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ABSTRACT	
BoGEMMS	(Bologna	Geant4	MulX-Mission	Simulator	[1])	is	a	modular	and	parameterized	Monte	Carlo	simulator	based	on	the	Geant4	[2]	toolkit	developed	at	INAF/IASF	Bologna.	The	BoGEMMS	gamma-ray	branch	[3],	
allowing	the	configuraXon	at	run	Xme	of	the	tracker,	calorimeter,	and	anXcoincidence	system	of	an	electron-tracking	gamma-ray	telescope,	has	been	validated	by	the	simulaXon	of	the	AGILE	[4]	in-flight	Point	Spread	
FuncXon	(PSF).	The	framework	is	now	used	for	the	simulaXon	of	the	scienXfic	performance,	in	the	pair	regime,	of	the	e-ASTROGAM	next-generaXon	Compton	and	Pair	gamma-ray	mission	[5],	proposed	to	the	ESA	M5	
2016	call.	We	present	the	main	results	of	a	prototype	processing	pipeline	composed	by	Geant4	simulaXons,	Kalman	filtering,	event	reconstrucXon	analysis	and	Instrument	Response	FuncXon	producXon	in	the	10	MeV	–	
3	GeV	energy	range.	Thanks	to	the	experience	gained	in	the	design	of	AGILE	simulaXons	and	analysis	algorithms,	the	BoGEMMS	simulator	is	of	crucial	importance	for	on-board	trigger	studies,	PSF	determinaXon	and	
sensiXvity	evaluaXon	of	the	e-ASTROGAM	mission.	
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The	enhanced-ASTROGAM	mission	

Figure	1.	e-ASTROGAM	scienXfic	pipeline	in	the	pair	regime.	
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Summary	and	future	ac<ons	

•  a	Compton	and	pair	creaXon	mission	concept	to	be	operated	in	LEO	
proposed	to	the	ESA	Call	for	the	fiph	Medium-size	mission	(M5)	of	
the	Cosmic	Vision	Science	Programme;	

•  planned	launch	date	is	2029.		
•  sensiXve	to	the	0.3	MeV	–	3	GeV	energy	range	thanks	to:	
-  a	 Tracker	made	 of	 56	 planes	 of	 double-sided	 Si	 strip	 detectors	

with	a	total	area	of	1	m2;	
-  a	Calorimeter	composed	by	an	array	of	5×5×80	mm3	CsI(Tl)	bars;	
-  surrounding	plasXc	 scinXllaXon	panels	acXng	as	AnXcoincidence	

system	 (AC)	 and	 a	 Time	 of	 Flight	 veto	 system	 for	 background	
minimizaXon;	

•  conXnuum	sensiXvity	<	5×10-5	MeV	cm-2	s-1	at	10	MeV	(Tobs	=	106	s,	
high-laXtude	source)	

•  gamma-ray	 imager	 angular	 resoluXon	 ≤	 1.5°	 at	 100	 MeV	 (68%	
containment	radius)	

e-ASTROGAM	scien<fic	pipeline	

A	dedicated	scienXfic	pipeline	(Fig.	1)	has	been	developed	
for	the	simulaXon	of	the	PSF,	energy	resoluXon,	effecXve	
area,	and	background	flux	in	the	pair	regime	(10	MeV	–	3	
GeV).	The	resulXng	sensiXvity	evaluaXon	is	being	used	for	
scienXfic	 simulaXons	 and	 it	 is	 part	 of	 the	 e-ASTROGAM	
ESA/M5	proposal.		
	
The	pipeline	building	blocks	are:	
	
•  Geant4	simulaXon	(using	BoGEMMS);	
•  Event	reconstrucXon	
•  Kalman	filtering	
	
to	get	in	the	end	a	photon	list	for	the	IRF	computaXon.	

Valida<on	
•  The	 BoGEMMS	 simulaXon	 framework	 has	 been	

validated	by	the	AGILESim	(BoGEMMS	simulaXon	of	the	
AGILE/GRID	 instrument)	 applicaXon	 be	 means	 of	 the	
successful	 comparison	 of	 the	 in-flight	 and	 simulated	
PSF	for	Crab	observaXons	(Fiore'+	in	prep.).	

•  BoGEMMS	 is	being	used	 for	 the	e-ASTROGAM	Geant4	
simulaXon	in	the	pair	regime.	

Mass	model	and	simula<on	filtering		
•  The	mass	model	is	composed	by	the	Tracker,	the	Calorimeter,	and	the	AC	system;	
•  the	e-ASTROGAM	simulaXon	analysis	main	features:	
-  Tracker	DSSD	energy	threshold	=	15	keV	
-  Calorimeter	energy	threshold	=	30	keV	
-  Analogic	readout	applied	
-  Cluster	reconstrucXon	and	baricentered	posiXon	applied	

Figure	2.	AGILE	mass	model	(lep	panel)	and	comparison	(right	panel)	between	the	simulated	and	
detected	PSF	[6]	in	the	100	–	400	MeV	energy	range.	

Figure	3.	e-ASTROGAM	mass	model.	
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The	 event	 reconstrucXon	 takes	 as	 input	 the	 filtered	
simulaXon	output,	 applies	 the	 gamma-ray	event	 selecXon	
algorithm,	 and	 produces	 a	 cleaned	 list	 of	 event	 clusters.	
The	 event	 selecXon	 also	 provides	 mulX	 criteria	 selecXon	
parameters	for	Neural	Network	training.	
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•  Based	on	a	Rauch-Tung-Striebel	
smoother	 and	 endowing	 a	
Kalman	 filter	 as	 the	 forward	
step,	 the	 algorithm	 	 builds	 3D	
tracks	matching	2D	profiles	

•  the	 algorithm	 keeps	 mulXple	
hypothesis	 about	 the	 parXcle	
trajectories	
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Figure	4.	e-ASTROGAM	IRFs	in	the	pair	regime	from	the	ESA/M5	proposal	

•  the	e-ASTROGAM	mission	concept	sensiXvity	in	the	pair	regime	has	been	evaluated	by	
means	of	a	dedicated	scienXfic	pipeline	based	on	the	experience	gained	in	the	simulaXon	
of	the	AGILE	mission.	

•  The	resulXng	IRFs	have	been	included	in	the	ESA/M5	proposal	(Fig.	4).	

•  A	refined	mass	model	version	is	being	developed,	along	with	the	update	of	the	
simulaXon	pipeline,	the	introducXon	of	new	criteria	for	the	event	reconstrucXon	and	
kalman	filtering	for	a	bezer	e-ASTROGAM	sensiXvity	


