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 Mul&-wavelength/messenger	context	
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 e-ASTROGAM	design	goals	
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1.   SensiRvity	=	20	to	100	&mes	beDer	than	
INTEGRAL	and	CGRO/COMPTEL	in	the	
range	0.2	-	30	MeV		

2.   Gamma-ray	polarizaRon	for	transient	and	
steady	sources	

3.   Improved	angular	resoluRon	close	to	the	
physical	limits	(e.g.,	about	10’	at	1	GeV)	
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4.   Large	field	of	view	
(about	2.5	sr)	for		
sky	survey	and	&me-
domain	monitoring	
of	sources	

5.   Sub-millisecond	
trigger	and	alert	
capability	for	
transients	
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10 CHAPTER 1. NEW MISSION IN MEDIUM-ENERGY GAMMA-RAY ASTRONOMY
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Figure 1.3: Comparison of the different Compton telescopes: The left figure shows the classical COMPTEL type
instrument. It comprises two detector planes. The first one is the scatterer (D1) and the second is the absorber
(D2). The planes have a large distance in order to measure the time-of-flight of the scattered gamma-ray. The
central picture shows a Compton telescope consisting of several thick layers in which the photon undergoes
multiple Compton scatterings. The redundant scatter information allows to determine the direction of motion
of the photon. The figure on the right shows an electron tracking Compton telescope like MEGA. The tracker
consists of several layers, thin enough to track the recoil electron. The scattered photon is stopped in a second
detector which encloses the tracker. The track of the electron determines the direction of motion of the photon.
The illustrations are not to scale.

1.2.2.1 Compton Telescopes

Compton scattering is the dominant interaction process between ∼200 keV and ∼10 MeV (de-
pending on the scatter material). If one measures the position of the initial Compton interac-
tion, energy and direction of the recoil electron as well as direction and energy of the scattered
gamma-ray, then the origin of the photon can be identified. The final accuracy depends on
several factors, which are extensively discussed in Section 2.2.

The key objective for a Compton telescope is to determine the direction of motion of the
scattered gamma-ray. For this problem three solutions exist which distinguish the three basic
types of Compton telescopes (see Figure 1.3).

In COMPTEL (Figure 1.3 left) the two detector systems, a low Z scatterer, where the initial
Compton interaction takes place, and a high Z absorber, where the scattered gamma ray is
stopped, are well separated so that the time-of-flight of the scattered photon between the two
detectors can be measured. Thus top-to-bottom events can be distinguished from bottom-to-top
events. With COMPTEL it was not possible to measure the direction of the recoil electron, so
an ambiguity in the reconstruction of the origin of original photon emerged: the origin could
only be reconstructed to a cone. This ambiguity has to be resolved by measuring several photons
from the source and by image reconstruction (details see Chapter 5).

Several of the instrument concepts currently under consideration for an Advanced Compton
Telescope (ACT) (Boggs et al., 2005) will detect more than one Compton interaction per photon
(Figure 1.3 center). From the resulting redundant information the ordering of the interactions
can be retrieved. A detailed discussion of this approach is given in Chapter 4. Representatives
of this group of Compton telescopes are NCT (Boggs et al., 2004), LXeGRIT (Aprile et al.,
2000) or the thick Silicon concept described by (Kurfess et al., 2004).

In contrast to COMPTEL and most ACT concepts, a third group of detectors is capable of
measuring the direction of the recoil electron (Figure 1.3 right). This enables the determination
of the direction of motion of the scattered photon and allows to resolve the origin of the photon
much more accurately: the Compton cone is reduced to a segment of the cone, whose length
depends on the measurement accuracy of the recoil electron. The main representatives of this

Compton e- 

Tracked Compton 

•  Si	Tracker	-	Double	sided	Si	strip	detectors	(DSSDs)	for				
excellent	spectral	resolu&on	and	fine	3-D	posi&on	resolu&on	

•  3D-imaging	Calorimeter -	CsI(Tl)	scin&lla&on	crystals					
readout	by	Si	DriX	Diodes	for	beDer	energy	resolu&on	

•  AnRcoincidence	detector	to	veto	charged-par&cle	induced	
background	⇒	plas&c	scin&llators	readout	by	SiPMs	
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 e-ASTROGAM	design	concept	
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e-ASTROGAM	mission	proposal	
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•  Satellite	pla]orm	-	Thales	Alenia	Space	PROTEUS	
800	(SWOT)	⇒	spacecraX	wet	mass	2.7	tons	

•  Low-Earth	equatorial	orbit	(inclina&on	i	<	2.5°,	
eccentricity	e	<	0.01,	al&tude	550	-	600	km)	for	
op&mal	background	environment	

•  Science	CollaboraRon	-	more	than	400	
collaborators	in	29	countries	

Ariane	6.2	

South	Atlan&c	Anomaly	

Favourably	evaluated	by	ESA’s	Technical	and	ProgrammaRc	
EvaluaRon	Panel,	but	finally	not	selected	for	the	M5	mission	
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6	251	authors,	published	in	Journal	of	High	Energy	
Astrophysics	19	(2018)	1	
1.   The	extreme	extragalacRc	universe:	AGN,	

GRBs,	link	to	new	messengers;	15	papers	
2.   Cosmic-ray	interacRons:	cosmic-ray	origin,	

Fermi	bubbles,	CR	impact	on	ISM;	7	papers	
3.   Fundamental	physics:	dark	maDer	searches,	

Axion,	primordial	black	holes,	baryon	
asymmetry;	15	papers	

4.   Explosive	nucleosynthesis	and	chemical	
evoluRon	of	the	Galaxy:	supernovae,	novae,	
diffuse	radioac&vi&es,	511	keV;	5	papers	

5.   Physics	of	compact	objects:	pulsars,	
magnetars,	pulsar	wind	nebulae,	X-	and	
gamma-ray	binaries;	9	papers	

6.   Solar	and	Earth	Science:	Terrestrial	gamma-
ray	flashes,	solar	flares,	Moon;	5	papers	

7.  Miscellanea:	uniden&fied	gamma-ray	sources,	
gamma-SETI	etc..;	5	papers	

Wide	interest	from	the	scienRfic	community		
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 Gamma-ray	Space	Science	White	Book	
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ESA	Call	for	a	Fast	(F)	Mission	
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•  Call	in	July	2018	for	a	“Fast”	Mission	of	
modest	size	to	be	launched	in	2028	with	the	
ARIEL	M4	Mission	to	an	L2	orbit	

•  F-spacecraX	wet	mass	<	850	-	900	kg	
(depends	on	Ariane	62	performance)	

•  Payload	mass	<	80	kg	(?);	fast	and	reliable	
payload	development	in	3	-	3.5	years;	TRL	6	
required	by	mission	selec&on	(Q1	2020)	

•  Launch	in	a	stacked	configura&on	with	the			
F-spacecraX	structure	used	for	holding	ARIEL	
⇒	highly	non-standard	pla]orm	

•  L2	orbit	(1.5	million	km	from	Earth):		
☹  High	cosmic-ray	background		
☺  	No	occultaRon	by	Earth	

F	Mission	

ARIEL	



		The	MeV	Gamma-Ray	Companion	to	Mul&messenger	Astronomy	
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•  All-Sky	Gamma-ray	Monitor	(0.1	MeV	-	500	MeV)	with							
good	localisaRon	capabili&es	(e.g.	30	arcmin	at	300	MeV)	and	
excellent	sensiRvity	to	polarisaRon	in	the	MeV	domain	

•  Gamma-ray	Imager	(80	kg)	aDached	to	a	deployable	boom					
⇒	conRnuous	coverage	of	almost	the	whole	sky	 	 		 					
⇒	reducRon	of	the	instrument	background	(L2	orbit)	

•  High-TRL	payload	(Tracker,	Calorimeter	and	An&coincidence	
system	based	on	e-ASTROGAM	technology)	

Si Tracker 
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AC system 
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				Monitoring	the	gamma-ray	Universe	
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•  Bright	&	intermediate	flux	transients	(GRBs,	
AGN,	X-ray	binaries,	novae,	Crab	flares...)		
at	different	Rmescales	(seconds	to	weeks)	-	
crucial	to	iden&fy	the	accelera&on	&	
radia&on	processes	

•  ElectromagneRc	counterparts	to	
gravitaRonal	wave	events	-	expected	0.2-6	
NS-NS	mergers	per	year	with	GW	detec&on	

•  IdenRficaRon	of	high-energy	neutrinos	
sources	(e.g.	blazar	TXS	0506+056)		

Sky position of  
IceCube-170922A 
(Science 2018) 

Timeline of GRB 170817A / GW170817 (Abbott et al. 2017) 

All-Sky- 
ASTROGAM 
(Tobs=50 ks) 

Flaring activity of the FSRQ blazar 3C 279 
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 				New	views	of	gamma-ray	bursts	
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•  Unprecedented	gamma-ray	polarimetry									
⇒	GRB	jet	physical	properRes	(B-field),			
energy	dissipa&on	sites,	radia&on			
mechanisms...	
⇒	Test	of	Lorentz	Invariance	ViolaRon	

•  Broad-band	spectroscopy	with	a	single	
instrument	

•  Expected	detecRon	rate:	∼ 100	GRBs	per	year	

10	INTEGRAL/IBIS - GRB 140206A (z = 2.74) 
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Spectral evolution of the short GRB 090510 

Adapted from Ackermann et al. (2010) 
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Nova V407Cyg  
Fermi/LAT > 100 MeV γ-rays 
(Ackermann et al. 2014) 
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 11					Explosive	nucleosynthesis	
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•  Thermonuclear	SNe	-	Detec&on	of	the	early	γ-ray	
emission	before	the	maximum	opRcal	light	is	
fundamental	to	understand	the	nature	of	the		
progenitor	(standard	candles	for	cosmology)	

•  Novae	-	Sky	monitoring	is	essen&al	to	detect	(i)	the	
early	e+-e-	annihilaRon	emission	(before	op&cal	max)		
and	(ii)	the	onset	of	parRcle	acceleraRon	in	shocks		

•  Core-collapse	SNe	-	Determina&on	of	the	ejected	mass	
of	56Ni	is	crucial	to	understand	the	explosion	mechanism	

Figure 1: (Upper left) Gamma-ray spectra for a CO nova of 1.15M⊙ at different epochs after the outburst
(defined as the peak temperature time); d=1kpc. (Upper middle) Same for an ONe nova. (Upper right)
Light curves of the 7Be (478 keV) line, for a CO nova of 1.15M⊙. (Lower left) Light curves of the
22Na (1275 keV) line, for ONe novae of 1.15 and 1.25M⊙ (solid and dotted lines, respectively). Models
with updated nuclear reaction rates (Hernanz & José, Cape Town Nova Conference, 2013). (Lower
middle) Apparent visual magnitudes at maximum, mmax

V , versus distance. Curves represent the mmax
V

vs. distance relationship, for an absolute Mmax
V = −7.5 (typical for novae) and visual extinctions AV = 0

and AV = 3 magnitudes. (Lower right) Histogram of novae distances, with data of novae in the period
1901-1995 (Shafter 1997).

Table 1: SPI 3σ detectability of 7Be (478 keV) and 22Na (1275 keV) lines from classical novae∗

Line (E and ∆E in keV) tobs(Ms) Fmin,hexagonal (ph/cm2/s) d(kpc)

478 (8) 4.0 5.1 × 10−5 0.2 (0.5; see caption)
1275 (20) 4.0 4.6 × 10−5 0.5

∗ Fmin are the fluxes that would give a 3σ detection of the lines, with the quoted observation time,
computed with the Observation Time Estimator for INTEGRAL OTE, fully accounting for the line
widths. Detectability distances correspond to model fluxes 2 × 10−6 ph/cm2/s and 10−5 ph/cm2/s, for
the 478 and 1275 keV lines of typical CO and ONe novae, respectively, at d=1 kpc (see Fig. 1). If
we accept a 478 keV flux larger by a factor of ∼6 (according to ground 7Be observations), then the
detectability distance would increase by a factor of 61/2, yielding 0.5 kpc, as for the 1275 keV line. For
the 5×5 dithering pattern, ∼ 5.7 Ms observation time would be needed, according to OTE.
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ONe nova @ 1 kpc 

SN2014J, day ~18

e-ASTROGAM;  500 ks

SN2014J @ day 18, with 0.04 Msol of 56Ni outside the main ejecta 

© E. Churazov 



Seyfert galaxies 
(Gilli 2007) 

All blazars 
(Giommi &  

Padovani 2015) 

Star-forming galaxies 
(Lacki et al. 2014) 

Radio galaxies 
(Inoue 2011) 

Adapted from Ackermann et al. (2015) 12	

•  Origin	of	the	EGB	in	the	1	-	100	MeV	range?	Constraint	on	dark	maDer	contribu&on		

	All-Sky-ASTROGAM	
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 				Extragalac&c	γ-ray	background	
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•  In	the	era	of	mulR-wavelength	and	mulR-messenger	astronomy,	
crucial	need	for	a	MeV	/	sub-GeV	γ-ray	space	imaging	monitor		

•  All-Sky-ASTROGAM	proposed	for	ESA’s	Fast	mission	and									
selected	for	phase	2	(with	five	other	proposals)		

•  SelecRon	for	a	study	phase	expected	in	summer	2019			

•  All-Sky-ASTROGAM	is	innovaRve	in	many	respects,	but	the	
technology	is	ready	and	reliable	
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 				Conclusions	

V.	TaRscheff	 			12th	INTEGRAL	Conf.	&	1st	AHEAD	Workshop	 	 	Geneva,	Switzerland 											11	-	15		Feb	2019	

13	



Extra	slides	

V.	TaRscheff	 			12th	INTEGRAL	Conf.	&	1st	AHEAD	Workshop	 	 	Geneva,	Switzerland 											11	-	15		Feb	2019	



10
-1

1

10

10 -1 1 10 10 2 10 3 10 4

COMPTEL

All-Sky-ASTROGAM
Compton Pair

Fermi/LAT

Gamma-ray energy (MeV)

A
ng

ul
ar

 r
es

ol
ut

io
n 

(d
eg

re
e)

Cygnus region in the 1 - 3 MeV energy band 
with All-Sky-ASTROGAM PSF (extrapolation 
of the 3FGL source spectra to low energies) 

15	

• Angular	resolu&on	needs	to	be	
improved	close	to	the	physical	limits	
(Doppler	broadening,	nuclear	recoil)	



 Angular	resolu&on	
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