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Abstract	

This	 document	 reports	 on	 the	 Fourth	 LAT	 Source	 Catalog	 of	 the	 detected	 high-energy	 gamma-ray	
stationary	 sources	 (hereafter	4FGL	 [0])	 released	by	 the	Fermi-LAT	Collaboration	 in	 the	year	2019.	The	
4FGL	uses	the	first	eight	years	of	data	of	the	Fermi	Gamma-ray	Space	Telescope	mission	collected	by	the	
Large	Area	Telescope	(LAT).	In	the	following	we	will	describe	the	software	used	to	create	this	list	and	the	
use	of	the	association	pipeline	released	by	Fermi-LAT	Collaboration.		As	in	the	Third	LAT	Source	Catalog		
(hereafter	3FGL	 [1]),	 sources	are	 included	on	 the	basis	of	 the	statistical	 significance	of	 their	detection	
considered	over	 the	entire	 time	period	of	 the	analysis.	 	 For	 this	 reason	 the	4FGL	 source	 list	does	not	
contain	transient	gamma-ray	sources,	which	are	significant	only	over	a	short	duration.	The	4FGL	source	
list	 benefits	 from	 a	 number	 of	 improvements	 with	 respect	 to	 3FGL,	 which	 include	 the	 twice-longer	
exposure	and	the	“Pass	8”	data.			The	principal	differences	relative	to	the	P7Rep	data	used	for	3FGL	are	
the	 larger	 acceptance	 by	 about	 20	 %	 at	 all	 energies	 and	 the	 improved	 angular	 resolution	 above	 the	
energy	of	3	GeV.	We	have	introduced	weights	in	the	maximum	likelihood	analysis	to	mitigate	the	effect	
of	systematic	errors	due	to	the	imperfect	knowledge	of	the	diffuse	emission.		To	study	the	associations	
of	LAT	sources	with	counterparts	at	other	wavelengths,	we	have	updated	several	of	the	catalogs	used	
for	counterpart	searches,	and	correspondingly	re-calibrated	the	association	procedure.	The	4FGL	catalog	



 

 

makes	use	of	the	same	methods,	but	it	adopts	an	improved	diffuse	emission	model.		It	will	also	contain,	
like	3FGL,	spectral	energy	distributions	in	broad	bins	and	light	curves,	which	are	not	provided	with	the	
preliminary	list	recently	released.	The	next	two	Sections	describe	the	LAT,	the	data	and	the	models	for	
the	diffuse	backgrounds,	celestial	and	otherwise.	The	following	Sections	describe	how	the	4FGL	catalog	
has	been	constructed,	with	an	emphasis	on	what	has	changed	since	 the	analysis	 for	 the	3FGL	catalog	
was	performed.	

		

Figure	 1:	 Energy	 range	 band	 used	 in	 the	 different	 released	 catalogues.	 The	 graph	 shows	 the	 larger	
energy	range	used	in	the	4FGL	with	respect	to	the	previously	published	catalogues.	

LARGE	AREA	TELESCOPE	

The	 LAT	 detects	 gamma	 rays	 in	 the	 energy	 range	 from	 20	 MeV	 to	 more	 than	 1	 TeV	 (Figure	 1),	 by	
measuring	their	arrival	time,	energy,	and	direction.	The	LAT	is	also	an	efficient	detector	of	the	 intense	
background	 of	 charged	 particles	 from	 cosmic	 rays	 and	 trapped	 radiation	 at	 the	 orbit	 of	 the	 Fermi	
satellite.	 Accounting	 for	 gamma	 rays	 lost	 in	 filtering	 charged	 particles	 from	 the	 data,	 the	 effective	
collecting	 area	 is	 approximately	 8000	 cm2	 at	 the	 energy	 of	 1	 GeV	 at	 normal	 incidence	 (for	 the	
P8R3_SOURCE_V2	event	selection).	The	live	time	is	nearly	76	%	and	is	limited	primarily	by	interruptions	
of	 data	 taking	 when	 Fermi	 is	 passing	 through	 the	 South	 Atlantic	 Anomaly	 (approximately	 13	 %)	 and	
readout	dead-time	fraction	(approximately	9	%).	 	The	LAT	field	of	view	is	2.4	sr	at	1	GeV.	 	The	photon	
angular	 resolution	 (point-spread	 function1	68	%	containment	 radius)	 is	approximately	5	degree	at	100	
MeV,	and	decreases	to	0.8	degree	at	1	GeV.		

																																																													

1	http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Pass8usage.html	



 

 

The	 LAT	 tracking	 section	 (Figure	 2)	 has	 layers	 of	 silicon	 strip	 detectors	 interleaved	 with	 16	 layers	 of	
tungsten	foil	(12	thin	layers,	0.03	radiation	length,	at	the	top	or	Front	of	the	instrument,	followed	by	4	
thick	layers,	0.18	radiation	length,	in	the	Back	section).		The	silicon	strips	track	charged	particles,	and	the	
tungsten	 foils	 facilitate	 conversion	 of	 gamma	 rays	 to	 positron-electron	 pairs.	 Beneath	 the	 tracker	 a	
calorimeter	composed	of	an	8-layer	array	of	Cesium	Iodide	crystals	 	 (approximately	8.5	total	 radiation	
lengths)	 is	 placed	 to	 measure	 the	 gamma-ray	 energy.	 A	 segmented	 charged-particle	 anticoincidence	
detector	 (plastic	 scintillators	 read	 out	 by	 photomultiplier	 tubes)	 around	 the	 tracker	 is	 used	 to	 reject	
charged-particle	background	events.		More	information	about	the	LAT	is	provided	in	[2],	and	the	in-flight	
calibration	of	the	LAT	is	described	in	[3].	

	

Figure	2:	Schematic	representation	of	the	LAT.	

FERMI-LAT	DATA	

The	data	used	 for	 the	4FGL	catalog	were	 taken	during	 the	period	2008	August	4	 (15:43	UTC)	 to	2016	
August	2	(05:44	UTC)	covering	eight	years.	As	for	3FGL,	intervals	around	solar	flares	and	bright	Gamma	
Ray	Bursts	(GRBs)	were	excised.	Overall	about	two	days	were	excised	due	to	solar	flares,	and	39	ks	due	
to	30	GRBs.	The	maximum	exposure	(4.5	x	1011	cm2	s	at	1	GeV)	 is	reached	at	the	North	celestial	pole.	
The	 minimum	 exposure	 (2.7	 x	 1011	 cm2	 s	 at	 1	 GeV)	 is	 reached	 at	 the	 celestial	 equator.	 The	 current	
version	of	the	LAT	data	is	Pass	8	P8R3	[3].	It	offers	20	%	more	acceptance	than	P7REP	[7]	and	a	narrower	
Point-Spread	Function	(PSF)	at	high	energies,	which	is	the	probability	distribution	function	of	the	offset	
between	 the	 true	 and	 reconstructed	 directions	 of	 the	 gamma-ray.	 Both	 aspects	 are	 very	 useful	 for	



 

 

source	detection	and	 localization	 (see	 [6],	 hereafter	3FHL).	We	used	 the	Source	 class	event	 selection,	
with	 the	 Instrument	 Response	 Function	 (IRF)	 P8R3_SOURCE_V2,	 which	 is	 the	 mapping	 between	 the	
incoming	 photon	 flux	 and	 the	 detected	 events	 (Figure	 3).	We	 took	 advantage	 of	 the	 new	 PSF	 event	
types,	which	avoid	mixing	poorly	localized	events	(PSF0)	with	high-quality	ones	(PSF3).	The	lower	bound	
of	the	energy	range	was	set	to	50	MeV,	down	from	the	threshold	of	100	MeV	used	in	3FGL,	in	order	to	
better	constrain	 the	spectra	at	 low	energy.	 It	does	not	help	detecting	or	 localizing	sources	because	of	
the	very	broad	PSF	below	100	MeV.	The	upper	bound	was	raised	from	300	GeV	in	3FGL	to	1	TeV.	This	is	
because	as	 the	 source-to-background	 ratio	decreases,	 the	 sensitivity	 curve	 (Figure	18	of	 [5]	 hereafter	
1FGL)	shifts	to	higher	energies.	The	3FGL	catalog	went	up	to	2	TeV,	but	only	566	events	exceed	1	TeV	
over	8	years	(to	be	compared	to	714	thousands	above	10	GeV).	

	

Figure	3.	The	new	P8	(black	and	purple)	Instrument	Response	Functions		superimposed	to	P7REP	(black).	
These	 plots	 highlight	 the	 better	 reconstruction	 procedure	 used	 in	 P8	 with	 respect	 to	 the	 previously	
released	data.	

CONSTRUCTION	OF	THE	CATALOGUE	

The	procedure	used	to	construct	the	4FGL	catalog	has	a	number	of	 improvements	with	respect	to	the	
procedure	 used	 for	 the	 3FGL	 catalog.	 We	 review	 the	 new	 procedure,	 emphasizing	 what	 was	 done	
differently.	 The	 significances	 and	 spectral	 parameters	 of	 all	 catalog	 sources	 were	 obtained	 using	 the	
standard	 pyLikelihood	 framework	 (Python	 analog	 of	 gtlike)	 in	 the	 LAT	 Science	 Tools5	 (version	 207	
v11r7p0).	 The	 localization	procedure,	which	 relies	on	pointlike,	 a	 software	package	 for	 fast	maximum	
likelihood	 analysis	 of	 Fermi-LAT	 data	 [8],	 provided	 the	 source	 positions,	 the	 starting	 point	 for	 the	



 

 

spectral	 fitting,	 and	a	 comparison	 for	estimating	 the	 reliability	of	 the	 results.	 Throughout	 the	 text	we	
denote	 as	 RoIs,	 for	 Regions	 of	 Interest,	 the	 regions	 in	 which	 we	 extract	 the	 data.	 We	 use	 the	 Test	
Statistic	TS	=	2	(log	L	-	log	L0)	[9]	to	quantify	how	significantly	a	source	emerges	from	the	background,	by	
comparing	 the	 maximum	 value	 of	 the	 likelihood	 function	 L	 over	 the	 RoI	 including	 the	 source	 in	 the	
model	with	L0,	the	value	without	the	source.	

	

DETECTION	AND	LOCALIZATION	

This	 Section	describes	 the	generation	of	 a	 list	of	 candidate	 sources,	with	 locations	and	 initial	 spectral	
fits.	This	initial	stage	uses	pointlike.	Compared	with	the	gtlike-based	analysis	described	it	uses	the	same	
time	 range	 and	 IRFs,	 but	 the	 partitioning	 of	 the	 sky,	 the	 weights,	 the	 computation	 of	 the	 likelihood	
function	and	 its	optimization	are	 independent.	Energy	dispersion	 is	neglected.	Events	below	100	MeV	
are	useless	for	source	detection	and	localization,	and	are	ignored	at	this	stage.	Since	this	version	of	the	
computation	of	the	likelihood	function	is	used	for	localization,	it	needs	to	represent	a	valid	estimate	of	
the	probability	of	observing	a	point	source	with	the	assumed	spectral	function.	The	process	started	with	
an	initial	set	of	sources	from	the	3FGL	analysis,	not	just	those	reported	in	that	catalog,	but	also	including	
all	candidates	failing	the	significance	threshold	(i.e.	with	10	<	TS	<	25).	The	same	spectral	models	were	
considered	for	each	source,	but	the	favored	model	(power	law	or	curved)	was	not	necessarily	the	same.	
The	generation	of	a	candidate	 list	of	sources,	with	 locations	and	 initial	spectral	 fits	 is	substantially	 the	
same	 as	 for	 3FGL.	 The	 sky	was	 partitioned	 using	HEALPix6	 [11]	with	Nside	 =	 12	 (the	 parameter	which	
defines	 the	 number	 of	 divisions	 along	 the	 side	 of	 a	 base-resolution	 pixel	 that	 is	 needed	 to	 reach	 a	
desired	high-resolution	partition),	resulting	in	1728	tiles	of	>	25	deg2	area.	The	RoIs	 included	events	 in	
cones	of	5	degrees	radius	about	the	center	of	the	tiles.	The	data	were	binned	into	16	energy	bands	from	
100	MeV	to	1	TeV	(up	from	14	bands	to	316	GeV	in	3FGL),	and,	as	before,	separated	into	the	Front	and	
Back	 event	 types.	 However,	 only	 Front	 events	 were	 used	 below	 316	 MeV,	 to	 avoid	 the	 poor	 Point	
Spread	Function	and	contribution	of	the	Earth	limb.	All	sources	within	the	tile	and	those	nearby,	in	the	
adjacent	 and	 second	 rings,	 were	 included	 in	 the	 model.	 Only	 the	 spectral	 models	 and	 positions	 of	
sources	 within	 the	 central	 tile	 were	 allowed	 to	 vary	 to	 optimize	 the	 likelihood.	 To	 account	 for	
correlations	 with	 fixed	 nearby	 sources,	 and	 a	 factor	 of	 three	 overlap	 for	 the	 data,	 iterations	 were	
performed	until	log	likelihoods	for	all	RoIs	changed	by	less	than	10.	We	assumed	here	that	the	isotropic	
spectrum	was	exactly	constant	over	the	sky,	but	readjusted	the	Galactic	diffuse	emission.	Starting	with	a	
version	of	the	Galactic	diffuse	model	without	its	non-template	diffuse	gamma-ray	emission,	we	derived	
an	 alternative	 adjustment	by	optimizing	 the	Galactic	 diffuse	normalization	 for	 each	RoI	 and	 the	 eight	
bands	 below	 10	 GeV.	 These	 numbers	 were	 turned	 into	 an	 8-layer	 map,	 which	 was	 smoothed,	 then	
applied	to	the	diffuse	model	itself.	Then	the	corrections	were	measured	again.	This	process	converged	
after	 two	 iterations,	 such	 that	 no	 more	 corrections	 were	 needed.	 The	 advantage	 of	 the	 procedure,	
compared	to	fitting	parameters	in	each	RoI,	is	that	the	effective	predictions	do	not	vary	abruptly	from	a	
RoI	to	its	neighbors.	After	a	set	of	iterations	had	converged,	the	localization	procedure	was	applied,	and	
source	positions	updated	for	a	new	set	of	iterations.	At	this	stage,	new	sources	were	occasionally	added	
using	 the	 residual	 TS	 procedure	 described	 below.	 The	 detection	 and	 localization	 process	 resulted	 in	
more	than	8020	candidate	point	sources	with	TS	>	10.	The	fit	validation	and	likelihood	weighting	were	
done	as	in	3FGL.	



 

 

	

Figure	4:	Distributions	of	the	95	%	confidence	error	radii	for	high-latitude	sources	with	significance	<	10,	
from	1st	FGL	to	4th	FGL,	illustrating	the	improvement	of	localizations	for	sources	of	equivalent	detection	
significances.																																																								

	LOCALIZATION	

The	position	of	each	 source	was	determined	by	maximizing	 the	 likelihood	with	 respect	 to	 its	position	
only.	That	 is,	all	other	parameters	were	kept	 fixed.	The	possibility	 that	a	shifted	position	would	affect	
the	 spectral	 models	 or	 positions	 of	 nearby	 sources	 is	 accounted	 for	 by	 iteration.	 Ideally	 the	 log-
likelihood	 is	 a	 quadratic	 form	 in	 any	 pair	 of	 angular	 variables,	 assuming	 small	 angular	 offsets.	 	 As	 in	
3FGL,	we	checked	the	brightest	sources	spatially	associated	with	 likely	multi-wavelength	counterparts,	
by	comparing	their	 localizations	with	the	well-measured	positions	of	the	counterparts.	The	localization	
quality	improves	with	the	exposure	so	with	the	increase	of	the	available	statistics	cumulated	as	shown	in	
Figure	4.	

FLUX	DETERMINATION	

Thanks	to	the	improved	statistics,	the	source	photon	fluxes	in	4FGL	are	reported	in	seven	energy	bands	
(1:	50	to	100	MeV;	2:	100	to	300	MeV;	3:	300	MeV	to	1	GeV;	4:	1	to	3	GeV;	5:	3	to	10	GeV;	6:	10	to	30	
GeV;	7:	30	 to	300	GeV)	extending	both	below	and	above	the	range	 (100	MeV	to	100	GeV)	covered	 in	



 

 

3FGL.	Up	to	10	GeV,	the	data	files	were	exactly	the	same	as	in	the	global	fit.		The	fluxes	were	obtained	
by	 freezing	 the	 spectral	 index	 to	 that	 obtained	 in	 the	 fit	 over	 the	 full	 range	 and	 adjusting	 the	
normalization	 in	each	spectral	band.	 In	each	band,	the	analysis	was	conducted	 in	the	same	way	as	for	
the	 3FGL	 catalog.	 In	 order	 to	 adapt	 more	 easily	 to	 new	 band	 definitions,	 the	 results	 (fluxes,	
uncertainties,	and	significances)	are	reported.	The	spectral	fit	quality	is	computed	in	a	more	precise	way	
than	in	3FGL	from	twice	the	sum	of	 log-likelihood	differences,	as	we	did	for	the	variability	 index	(Sect.	
3.6	of	the	2FGL	paper	[12]).	

SOURCE	ASSOCIATON	AND	CLASSIFICATION	

The	main	motivation	of	 the	4th	 LAT	AGN	Catalog	 (4LAC)	 is	 to	 identify	 candidate	 counterparts	 to	 4FGL	
gamma-ray	 sources	 based	 on	 positional	 association	 with	 objects	 that	 display	 AGN-type	 spectral	
characteristics	in	the	radio,	optical	or	X-ray	bands.	We	recall	that	in	the	context	of	AGNs,	identification	is	
only	 firmly	 established	 when	 correlated	 variability	 with	 a	 counterpart	 detected	 at	 lower-energy	 has	
been	 reported.	 For	 the	 other	 sources,	we	 use	 statistical	 approaches	 for	 finding	 associations	 between	
LAT	 sources	 and	AGNs.	 The	 two	approaches	used	here,	 the	Bayesian	method	and	 the	 likelihood-ratio	
method,	are	summarized	below.	

	

Figure	5:	Aitoff	projection	of	4FGL	sources	[10].	All	AGN	classes	are	plotted	with	the	same	blue	symbol	
for	 simplicity.	Other	 associations	 to	 a	well-defined	 class	 are	 plotted	 in	 red.	Unassociated	 sources	 and	
sources	associated	to	counterparts	of	unknown	nature	are	plotted	in	black.	

BAYESIAN	METHOD	



 

 

This	method	[5]	uses	Bayes’	theorem	to	calculate	the	posterior	probability	that	a	catalog	source	is	the	
true	 counterpart	 of	 a	 LAT	 source.	 The	 significance	 of	 a	 spatial	 coincidence	 between	 a	 candidate	
counterpart	from	a	catalog	Candidate	and	a	LAT-detected	gamma-ray	source	is	evaluated	by	examining	
the	local	density	of	counterparts	 in	the	vicinity	of	the	LAT	source.	The	Bayesian	method,	 implemented	
with	the	gtsrcid	tool,	was	developed	in	the	Fermi-LAT	context	[5]	following	the	prescription	devised	in	
[9]	 for	 EGRET.	 It	 relies	 on	 the	 fact	 that	 the	 angular	 distance	 between	 a	 LAT	 source	 and	 a	 candidate	
counterpart	 is	 driven	 by	 i)	 the	 position	 uncertainty	 in	 the	 case	 of	 a	 real	 association	 and	 ii)	 the	
counterpart	 density	 in	 the	 case	 of	 a	 false	 (random)	 association.	 In	 addition	 to	 the	 angular-distance	
probability	density	functions	for	real	and	false	associations,	the	posterior	probability	depends	on	a	prior.	
This	 prior	 is	 calibrated	 via	Monte	 Carlo	 simulations	 so	 that	 the	 number	 of	 false	 associations,	 Nfalse	 is	
equal	 to	 the	sum	of	 the	association-probability	complements.	For	a	given	counterpart	catalog,	 the	so-
obtained	prior	 is	 found	 to	 be	 close	 to	Nassoc/Ntot,	where	Nassoc	 is	 the	number	of	 associations	 from	 this	
catalog	and	Ntot	is	the	number	of	catalog	sources.	A	uniform	threshold	of	0.8	is	applied	to	the	posterior	
probability	for	the	association	to	be	retained.	The	reliability	of	the	Bayesian	associations	is	assessed	by	
verifying	that	the	distribution	of	the	angular	offset	between	the	gamma-ray	source	and	the	counterpart	
matches	well	the	expected	one	in	the	case	of	a	true	association,	i.e.,	a	Rayleigh	function	with	its	width	
parameter	 given	 by	 the	 sources	 positional	 uncertainties.	 The	 nature	 of	 the	 candidate	 counterpart	 is	
subsequently	studied	through	the	literature	and	the	Spectral	Energy	Distribution	(SED)	study.	

THE	LIKELIHOOD-RATIO	ASSOCIATION	METHOD	

The	 Likelihood	 Ratio	 method	 (LR)	 has	 frequently	 been	 used	 to	 assess	 identification	 probabilities	 for	
radio,	infrared,	and	optical	sources	[14].	It	is	based	on	uniform	surveys	in	the	radio	and	in	X-ray	bands,	
and	enables	to	search	for	possible	counterparts	among	the	faint	radio	and	X-ray	sources.	The	LR	makes	
use	of	 counterpart	densities	 (assumed	spatially	 constant	over	 the	 survey	 region)	 through	 the	 log(N)	–	
log(S)	 relation	 and	 therefore	 the	 source	 flux.	We	made	 use	 of	 a	 number	 of	 relatively	 uniform	 radio	
surveys.	Almost	all	radio	AGN	candidates	of	possible	interest	are	in	the	NRAO	VLA	Sky	Survey	[15]	or	the	
Sydney	University	Molonglo	Sky	Survey	SUMSS	[16].	We	added	also	the	Australia	Telescope	20GHz	radio	
source	catalog	[17],	which	contains	5890	sources	observed	at	declination	δ	<	0.	In	this	way	we	were	able	
to	 look	 for	 counterparts	 at	 higher	 frequency	 in	 the	 radio	 band.	 To	 search	 for	 additional	 possible	
counterparts	 we	 cross-correlated	 the	 LAT	 sources	 with	 the	 most	 sensitive	 all-sky	 X-ray	 survey,	 the	
ROSAT	All	Sky	Survey	Bright	and	Faint	Source	Catalogs	[18].	 In	this	work	we	add	also	the	second	RASS	
catalog	[20]	to	try	to	improve	the	association	method,	especially	for	the	X-ray	sources	in	the	Fermi	error	
region	 without	 any	 other	 low	 frequency	 counterparts.	 The	method	 computing	 the	 probability	 that	 a	
candidate	is	the	“true”	counterpart	is	described	in	detail	in	paragraph	3.2	of	the	3LAC	paper		[13].	One	
important	change	in	the	method	is	the	definition	of	the	σ	parameter	for	the	position	of	the	gamma-ray	
source.	In	earlier	catalogs,	the	68	%	error	radius	was	used.	Here	we	use	a	Rayleigh	σ	defined	as:	

σRayleigh	=	σ	95%	/(-2ln(1-0.95))
1/2	=	σ	95%/2.4477	

Another	important	modification	concerns	the	definition	of	the	reliability	parameter	with	respect	to	the	
previous	papers:	

R(LRij)	=	1	–	Nrandom(LRij)/Nreal(LRij)	

	



 

 

where	Nreal(LRij)	corresponds	to	the	data	and	Nrandom(LRij)	is	obtained	from	Monte-Carlo	simulations	using	
uncorrelated	 catalogs.	A	 source	 is	 considered	as	 a	high-confidence	 counterpart	of	 a	 given	gamma-ray	
source	if	its	reliability	is	>	0.8	in	at	least	one	survey.	

	

	

		

Figure	 6:	 Cake	 diagram	 to	 describe	 the	 different	 nature	 and	 gamma-ray	 population	 of	 the	 Fermi-LAT	
detected	sources	in	the	4FGL	catalogue.	

ASSOCIATION	RESULTS	

The	association	summary	 is	given	 in	Table	1	and	Figure	6.	Out	of	5065	LAT	sources	 in	4FGL,	1323	are	
unassociated	(30	%).	Some	92	others	are	classified	as	“unknown”,	and	90	as	“SPP”	(sources	of	unknown	
nature	but	overlapping	with	known	SNR	or	PWN	and	thus	candidates	to	these	classes),	representing	4	%	
in	 total.	 Some	 sources	are	associated	with	 the	Bayesian	method	 (1070	associations	 from	 this	method	
only,	 overall	 Nfalse=36.6),	 2604	 sources	with	 the	 LR	method	 (210	 associations	 from	 this	method	 only,	
Nfalse=	22.2	for	the	latter).	The	overall	association	fraction,	70	%,	 is	similar	to	that	obtained	in	previous	
LAT	catalogs.	It	must	be	noted	that	the	association	fraction	is	lower	for	fainter	sources	(all	bright	sources	
are	 associated),	 in	 particular	 due	 to	 their	 larger	 error	 regions.	 This	 fraction	 also	 drops	 as	 sources	 lie	



 

 

closer	 to	 the	 Galactic	 plane	 as	 illustrated	 in	 Figure	 5.	 It	 decreases	 from	 about	 85	 %	 at	 high	 Galactic	
latitudes	 to	approximately	40	%	 close	 to	 the	Galactic	plane.	 The	 reason	 for	 such	an	effect	 is	 twofold.	
First,	the	number	of	unassociated	Galactic	sources	is	large.	Secondly,	the	flux	limits	of	the	extragalactic-
counterpart	 catalogs	 are	 larger	 due	 to	 extinction	 effects	 in	 these	 directions.	Out	 of	 the	 1323	 sources	
unassociated	 in	 4FGL,	 368	 already	 present	 in	 3FGL	 had	 no	 associations	 there.	 	 Another	 27	 sources	
previously	 associated	 in	 3FGL	 have	 now	 lost	 their	 associations	 because	 of	 a	 shift	 in	 their	 locations	
relative	to	3FGL.	About	half	of	the	unassociated	sources	are	located	less	than	10	degree	away	from	the	
Galactic	plane.	

	

Table	1:	Census	of	the	different	classes	of	gamma-ray	emitters	detected	in	the	4FGL.	We	have	reported	
in	 capital	 letters	 the	 identified	 sources	 (sources	 that	 show	 associated	 characteristics	 	 to	 the	 lower	



 

 

wavelength)	 and	 in	 lowercase	 the	 associated	 sources	 (sources	 that	 lie	 inside	 the	 error	 ellipse	with	 a	
probability	above	80%	without	any	other	common	characteristic	in	the	lower	wavelength).		

	
GAMMA	RAY	BURST	CATALOG	

	
As	described	above,	the	4FGL	does	not	contain	any	transient	events	as	it	focuses	on	long	timescales.	To	
complement	this,	Fermi-LAT	data	is	also	being	used	in	the	search	for	transient	phenomena.	In	particular,	
work	 has	 also	 been	 performed	 on	 the	 second	 Fermi-LAT	 catalog	 of	 gamma-ray	 bursts	 (2FLGC;	 [22]).	
Gamma-ray	bursts	 (GRBs)	are	 the	most	 likely	electromagnetic	 counterpart	 to	gravitational	wave	 (GW)	
signals,	 and	 are	 among	 the	most	 energetic	 events	 in	 the	 known	 Universe,	 with	 gamma-ray	 emission	
generally	 lasting	 from	 seconds	 to	 minutes.	 The	 work	 with	 the	 2FLGC	 focuses	 on	 the	 detection	 and	
characterisation	of	GRBs,	and	forms	a	basis	for	the	search	for	gravitational	wave	counterparts	with	the	
Large	Area	Telescope	(LAT).	Steady	progress	 is	being	made,	and	a	more	detailed	account	will	be	given	
together	with	the	report	on	deliverable	D4.2.	
	

CONCLUSION	

The	4FGL	catalogue	integrates	8	years	of	data	with	the	new	reconstruction	events	P8	and	a	wider	energy	
range.	It	is	an	important	step	forward	with	respect	to	the	previous	gamma-ray	catalogues,	since	several	
clues	 on	 the	 gamma-ray	 emitters	 could	 be	 addressed	 by	 exploiting	 such	 a	 huge	 amount	 of	 data.	
Furthermore,	 by	 looking	 at	 the	 gamma-ray	 unassociated	 sources	 	 an	 interesting	 	 possibility	 	 is	 	 that		
some		of		these				actually		correspond		to	WIMP		dark		matter		annihilating		in		Galactic		subhalos		[19].			
Indeed,	 Lambda	 Cold	 Dark	 Matter	 (ΛCDM)	 cosmology	 predicts	 the	 existence	 of	 thousands	 of	 them	
below	~107	Solar	Masses,	i.e.,	not	massive	enough	to	retain	gas	or	stars	at	all.		As	a	result,	they	are	not	
expected	 to	 emit	 at	 other	 wavelengths	 and	 therefore	 they	 would	 not	 possess	 astrophysical	
counterparts.		Interestingly,	this	dark	matter	annihilation	may	yield	a	pulsar-like	spectrum	[21]	
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