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Credit: NASA/DOE/Fermi LAT Collaboration

The (HE) gamma-ray sky



Gamma-Ray Bursts (GRBs)
Long GRBs – Collapsar

Short GRBs – Merger

Credit: NASA/DOE/Fermi LAT Collaboration/GSFC
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Von Kienlin+2020
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LAT
Large Area Telescope

• Record gamma-rays 
in the energy range 
~ 20 MeV – 300 GeV

GBM
GLAST Burst Monitor

• Provide correlative   
observations of 

transient events in  
the energy range 

~ 10 keV – 25 MeV

Orbit
565km, circular

Inclination
28.5°

Spacecraft Integration
2006-2007

TV Test
2007/2008

Launch Date
June 2008

GLAST Lifetime
5 years (min)

GLAST Observatory: quick overview

Burst localisation via count-rate comparison 
of different NaI-detectors (BATSE–principle)
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▪ GBM = 14 scintillation detectors

The Fermi–GBM instruments

12 

NaI(Tl)

2 BGO

(2) Bismuth Germanate (BGO)
Scintillation Detectors

(12) Sodium Iodide (NaI)
Scintillation Detectors
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12 NaI detectors 
(MPE)

2 BGO detectors 
(MPE)

Power box
• provides regulated 

power to:
- DPU and detectors

- HV for the PMTs 
(MPE)

Data Processing Unit (DPU)
• digitizes detector inputs
• controls high and low voltage to 
detectors
• provides control and S/C interface 
(MSFC)

Fermi–GBM Hardware Components 
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The Gamma-Ray Burst Monitor

▪ GBM single detectors calibration and 

tests campaigns (2004-2006) at the 

Max-Planck Institut for Extraterrestrial

Physics (MPE, Germany)
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The Gamma-Ray Burst Monitor

▪ GBM full instrument calibration and 

tests campaigns (2006) at the Marshall Space 

Flight Center (Alabama, USA)
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The Gamma-Ray Burst Monitor

▪ GBM integration onto the Fermi spacecraft (2007) at Phoenix, USA

http://mediaarchive.ksc.nasa.gov/
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The launch of the Fermi Mission

▪ Final phases in Spring 2008 at the Kennedy Space Center (Florida, USA)

http://mediaarchive.ksc.nasa.gov/
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The launch of the Fermi Mission

▪ Preparation to launch in May 2008 at the Kennedy Space Center (Florida, USA)

http://mediaarchive.ksc.nasa.gov/
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The launch of the Fermi Mission

▪ Preparation to launch in May 2008 at the Kennedy Space Center (Florida, USA)

http://mediaarchive.ksc.nasa.gov/



The launch of the Fermi Mission

http://mediaarchive.ksc.nasa.gov/



The launch of the Fermi Mission
https://www.youtube.com/watch?v=Znopi27RFY0



Credit: NASA's Goddard Space Flight Center/CI Lab

NASA Goddard Media Studio

https://svs.gsfc.nasa.gov/13094
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Fermi spacecraft orbit

▪ Circular «Low-Earth» orbit (LEO)

o 565 km altitude (96 min period), 25.6 deg inclination

SAA

http://observatory.tamu.edu:8080/Trakker/
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http://www.n2yo.com/?s=33053
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GRB
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Fermi–GBM NaI(Tl) Scintillators

▪ 12 NaI(Tl) detectors:

o Diameter: 12.7 cm (5”)

o Thickness: 1.27 cm (0.5”)

o Energy range: 10 keV – 1 MeV

NaI(Tl)

Breadboard crystals @MPE 2002

NaI(Tl) detector FM04 @MPE 2005

Giselher Lichti @MPE 2005
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Fermi–GBM NaI(Tl) Scintillators

Bissaldi+2009
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Fermi–GBM BGO Scintillators

▪ 2 BGO detectors:

o Diameter: 12.7 cm (5”)

o Thickness: 12.7 cm (5”)

o Energy range: 

250 keV – 40 MeV

BGO

Breadboard crystals @MPE 2002

BGO detector FM01 @MPE 2005

Andreas von Kienlin @MPE 2005
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Fermi–GBM BGO Scintillators

Bissaldi+2009
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Hoover & Kippen 2004





Hoover & Kippen 2004
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The GBM Response Simulation System (GRESS)

Comprehensive collection of computer models, simulation software, and data packaging tools, 
including facilities for (1) physical simulation through a modified GEANT4 toolkit architecture, 
(2) custom instrumental effects simulators, (3) custom data packages, and (4) interfaces to GBM 
data processing/analysis software

▪ Because of vastly differing scale size, GRESS separates total GBM instrument response into 2 
components: 

o “Direct” detector + spacecraft response 

• Captures physical and instrumental response of the detectors + spacecraft combined system

• Incorporates a detailed mass model of the GLAST observatory, including the GBM detectors, the 
Large Area Telescope, and all in-flight spacecraft components

o Atmospheric scattered response

▪ Unlike many earlier space-borne gamma-ray instrument response simulation efforts (e.g., 
BATSE2, COMPTEL, etc.), GRESS captures the combined response rather than separating 
detector simulations from passive spacecraft elements
o GLAST spacecraft is highly non-uniform in its scattering properties and the GBM detectors are 

embedded in this nonuniformity

▪ Direct response as a function of photon energy and direction captured in a “Direct Response 
Matrix” (DRM) database, including results from individual simulation runs at an array of incident 
source directions



33Hoover & Kippen 2004
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37Hoover & Kippen 2004



E. Bissaldi               1st National Workshop on GEANT4 • 9 December 2022 38

NaI detectors

▪ To generate a proper DRM, a high degree of precision and accuracy is required in the 

simulation model of these detectors, particularly around the NaI crystal and its interface 

to the photomultiplier tube.



39Hoover & Kippen 2004
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BGO detectors



41Hoover & Kippen 2004
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51Hoover & Kippen 2004



Kippen+2007
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MC-Code Validation – Detector-Level Calibration

▪ Purpose of Calibration:

o Performance verification of

• Energy calibration

• Energy resolution

• Effective area

o Provide accurate data

• Comparison with simulated detector response data

• Scientific analysis

 

MPE
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On-ground calibration measurements

1. MPE (2005)

o Calibrated radioactive 

sources (14 keV - 4.43 MeV) 

in the laboratory

2. BESSY synchrotron radiation

facility (Berlin, 2005) 

o Low-energy accelerator (10 – 60 keV)

3. SLAC (USA, 2006)

o High-energy Van-de-Graaff 

accelerator (6 – 18 MeV)

1.

2.

3.
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Model of MPE calibration setup full environment

▪ Including

o Complete detailed 

models of Nal+BGO

detectors with 

spacecraft mounting 

brackets

o Complex  holding 

structure, enabling 

rotation of detectors 

around all 3 axes 

during the 

calibration, included 

a wooden stand 

raising it about one 

meter above the 

laboratory floor,

Steinle+2007AIP Conference Proceedings 921, 572 (2007); http://dx.doi.org/10.1063/1.2757457



Detector Source Detector (with source behind, in line)

For simulations, the room is illuminated isotropically with the appropriate photon energy spectrum for 

each radioisotope. Tracks for 100 events are shown at left.

Hoover+2007
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Fermi-GBM detector characteristics

▪ Fermi-GBM Response Functions

o NaI(Tl) spectra measured with monochromatic synchrotron radiation

Below K-edge energy 

Above K-edge energy 
➔characteristic Iodine

escape peak

Bissaldi+2009

Calibration at Electron storage ring 

PTB/BESSY II in Berlin (2005)
Bissaldi+2009
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Fermi-GBM detector characteristics

o NaI(Tl) spectra measured with 

various radioactive sources

Bissaldi+2009



E. Bissaldi               1st National Workshop on GEANT4 • 9 December 2022 67

Fermi-GBM detector characteristics

o BGO spectra measured 

with various radioactive sources

Comparative 

pulse height 
spectra

measured for 

BGO and NaI(Tl)

scintillators of 

equal size (7.6 x 

7.6 cm) for 

gamma rays 

from 24Na

Moss+1984

Bissaldi+2009
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Fermi-GBM detector characteristics

Fermi-GBM Response Functions

▪ Full energy

peak analysis

o Gaussian

fits with 3

parameters

- Area

- Center

- FWHM

o Important:
background

subtraction

from the 

continuum

Bissaldi+2009



NaI validation results

Comparisons of measured and simulated data using the complete laboratory model are shown below for the NaI detector. 

Simulated data is normalized to the measurement livetime. The measured energy dependent resolution is applied to the 

simulated energy deposit in the NaI crystal to reproduce the detector resolution. In general, the simulation results reproduce the 

measured data quite well. Illuminating the room isotropically is critical for reproducing the backscatter peaks. There are a few 

discrepancies to be understood, such as apparent missing low energy lines in the simulation for 241Am and 109Cd, and 

a slight offset in the profile of the Compton edge.

Hoover+2007



BGO validation results

BGO validation results are shown below. As with the NaI results, the measured detector resolution was applied to the simulated data. 

The BGO detectors are intended to operate in the ~150 keV to 30 MeV range. Shown here are low energy results from laboratory 

calibration sources. Higher energy calibrations are performed at an accelerator facility and do not lend themselves to straightforward 

validation simulations.

Hoover+2007













Wallace+2007



Wallace+2007



In order to understand to effect the spacecraft mass has on the detector response simulations using the source

model were done with the full spacecraft as well as without but with detector in the proper location. Above shows

the two configuration simulated. The left is the spacecraft in its flight configurations, the right image is only the

GBM detectors. Wallace+2007



Below is the energy spectrum for the BGO detectors with and without the spacecraft on both sides.

Wallace+2007



Kippen+2009



Kippen+2009
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Fermi-GBM detector Energy calibration

CHANNEL-ENERGY RELATION (CALIBRATION)

➔ Both Nai(Tl) and BGO scintillators show 

good linearity over the whole energy range

Bissaldi+2009
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Fermi-GBM detector Energy Resolution

ENERGY RESOLUTION

Bissaldi+2009

BGONaI
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Fermi-GBM detector Uniformity

NAI(TL)

SCINTILLATOR

CRYSTAL

UNIFORMITY

Bissaldi+2009

10 keV 60 keV

10 keV 10 keV
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Fermi-GBM detector Background

NaI(Tl): 

▪ 511 keV line from positron 

annihilation in the atmosphere and 
nearby materials → Used for AGC

o 2 lines from excited 127I energy 

levels of (57.6 and 202.9 keV)

o Passive materials in front 

the detectors limit the response 

of the detectors significantly at 
∼8-20 keV (low energy drop)

BGO:

▪ 2.2 MeV line due to neutron 

capture in the large amount of H contained in 

the hydrazine tanks of the spacecraft 
→ Used for AGC

o 1.46 MeV line is due to 40K from the 

potassium contained in the glass in the PMTs

“Overflow channels”

NaI: ∼1MeV 

BGO: ∼45 MeV

Fermi-GBM 2.4 hr accumulations of background 

spectra

NaI(Tl) BGO

Meegan+2009
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Fermi-GBM detector Background

Bacground rates: Temporal plots over 1 day (86400 s) 

o Times of zero rate due to turning off the PMTs during 
South Atlantic Anomaly (SAA) passages

o High rates near the SAA boundaries

• Effect of activation by the SAA more pronounced in BGO detectors

o NaI rates are shown for the primary trigger energy range of 50–300 keV

• Average ∼320 cps, very little variation among the 12 detectors

Meegan+2009





Credit: NASA GSFC & Caltech/MIT/LIGO Lab

https://www.youtube.com/watch?v=-Yt5EmEgz2w

BREAKTHROUGH #1: GRB+GW DETECTION (2017)



BREAKTHROUGH #2: GRB DETECTIONS @VHE

• Announcements on 20 Nov. 2019

1.H.E.S.S. observation of GRB 180720B

2.MAGIC observation of GRB 190114C

• Announcement on 4 June 2021

3. H.E.S.S. observation of GRB 190829A
©CRR UTokyo/Naho Wakabayashi

Abdalla+2021

z = 0.653

z = 0.4245

z = 0.0785

E. Bissaldi – Monitoring the High-energy Sky with Small Satellites – Brno – 6 September 2022 93



https://heasarc.gsfc.nasa.gov/



https://www.nasa.gov/content/fermi-gamma-ray-space-telescope



https://fermi.gsfc.nasa.gov/ssc/data/access/



©NASA/Fermi/Sonoma State University/A. Simonnet



High-energy astroparticle physics group Bari @2022

(UniBA, PoliBA, INFN)



Thank you!

elisabetta.bissaldi@poliba.it


