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5138 triggers as of July 31, 2016 
Gamma-ray bursts (GRBs): 1879 (triggered twice on each of four long GRBs) 
Soft gamma repeaters (SGRs) aka magnetars: 267 (from 6 sources) 
Terrestrial gamma flashes (TGFs): 686 triggered, ~5x more untriggered 
Solar Flares:  1121 
Particles: 746 
Others (galactic XRBs, accidental, uncertain): 435 (169 from V404 Cygni) 

168 positive Autonomous Repoint Recommendations 
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In response to user requests,   
GBM GRB catalog is now updated within 1 hour, spectral information ~weekly 



•  RoboBA	–	automa,c	produc,on	and	distribu,on	of	final	GRB	
localiza,ons	(via	GCN)	
– No,ces	distributed	within	10	min	for	80%	of	GRBs	
– No,fies	human	BA	if	fiEng	fails	
– Only	for	GRBs.	Future	mod	planned	for	on-ground	trigger	classifica,on	

•  Hourly	CTTE	data	files	
– Currently	being	produced	and	tested.	Will	be	delivered	to	FSSC	when	
tes,ng	is	complete.	

– Removes	,ming	glitches	and	improves	latency	for	untriggered	searches.	
– Convenient:	simpler	to	predict	which	file	contains	an	event	

•  PMT	Gain	Balance	Test	
– Performed	on	March	3,	2016,	12:20	UT	to	23:50	UT	
– BGO	data	were	non-standard	and	therefore	not	delivered	to	the	FSSC.	
– PMTs	found	to	be	balanced	for	both	BGO	detectors,	so	no	changes	
needed.	 4 



•   Under an MOU with the LIGO consortium, GBM has 
implemented searches of GBM data for short GRB as 
counterparts of candidate gravitational wave (GW) 
events 
–  A seeded search (Blackburn et al 2015, ApJS, 217,8) of 

GBM CTIME data for prompt emission 
•  Uses count rate template matching, weighting 3 spectral models 

folded through the detector response 
–  An unseeded search of CTTE data for sub-threshold short 

GRBs 
•  http://gammaray.nsstc.nasa.gov/gbm/science/sgrb_search.html 

–  A search for persistent emission using the Earth Occultation 
technique with CTIME data 
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• Localization is performed by comparing the relative observed rates from 
the GRB in each detector to the expected rates from a 1 degree grid


• 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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GBM	Unseeded	Search	sGRB	Candidate		



					GW150914	
							(Abbot	et	al.	2016a)	

•  BH+BH	Merger	
•  36	and	29	Msun	
•  410	Mpc	

	

– 32 –

Fig. 7.— Count rates detected as a function of time relative to the detection time of GW150914,

summed over all 14 GBM detectors. NaI data are summed over 50 - 980 keV and BGO data over

420 keV – 4.7 MeV. Time bins are 1.024 s wide, with the same time binning as in Figure 6, and

the red line indicates the background level. The blue lightcurve was constructed from CTTE data,

rebinned to optimize the signal-to-noise ratio. The signal-to-noise ratio for this lightcurve, summed

over all detectors in the selected energy range, is 6�. In the top panel, the 0.256 s CTIME binning

is overplotted on the 1.024 s lightcurve. The dip before the spike associated with GW150914-GBM

is not significant. Such dips are common in stretches of GBM data, as can be seen in the longer

stretch of data on the bottom panel. A 1600 s stretch of data centered on GW150914-GBM, with

1.024 s binning, shows 100 runs each of positive and negative dips lasting 3 s or longer relative

to a third-order polynomial fit background over the 1600 s time interval, with 55 (38) negative

(positive) excursions lasting 4 s or longer.

						LVT151012		
								(Abboc	et	al	2016a)	

•  Candidate	BH+BH	
•  23	and	13	Msun	
•  1100	Mpc	

					GW151226	
								(Abboc	et	al.	2016b)	

•  BH+BH	Merger	
•  14	and	7.5	Msun	
•  440	Mpc	

•  GW150914-GBM,	a	2.9σ	event	consistent	with	a	short	GRB	
•  Not	predicted	by	theore,cal	models	

•  No	gamma-ray	detec,ons	for	LVT151012	or	GW151226	–	not	constraining	
•  	32%	and	17%	of	LIGO	localiza,on	region	blocked	by	Earth	for	GBM	
•  Backgrounds	were	18%	and	3%	higher	in	GBM	
•  Distance	for	LVT151012	was	3x	larger	
•  If	gamma-ray	emission	is	in	a	jet,	only	15-30%	would	be	pointed	toward	Earth	

•  Need	more	events	before	we	can	say	more!	

(Connaughton	et	al	2016)	 (Racusin	et	al	2016)	

GBM	
GBM	 GBM	
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•  LIGO’s	next	observing	run	(O2)	expected	to	begin	in	late	
September.	Crea,ng	automated	search	pipelines	for	GBM.	
– Seeded	search	

•  Now	uses	CTTE	data	to	enable	shorter	,mescales	
•  Improved	background	es,mate	(unbinned	Poisson	maximum	likelihood	)	
•  Joint	sta,s,c	to	account	for	spa,al	coincidence	
•  Replacing	hard	template	with	Comptonized	model	with	index	-0.5	and	Epeak	=	
1.5	MeV	

– Unseeded	search	
•  Automa,c	evalua,on	of	background	quality	to	reduce	latency	
•  Produce	no,ces	for	communica,on	with	LIGO	
•  Inter-comparisons	with	seeded	search	to	internally	validate	candidates	
•  Addi,onal	algorithms	to	increase	sensi,vity	

– 	Tool	to	inject	simulated	signals	into	data	
– 	Document	our	techniques	on	arXiv	before	the	start	of	O2	
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•  The	Fermi-GBM	Three-year	X-ray	Burst	Catalog,	P.	Jenke	et	
al.	2016,	ApJ,	826,	22		
– 1084	events,	including	752	thermonuclear	X-ray	bursts,	267	events	from	
accre,on	flares	and	X-ray	pulses,	and	65	untriggered	GRBs	

•  The	3rd	Fermi	GBM	Gamma-ray	Burst	Catalog:	The	First	Six	
Years:	N.	Bhat	et	al	2016,	ApJS:	1403	bursts	

•  The	Fermi	GBM	GRB	,me-resolved	spectral	catalog:	the	
brightest	bursts	in	the	first	4	years,	H.	Yu	et	al	2016,	A&A,	
588,	A135:	81	bursts	

•  First	GBM	TGF	catalog:	includes	GBM	and	WWLLN	data	
– hcp://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/	
– 3356	TGFs	from	2008	Jul	11	–	2015	June	23;	>80%	untriggered	
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GW150914-GBM Localization
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• GBM highest probability region coincides with LIGO highest 
probability region


• Some probability in the “North” - localization mirror point resulting 
from event underneath spacecraft
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Spectrum & Fluence

• Only used detector NaI 5 & BGO 0: smallest source angles - standard 

GBM analysis

• Background fit with a 1st-order polynomial using a 2-pass linear least-

squares minimization (background livetime is ~30 s for 1 s signal)

• Spectral fitting is performed using a forward-folding Levenberg-

Marquardt algorithm, minimizing the Castor C-statistic (Poisson 
likelihood), assuming the background model variance is negligible 
compared to the Poisson rate variance.


• For each of the 10 points, perform a joint fit of a PL to the signal in the 
two detectors


• At each point, simulated 1e4 deviates of the fitted spectrum using the 
background livetime, signal livetime, and responses.  These synthetic 
spectra were then fit, producing an estimate of the spectral PDF at 
each point.


• The spectral PDFs were marginalized over the sky points to produce 
the spectrum estimate over the LIGO arc.
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GW150914-GBM Spectral Comparison


• All short GBM-triggered short GRBs fit with a PL compared to best fit with 
a PL


• Weaker short GRBs can only be fit by a PL because curvature cannot be 
constrained


• Almost all short GRBs where we can fit curvature have an exponential 
cutoff near the peak spectral density.
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•  Independent	analysis	of	GBM	data	for	GW150914-GBM	
from	which	the	authors	conclude	the	event	we	report	in	
VC+	2016	is	more	consistent	with	background	than	with	
the	presence	of	a	source.	



•  User	only	2	detectors	to	determine	the	sta,s,cal	
significance	using	spectral	analysis,	which	does	not	
challenge	the	sta,s,cal	significance	reported	by	VC+2016,	
found	in	count	space	by	combining	coherently	the	data	
from	14	detectors	in	a	seeded	search,	based	on	an	
empirically-derived	FAR	

•  Incorrect	and	excluded	single	source	posi,on	results	in	a		
much	higher	effec,ve	area	in	NaI	5	than	used	in	VC+2016,	
resul,ng	in	an	overes,mate	of	counts	predicted	using	the	
fluence	reported	in	VC+2016.	

•  Use	128-channel	TTE	data;	VC+	use	8-channel	CTIME	data,	
coarser	binning	which	does	not	suffer	from	low-count	
sta,s,cal	problems.	

•  Lower	fluence	with	MLEfit	implies	consistency	with	non-
detec,on	by	SPI-ACS		
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A	single	posi,on	along	the	LIGO	arc	is	used	to	test	the	deconvolu,on	from	rmfit	and	
MLEfit	against	the	observed	count	rates	in	a	single	detector.	
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Table	1	of	Greiner	et	al.	

Table	2	of	VC+	



19	

Purple	point	assumes	single	source	
posi,on	excluded	by	GBM	and	joint	
GBM/LIGO	localiza,on,	with	27	deg	
angle	to	NaI	5	vs	~70	deg	for	favored	

source	posi,on	(i.e.,	~3x	more	expected	
counts).		

This	error	appears	to	be	propagated	throughout	the	rest	of	the	
analysis	-	using	the	amplitude	from	VC+	but	for	a	source	at	a	single	

loca,on.	

rmfit	fit	with	128	channel	data	
convolved	with	response	for	same	

incorrect	source	posi,on.	

Fig	5	of	Greiner	et	
al.	



However,	this	posi,on	in	Fig	5	is	excluded	by	the	GBM	localiza,on	and	
contains	only	2%	of	the	LIGO	probability	-	completely	excluded	by	joint	

GBM-LIGO	localiza,on	
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This	error	appears	to	be	propagated	throughout	the	rest	of	the	analysis	-	using	the	amplitude	
from	VC+	but	for	a	source	at	a	single	loca,on,	excluded	by	the	GBM	detector	rates.	

chi2	minimum	of	GBM	localiza,on	

posi,on	used	in	Greiner	et	al.	
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Exploring	INTEGRAL	SPI-ACS	non-detec,on:	power-law	fit	(unphysical)	

Fig	12	of	Greiner	
et	al.	

	MLEfit	consistent	with	non-
detec,on	of	GW150914-GBM	by	
INTEGRAL	SPI-ACS	(green	crosses)	

rmfit	fit	to	128-channel	data	in	tension	
with	non-detec,on	of	GW150914-GBM	by	

INTEGRAL	SPI-ACS		(red	crosses)				
(Values	don’t	match	Table	1	of	JG+)	

(Ignore	boxes:	they	are	
for	unrelated	GRBs)	

GBM	and	INTEGRAL	SPI-ACS	teams	are	collabora,ng	on	joint	analysis	of	short	GRBs	to	
understand	how	the	instruments	complement	one	another.	



•  GBM	opera,ons	and	performance	are	nominal	
– RoboBA	has	improved	latency	for	distribu,on	of	
localiza,ons	for	most	GRBs	

– The	BGO	PMT	balance	test	shows	that	the	PMTs	are	s,ll	
very	stable	aver	8	years.	

•  Searches	for	LIGO	EM	counterparts	
– Automated	pipelines	and	improvements	to	our	seeded	and	
unseeded	searches	are	being	implemented	and	
documented	for	O2	

– VC	et	al.	paper	about	GW150914-GBM	has	been	published	
in	ApJ	Lecers.	

– Two	other	GW	events	in	O1	show	no	detectable	gamma-ray	
signal,	but	do	not	constrain	GW150914-GBM	
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