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The Fermi Gamma-ray Burst Monitor
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All-Sky Monitoring
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Energy Coverage
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NaI detectors:

~8—1000 keV


BGO detectors:

~200 keV—40 MeV



Scintillation Detectors and PMTs
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• Incident photons interact and produce scintillation photons

• Scintillation photons produce electron(s) at the Photocathode

• An electric potential (voltage) is applied to the Photocathode and Anode

• Electron(s) travel toward the Anode and are “multiplied” along the Dynodes

• The avalanche of electrons produces a bright spike of current

• The current is then sent to a Pulse Height Analyzer (PHA) to digitize



GBM Sodium Iodide (NaI) Detector
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2 The GBM Detectors

The GBM flight hardware comprises a set of 12 Thallium activated Sodium Iodide crystals
(NaI(Tl), hereafter NaI), two Bismuth Germanate crystals (Bi4 Ge3 O13, commonly abbre-
viated as BGO), a DPU, and a PSB. In total, 17 scintillation detectors were built: 12 flight
module (FM) NaI detectors, two FM BGO detectors, one spare NaI detector and two engi-
neering qualification models (EQM), one for each detector type. Since detector NaI FM 06
immediately showed low-level performances, it was decided to replace it with the spare de-
tector, which was consequently numbered FM 13. Note that the detector numbering scheme
used in the calibration and adopted throughout this paper is different to the one used for
in-flight analysis, as indicated in Table 4 (columns 2 and 3) in the appendix.

The cylindrical NaI crystals (see Fig. 2) have a diameter of 12.7 cm (5”) and a thickness
of 1.27 cm (0.5”). For light tightness and for sealing the crystals against atmospheric mois-
ture (NaI(Tl) is very hygroscopic) each crystal is packed light-tight in a hermetically sealed
Al-housing (with the exception of the glass window to which the PMT is attached). In order
to allow measurements of X-rays down to 5 keV (original project goal [8]) the radiation
entrance window is made of a 0.2 mm thick Beryllium sheet. However, due to mechanical
stability reasons, an additional 0.7 mm thick Silicone layer had to be mounted between the
Be window and the crystal, causing a slight increase of the low-energy detection threshold.
Moreover, an 0.5 mm thick Tetratex layer was placed in front of the NaI crystal, in order to
improve its reflectivity. The transmission probability as a function of energy for all compo-
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Fig. 2 On the left: Schematic cross-section of a GBM NaI detector showing the main components. A picture
of a detector flight unit mounted on the calibration stand was taken in the laboratory during detector level
calibration measurements and is shown in the right panel

Gamma-ray Burst Detector

4

• 5” thick NaI crystal
• NaI is hygroscopic, hermetically sealed 

in Al-housing with Be window 
(transmission  down to 5keV)

• Si layer for stability
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Fig. 3 X-ray transmission of all individual layers of a NaI detector entrance window (the 0.2 mm thick
Beryllium sheet in blue, the 0.5 mm thick Tetratex layer in green, the 0.7 mm thick Silicone layer in red and
the sum of all components in black. The transmission at 10 keV is ∼ 30%

nents of the detector window’s system is shown in Fig. 3. Consequently, NaI detectors are
able to detect gamma-rays in the energy range between ∼ 8 keV and ∼ 1 MeV. The individ-
ual detectors are mounted around the spacecraft and are oriented as shown schematically in
Fig. 1 (left panel). This arrangement results in an exposure of the whole sky unocculted by
the earth in orbit.

The Hamamatsu R877 photomultiplier tube (PMT) is used for all the GBM detectors.
This is a 10-stage 5-inch phototube made from borosilicate glass with a bialkali (CsSb) pho-
tocathode, which has been modified (R877RG-105) in order to fulfill the GBM mechanical
load-requirements.

With their energy range extending between ∼ 0.2 and ∼ 40 MeV, two BGO detectors
provide the overlap in energy with the LAT instrument and are crucial for in-flight inter-
instrument calibration. The two cylindrical BGO crystals (see Fig. 4) have a diameter and
a length of 12.7 cm (5”) and are mounted on opposite sides of the Fermi spacecraft (see
Fig. 1), providing nearly a 4 π sr FoV. The BGO housings are made of CFRP (Carbon Fibre
Reinforced Plastic), which provides the light tightness and improves the mechanical stability
of the BGO unit. For thermal reasons, the interface parts are fabricated of Titanium. On each
end, the circular side windows of the crystal are polished in mirror quality and are viewed
by a PMT (same type as used for the NaI detectors). Viewing the crystal by two PMTs
guarantees a better light collection and a higher level of redundancy.

The output signals of all PMTs (for both NaIs and BGOs) are first amplified via linear
charge-sensitive amplifiers. The preamplifier gains and the HVs are adjusted so that they
produce a ∼5 V signal for a 1 MeV gamma-ray incident on a NaI detector and for a 30 MeV
gamma-ray incident on a BGO detector. Due to a change of the BGO HV settings after
launch, this value changed to 40 MeV, thus extending the original BGO energy range [8].
Signals are then sent through pulse shaping stages to an output amplifier supplying differ-
ential signals to the input stage of the DPU, which are combined by a unity gain operational
amplifier in the DPU before digitizing. In the particular case of BGO detectors, outputs from
the two PMTs are divided by two and then added at the preamplifier stage in the DPU.

• NaI is very hygroscopic; any moisture will 
damage it


• High light output

• Photons emitted at Near UV



GBM Bismuth Germinate (BGO) Detector
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Fig. 4 On the top: Schematic cross-section of a GBM BGO detector. The right hand side of the schematic
is a cut away view, whereas the left hand side is an external view. The central portion contains the BGO
crystal (light blue), which is partially covered by the outer surface of the detector’s assembly. A picture of
a BGO detector flight unit taken in the laboratory during system level calibration measurements is shown in
the bottom panel

In the DPU, the detector pulses are continuously digitized by a separate flash ADC at a
speed of 0.1 µs. The pulse peak is measured by a separate software running in a Field Pro-
grammable Gate Array (FPGA). This scheme allows a fixed energy independent commend-
able dead-time for digitization. The signal processor digitizes the amplified PMT anode
signals into 4096 linear channels. Due to telemetry limitations, these channels are mapped
(pseudo-logarithmic compression) on-board into (1) 128-channel resolution spectra, with a
nominal temporal resolution of 4.096 s (Continuous High SPECtral resolution or CSPEC
data) and (2) spectra with a poorer spectral resolution of eight channels and better temporal
resolution of 0.256 s (Continuous high TIME resolution or CTIME data) by using uploaded
look-up tables.1 These were defined with the help of the on-ground channel-energy relations
(see Section 4.2). Moreover, time-tagged event (TTE) data are continuously stored by the
DPU. These data consist of individually digitized pulse height events from the GBM detec-
tors which have the same channel boundaries as CSPEC and 2 microsecond resolution. TTE
data are transmitted only when a burst trigger occurs or by command. More details on the
GBM data type as well as a block diagram of the GBM flight hardware can be found in [25].

Besides processing signals from the detectors, the DPU processes commands, formats
data for transmission to the spacecraft and controls high and low voltage (HV and LV) to the
detectors. Changes in the detector gains can be due to several effects, such as temperature
changes of the detectors and of the HV power supply, variations in the magnetic field at the
PMT, and PMT aging. GBM adopts a technique previously employed on BATSE, that is
Automatic Gain Control (AGC). In this way, long timescale gain changes are compensated
by the GBM flight software by adjusting the PMT HV to keep the background 511 keV line
at a specified energy channel.

1 The temporal resolution of CTIME and CSPEC data is adjustable: nominal integration times are de-
creased when a trigger occurs.

• BGO extends to higher 
energies (0.2 — 40 MeV)

• mounted on opposite sides of 
spacecraft

• two PMTs for better light 
collection and redundancy

• Higher Stopping Power -> Higher Energy

• Lower light output -> Need 2 PMTs

• Photons emitted from visible Red -> near UV



The Response Function
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• The Response function maps the incident photon energies to the recorded “channel” energies

• Mono-energetic photons can be dispersed to a variety of channels, the probability of which is 

proportional to the effective area for that particular energy -> channel mapping

• This mapping can be stored as a Detector Response Matrix (DRM), and is used for 

spectroscopy.  The DRM is highly singular and non-invertible, so unfortunately we can never 
“know” the precise incident spectrum

Photopeak
Compton

Scatter

Iodine K-edge



The GBM Response Function
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• The response function also has an angular dependence

• For NaI, approx cosine angular response, but can also observe photons 

through the back of the detector

• Angular response also changes as function of photon energy

• The BGO angular response is much broader



All-Sky Response
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GBM NaI 6 response on the sky 
(S/C coords)

Combined GBM NaI response 
over 50—300 keV

(Equatorial coords)



All-Sky Response
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GBM NaI 6 response on the sky 
(S/C coords)

Combined GBM NaI response 
over 50—300 keV

(Equatorial coords)



Atmospheric Scattering
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Simulations and Response / R. M. Kippen (LANL)Simulations and Response / R. M. Kippen (LANL) - - 1010 - -  GBM GBM  BWG Review, 31 August 2004BWG Review, 31 August 2004

How – Atmospheric Scattered Response

atmosim — Raw “physical” data arpack — Packaged data matrix

collection
surface

NRLMSISE-2000 atmospheric model used

to create concentric shell mass model

€ 

ℜA ψ,A, ′ ϑ , ′ ϕ ,Eγ ,Es( )

• Detector response is only half the story…

• Photons can back-scatter off atmosphere and 

be detected by detectors not directly 
observing a source


• Has significant implications for localization 
and spectroscopy


• The atmospheric scattering geometry is fairly 
complex: dependent on the source-detector-
Earth geometry and modifies the incident 
spectrum


• This component is calculated separately and 
then combined with the direct flux response



Orbit, SAA, Background
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• Background affected by orbit         
(+ other things)


• Geomagnetic latitude (McIlwain L) 
changes GBM detection efficiency


• Mcilwain L  > ~1.5 results in more 
likely detections of charged particle 
activity



Orbit, SAA, Background
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GBM Trigger Timeline
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Fermi

• Trigger alerts go out within seconds, full automated processing completes within 10 minutes

• Fermi GBM has Burst Advocates (BAs) that are on-call for triggers

• BAs check that the automated classification is correct and, if a GRB, that an automated 

localization went out

• If something isn’t quite right, the BA will update the classification, perform a manual 

localization, and may send out a science circular if sufficiently interesting

GBM FSW handles all 
onboard data collection, 
processing, and triggering/

communication



Localization
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• Localization uses all 12 NaI detectors

• For a distant point source, there will 

be a different flux in each detector

• Assume some reasonable GRB-like 

spectrum, fold through response of 
each detector to get expected 
counts


• The comparison of the relative 
observed flux to the relative 
expected flux tells us where the 
source is


• Traditionally this is done in 50—300 
keV (sweet spot for GRBs)



Fermi GBM RoboBA
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• First implemented in early 2016

• Automatically runs w/in 10 minutes

• Successful ~80% of the time


• Most failures due to dropped data packets in 
realtime stream


• Human BA performs localization in that case 

• Sends out a final localization notice


• Localization

• Links to lightcurve and localization plot

• HEALPix FITS sky maps

• An estimate of type of GRB: long/short


• Planned to expand capabilities to do complete BA 
analysis


• Automated circulars now go out for every RoboBA-
localized GRB



GBM Science Data (Level 1)
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• CTIME (Continuous TIME)

• 256 ms time resolution (64 ms around triggers)

• 8 energy channels


• CSPEC (Continuous SPECtra)

• 4.096 s time resolution (1.024 s around triggers)

• 128 energy channels


• TTE (Time-Tagged Events)

• 2 !s GPS timing precision

• 128 energy channels

• Fully continuous TTE since ~Dec. 2012

• Est. > 4 Trillion events, 38 TB


• RSP(2) (Response files)

• .rsp single DRM

• .rsp2 multiple DRMs

https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/daily/

https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/triggers/

https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/bursts/

https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/daily/
https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/triggers/
https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/bursts/


Other GBM Data (Level 1+)
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• POSHIST (POSition HISTory)

• Contains information on spacecraft orbital 

position and attitude

• TRIGDAT (TRIGger DATa)


• 8.192 s/1.024 s/264 ms/64 ms time resolutions

• Variable resolution to handle both long and 

short GRBs

• 8 energy channels

• Contains limited POSHIST info

• 50 KB


• HEALPix

• GRB localization maps


• “Quicklook” products (i.e. lightcurve plots, etc)

Quicklook directory on FTP site 



GRB Higher-Level Data products
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• BCAT (Burst CATalog)

• Duration information

• Peak energy and photon flux info on 

different timescales

• SCAT (Spectral CATalog)


• Spectral fit parameters, fit statistic, etc

• Resulting deconvolved photon flux model 

data

• The online catalogs


• Trigger catalog

• Burst catalog


• Analysis software

• RMfit - Soon to be deprecated

• GSpec and GBM Data Analysis Tools

https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html

https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html


What Does Fermi GBM See?
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Terrestrial Gamma-ray 
Flashes Solar Flares

Soft Gamma 
Repeaters

X-ray Binaries

GRBs of course!

Unique intersection for astrophysics, 
heliophysics, and Earth science



Terrestrial Gamma-ray Flashes (TGFs)
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…and TEBs



Flaring/Pulsing Galactic Sources
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Swift J0243.6+6124

(First Galactic UL X-ray Pulsar)

SGR 1547-5408

(Magnetar)



Solar Flares
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Magnetospheric Particles
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Not necessarily interesting…


…mostly just a pain in the @ss



GRBs
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Observed GRB Properties
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• Detected Redshift range z < 0.01 — 9

• Energetics: Eiso ~1046–1054 erg

• Durations: 10s of ms —several minutes

• Wide variety of SED peak energies

• Wide variety of lightcurves

• Spectral evolution throughout burst

A Zoo

• Long GRBs

• Collapse of massive star

• Higher redshift; Pop III?


• Short GRBs

• Merging of NS-NS or NS-BH

• More nearby


• Both are the result of a relativistic jet



10+ Years of Observations
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• 2357 GRBs over 10 years

• Projected to exceed BATSE by end of year

• ~400 short GRBs

• ~2000 long GRBs

• 135 GRBs with redshift


• 10-year Burst and Spectroscopy catalogs

• Peak fluxes, fluences, durations, locations

• Spectra, energetics


• With GBM observations of GRBs we have:

• Produced groundbreaking understanding of the 

prompt energetics and jet structure

• Enabled tight constraints on LIV

• First coincident and independent detections of 

a single event in GWs and EM

• Measured the speed of gravity relative to the 

speed of light

von Kienlin+ in prep.

Poolakill+ in prep.



Backup
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The Brightest(?) Observed GRB
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CTIME

TTE

GRB 130427A

• Rest-frame luminosity is ~average

• Hard-to-soft spectral evolution

• TTE data saturated

• First pulse is still extremely bright


