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Scintillator Detectors 
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Scintillation Detectors 
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Detector Response Matrix 

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 

•  Find the web sites of BATSE (?), Fermi/
GBM and Swift  
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Exercise #1 
•  Web site of BATSE 
•  https://gammaray.nsstc.nasa.gov/batse/ 
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Exercise #1 
•  Web site of Fermi/GBM 
•  https://gammaray.nsstc.nasa.gov/gbm/ 
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Exercise #1 
•  Web site of Swift 
•  https://swift.gsfc.nasa.gov/ 





•  GRBs = sudden and unpredictable bursts of hard X / soft 
gamma rays with huge intensity, typical durations of tens of 
seconds and coming from random directions in the sky 

•  discovered at the end of the ’60s by military satellites, first 
published on an astronomical journal (ApJ) in 1973 

•  during ’70s and ’80s several experiments onboard satellites, 
but poor improvements in understanding these phenomena 

The GRB phenomenon  



 
 
 

           Seven eras 
1) “Dark” era (1973-1991): discovery 
    Klebesadel, Strong & Olson’s discovery (1973); 
2) BATSE era (1992-1996): spatial distribution 
    Meegan & Fishman’s discovery (1992), 
    detection rate: ~1 to 3 /day, ~3000 bursts; 
3) BeppoSAX era (1997-2000): afterglows 
    van Paradijs, Costa, Frail’s discoveries (1997); 
4) HETE-2 era (2001-2004): origin of long bursts 
    Observations on GRB030329/SN2003dh 
5) Swift era (2005-): very early afterglows, short- 
    GRB afterglow, GRB subclasses? GRB cosmology? 
6) Fermi era (2008-): High energy emission component, GW 

counterparts! – origin of short GRB  
7) VHE era (2019-): VHE emission component from GRB! 
 
 



The “dark” era 
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GRB history 

•  Vela 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 
 location: 

•  Solar System 
•  Galactic 
•  Cosmological 

(outside of the 
Milky Way) 

Energy = Observed Flux d2 

SS 

Galactic 

Cosmological 
Energy 
Requirements 
Vary over 20 orders 
Of magnitude! 





Models for Galactic GRBs 
•  Accretion                   

I) Binary Companion  
- no companion seen   
II) SN Fallback – Too 
long after explosion 

•  Magnetic Fields 
  ~1015 G Fields 

-“Magnetars” 









h=ps://ui.adsabs.harvard.edu/abs/1992ApJ...392L...9D/abstract	  



h=ps://arxiv.org/pdf/0804.0250.pdf	  



Magnetar	  Giant	  Flares	  

Hurley et al 2005 



If normal GRBs are also neutron stars, GRBs should  
Also center around the Galactic Equator. 
 
This is a Prediction of the Galactic Models! 

Plane of the  
Milky Way 

Galaxy 





Models for Cosmological GRB 

•  Collapsing WDs 
•  Stars Accreting on AGN 
•  White Holes 
•  Cosmic Strings 
•  Black Hole Accretion 

Disks                                
I) Binary Mergers            
II) Collapsing Stars 



NS/BH Binary Mergers 

Merging of compact objects (NS-NS, NS-BH, BH-BH).  
These objects are observed in our Galaxy. 
The merging time is about 108 yr, via GW emission. 

Eichler et. al. (1989)  



The BATSE era 



CGRO-BATSE (1991-2000) 

CGRO/BATSE  (25 keV÷10 MeV) 
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The Compton Gamma Ray Observatory 

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).  
 

http://cossc.gsfc.nasa.gov 
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The Compton Gamma Ray Observatory 



The Compton Gamma Ray Observatory 

                                                                         
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.  
 



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-1, and lasted less than 150 
ms.  In 1998, SGRs were shown to possess extremely strong magnetic fields, of the order of 1014 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".  



GRB History 



The Compton Gamma Ray Observatory 

BATSE 
- 20 keV -10 MeV 
- GRB, SGR, X-ray sources 

§  NaI scintillators 
§  20 keV – 10 MeV 
§  FoV 4π 



Gamma-Ray Bursts 
Temporal behaviour Spectral shape

Spatial distribution



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

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

•  fluences (= av.flux * 
duration) typically of ~10-7 
– 10-4 erg/cm2 

•  diverse and 
unclassifiable light curves 

The GRB phenomenon 



GRB	  light	  curves	  





GRB duration 
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GRB duration 



•  bimodal distribution of durations: short and long GRBs 

•  short GRBs tend to be spectrally harder than long 
GRBs 

•  HR = flux (100 – 300 keV) / flux (50 – 100 keV) 

short 

long 

The GRB phenomenon  



GRB spectral info 



GRB spectral Info 

Low Energy Index High Energy Index 



GRB spectral Info 

Peak Energy 



Exercise	  #2	  
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Spectral Evolution 



•   non thermal spectra with a smooth break   

•   most GRBs show substantial spectral evolution 

•   two typical behaviours: hard to soft throughout the 
whole GRB or hard to soft during each pulse 

The GRB phenomenon 



•   isotropic distribution of GRBs directions 

•   paucity of weak events with respect to 
homogeneous distribution in euclidean space   

•   hints to cosmological origin of GRBs 

The GRB phenomenon 



BATSE (1991 - 2000) 



The GRB phenomenon 
	  

•  Flux	  ~	  d^-‐2	  
•  Number	  ~	  d^3	  
•  d	  ^	  N^1/3	  
•  Flux	  ^	  N^-‐2/3	  
•  N	  ^	  Flux	  ^-‐3/2	  	  



The GRB coordinates network 



The Interplanetary network 



No host problem 



The great debate (1995) Flux: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	  
observaYon!	  

GRB: where are they? 



the “BATSE” era …?  



AGILE instrument 



AGILE: inside the cube… 

ANTICOINCIDENCE 

INAF-IASF-Mi (F.Perotti) 

HARD X-RAY IMAGER 
(SUPER-AGILE) 

INAF-IASF-Rm 
(E.Costa, M. Feroci) 

GAMMA-RAY IMAGER  

SILICON TRACKER 

INFN-Trieste 

(G.Barbiellini, M. Prest) 

(MINI) CALORIMETER 

INAF-IASF-Bo, Thales-
Alenia Space (LABEN) 

(G. Di Cocco, C. Labanti) 



The CsI Mini-Calorimeter 
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SuperAGILE 
Coded aperture 
18 – 60 keV 
∼1 sr FoV  

Mini-calorimeter 
non imaging 
scintillator 
0.3 – 200 MeV 
almost all-Sky FoV 

Gamma Ray Imaging Detector  
Silicon tracking detector 
30 MeV – 50 GeV 
∼2.5 sr FoV 

The AGILE instrumentation 1-D 

107° 

68° 

1-D 

2 × 1-D 

GRID FoV 

AGILE and GRB 



0.35-0.7 MeV 

0.7 - 1.4 MeV 

1.4 - 2.5 MeV 

2.5 - 5.5 MeV 

5.5 - 11 MeV 

11 - 22 MeV 

GRB070825: MCAL light curves  



 Terrestrial Gamma Flashes 

10 ms 

trigger date 
and time 

temporal bin: 100 µs!    time scale: < 5 ms 



Terrestrial	  Gamma-‐ray	  Flashes	  



MCAL GRB catalog 

•  Contains the 
data of the 85 
hard gamma-
ray bursts 
observed by the 
MCAL (April 
2007 - October 
2009) 

•  Timing data for 
84 and spectral 
data for 21 
bursts 

Galli et al. 2013, 
A&A 553, A33(2013) 



MCAL GRB catalog 
Galli et al. 2013, 
A&A 553, A33(2013) 

temporal analysis	  
spectral analysis	  



•  Two instruments: 
–  LAT:  

•  high energy (20 MeV –  >300 GeV) 
–  GBM:  

•  low energy (8 keV – 40 MeV) 

•  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. 

Large Area Telescope (LAT) 

Gamma-ray Burst Monitor (GBM) 

Fermi Key Features  

Spacecraft Partner: 
General Dynamics 



GBM	  Detectors	  
Bismuth Germanate (BGO) 

 Scintillation Detector 

Major Purpose 
–  Provide high-energy spectral 

coverage (150 keV – 25 MeV) to 
overlap LAT range over a wide 
FoV 

 

(12) Sodium Iodide (NaI) 
 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 

 

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. 



Fermi GBM 



Fermi spectra 



GECAM	  



GECAM	  



GECAM	  



GECAM	  


