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Gamma-ray Burst Monitor (GBM) 
NaI and BGO Detectors

8 keV - 40 MeV

Large AreaTelescope (LAT)
30 MeV - >300 GeV

             KEY FEATURES
• 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.
–Decreased detection dead 
time 2.6 µs

• Huge energy range, including 
largely unexplored band 10 GeV - 
100 GeV. Total of >7 energy 
decades!
• Large leap in all key capabilities.  
Great discovery potential.

The Fermi Spacecraft



GBM Triggering

The GBM Burst Advocate localizes the GRB usually within 
one hour after trigger.

After a period of 2-5 hours after the trigger, the Burst 
Advocate is able to perform a detailed duration estimate and 
spectral analysis

Fermi



• GBM detectors are PMTs - scintillating crystals attached to photomultipliers
• NaI: 8 - 1000 keV via Photoelectric absorption & Compton scattering
• BGO: 200 keV - 40 MeV via Compton scattering & Pair production

GBM Detectors
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Figure 2. Functional block diagram of GBM.

Figure 3. NaI(Tl)-detector flight unit, consisting of a 5′′ by 0.′′5 NaI(Tl) crystal
viewed by a PMT.
(A color version of this figure is available in the online journal.)

Table 1
NaI Detector Measured Orientations in Spacecraft Coordinates (see Figure 4)

Detector ID No. Azimuth (deg) Zenith (deg)

0 45.9 20.6
1 45.1 45.3
2 58.4 90.2
3 314.9 45.2
4 303.2 90.3
5 3.4 89.8
6 224.9 20.4
7 224.6 46.2
8 236.6 90.0
9 135.2 45.6

10 123.7 90.4
11 183.7 90.3

are polished to mirror quality, while the cylindrical surface
is roughened in order to guarantee a diffuse reflection of the
generated photons. The crystals are packed in a carbon-fibre
reinforced plastic (CFRP) housing that is held on both sides by
titanium rings. Titanium was to be chosen because its thermal
expansion coefficient is close to that of BGO. The CFRP

Figure 4. Locations and orientations of the GBM detectors.
(A color version of this figure is available in the online journal.)

wrapping provides light tightness and guarantees the mechanical
stability of the BGO units. The two rings serve also as holding
structures for the two PMTs which are mounted on both sides
of the crystals. The use of two PMTs results in better light
collection and provides redundancy. The BGO detectors are
mounted to a shell-type titanium holding structure. A picture of
a BGO detector is shown in Figure 5.

2.3. Photomultiplier Tubes (PMTs) and Front-End
Electronics (FEE)

In order to transform the scintillation light into an electronic
signal the crystals are viewed by PMTs. For both crystal types,
PMTs of the type R877-MOD from Hamamatsu Corporation
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Figure 5. BGO detector, consisting a 5′′ diameter by 5′′ thick bismuth germanate
crystal viewed by two PMTs.
(A color version of this figure is available in the online journal.)

were used. These are 5 inch head-on 10-stage PMTs made from
borosilicate glass with a bialkali (CsSb) photocathode and a
box/grid dynode structure. The high voltage supplied to the
PMTs is adjustable by command between 735 V and 1243 V in
steps of 2 V.

The PMT housing includes a FEE board that shapes the
PMT pulses (Figure 6). Signals from the PMT are fed to a
charge sensitive amplifier (CSA) followed by a pulse shaper
with base line restoration. This generates unipolar pulses that
peak after ∼0.37 µs. The voltage scale ranges from 0 V to 5 V,
with 5 V corresponding to 1 MeV for the NaI detectors and
to 40 MeV for the BGO detectors. Finally, a differential line
driver (LD) produces bipolar outputs that are routed to the DPU

through shielded twisted pair cables to eliminate common mode
noise. The outputs for the two PMTs of each BGO detector are
combined at the DPU.

3. DATA SYSTEM

3.1. Data Processing Unit Overview

The DPU processes signals from the detectors, controls
high and low voltage to the detectors, processes commands,
and formats data for transmission to the spacecraft. Some
functions, such as pulse height analysis and transmission of
time-tagged event (TTE) data, are implemented in hardware,
while others, such as GRB triggers, GRB localizations, and
automatic gain control (AGC), are implemented in software.
All DPU functions are implemented on a single printed circuit
board. For redundancy, there are two such boards, with fully
cross-strapped inputs and outputs.

The DPU was designed, built, and tested by Southwest
Research Institute of San Antonio, Texas, under a contract from
Marshall Space Flight Center. The various DPU functions are
described in more detail in the following sections.

3.2. Pulse Height Analysis (PHA)

The signals from each detector are sampled in the DPU
by individual flash ADCs at 9.6 MHz and digitized into
4096 linear energy channels (Theis et al. 2006). If the level
exceeds a programmable digital threshold, the peak of the
pulse is detected by a firmware program running in a Field-
Programmable Gate Array (FPGA). The peak is identified by
requiring four successive lower samples (see Figure 7). An
adjustable dead time after peak detection allows the bipolar
signal to return to ground. The net dead time per event is
nominally 2.6 µs. The peak heights are buffered and converted
into 128-channel resolution (CSPEC) and 8-channel resolution

Figure 6. Functional block diagram of the FEE of each of the GBM photomultiplier tubes.

NaI BGO



• The response associates the photoelectron energies deposited into electronic 
channels with the original incident photon energies -> energy dispersion

• Number of different physical processes
• The response is a function of the source-spacecraft-Earth geometry
• Response rapidly decreases at a source-spacecraft angle >60 degrees

Detector Response
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Data Types

Data Type Time Resolution Energy Resolution
TRIGDAT 1024/256/64 ms 8 channels

CTIME 256/64 ms 8 channels
CSPEC 4096/1024 ms 128 channels

TTE 2 μs 128 channels

• TRIGDAT used primarily for localization & quick look.
• CTIME is typically used for temporal studies
• Initially TTE was available ~30s pre-trigger - ~300 s post-trigger
• Continuous TTE implemented on November 26, 2012



• Spacecraft Blockage

• Solar Panel Orientation

• Atmospheric Scattering

• Spacecraft Slew (ARR)

Problems with Earth-Detector-GRB Orientation
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wrapping provides light tightness and guarantees the mechanical
stability of the BGO units. The two rings serve also as holding
structures for the two PMTs which are mounted on both sides
of the crystals. The use of two PMTs results in better light
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In order to transform the scintillation light into an electronic
signal the crystals are viewed by PMTs. For both crystal types,
PMTs of the type R877-MOD from Hamamatsu Corporation



• PMTs are generally high-background instruments
• Numerous sources, diffuse emission, and energetic particles contribute to the 

background
• Fermi is not inertially pointed -> background can change dramatically
• ARRs complicate the background even more

GBM Backgrounds
Daily Background

Background - ARR



GBM Localization Method

• Localization is performed by comparing the relative observed rates from the 
GRB in each detector to the expected rates given that the GRB is emanating 
from any of equally spaced 41,168 points in SC Az/Zen

• This requires an assumption of the spectrum, and the sky grid limits to a 
statistical minimum uncertainty of 1 degree radius.
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wrapping provides light tightness and guarantees the mechanical
stability of the BGO units. The two rings serve also as holding
structures for the two PMTs which are mounted on both sides
of the crystals. The use of two PMTs results in better light
collection and provides redundancy. The BGO detectors are
mounted to a shell-type titanium holding structure. A picture of
a BGO detector is shown in Figure 5.

2.3. Photomultiplier Tubes (PMTs) and Front-End
Electronics (FEE)

In order to transform the scintillation light into an electronic
signal the crystals are viewed by PMTs. For both crystal types,
PMTs of the type R877-MOD from Hamamatsu Corporation

High Rates

Low Rates - 
Spacecraft Blockage

NaI 0



GRB Lightcurves
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• Inspect background before and after GRB
• Use a 1st-4th order polynomial fit to the background
• Problems with very long-lasting emission, and rapid SC movement from ARR

Background Fitting



• Numerous ways to do signal selection
• Catalogs - 3.5 σ SNR selection & 1 s/64 ms peak flux selection 
• >1 detectors = difficulty

Signal Selection

1. Sum lightcurves, weighting by source angle (NaI only)
2. Select the bin(s) that satisfy the SNR requirements
3. Apply the selection to each individual NaI detector (and BGO)
4. Perform joint spectral fit
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Empirical Spectral Models
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• Typical bright GRBs are well fit in GBM by a smoothly broken PL (Band or SBPL)
• Moderately bright (most GBM GRBs) are best fit with a cutoff PL (COMP)
• Very weak bursts can only be fit with a PL
• Suggests that the best fit model is a dependent on the GRB flux

α ∼ −1

β ∼ −2



• Forward-Folding technique (using Levenberg-Marquardt)
• Assume a photon model with guess parameter values
• Fold the photon model through the detector response
• Compare the folded photon model (now a counts model) to the counts data

Spectral Fitting
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• 953 GRBs

• 410 Solar Flares

• 273 TGFs

• 201 Charged 
Particles

• 192 SGRs

GBM Triggers - First 4 years 
July 2008 - July 2012

– 14 –

Fig. 1.— The monthly trigger statistics over the first four years of the mission. For 2008 July and

2012 July only the number of triggers in the time period from 2008 July 12 to 31 and 2012 July 1

to 11 are shown.

von Kienlin+ 2014, ApJS, 211, 13



GBM 4-year GRB Catalog
(07/2008 - 07/2012)

– 17 –

 

Fermi GBM GRBs in first four years of operation

953 GBM GRBs

-180 +180 RA

+90

-90 Dec

789 Long
159 Short
5 No measured duration

Fig. 4.— Sky distribution of GBM triggered GRBs in celestial coordinates. Crosses indicate long

GRBs (T90 > 2 s); asterisks indicate short GRBs.
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Fig. 5.— Distribution of GRB durations in the 50–300 keV energy range. The upper plot shows

T50 and the lower plot shows T90.
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Fig. 6.— Scatter plots of spectral hardness vs. duration are shown for the two duration measures

T50 (upper plot) and T90 (lower plot). The spectral hardness was obtained from the duration

analysis results by summing the deconvolved counts in each detector and time bin in two energy

bands (10 – 50 keV and 50 – 300 keV), and further summing each quantity in time over the T50

and T90 intervals. The hardness was calculated separately for each detector as the ratio of the flux

density in 50 – 300 keV to that in 10 – 50 keV and finally averaged over detectors. For clarity,

the estimated errors are not shown but can be quite large for the weak events. Nevertheless, the

anti-correlation of spectral hardness with burst duration is evident.

• 953 GRBs
• Locations/Localizing Instrument
• T50/T90 (50-300 keV)
• Peak flux (64/256/1024 ms; 50-300 

& 10-1000 keV)
• Fluence (50-300 & 10-1000 keV)

von Kienlin+ 2014, ApJS, 211, 13



Hardness-Duration Classification
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Fig. 6.— Scatter plots of spectral hardness vs. duration are shown for the two duration measures

T50 (upper plot) and T90 (lower plot). The spectral hardness was obtained from the duration

analysis results by summing the deconvolved counts in each detector and time bin in two energy

bands (10-50 and 50-300 keV), and further summing each quantity in time over the T50 and T90

intervals. The hardness was calculated separately for each detector as the ratio of the flux density

in 50-300 keV to that in 10-50 keV and finally averaged over detectors. For clarity, the estimated

errors are not shown but can be quite large for the weak events. Nevertheless, the anti-correlation

of spectral hardness with burst duration is evident.

von Kienlin+ 2014, ApJS, 211, 13

50 - 300 keV flux
10 - 50 keV fluxH = 

Short/Hard

Long/Soft



• 943 GRBs
• 2 types of spectra: 3.5 sigma SNR duration-integrated & (1024/64 ms) peak
• 4 spectral models (Band, SBPL, Comp, PL)
• >7500 spectral fits
• GOOD spectra: Parameter uncertainties below set threshold
• BEST spectra: The single best-fitting spectrum for each GRB (subset of GOOD)

GBM 4-year GRB Spectral Catalog 
(07/2008 - 07/2012)– 38 –
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Fig. 3.— Distribution of the low-energy indices obtained from the GOOD F spectral fits

(a). The BEST parameter distribution (gray filled histogram) and its constituents for the

low-energy index is shown in (b).

– 39 –

-5 -4 -3 -2 -1
High-energy index

0

20

40

60

80

100

# 
of

 b
ur

st
s

-5 -4 -3 -2 -1

BAND
SBPL

(a)

-5 -4 -3 -2 -1
High-energy index

0

10

20

30

40

# 
of

 b
ur

st
s

BAND
SBPL

-5 -4 -3 -2 -1

(b)
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Gruber+ 2014, ApJS, 211, 12



• 48 GRBs with redshift (42 long, 6 short)
• Rest-frame energetics calculated: Epeak, Eiso, Liso

• Sufficient sample size to start studying correlations and consistency with samples 
from other instruments
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Fig. 14.— (a) Erest
peak distribution of the F spectra fits from the BEST sample for long and

short GRBs (light gray and dark gray filled histogram, respectively). (b) Same as (a) but for

Erest
break. (c) and (d) Distribution of Eiso and Liso of the fluence spectral fits from the BEST

sample in the rest-frame energy band 1/(1+z) keV to 10/(1+z) MeV.
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Fig. 14.— (a) Erest
peak distribution of the F spectra fits from the BEST sample for long and

short GRBs (light gray and dark gray filled histogram, respectively). (b) Same as (a) but for

Erest
break. (c) and (d) Distribution of Eiso and Liso of the fluence spectral fits from the BEST

sample in the rest-frame energy band 1/(1+z) keV to 10/(1+z) MeV.
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Fig. 30.— (a) Erest
peak distribution of the P spectra fits from the BEST sample for long and

short GRBs (light gray and dark gray filled histogram, respectively). (b) Same as (a) but for

Erest
break. (c) and (d) Distribution of Eiso and Liso of the fluence spectral fits from the BEST

sample in the rest-frame energy band 1/(1+z) keV to 10/(1+z) MeV.

Gruber+ 2014, ApJS, 211, 12

GBM GRB Spectral Catalog - Redshift Bursts



• 81 GRBs, 1495 spectra
• Fluence > 4e-5 erg/cm2 (10-1000 keV)
• Peak Flux > 20 ph/s-cm2 (10-1000 keV; 64, 256 & 1024 ms)
• > 4 time bins with SNR = 30
• Band, SBPL, Comp, PL, PL+BB

GBM Time-Resolved Spectral Catalog

BEST distributions

�
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Preliminary



Time-Resolved LC Example

Preliminary

GRB 090902B



• Increasing Follow-up Observations
• Orbital Background Subtraction
• Low-Energy Spectral Excess
• Thermal Emission Modeling
• Non-Thermal Emission Modeling
• Solar Flares
• Terrestrial Gamma-ray Flashes
• Monitoring of persistent sources via Earth occultation

Other Projects



• 1380 GRBs

• ~230 Swift+GBM

• ~50 LAT+GBM

• >300 GBM+other

• 329 GRBs resulting in 
3272 GCN Circulars  
(since Sep 2009)

Observational Synergy

Through May 2014:



Total Localization Uncertainty Contours
Statistical Uncertainty

Total Uncertainty

• Files created when a final position GCN 
notice is sent (since Jan. 2014)

• Contour files are available at FSSC 
website as an official data product

• Developing FITS probability maps

• Already 4 successful follow-ups with 
iPTF using the contour files (130702A, 
131011A, 131231A, & 140508A)

• Preparing for aLIGO/Virgo era

• Building collaborations with iPTF, IPN, 
FIGARO, RAPTOR, MASTER, aLIGO, 
IceCube, Swift

iPTF
candidate



• Accurate alternative for polynomial-
fitting for long-lasting emission 
scenarios

• Potentially used to study extended 
gamma-ray emission.  Lightcurve 
stacking suggests a PL decay of the 
lightcurve.

Orbital Background SubtractionIntroduction Search Results Extended emission in individual GRBs Conclusion

Background determination in GBM

Polynomial Interpolation
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Ger Fitzpatrick (University College Dublin) Search for extended emission in 4 yrs of GBM GRBs October 22, 2012 3 / 20

Introduction Search Results Extended emission in individual GRBs Conclusion

Long GRBs

3σ SN bins, peak flux supressed

• 10-25 keV:

• Emission extends to ∼640 s @ 3σ
• Decay well described by a power law

of index −0.8 ± 0.2

• 25-300 keV:

• Emission extends to ∼835 s @ 3σ
• Decay well described by a power law

of index −1.0 ± 0.12

• But sample includes many ‘long’ GRBs

Ger Fitzpatrick (University College Dublin) Search for extended emission in 4 yrs of GBM GRBs October 22, 2012 9 / 20

Fitzpatrick+ arXiv:1111.3779



• Text1
• Text2
• Text3
• Text4
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spectrum; separate model components are plotted, Band (dashed), power-law (solid). Bot-

tom: Unfolded νFν spectrum. The extension of the > 100 MeV power-law component to the
lowest energies (< 50 keV) is shown.

D. Tierney et al.: Anomalies in low-energy GRB spectra with Fermi GBM

(a) (b)

Fig. 3. Comparing the single time-integrated fit to the extrapolated fitting technique. a) Single Band function fit to GRB 090902B
from 8 keV - 40 MeV (α = -0.99+0.01

−0.01, Epeak = 996.8+14.1
−14.2 , β = -5.44+0.89

−53.50). b) Band function fit to GRB 090902B from 30 keV - 40
MeV and extrapolated down to 8 keV (α = -0.85+0.01

−0.01, Epeak = 837.4+11.9
−11.6 , β = -4.42+0.38

−0.71).

3.3. Time-Resolved Extrapolated Fit

The spectrum of a GRB can evolve over the prompt emission
interval (e.g. Preece et al. 2000) and a time-resolved analysis is
required to account for such evolution. An S/N approach was
employed over a basic time-resolved analysis (i.e. splitting the
bursts into time sections) to ensure significant counts per bin.
The selected region for each GRB used in the time-integrated
fitting (full burst) was binned to the 25σ and 50σ level above
background in the brightest detector. These intervals were then
used to define bins for all other detectors in a particular GRB. A
fit was then performed on each newly defined bin.

3.4. Simulations

The goodness of fit of the data below the LET and the function
fit at higher energies cannot easily be evaluated using C-Stat as
there is no analytic result available to convert from the fit statistic
to a measure of goodness of fit. Therefore it is difficult to quan-
tify the significance of a deviation or even an acceptable range of
values which occur in the absence of an excess/deficit at low en-
ergies. Simulations are therefore necessary to quantify whether
a deviation is consistent with the extrapolated fit.

A boot-strapping method was used to compare the actual re-
sults from the data with simulated results. In order to perform
the simulations, the background and source must be simulated.
The background was simulated using a similar level to that in
the real data. To obtain the source region, a perfect Band func-
tion specific to each GRB, or time interval selected, was simu-
lated. Multiple count distributions were created using this func-
tion (varying by Poisson noise). Each set of parameters was sim-
ulated ∼ 1000 times.

For each simulated spectrum, a distribution of low-energy
deviations using different LETs can be compiled. The simulated
distributions were then fit with a Gaussian distribution to obtain
a value for the mean and standard deviation (see Figure 5). The
data obtained by summing the low-energy residuals below the

LET were then normalised by calculating the number of standard
deviations by which the data varied from the mean of the simu-
lated distribution. If the data for a GRB differ significantly from
its simulated distribution, then it is claimed that a low-energy
deviation is present.

A representation of the overall distribution was simulated
to provide an initial insight into the expected distribution of
residuals assuming that all spectra were correctly described by
a Band function. Five GRBs were selected from the sample
which represented a broad range of peak energies, with Epeak
= 161, 276, 444, 484 and 1010 keV. These GRBs were simu-
lated and the resulting distribution of residuals in the absence
of excesses/deficits are presented in Figure 4. Individual simu-
lations were then performed on a range of time-integrated and
time-resolved sections of GRBs.

3.5. Data Cuts

Several cuts were applied to the data before analysis. If any fit
failed in the automated fitting process due to a lack of spectral
constraints, it was excluded from the sample. A range of initial
parameters were passed to the fitting process in order to obtain a
satisfactory solution, but 9 fits failed in the time-resolved fitting
process despite alternative initial parameters and were excluded
from the sample. These fits were individually examined and the
failure was usually due to low Epeak and a lack of counts above
Epeak. No fits failed in the time-integrated analysis.

As the low-energy spectral index α only approaches a power-
law in the asymptotic limit, a sufficient data range is needed to
obtain reasonable constraints on the index. If Epeak is too close
to the LET, two issues may arise 1) α will not approach the limit
and 2) there will not be sufficient data to constrain α resulting in
large fluctuations (e.g. LET = 50 keV, Epeak = 60 keV). A well
constrained α parameter is required because slight variations in
α can cause large spectral deviations when extrapolated to lower
energies. For a spectrum to be accepted in the sample the follow-
ing criteria must be met:
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Low-Energy Excess



Thermal Emission - Photospheric?

Observational evidence of dissipative photospheres in GRBs. 5
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Figure 3. Time resolved νFν spectrum for two time intervals t = 8.1 − 8.5 s (epoch 1) and t = 15.9 − 16.4 s (epoch 2). The Band +
power-law model is fitted to the data over the GBM + LAT energy ranges. The symbols refer to the different instruments on the Fermi
Gamma-ray Space Telescope. While there still are similarities between the spectra, the broadening of the MeV component is apparent
(Compare to Fig. 1 in Ryde et al. 2010).

Figure 4. The evolution of the peak energy of the Band function
fits, Ep, as a function of time since the GBM trigger.

Figure 4 shows the Ep evolution as a function of time.

The averaged value of Ep is lower during epoch 2 compared

to epoch 1.

In spite of the variations in the spectrum of the MeV

component, it dominates the spectral energy flux throughout

the burst duration. The ratio of the energy flux in the MeV

peak relative to the total Fermi γ-ray flux (MeV peak +

power law component) is in the range 80 and 95 % during the

entire burst duration. This mainly results from a decrease

of the amplitude of the PL component towards the end.

2.2 Significance of the hard α-values.

During epoch 1 the averaged value of α is < α >= 0.11 and

for several of the time-bins the value of α is even steeper,

with α >∼ 0.2. These very hard spectra are particular chal-

lenging for non-thermal models. Synchrotron and inverse

Compton emission in the fast cooling regime are expected

to produce a spectral slope of α = −1.5. Here, we consider

the most extreme scenario with α = 0 (Jones 1968, Epstein

& Petrosian 1973). We therefore want to estimate the sig-

nificance of rejecting α = 0 for these spectra. This allows us

to determine the significance of the conclusion that neither

synchrotron nor inverse Compton scattering processes can

explain the spectra.

This is done by simulating spectra with RMFIT v3.0

using the set of observed spectral parameter values of the

Band function fit. We use the Fermi detector responses for

GRB090902B and take into account the Poissonian nature of

the observed counts and realistic background emission. The

simulated count distributions are then fitted in the same

way as the real data. The parameter values we find can then

be studied.

We illustrate the procedure on the 7th time-bin (6.3-

7.0 s) which has the hardest observed value of α = 0.3± 0.1
(Ryde et al. 2010). We start with the null hypothesis that

the spectrum observed in this time bin has an actual value

α = 0. We therefore freeze α at this value, and, based on

the best fit parameters we find from the data, we perform

100,000 simulations. This large number of simulations allows

us to make a proper estimation of the significance level. The

simulated spectra are then fitted with the Band function

with all parameters free to vary. The distribution of the val-

ues of α that we find are shown in Figure 5. The distribution

is approximately Gaussian and is slightly skewed. It has a

mean value of α = 0.01 and a standard deviation of 0.068.

The inset in Figure 5 is a magnification of the distribution

around α = 0.3. This figure shows that 8 out of the 100,000

simulated spectra have fits with values of α greater than 0.3.

This gives the probability that a spectrum with an actual

value α = 0 should be observed with α > 0.3 by chance to

be 8 × 10
−5

. Therefore the null hypothesis can be rejected

on a very high confidence level for this bin. Most of the

measured values of α during epoch 1 are, though, not signif-

icantly inconsistent with α = 0 (see Fig. 2). In any case, the

epoch 1 spectra are challenging for purely non-thermal emis-

sion models, since α = 0 is only expected under somewhat

extreme conditions, see further §5.1. The expected value is

c� 2010 RAS, MNRAS 000, 1–??

The Astrophysical Journal Letters, 727:L33 (5pp), 2011 February 1 Guiriec et al.

Figure 2. Time-integrated spectrum of GRB 100724B fit by a Band function (top two panels) and a Band+BB function (bottom two panels). The left plots show the
count spectra for the two models, and the right plots show the corresponding deconvolved νFν spectra. The data points appear as color crosses. Dashed lines indicate
the individual spectral functions, and solid lines show the summed model fit. The addition of a BB spectral component over the brightest part of the burst (T0−1.024 s
to T0+83.969 s) shows a significant improvement in the fit compared to a Band function by itself, particularly noticeable as the removal of trends with energy in the
residuals compared to the Band-only fit. The region between 30 and 40 keV is excluded from the fit owing to calibration issues around the k-edge of the NaI detectors.
We have verified that this exclusion does not affect the recovered parameter values.

Table 1
Fit of the Time-integrated Spectrum of GRB 100724B from T0−1.024 s to T0+83.969 s

Models Standard Model Additional Model

Band BB Compt Band Gaussian PL C-stat/dof

Parameters Epeak α β kT Epeak Index E0 α β Centroid log10 FWHM Index

Band 352 −0.67 −1.99 1133/704
±6 ±0.01 ±0.01

Band+BB 615 −0.90 −2.11 38.14 1038/702
±29 ±0.02 ±0.02 ±0.87

Band+Compt 708 −0.94 −2.13 164 +0.81 1039/701
±48 ±0.02 ±0.02 ±7 ±0.20

Band+Band 716 −0.94 −2.13 60 0.76 < −5 1039/700
±48 ±0.02 ±0.02 ±7 ±0.21

Band+Gaussian 403 −0.75 −2.02 103 0.25 1060/701
±8 ±0.01 ±0.01 ±2 ±0.03

Band+PL 341 −0.63 −1.99 −1.93 1131/702
±9 ±0.05 ±0.01 ±1.59

Notes. The count spectrum using the NaI detectors 0, 1, 2, 3, 5 and BGO detector 0 is fit simultaneously with a standard Band function and with an
additional model to evaluate the shape of the spectral deviation. Band+BB is preferred over all the other combinations.

While the simultaneous fit of all the selected detectors
provides the best constraints on the two spectral components, fits
with Band+BB to combinations of individual NaI detectors with

BGO 0 result in similar parameter values and offer significant
improvement over the Band-only fit. This provides a check that
the BB component is real and not introduced by effects such
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Non-Thermal Emission - Synchrotron?
Constraints on the Synchrotron Shock Model 9

Thermal Synchrotron

Power-Law SynchrotronBlackbody

Power-Law SynchrotronBlackbody

Power-Law Synchrotron
Blackbody

Figure 4. The time-resolved spectra for GRB 090820A. The spectra represent bin a with thermal synchrotron only (top left panel), bin
b with power-law synchrotron + blackbody (top right panel), bin c again with power-law synchrotron + blackbody (bottom left panel),
and finally bin d with thermal synchrotron + blackbody (bottom right panel). As with Fig. 2, the multiple curves are associated with the
effective area correction.

Burgess+ 2011, ApJ 741, 24
GRB 090820A



Spectral Components
• e- bremsstrahlung
• 511 keV e+/e- annihilation
• 2.2 MeV n-capture line
• 1 - 8 MeV nuclear lines

Solar Flares
Feb 25 2014 X4.9 Solar flare

Pelassa+ in prep.

Preliminary



• 2270 TGFs
• < few ms duration
• Spectrum is harder than GRBs, usually trigger BGO
• TGFs correlate with lightning (WWLLN & LIS)
• Runaway Electron Avalanches via Relativistic Feedback 
• GBM discovered physics of Terrestrial Electron Bursts 

(TEBs)
• TEBs have a strong annihilation signal (20% e+ fraction)
• Money for a postdoc

TGFs and TEBs
TEB

TEB



• Observed count rate is fit by a quadratic background + source
• Source count rate is modeled by assuming a spectrum and folding it through the 

detector response
• Typical Source exposure times are 3 ks/day
• First 3 years: 41 LMXBs, 31 HMXBs, 12 BHCs, 12 AGN, the Sun, and the Crab
• http://heastro.phys.lsu.edu/gbm

Earth Occultation of Persistent Sources

Wilson-Hodge+ 2012, ApJS, 201, 33

http://heastro.phys.lsu.edu/gbm
http://heastro.phys.lsu.edu/gbm


• 7% decline in flux from 2008 to 2010
• Spectral softening during this period
• Flux has since started to recover from the decline

The Variable Crab Nebula

Wilson-Hodge+ 2011, ApJ, 727, L40

1999 2014



• Very bright (brightest observed?), but very close (z=0.34)
• Rest-frame luminosity is ~average
• Hard-to-soft spectral evolution
• Broken PL spectral evolution when using synchrotron
• Photosphere Lorentz factor decreases as photospheric radius increases

GRB 130427A

 

Fig. 2. The fitted Band function Epeak (blue) and synchrotron peak energies (red) as a function of 
time. The times are referenced from when the LLE light curve peaks 0.1 s before the trigger. A 
broken power-law fit to the red points is indicated by a dashed line (early time decay index of –
0.4 ± 0.2, with a break at 0.38 ± 0.08 s, breaking to an index of –1.17 ± 0.05 with a !2 = 28 for 22 
degrees of freedom). We also show the Band function Epeak values for the same time intervals 
with a single fitted power law index (–0.96 ± 0.02 with a !2 of 19 for 24 degrees of freedom).  

Band

Synch+BB

 

Fig. 3. Plot showing trends in the derived photospheric Lorentz factor (red – left axis) and radius 
(blue – right axis). The reference time is the same as in Fig. 2. We obtain both values from the 
instantaneous ratio of the observed blackbody component flux to the total flux, following Eq. 4 
& 5 in (28) and assuming a value of Y0 = 1 for the ratio between the total emitted thermal energy 
vs. the total energy emitted in gamma rays. 

Lorentz Factor

Radius

Preece+ 2014, Science, 343, 51



CTIME
TTE

Fig. 1. The first 3 s of GRB 130427A. Shown are composite light curves for the three 
Fermi detector types (green: GBM NaI #6 [10 –  300 keV ; blue: GBM BGO #1 [300 
keV – 45 MeV]; red: LAT LLE [> 20 MeV]). Each curve has been normalized so that 
their peak intensities match. High probability LAT photons > 100 MeV are indicated by 
circles (right axis – energy in MeV). (Inset Figure:) Lag analysis of the triggering pulse 
of GRB 130427A. Time lag ! (filled symbols) as determined by the DCCF analysis 
between the (10-100 MeV) LLE lightcurve and selected energy bands of the NaI (green) 
and BGO (blue) lightcurves. Also displayed are fitted pulse widths as a function of 
energy W(E) (hollow symbols, in sec.) for several energy bands. The two dashed lines 
represent: 1), the best-fit power-law model (!2 of 5.6 for 9 degrees of freedom) for W(E) 
(black), and 2), the expected dependence of the time lag ! as a function of energy (red), 
assuming the same power-law index as in 1). 

• First pulse not affected by saturation or 
pulse pile-up

• First pulse is one of the brightest ‘clean’ 
pulses ever detected

Preece+ 2014, Science, 343, 51

The Problematic Case of GRB 130427A

• CTIME & CSPEC not saturated; simple 
counter

• TTE saturated and up to >50% of data 
lost!

• At >80k counts, spectra is significantly 
affected by pulse pile-up



• Localization Probability Maps - NEW!

• Trigger data

• Continuous/daily data

• GRB trigger and spectral catalogs

• GRB lightcurves

• Earth occultation lightcurves, pulsar spin histories, etc.

• Spectral analysis software - RMfit

Current GBM Public Data

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

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

