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AGILE	in	its	9-th	year	of	opera3ons	in	space		
•  Gamma-ray	detector	(GRID)	
•  MCAL		
	
fully	opera3onal,	ideal	in	the	range	50	MeV	–	1	GeV,	
and	ac3ve	in:	

	

•  gamma-ray	astrophysics	
•  terrestrial	high-energy	physics	
•  search	of	GW	counterparts	
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AGILE	can	play	a	crucial	role	in	the	search	of	
GW	source	counterparts	
•  AGILE	and	GW150914	(and	GW151226,	

LVT151012)	
•  Prospects	for	a	first	detec3on	of	prompt	

gamma-ray	emission	from	GW	sources	
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AGILE	is	excellent	for	GW	source	searches	
	 •  very	large	field	of	view	(2.5	sr)	

•  200	passes/day	over	more	than	80%	of	
the	sky	

•  high	probability	of	prompt	event	coverage	
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Recent		publica3on	of	GW150914	observa3ons	
by	AGILE	(Tavani	et	al.	2016),	ApJ,	in	press		



AGILE	two	"lives":	poin3ng	and	spinning	
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AGILE POINTING SPINNING 

time period Jul.07 – Oct.09 Nov. 2009 - today 

attitude  fixed 
variable                 

(rotation ~ 0.8º/sec)        
sky coverage  1/5  ~ 70-80 % 

1-day exposure                                            
(≤ 30 deg off-axis, 

@ 100 MeV) 
~ 2 x 107                      
(cm2 sec) 

(0.5 - 1) x 107                      
(cm2 sec) 



	poin3ng	mode	(2007-2009)	

8	

25d	+	6d		
exposure	



AGILE	in	spinning	E	>	100	MeV		
(8-9	March,	2016)	
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AGILE	in	spinning:	revolu3on	including	T0	of	
GW150914	
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Earth	occulta3on	during	one	orbit	(95	min)	
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Search	for	gamma-ray	transients	

•  gamma-ray	imager:	covers	80%	of	the	sky	
•  200	spinning	rotaKons	/	day	
•  (Earth	occultaKons,	SAA)	-	>	120	useful	passes	
•  passes	of	~	150	sec	duraKon	
•  sensi3vity	~	(1-2)	10-8	erg	cm-2	s-1	in	100	sec.	
•  GRB	–	like	searches,	MCAL,	AC	
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 AGILE detection of short GRBs 
GRB 081209 GRB 090228 



AGILE  GRB ON-BOARD SEARCH PROCEDURE 

Super-A  &  MCAL 
EVENTS 

8 (SA) + 12 (MCAL) 
DETECTOR 

RATEMETERS (1 ms) 

NORMAL BURST SEARCH 

1 ms 16 ms 64 ms 256 ms 1.024 s 8.192 s 

HARDWARE 
by dedicated 

state-machine 
SOFTWARE 

sub-ms 

search 

HARDWARE 



AGILE  
and 

the �short� 
GRB 090510 

 
(Giuliani et al. 2010) 

z = 0.9 





The short GRB 090510 (61 degree off-axis) 



AGILE: GRB 090510 

1 2 



Gamma-ray tail 
(delayed 

emission) 
F = t-1.32 



Interval 1 

Interval 2 



on the �short� GRB 090510… 

•  one of the shortest events with remarkable high-
energy emission  

 
•  For a z~0.9, E(iso) = 1052 ergs  

•  MeV and gamma-ray emission above 100 MeV 
–  Interval 1: E(peak) ~ 3 MeV 
–  Interval 2: E(peak) > 50 MeV 

»        F = t-1.3 



AGILE	and	GW150914	

A.	Argan,	A.	Bulgarelli,	E.	Del	Monte,	I.	Donnarumma,		
V.	FioreZ,	Y.	Evangelista,	F.	Lucarelli,	M.	Marisaldi,			

G.	Piano,	C.	Pi]ori,	M.	Tavani,	A.	Trois,	F.	Verrecchia,	A.	Zoli		

	



GW150914	
T0 = 9:50:45 UT, 14 September, 2015 
	
•  learned about the event on Feb. 11, 

2016 (no MoU active yet) 
•  archival search 
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exposure:	revolu3on	-120/+300	sec	from	T0	



exposure:	revolu3on	-120/+300	sec	from	T0	



AGILE	exposure	at		
T0	=	09:50:45	UT	



just	missed…		(-2	/	+2	sec)	
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Central	LIGO	contour	exposure	scan:		
from	T0	-300s	to	T0	+500s	
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Mean	exposure	within	7o	x	25o	
region	(black)	and	10o		radius	
circular	region	(red)	at	about	
the	LIGO	contour	center		

100s exposure scan 
 
65% of LIGO contour  
covered ~10-60s before T0   



AGILE-MCAL	and	Fermi-GBM	exposure	at	the	
GW150914	prompt	3me		
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AGILE	does	not	detect	the	Fermi-GBM	transient		

•  at	the	GW150914	prompt	Kme	(T0	+	0.4s),	best	
GBM	posiKon	region	at	about	90°	off-axis	for	
AGILE	GRID	and	MCAL	

•  limited	exposure	of	MCAL	
•  AGILE	5-sigma	MCAL	upper	limit		
FGBM	=	2	x10-6	erg	cm-2	(0.45	–	100	MeV),		
	

•  2-sigma	upper	limit	2.3	3mes	larger	than	GBM	
event	extrapola3on	at	1	MeV		
FGBM	=	(2	±	1)	x10-7	erg	cm-2	(10	keV	–	1	MeV),	
photon	index	1.4	(Connaughton+	2016)	
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300	sec	later…	



AGILE	exposure	at	T0+330	sec		(+/-	50	sec)	



2-sigma	upper	limit	(E	>	50	MeV)	=	1.9	x	10-8	erg	cm-2	s-1		

AGILE	exposure	at	T0+330	sec		(+/-	50	sec)	



AGILE	and	Fermi-LAT	upper	limits	in	the	sGRB	090510	light	curve		
(reposi3oned	at	z	=	0.1,	adapted	from	Fermi-LAT	Collab.,	2016)	

Fermi-LAT	UL		
>	4500	s	ajer	T0	

AGILE	upper	limit	
250-350	sec	ajer	T0	
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AGILE-GRID		blu,	Fermi/LAT		black,	light	curve	



AGILE-MCAL	GRB090510	light	curve		

GRB090510	light	curve	as		
detected	by	AGILE-MCAL	
(4ms	bin),	Giuliani	+	2010	
->15ms	sod	precursor	at	
T=T0	-	0.55s	(E	<	0.7MeV)	

AGILE	needs	to	re-op3mize	the	
MCAL	on-board	trigger	to	make	
sure	to	detect	precursor-like	
(faint)	events		



precursor	search	
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precursor	search	(passes	-13/+1,	95	minutes)	

+1	-1	

-2	-3	-4	-5	

-6	-7	-8	-9	

-10	-11	-12	-13	
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Long	3me-scale	search	

39	



40	

Long-Kme	
scale	search:	
•  hours		
•  days		
=>no	
significant	
detecKon	



Other	two	GW	events:	G211117,	LVT151012,	
PRELIMINARY	results	
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G211117	
•  T0	=	3:38:54	UT,	26	December,	2015	
	
•  learned about the event on May 23, 2016 

(after MoU activation) 
•  on-going archival search & analysis 
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G211117	
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G211117	
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PRELIMINARY	



LVT151012	
•  T0	=	9:54:43	UT,	12	October,	2015;	candidate	
	
•  learned about the event recently 
•  archival search 
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LVT151012	
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PRELIMINARY	



LVT151012	
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PRELIMINARY	



bright	perspec3ves	for	AGILE	

•  LIGO-VIRGO	MoU	with	AGILE	signed	and		
now	fully	opera3ve.	

•  AGILE	observa3ons	of	GW	events	are	part	of	
a	strategy	of	collabora3on	between	space	
and	ground	observatories		
(in	Italy:	INAF,	INFN,	ASI).	

•  The	large	AGILE-GRID	FoV	(120°	diameter)	
and	the	200	passes/day	are	crucial	assets.	
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bright	perspec3ves	for	AGILE	

•  large	probability	of	covering	with	the	imaging	
GRID-FoV	the	region	(error	box)	of	a	prompt	
GW	event:	~	10%		(½	x	1/5)	

•  further	op3miza3on	of	the	MCAL	trigger		
(0.4-100	MeV)	

	
•  very	fast	data	processing,	2-3hr,	to	be	
improved….	
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perspec3ves	for	AGILE	ajer	the	summer	

ASI	announced	further	support	to	AGILE	
mission	
•  	14	downlinks/day	
•  Super-AGILE	(20-60	keV)	turned	on	again	
•  very	fast	data	processing,	dedicated	team	for	
GW	fast	reac3on.	
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the	future:	e-ASTROGAM	
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        The next gamma-ray MeV-GeV mission: 
the e-ASTROGAM project 

LoI submitted to ESA M5 call on June 6th;  

e-ASTROGAM is focused on gamma-ray 
astrophysics in the range 0.3-100 MeV with 
excellent capability up to GeV energies.  

MeV – GeV astrophysics 
MeV – GeV  community  



•  4	towers	
•  50	layers	of	5×5	double	
sided	Si	strip	detectors		

•  Each	DSSD	has	a	total	area	
of	9.5×9.5	cm2,	a	thickness	
of	400	(500)	µm,	readout	
pitch	of	240	µm	(384	strips	
per	side),	and	a	guard	ring	of	
1.5	mm	

•  Spacing	of	the	Si	layers:		
				7.5	mm	
•  The	DSSDs	are	wire	bonded	
strip	to	strip	to	form	2-D	
ladders	
� 900.000		electronic	channels	

e-ASTROGAM SensiKvity	(M5)	

LEO	orbit	of	al3tude	520-550	km		
2.5	–	3	sr	FoV	
Launch	2029	–	2030	
3-yr	mission	
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Adapted from Takahashi et al. (2013) 
•  ASTRO-H/SGD: S(3σ) for 100 ks 

exposure of an isolated point source 
•  COMPTEL and EGRET: sensitivities 

accumulated during the whole duration 
of the CGRO mission (9 years) 

•  Fermi/LAT: 5σ sensitivity for a high 
Galactic latitude source and after 1 year 
observation in survey mode 

•  ASTROGAM � 3σ/5σ sensitivity for a 
1-year effective exposure of a high 
Galactic latitude source 

SensiKvity	(M5)	

e-ASTROGAM	will	gain	a	factor	
10	� 60	in	line	sensiKvity		
compared	to	INTEGRAL/SPI	



The e-ASTROGAM core science 

•  Extreme phenomena in the era of new astronomy 
    Gravitational waves …… 
 
•  The mysteries of the GC and Inner Galaxy  
    Central BH, compact objects, anti-matter 
 
•  Supernovae, nucleosynthesis, and Galactic 

chemical evolution 
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