MNRAS, 2006
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Fermi Key Features

o I -
TWO In Stru me ntS ] Large Area Telescope (LAT)
— LAT:
* high energy (20 MeV — >300 GeV)
— GBM:
* low energy (8 keV — 40 MeV)

Spacecraft Partner:
General Dynamics

Gamma-ray Burst Monitor (GBM)

* Huge field of view

— LAT: 20% of the sky at any instant; in sky survey mode, expose all parts of
sky for ~30 minutes every 3 hours. GBM: whole unocculted sky at any
time.




Bismuth Germanate (BGO)
Scintillation Detector

Major Purpose
- Provide high-energy spectral
coverage (150 keV — 25 MeV) to
overlap LAT range over a wide
FoV

GBM Detectors

Provides spectra for GRB from 10 keV to 30 MeV.

Provides wide sky coverage (8 sr), enables autonomous repoints to allow for high
energy afterglow observations with the LAT.

(12) Sodium lodide (Nal)
Scintillation Detectors

Major Purposes
- Provide low-energy spectral coverage
in the typical GRB energy regime
over a wide FoV (10 keV — 1 MeV)
- Provide rough burst locations over a
wide FoV
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Fermi spectra

Multiple Spectral Components
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BATSE (1991 - 2000)

BATSE 3B Catalog
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The GRB phenomenon

Flux ~ d”-2 o
Number ~ d”3 '
d A NA1/3
Flux A NA-2/3 P
N A Flux A-3/2 .




BATSE (1991-2000)

Swift [J]

Integral




GRB: where are they?

The great debate (1995)

Cosmological - Galactic?

54

Flux:10"7 erg cm™ 7!
Distance: 1 Gpc
Energy:10°! erg

Distance: 100 kpc
Energy: 10* erg

Need a new type of observation!




BeppoSAX (1995 - 2002 )

SAX P/I. ACCOMODATION

GSPC - HP

PHOSWICH

Z
!

CONCENTRATORS

WIDE FIELD
CAMERAS

TPPER FLOOR

SHEAR PANEL
CONE

LOWER
FLOOR



BeppoSAX

= 3
3 R § X 3;
x X o =
o o o
- — — — -
LECS (.1-10 Kel)
L LT ess
MECS (1-10 Kel)
MERRl
HP-GSPC (3-120 Kel)
AR
PDS (15-300 Kel/)
AN —
¥-RAY BURST MONITOR
(60-600 Kel)
WFEC (2-30 Kel)
53
NARROW FIELD INSTRUMENTS WIDE FIELD INSTRUMENTS POINTING
ALL POINTING IN THE SAME IN PERPENDICULAR PIRECTION TO

PIRECTION NARROW FIELD INSTRUMENTS



Phoswich detectors

Collirnator
\ /

Gain Coonfrol
Defector

+ Muovabie calibe

' waeon
Magretic Shield |
and Housing -

|— N

Phoswich
Defector

:
3
3
\,\\

Bleeder Sring

_/
5 PMT :
+ Macd Caltboatam

..............................................................

Two scintillators with different decay times. Pulse analysis can
distinguish. Back scintillator used as shield at low energy, as
detector at high energies. 57



Rivelatori a scintillazione

“Fondamenti” del processo: il y incidente interagisce nel cristallo
creando un elevato numero di fotoni ottici

I livelli energetici sono determinati dalla struttura del reticolo
cristallino

La band gap separa la banda di valenza dalla banda di conduzione

Assorbendo energia, un e viene promosso dalla banda di valenza a
quella di conduzione

Il “drogaggio” del reticolo cristallino con impurita rende piu
efficiente il processo

: : Conduction band
Nel cristallo, gli

elettroni possono
occupare solo due livelli .
energetici, - .Exc1ted
la banda di valenza e la activator states
banda di conduzione. o (meta-states)
Le impurita® permettono Scintillation
la creazione di meta-stati photon
che sono Activator
particolarmente efficienti —_—
per la diseccitazione ground state
dalla banda di

conduzione Valence Band




Esempio: phoswich

sclntlllator, and more than one are %
sandwiched together and viewed by the me:m

wl.'zlf"—l

same photomultiplier.
More penetrating particles can produce

I//I////////I/////Il b

- 6
///// ——. S B

mmm

Signals are separated by their pulse

shape
Different materials have different pulse shapes and are used to discriminate different events




Declination (deg; J2000)

BeppoSAX and the Afterglows

® Good Angular resolution (< arcmin)

S AX P ACCOMODATION

2 e Observation of the X-Afterglow
GSPC - HP
CONCENTRATORS
PHOSWICH ~ WIDE FIELD
P A L CaMERas
/l UPPER FLOOR

CONE
| s

T - Costa et al. (1997)
T e Optical Afterglow (HST, Keck)
g * Direct observation of the host galaxies
e e Distance determination
__'Si'si—l L | lPN . LA N L [T T
180.0- 179.5 - 179.0 - 178.5 5] GRE 980812 host galax}r 5 —
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B oAl Al 2 .
_______ il 2
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Right Ascension (deg; J2000) Kippen et al. (199@0 DjOI’gOSki et al. (2000)



Afterglow Observations

The HST GRB Collaboration

Identificazione delle
Host Galaxies

Fruchter et al (1999)




The compactness problem

Briggs et al. (1999)

P GRB 990123

. . agn - 10% 4§:t\~< 1
] curve variabpiity ~ 1 ms % o) —~ ]
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Non thermal spectra

G 100
Seconds Since Trigger (000524 : 545.52940)

e Fluence (y): (0.1-10) x 10 erg/cm? (Q2/4m)

e Total Energy: E~ 10°! + 10°? erg




The compactness problem
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Piran (1999)

Relativistic motion of the emitting region




Exercise #2

 Find the GRB function by David Band
(1993)

 Find the review paper by Piran 1999 on
GRB afterglow

* Find the paper by L.Amati on Ep-Eiso
correlation (2002)

 Find the papers of the “"Great Debate
(1995)”

64



The Fireball Model
The Fireball Model

Ganuna rays are
Produced here

_

Relativisiic
Jet

Internal Shocks

Afterglow:
Begins ns y¥-rays
and x-rays and
continues

Dori):jifﬁ as optical and
da«cav‘; radio.

qu@_’

Interstellar

7
|

Reverse Shock
Forward shock

Ixternal Shock {

Cartoon by Piran (1999)
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P

24

Afterglow Observations

Harrison et al (1999)
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Break time

Relativistic

Woosley (2001)



Number

Jet and Energy Requirements
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Progenitors

= Two populations of GRB?
= Main models
m Possible solution?

The HST GRB Collaboration
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NS/BH Binary Mergers

Scenario I: DNS Formation
Initial Conditions:

Myy™ My> M

My~ Ms> Moy
Orbital Separation S1 AU

Primary Evolves off Main Sequence
Primary Expands
Roche Lobe
Overflow

—=-  Mass Transfer

Primary Collapses

Supernova

Secondary Evolves

O OIf Main Sequence
X-ray Binary Phase

Common Envelope Phase
Orbital Separation Shrinks

He Core Merges
With NS

—

He Merger X111

Supernova

NS
DNS Binary Merges
J -  GRBSc. 1

Merging of compact objects (NS-NS, NS-BH, BH-BH).
These objects are observed in our Galaxy.
The merging time is about 102yr, via GW emission.

Eichler et. al. (1589)




Towards a solution?

The HST GRB Collaboration

Offset from Host Galaxy

Fruchter et al (1999)

Galama & Wijers (2000)
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Towards a solution?
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Distance from Host Galaxy




GRB & SN first predictions

The AQQ_‘(%\OQ of GRRA%CFH2
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GRB & SN
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SN- GRB connection

SN 1998bw - GRB 980425

chance coincidence O(10%)
(Galama et al. 98) 75



Hete2

2000 - 2008




HETE-2 Science Instrument Package

French Gamma-ray Telescope Wide-Field X-ray Monitor (WXM):
(FREGATE): 5-500 keV; ~m FOV 2-25 keV; ~5’-10’ localizations

1-10 keV; ~30” localizations




GRB 030329: the “smoking gun™?
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Collapsar model

Woosley (1993)

Scenario X: Collapsar

Initial Conditions:

Single Star

Miar™ “B}]

Star Evolves of Main Sequence

Wind Ejects Hydrogen
Envelope

He Core Collapses
& GRB Sc. X

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




