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•  The	MeV	gamma-ray	range	is	the	domain	of	nuclear	spectroscopy	and	is	crucial	
for	mul,-messenger	astronomy	(see	GW170817)	

•  Many	objects	have	their	peak	emissivity	in	this	range	(GRBs,	blazars,	pulsars...)	
•  But	worst	covered	part	of	the	electromagne,c	spectrum	so	far:	a	few	tens	of	

steady	sources	detected	in	0.2	-	30	MeV	versus	5000+	sources	in	Fermi	LAT	4FGL	

Gamma-ray	astrophysics	in	the	MeV	range	
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•  Tracker	-	Double	sided	Si	strip	detectors	(DSSDs)	for	excellent	spectral	resolu,on	
and	fine	3-D	posiUon	resoluUon	

•  Calorimeter -	High-Z	material	for	an	efficient		absorpUon	of	the	scaYered	photons		
	⇒	CsI(Tl)	scinUllators	readout	by	Si	Dri\	Diodes	(e-ASTROGAM)	or	SiPM	(AMEGO)	
	+	CZT	semiconductor	bars	in	the	Low	Energy	Calorimeter	of	AMEGO		

•  An,coincidence	detector	to	veto	charged-parUcle	induced	background	⇒	plasUc	
scinUllators	readout	by	Si	photomulUpliers	
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10 CHAPTER 1. NEW MISSION IN MEDIUM-ENERGY GAMMA-RAY ASTRONOMY

!t

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 e-ASTROGAM	 AMEGO	
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e-ASTROGAM	mission	proposed	in	2016	for	ESA’s	M5	

4	e-ASTROGAM	&	AMEGO	

Radiator 
Platform (Thales 
Alenia Space) 

e-ASTROGAM	

o  e-ASTROGAM Instrument  
•  Tracker: 56 layers of 4 times (4 towers) 5×5 

DSSDs of 500 µm thickness and 240 µm pitch 
•  Calorimeter: 33  856 CsI(Tl) bars of 5×5×80 mm3 

coupled at both ends to Silicon Drift Detectors 
•  An,-coincidence	detector:	segmented	plasUc	
scinUllators	coupled	to	SiPM	by	opUcal	fibers	

o  Orbit - Equatorial (inclination i < 2.5°) low-Earth 
orbit (altitude in the range 550 - 600 km)  

o  Observation modes - (i) zenith-pointing sky-
scanning mode, (ii) nearly inertial pointing, (iii) 
fast repointing  

AMEGO	designed	for	a	NASA	Probe	mission	
(McEnery	et	al.	2019;	Astro2020	Decadal	Survey)	
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o  AMEGO Instrument  
•  Tracker: 60 layers of 4 times (4 towers) 4×4 

DSSDs, 500 µm thickness, 500 µm pitch 
•  Low-Energy Calorimeter: 3040 CZT bars of 

5×5×80 mm3 with a virtual Frisch-grid readout 
•  High-energy Calorimeter: 624 CsI(Tl) bars 

(26×6 layers per tower) of 1.5×1.5×38 cm3 
arranged hodoscopically coupled to SiPMs 

•  An,-coincidence	detector:	5	panels	of	
134×87×1.5 cm3 plasUc	scinUllators	coupled	
to	SiPM	by	wavelength	shi\ing	opUcal	fibers	

o  Orbit - 600 km 6° inclined circular orbit  
o  Observation modes - (i) optimized sky-

scanning mode, (ii) inertial target pointing 

Payload Highly	ranked	by	ESA:	“progress	is	very	likely	on	
the	major	science	topics	of	(a)	processes	associated	
with	extreme	physical	condiAons	[...];	(b)	the	
effects	of	high-energy	parAcles	on	galaxies	and	
galaxy	evoluAon;	and	(c)	the	varieAes	of	stellar	
nucleosynthesis	at	the	ends	of	stellar	lifeAmes”	



•  Proposed	in	2019	as	ESA’s	“Fast”	mission	to	be	launched	in	
2028	with	the	ARIEL	M4	Mission	to	an	L2	orbit	

•  All-Sky	Gamma-ray	Monitor	(0.1	MeV	-	500	MeV)	with	good	
localisa,on	capabiliUes	(e.g.	30	arcmin	at	300	MeV)	and	
excellent	sensi,vity	to	polarisa,on	in	the	MeV	domain	

•  Gamma-ray	Imager	(e-ASTROGAM	technology,	80	kg)	aYached	
to	a	deployable	boom					 	 	 	 	 	 	 	 					
⇒	con,nuous	coverage	of	the	whole	sky	 	 		 													
⇒	reduc,on	of	the	instrument	background	(L2	orbit)	

•  One	of	the	last	3	compe,ng	missions,	but	finally	not	selected	

All-Sky-ASTROGAM	 5	
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Calorimeter 

AC system 

Si Tracker 
30-MeV pair event 

Scientific payload 

Deployable 
boom 

Platform 

The MeV Gamma-Ray Companion 
to Multimessenger Astronomy 



•  Unprecedented	gamma-ray	polarimetry		 					
for	several	tens	of	GRBs	per	year																												
⇒	GRB	jet	physical	proper,es	(B-field),	energy	
dissipaUon	sites,	radiaUon	mechanisms...	
⇒	Test	of	Lorentz	Invariance	Viola,on										
(using	vacuum	birefringence)	

•  Broad-band	spectroscopy	with	a	single	
instrument	

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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GRB 140206A with All-Sky-ASTROGAM 

6	All-Sky-ASTROGAM	and	Gamma-Ray	Bursts	
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AMEGO	&	e-ASTROGAM	perspec,ves		

•  AMEGO-X:	smaller	version	of	AMEGO	for	submission	
to	the	upcoming	MidEx	call	in	2021,	focusing	on	
conUnuum	flux	sensiUvity	for	mul,messenger	
astrophysics	(degraded	narrow-line	sensiUvity	-	COSI	-	
and	polarizaUon	capabiliUes	-	LEAP)	
⇒  Tracker:	40	layers	of	DSSDs	(60	in	AMEGO)	
⇒  No	Low-Energy	CZT	Calorimeter	
⇒  High-Energy	Calorimeter:	4	layers	of	CsI(Tl)										

(6	in	AMEGO)	

•  European/Russian	collabora,on	for	e-ASTROGAM	(project	builds	on	the	success	
of	the	partnership	set	up	for	the	INTEGRAL	mission)	
⇒  Russia:	launch	(Proton	rocket)	
⇒  Russia:	satellite	plahorm	(NPO	Lavochkin)	similar	to	that	of	the	SRG	mission	

(payload	mass:	1	210	kg;	launch	mass:	2	712	kg)	
⇒  ESA	+	Ioffe	InsUtute	&	IKI:	development	of	the	gamma-ray	telescope	
⇒  European	&	Russian	scienUsts:	science	program	and	data	analysis	

Spectrum-
Roentgen-
Gamma 
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AMEGO	Compton	prototype		

•  Pre-Covid	Umeline	(as	in	Feb	26,	2020,	©	Regina	Caputo):	

2YHUYLHZ

�

7UDFNHU��*6)&�/$1/���a���OD\HUV�GRXEOH�VLGHG�VLOLFRQ�
VWULS�GHWHFWRUV�����[����FP�ZDIHUV��
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0HDVXUHV�;��<�SRVLWLRQ�DQG�GHSRVLWHG�HQHUJ\

&=7�&DORULPHWHU��*6)&�%1/����[��DUUD\�RI�&=7�EDUV�
PDNH�VLQJOH�FUDWH��GHWHFWRU�KDV��[��FUDWHV��
���[���[��FP�EDUV
0HDVXUHV��'�SRVLWLRQ�DQG�HQHUJ\�RI�VFDWWHUHG�SKRWRQ�

&V,�7O��&DORULPHWHU��15/�����OD\HUV�RI�&V,�7O��ORJV����
ORJV�SHU�OD\HU�����[���[�����FP�&V,�7O��FU\VWDOV
0HDVXUHV�HQHUJ\��FRDUVH�SRVLWLRQ��RI�LQFLGHQW�SKRWRQ�

$QWL�&RLQFLGHQFH�'HWHFWRU��$&'���*6)&���SODVWLF�
VFLQWLOODWRU�ZKLFK�FRYHUV�WKH�WUDFNHU��9HWRHV�FKDUJHG�
SDUWLFOHV

-	Tracker	(GSFC/LANL):	~10	layers	of	4x4	DSSDs	(?),	
9.5x9.5	cm2	wafers	(Micron	Semiconductors	TTT13)	

-	CZT	Calorimeter	(GSFC/BNL):	16	crates	of	4x4	CZT	
bars,	0.6x0.6x2	cm3		

-	CsI(Tl)	Calorimeter	(NRL):	4	layers	of	6	CsI(Tl)	logs,	
1.7x1.7x10.0	cm3,	readout	by	(SensL	J-series)	SiPMs	

-	An,-Coincidence	Detector	(ACD)	(GSFC):	plasUc	
scinUllators	covering	the	tracker	
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•  In-orbit	demonstraUon	of	a	game-changing	GRB	polarimeter	based	on	 	 	 				
e-ASTROGAM/AMEGO	technologies		

•  AHEAD2020/WP11.2:	1U	prototype	to	be	tested	in	a	balloon	flight	(HEMERA)	

COMCUBE:	Compton	Telescope	CubeSat	Prototype		

Si DSSD 

Scintillation 
module 

On-Board 
Processor 

Example	of	1U	COMCUBE	

CeBr3 
modules 

2 layers of 
2×2 DSSDs 

10 cm 
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Calorimeter	module	(IJCLab)	

Calorimeter	
module	(UCD)	

Si	DSSD	(FBK	-	INFN)	

Si	DSSD	(CEA)	

Si	DSSD	
(IJCLab)	

V.	Ta,scheff	 	 				Coimbra	AHEAD2020	Progress	Mee,ng	on	Space	Experiments 	 					1-2	October	2020	

R&Ds	relevant	to	COMCUBE	development 		

CubeSat	with	Taiwan	/	P.	Laurent	

EIRSAT-1,	GIFTS		
M.	Doyle	/	D.	
Murphy	/	A.	Uliyanov	

A.	Morselli	/	V.	Vitale	
ComptonCAM	(nuclear	industry)	
N.	De	Séréville	/	A.	Laviron	
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COMCUBE	as	a	GRB	polarimeter	

Alexey	Uliyanov	
This	workshop	

BurstCube	
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20	cm	

20	cm	

•  6U	spacecrae	(like	BurstCube)	
• Mass	of	acUve	material:	2.2	kg														
(CeBr3	2.08	kg,	DSSD	130	g)	

•  Number	of	electronic	channels:								
CeBr3	768	(64x12),	DSSD	512	(8x32x2)	

•  Photoelectric	effecUve	area:	~200	cm2	
at	~100	keV	similar	to	that	of	CAMELOT	

•  GRB	detecUon	rate	of	CAMELOT	
(Werner	et	al.	2018):	~300	GRBs	per	
year	with	9	satellites	(all-sky	coverage)	

•  PolarizaUon	measurements:	assuming			
4	(16)	satellites	in	orbit:		
	~10	(30)	GRBs/yr	detected	with	
	MDP99<40%	
 ~5	(20)	GRBs/yr	detected	with	
	MDP99<30%	
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