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The Fermi Mission

Gamma-Ray Burst Monitor (GBM)

Large Area Telescope (LAT)

Launched June 11 , 2008



The Fermi Observatory

Gamma-ray Burst Monitor (GBM)

GBM detectors

Large Area Telescope (LAT)

Orbit: 565 km, 25.6°

whole unocculted 
sky at any time !



The Fermi Observatory

NaIs (location & low -E spectrum)

BGOs (mid-E spectrum)

LAT (high -E spectrum)

Orbit: 565 km, 25.6°

whole unocculted 
sky at any time !

NaIs: 8 keV ï1 MeV

BGOs: 150 keV ï40 MeV

LAT: 20 MeV ï>300 GeV

Key features

huge FoV

& 

huge energy

range



What does GBM see ?
Quarterly trigger statistics over 10 years of the mission

Soft Gamma Repeaters Solar Flares Terrestrial 

Gamma-ray Flashes
Galactic sources

ÎV404 Cygni
ÎSwift J0243.6+6124

ÎSGR J1550 ī 5418 



Fermi GBM skymaps

The GBM GRB online catalog is updated within 1 hour:

Č http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html

A. von Kienlin et al. 2019, in preparation

July 12, 2008 ïJuly 11, 2018



Fermi GBM skymaps

Îς90 Dec

ÎFermi-GBM 9.5-year GRB map © Connaughton/Fermi GBM 
Collaboration

Î Swift GRBs (13%, ~30/yr)

LAT   GRBs   (6%, ~14/yr)

[52% within LAT FoV]

Îς180 Î+180 RA

Î+90



August 17, 2017: Timeline

TGW
TGW +1.7 s



TGW

LIGO had good signal in 

both detectors, BUT:

Single-detector trigger

LIGO-Hanford

LIGO-Livingston



TGW

LIGO had good signal in 

both detectors, BUT:



August 17, 2017: Timeline

TGW



August 17, 2017: Timeline

TGW
TGW +1.7 s



GBM Trigger

https://gcn.gsfc.nasa.gov/other/524666471.fermi 

First GBM On-board

localization and

classification 

+16 s +27 s



GBM Localization

+40 s +40 min +47 min

WAKE UP

GBM automated

on-ground

localization
LIGO report

on GW trigger

coincident with GBM

GBM-BA 

« human in the loop »

localization



More Reporting/Updates

+67 min       +77 min        +84 min +5 hr +6 hr

GBM report 

on localization

and short 

duration GRB

INTEGRAL SPI-ACS

report on coincident

weak GRB

Preplanned 

LV-EM telecon

Mistaken report

On Ice-Cube

candidates First LIGO/Virgo

skymap

using all 3 

detectors

IPN report

on timing

annulus

between GBM

and SPI-ACS



Continued Reporting

+6 hr +7 hr +11 hr +12 hr

List of 

15 host galaxies

in LIGO/Virgo

map volume

GBM science data arrives.

GCN circular published 

Giving GRB official name 

GRB 170817 A
Updated

LIGO/Virgo

skymap

GBM report 

of energetics 

& Initial False

Alarm Rate



Electromagnetic Follow-up

+12-13 hr +13 day             +18.5 day

Report of optical

Transient by three

independent

telescopes

X-ray 

counterpart 

reported by 

Chandra

Radio 

counterpart

reported 

by VLA



Fermiôs orbital path

ÎSAA high levels of charged particles 

üGBM: data stream ended 2 minutes post-trigger

üSlightly different shape for LAT Ĕ switched off



GW170817 / GRB 170817A

ESA Integral : 2002 ï

MPE ĔSPI-ACS

Å91 BGO crystals: 512 kg 

Åviewed by 181 PMTs



NGC4993 ~40 Mpc

BNS ïshort GRB Association

Î Temporal association

Î Spatial association 

Measured time delay 

between GW and light:

ῳt = 1.74 +/- 0.05 s

CONFIRMED !



BNS ïshort GRB Association

Î The onset of gamma-ray 

emission from a binary neutron 

star merger progenitor is 

predicted to be within a few 

seconds after the merger

ü Central engine is expected to 

form within a few seconds 

ü Jet propagation delays are at 

most of the order of the sGRB

duration
[Finn+1999; Abadie+2012 and 

references therein]

Measured time delay 

between GW and light:

ῳt = 1.74 +/- 0.05 s



The Speed of Gravity

Î The time delay can help constrain the speed difference:

ɝὺ ὺ ὺ

ü Fractional speed difference:  
◕○

○╔╜

○╔╜ ◄

╓

Î Conservative estimate, assuming:

1. DistanceὈ ςφὓὴὅ(lower bound GW 90% credible interval)

2. GWs and gamma-rays emitted at same time (ɝÔρȢχτÓ) OR
gamma-rays emitted 10 s after GWs (ɝÔρπÓ)

ĔGravitational waves travel at c to within one part in one quadrillion

σ ρπ
ɝὺ

ὺ
χ ρπ

üRules out some alternative general relativity theories



Fermi GBM analysis of GRB 170817A 

50 -300 keV
A tail

is it real? ïor background?

ÎLocalization ṉ

ÎBayesian Block Anal. (Ÿ1.12 s)

10 - 300 keV



Fermi GBM analysis of GRB 170817A 

Î Two classes of GRBs: short (mergers) and long (collapsars)

Î These two classes are also spectrally different: short-hard and long-soft

GBM temporal analysis results

Î GRB 170817A is 3 times more like to be a short GRB than a long GRB, 
although it is spectrally softer than many sGRBs

ü Excluding the soft tail makes this classification far more certain

Goldstein+2017 ApJ 848, 14



Comparison with Catalogs

Standard GBM Catalog analysis

ÎAverage short GRB by fluence

ÎLower third in 64 ms peak flux



Fermi GBM analysis of GRB 170817A 
GBM spectral analysis results:

­ two components!

ÎMain peak 
~0.5 s single pulse, no substructure

ü Comptonized model

¤Epeak ~220 keV

ÎSoft tail 
~1 s, distinct component?

ü Blackbody model

¤kT ~10 keV

ÎGRB 150101B

ü One of the closest short GRBs 

Á z = 0.134

ü A second nearby event with a short 

hard spike and a soft tail 

Á Burns et al. 2018 ApJ, L34

ÎGoldstein+2017 ApJ848, 14



Fermi GBM analysis of GRB 170817A 

GBM energetics results

Î Estimated peak luminosity and isotropic-equivalent energy is 
~2-3 orders of magnitude lower than previous observations

Î Why the large gap? Malmquist bias

üWe see bright things far away that look weak, bright things nearby that 
look bright, and weak things nearby that look weak
ĄWe canôt see weak things far awayé 

Abbott+2017 ApJ 848, 13



Fermi GBM analysis of GRB 170817A 
Î Observations: ordinary GRB

Î Distance information: very dim GRB

Î GRB Observing Scenarios:

ü GW data restricts viewing angle < 56 deg off-axis

ü Assuming the association with NGC 4993, viewing angle < 36 deg off-axis

ü Afterglow observations of GRB 170817A, 200-300 days post-merger show a 
turnover in the temporal decay from X-ray to radio that appears to favor the 
structured jet scenario over the cocoon scenario (Alexander et al. 2018)
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Scenario iv: Intrinsically Dim



Detectors like GBM are efficient detectors of counterparts to GWs

ü No pointed observations required

ü Observing large fraction (~67%) of the sky

ü Continuously observing (~15% downtime)

ü In normal operations mode, these detectors 

produce GW counterparts for free!

Sub-threshold offline searches of data can uncover even 

weaker events that didnôt trigger GBM

ü Could have detected GRB 170817A at about twice the distance

Other candidate: GRB150101B

ü The search of the full GBM sGRB population is the subject of an ongoing study

GBM and the high-energy community are looking forward to make many more key 

discoveries in the coming years!

Ą Design and build more detectors like this!

Conclusions





Joint Detection Rates: GBM and LIGO/Virgo

sGRBs at <40 Mpc are rare!

Î Expectations for O3 (2019):

ü 1 ï50 BNS/yr
uncertainty on detector 
sensitivities during that run

Ĕ0.1 ï1.4 joint             
BNS-sGRB/yr

Î At design sensitivity:

ü 6 ï120 BNS/yr

Ĕ0.3 ï1.7 joint             
BNS-sGRB/yr

GBM preparation for O3:

ÎOverall optimization of the 
targeted and untargeted 
search search 

ÎAbbott+2017 ApJ 848, 13

Predicted detection rates 

per year as a function of 

redshift. 

The 4 curves are 

normalized by imposing 

40 triggered SGRB/yr



Fermi GBM untargeted searches
Î Since 2013: Development of automated search algorithms for untriggered

transient sources (POC: M.S.Briggs)

ü Magnetar burst (~200), TGFs (> 1000), other Galactic sources (>100), 

Short GRBs (sGRBs)

Î Since 2017: automated GCNs can trigger follow-up observations
https://gcn.gsfc.nasa.gov/fermi_gbm_subthreshold_archive.html

Online sGRB catalog 2013ï2017
http://gammaray.nsstc.nasa.gov/gbm/science/sgrb_search.html

Å CTTE data search over 4 energy ranges and 10 timescales (0.064 ï2.8 s) 

Å Uses all 12 NaI detectors and flags candidates that meet a pre-defined count 

rate threshold in ñlegalò detector pairsin 50-300 keV

Å Improved spline background can also find some long GRBs

Å Standard GBM localization technique (uncertainties 10ï40 deg, (68%))

Å Fast, efficient, runs over a complete hour of data as it is downlinked



Fermi GBM untargeted searches 

Î Targeted search in CTTE data
(Blackburn+2015, Goldstein+2016)

üSearch for coherent signals 
in all detectors 

¤Seeded with a time of interest and 
optionally a sky map (prior)
ÁAssume spectral templates
ÁConvolve assumed spectrum with detector responses, calculated over the 

entire sky
ÁExpected signal in count rate compared to observed count rate

üVery powerful but expensive

Ą Intended to be follow-up search for multi-messenger events

Ą Many Improvements during O1 and O2: Various bug fixes, better background 
estimation, more realistic hard spectral template 



GW 170817 LIGO Factsheet


