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  BGO detector.
200 keV -- 40 MeV
126 cm2, 12.7 cm

Spectroscopy
Bridges gap between NaI and LAT.

  NaI detector.
8 keV -- 1000 keV
126 cm2, 1.27 cm

Triggering, localisation, spectroscopy.

The Large Area Telescope (LAT)

Gamma-Ray Burst Monitor (GBM) on Fermi  

http://fermi.gsfc.nasa.gov/ssc/
GBM Instrument: Meegan et al. 2009, ApJ, 702, 791.
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Triggering

‣ Two or more NaI detectors require a significant rate increase to trigger.

‣ 119 possible and 71 enabled triggers  (5 TGF specific)

‣ Energy: 50 - 300 , 25 - 50, > 100 keV & > 300 keV

‣ Timescales: 16 ms, 32 ms .... 4.096 sec

‣ Bayesian classification algorithm

‣ Automatic Repoint Requests (ARRs) sent to LAT - 61 so far for GRBs. 

Monday, May 7, 2012
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Orbit

Monday, May 7, 2012
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Background rates in orbit

SAA

BGO: 0.1 - 40 MeV

NaI: 10 -1000 keV

SAA

Monday, May 7, 2012
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Triggering on a GRB  

BGO: 0.1 - 40 MeV

NaI: 10 -1000 keV

BGO: 0.1 - 40 MeV

090902B

Monday, May 7, 2012
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Locations from GBM

‣ Flight  

‣ Ground Automated  

‣ Final Position  

‣ Systematic errors: 2.6o 
with 72% weight and 
10.4o with 28% weight. 

Poster: Hurley et al The IPN Supplement to the Fermi GBM 2-year Catalog

Offsets to known locations for Brightest 50%

Monday, May 7, 2012
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Science with background-limited detectors
SGR
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Science with background-limited detectors
1. GRB 
~ 100 s

SGR
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Science with background-limited detectors
1. GRB 
~ 100 s 2. Solar

Flare ~ 100 s

SGR
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Science with background-limited detectors
1. GRB 
~ 100 s

3. SGR
~ 0.1 s

2. Solar
Flare ~ 100 s

SGR
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Science with background-limited detectors
1. GRB 
~ 100 s

3. SGR
~ 0.1 s

2. Solar
Flare ~ 100 s

SGR

4.
TGF
~ 1 
ms
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Science with background-limited detectors

5. Occultation: 200+ monitored,
102 detected sources 

1. GRB 
~ 100 s

3. SGR
~ 0.1 s

2. Solar
Flare ~ 100 s

SGR

4.
TGF
~ 1 
ms
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Science with background-limited detectors

5. Occultation: 200+ monitored,
102 detected sources 

6. Pulsars: persistent
and transient.

1. GRB 
~ 100 s

3. SGR
~ 0.1 s

2. Solar
Flare ~ 100 s

SGR

4.
TGF
~ 1 
ms
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GBM Monthly Triggers
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917 GRBs to date.

1st GBM Trigger and Spectral Catalogs
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GBM Catalog: 2 years of GRBs

Paciesas et al, ApJSS, 199, 18, 2012
Catalog available online via FSSC.

Hardness-duration relation

Duration distribution

For an  update see poster from A. von Kienlin.

The Astrophysical Journal Supplement Series, 199:18 (12pp), 2012 March Paciesas et al.
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Figure 2. Distribution of GRB durations in the 50–300 keV energy range. The
upper plot shows T50 and the lower plot shows T90.

FSW and ground locations use the count rates in all 12 NaI
detectors to point back to a preferred direction on the sky
by comparing observed rates to model rates and minimizing
χ2. The model rates are a combination of counts that come
directly from the source into the detector, counts from the source
scattered in the spacecraft into the detectors, and counts from
source photons that hit Earth’s atmosphere and are scattered
into the detectors. All three of these components are a function
of the source intensity, its spectrum, and the source-spacecraft
geometry, with the final component also depending on the
source-spacecraft-Earth geometry. For automated locations on
board and on the ground, the background count rate subtracted
from the observed counts is an average over a 16 s interval before
the burst trigger occurred. However, the ground automated
localizations differ from the flight locations in several ways.

1. Although the two decision making processes use the same
rate data type, they run independently with different criteria
and do not necessarily use rate data from the same time
intervals.

2. The ground process has access to location tables generated
with finer sky resolution (1◦, compared to 5◦ for the FSW).

3. The ground process includes a more accurate treatment
of atmospheric scattering (based on the actual orientation
of the spacecraft with respect to Earth, whereas the FSW
assumes zenith pointing for all model rates).

4. The ground process incorporates the spectrum of the source
into the calculation of the expected rates by choosing one
of three location tables based on the hardness of the burst
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Figure 3. 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.

as determined by the ratio of counts > 50 keV to counts
< 50 keV.

The GBM team assigns a burst advocate (BA) to inspect
the real-time data promptly and perform additional analysis as
appropriate. Normally, the BA will generate additional localiza-
tions and optionally distribute these via the GCN (circulars were
used during the time period of this catalog but currently GCN
notices are used). These “human-in-the-loop” localizations use
source and background time intervals and model fits selected by
the user based on the entire quick-look data set, which extends
from 200 s pre-trigger to 450 s post-trigger. The BAs typically
run the location code several times, using different selections
of time interval and/or background models, and select a best
location using statistical error and goodness-of-fit criteria. This
is particularly useful in verifying that separate pulses are con-
sistent with the same sky location. The FSW classification is
reviewed by the BA, usually in consultation with other GBM
team members, and may be corrected based on inspection of
the GBM quick-look data and/or additional information such
as detection by another instrument.

4. CATALOG ANALYSIS

4.1. Burst Localization and Instrument Response

Determination of the approximate burst sky location is
important because the other results reported in this catalog and
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Figure 2. Distribution of GRB durations in the 50–300 keV energy range. The
upper plot shows T50 and the lower plot shows T90.

FSW and ground locations use the count rates in all 12 NaI
detectors to point back to a preferred direction on the sky
by comparing observed rates to model rates and minimizing
χ2. The model rates are a combination of counts that come
directly from the source into the detector, counts from the source
scattered in the spacecraft into the detectors, and counts from
source photons that hit Earth’s atmosphere and are scattered
into the detectors. All three of these components are a function
of the source intensity, its spectrum, and the source-spacecraft
geometry, with the final component also depending on the
source-spacecraft-Earth geometry. For automated locations on
board and on the ground, the background count rate subtracted
from the observed counts is an average over a 16 s interval before
the burst trigger occurred. However, the ground automated
localizations differ from the flight locations in several ways.

1. Although the two decision making processes use the same
rate data type, they run independently with different criteria
and do not necessarily use rate data from the same time
intervals.

2. The ground process has access to location tables generated
with finer sky resolution (1◦, compared to 5◦ for the FSW).

3. The ground process includes a more accurate treatment
of atmospheric scattering (based on the actual orientation
of the spacecraft with respect to Earth, whereas the FSW
assumes zenith pointing for all model rates).

4. The ground process incorporates the spectrum of the source
into the calculation of the expected rates by choosing one
of three location tables based on the hardness of the burst
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Figure 3. 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.

as determined by the ratio of counts > 50 keV to counts
< 50 keV.

The GBM team assigns a burst advocate (BA) to inspect
the real-time data promptly and perform additional analysis as
appropriate. Normally, the BA will generate additional localiza-
tions and optionally distribute these via the GCN (circulars were
used during the time period of this catalog but currently GCN
notices are used). These “human-in-the-loop” localizations use
source and background time intervals and model fits selected by
the user based on the entire quick-look data set, which extends
from 200 s pre-trigger to 450 s post-trigger. The BAs typically
run the location code several times, using different selections
of time interval and/or background models, and select a best
location using statistical error and goodness-of-fit criteria. This
is particularly useful in verifying that separate pulses are con-
sistent with the same sky location. The FSW classification is
reviewed by the BA, usually in consultation with other GBM
team members, and may be corrected based on inspection of
the GBM quick-look data and/or additional information such
as detection by another instrument.

4. CATALOG ANALYSIS

4.1. Burst Localization and Instrument Response

Determination of the approximate burst sky location is
important because the other results reported in this catalog and
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Short: 88
Long: 400
Swift: 64
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GBM 1st GRB Catalog fluences
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1st GBM GRB spectral catalog
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Fig. 4.— Plot of the average maximum background-subtracted count rates (as a proxy for

observed intensity) versus the number of degrees of freedom of the best fit model. The count

rates in the NaI detectors for each burst was summed, the background subtracted, and the

maximum count rate was computed. The best fit model was determined for each burst,

and a geometric average was calculated for the maximum count rates of the bursts for each

best fit model. The error bars shown are the 1σ standard deviations of the distributions of

maximum count rates for each best fit model.
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Fig. 7.— Distributions of Ebreak and Epeak from fluence spectral fits. 7(a) displays the

comparison between the distribution of GOOD Ebreak and Ebreak with no data cuts. 7(b)

shows the distributions of GOOD Epeak for BAND, SBPL, and COMP. 7(c) and 7(d) display

the comparison between the distribution of GOOD paramters and all parameters with no

data cuts.

Measuring the EPeak 
distribution to high 

energies
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Table 1. BEST GRB models

PL SBPL BAND COMP

Fluence Spectra

113 (23%) 67 (14%) 75 (15%) 231 (48%)

Peak Flux Spectra

152 (31%) 48 (10%) 69 (14%) 214 (44%)

Table 2. Sample mean and standard deviation of the parameter distributions

Model
Low-Energy High-Energy

Epeak(keV) Ebreak(keV)

Photon Flux Energy Flux

Index Index (ph s−1 cm−2) (10−7 erg s−1 cm−2)

Fluence Spectra

PL −1.54+0.18
−0.25 - - - 2.93+3.49

−1.36 3.96+7.72
−1.97

COMP −0.90+0.42
−0.38 - 223.75+483.80

−123.80 - 2.82+3.49
−1.34 4.01+10.54

−2.34

SBPL −1.08+0.40
−0.46 −2.29+0.47

−0.65 221.42+432.04
−129.12 129.74+290.08

−74.39 2.93+3.78
−1.54 4.48+11.4

−1.96

BAND −0.82+0.42
−0.38 −2.17

+0.36
−0.47 185.58+428.94

−81.01 175.50
+664.50
−100.64 2.92

+3.77
−1.39 4.48+11.05

−2.57

BEST −1.05+0.44
−0.45 −2.25

+0.34
−0.73 204.75

+359.36
−121.07 122.71+240.41

−80.36 2.92
+3.96
−1.31 4.03+9.38

−2.13

Peak Flux Spectra

PL −1.54+0.16
−0.24 - - - 4.34+4.33

−2.04 5.85+7.08
−2.91

COMP −0.81+0.44
−0.43 - 215.03+340.3

−113.00 - 4.67+7.84
−2.45 7.29+19.52

−4.5

SBPL −1.05+0.38
−0.49 −2.27+0.48

−0.53 217.88+395.88
−111.72 147.16+243.46

−80.94 5.09+9.18
−2.68 8.33+21.87

−5.00

BAND −0.75+0.41
−0.40 −2.16

+0.40
−0.50 194.49+313.39

−100.38 372.96+5086.2
−230.02 5.04

+9.09
−2.70 8.91+22.34

−5.28

BEST −1.12+0.61
−0.50 −2.27

+0.44
−0.50 223.12

+351.55
−125.92 172.16+253.56

−100.49 5.39+10.18
−2.87 8.35+22.61

−4.98

Goldstein et al. ApJSS, 199, 10, 2012.
Catalog available online via FSSC.

For details see poster from A. Goldstein.
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GBM GRB spectra: Low-energy excess

GRB090902b Count spectrum: 
deviations from Band function at LE

nuFnu spectrum: deviations from 
Band function at LE

nuFnu spectrum: addition of power-
law improves fit

α
β

Epeak

Systematic search for deviations at low energies: see poster by Dave Tierney.
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GBM GRB spectra: thermal signature

GRB100724B: Count 
spectra show systematic 
deviations in “heart” of 

GBM energy range.

 Count spectra residuals 
improve with addition of  

blackbody.

νFν

νFν

Guiriec et al., 
ApJL, 2011

Monday, May 7, 2012
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GBM GRB Spectra: Fitting Physical Models

GRB090820A: Thermal 
and non-thermal 

synchrotron models with 
blackbody component to 

model a simple GRB.

Burgess et al., ApJL, 2011

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.

Monday, May 7, 2012
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http://gammaray.nsstc.nasa.gov/gbm/science/magnetars

Soft Gamma-ray Repeaters

Lin et al., ApJ 2011

SGR 0501+4516 : 29 bursts in Aug 2008 SGR 0501+4516 :  Time resolved for brightest  
5 triggers.

5 different sources:  one of them seen in 2 outbursts, 1 of them newly 
discovered using the GBM triggers to identify source as an SGR. 

Monday, May 7, 2012
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Accreting pulsar project: monitoring

‣ http://gammaray.nsstc.nasa.gov/gbm/science/pulsars

GBM

Monday, May 7, 2012
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Accreting pulsar project: long term behavior

‣ Monitoring of LMXB shows torque reversal

GBM Historic

1977 1990 2004

Monday, May 7, 2012
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Accreting pulsar project: long term behavior

‣ Studying flux and spectrum during torque reversal challenges models.

HistoricGBM

Fill Gap with Swift BAT

Camero-Arranz et al.,  ApJ 2010

1977 1990 2004 1977 1990 2004 2008

Monday, May 7, 2012
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Pulsars: Outburst monitoring

54800 55000 55200 55400 55600
Time (MJD)

 

 

 

 
4U 0115+634

V 0332+53

XTE J1946+274

2S 1417-624

IGR J19294+1816

Swift J0513.4-65

EXO 2030+375

Cep X-4

GRO J1008-57

A 0535+26

MXB 0656-072

RX J0440.9+4431

GX 304-1

SAX J2103.5+4545

A 1118-616

MAXI J1409-619

http://gammaray.nsstc.nasa.gov/gbm/science/pulsars
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Earth Occultation Project : Crab

Wilson-Hodge et al.,  ApJ 2011

Monday, May 7, 2012
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< 1 - 25 ms duration (most < 1 ms).
Hard spectra 

Associated with thunderstorms.
“Runaway electron” processes.

Terrestrial Gamma-ray Flashes
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Positron Fraction: 10 - 20 % 

Briggs et al.2009.
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TGFs Ground Search
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Briggs et al., In Prep, 2012.
18 triggered TGFs, 210 ground search. 
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GBM Science in First 3.5 Years of Fermi

‣ GBM GRB observations allow broad-band and detailed spectral analyses, giving clues 
to physical mechanisms.

‣ GBM locations and repoints facilitate GBM/LAT discoveries.

‣ GBM  is contributing to SGR science through spectral and temporal analyses.

‣ Occultation and pulsar projects help monitor the galaxy.

‣ The sun is active.  First Fermi HE gamma-ray flare has been detected and studied.

‣ TGF science is proving unexpectedly rich for GBM.
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Posters at this conference

‣ Tierney: Searching For Low Energy Deviations In GRB Spectra With GBM

‣ Fitzpatrick: Search for extended emission in Fermi/GBM GRBs

‣ Sonbas: GRB Spectral Lags in The Source Frame: An Investigation of Fermi-GBM Bursts

‣ Hurley: The IPN Supplement to the Fermi GBM 2-year Catalog

‣ von Kienlin: The Fermi GBM Gamma-Ray Burst Catalog: Years Three & Four

‣ MacLachlan: Minimum Variability Time Scales of Long and Short GRBs

‣ Ghirlanda: GRBs in the comoving frame: the link between the jet opening angle and the bulk 
Lorentz factor and the interpretation of the spectral-energy correlations. 

‣ Gruber: Search for untriggered GRBs in GBM data

‣ Goldstein: The Fermi GBM Gamma-Ray Burst Spectral Catalog: The First Two Years
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