
H energy spectrum is ∼15 times that of the peak intensity of H
at 1 AU.

The V1 GCR H/He ratios in the LISM in three energy intervals
are shown in Table 2. The ratio is essentially energy independent
from 3–346MeV nuc−1 (see green line in left panel of the
Figure 3) with an average value of 12.2 ± 0.9. We note that such
an energy-independent ratio would not be expected in the energy
region of the peak intensities if the particles were being subjected
to rigidity-dependent solar modulation.

Figure 3. Top row: differential energy spectra of H (left) and He (right) from V1 for the period 2012/342–2015/181, and solar-modulated spectra at 1 AU from a
BESS balloon flight in 1997 (Shikaze et al. 2007) and from IMP8 in the latter part of 1996 (McDonald 1998). The three different symbols for the V1 data correspond
to different telescope types described in the Appendix. All data are plotted with their statistical and systematic uncertainties added in quadrature. Also shown are
estimated spectra in the LISM from a leaky-box model and three GALPROP models as described in the text. Middle row: ratio of model intensities to V1 observations
below ∼600 MeV nuc−1 and to BESS observations above ∼10 GeV nuc−1. Bottom row: ratio of models to GALPROP DR model. Note that for H and He, the
GALPROP PD1 and PD2 models are essentially identical. Data analysis techniques used to derive the Voyager data are described in the Appendix and the Voyager
data are listed in Tables 7 and 8.

Table 2
Ratios of GCR H to He from V1 for the Period 2012/342–2015/181

Energy Range, MeV H/He ratio

3.0–7.7 12.2 ± 0.9
7.7–56 12.0 ± 0.9
134–346 12.3 ± 0.9

Note. Uncertainties are statistical and 5% point-to-point systematic added in
quadrature.
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A	la	recherche	des	rayons	cosmiques	de	basse	énergie	
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Vincent	Ta*scheff	(CSNSM,	Orsay)	

Voyager	1	probe	(Cummings	et	al.	2016)	
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Model	fiFng	to	Voyager	1	data	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	
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!  Leaky	box	model:	
•  Source	spectra:	power		laws	in	rigidity	
•  Non	standard	path	length	∝	β3/2	at	low	rigidiEes		

!  GALPROP	models:	
•  Diffusive	ReacceleraEon	&	
Plain	Diffusion	models	

•  Source	spectra:	double	
broken	power	laws	in	
rigidity	(two	breaks)	

•  SpaEal	diffusion	coefficient:	
broken	power	law	in	rigidity	

•  More	than	20	free	
parameters	per	model									
(≠	for	p,	α	and	Z	>2)!	

Cummings	et	al.(	2016)	



•  CR	path	length	from	Jones	et	al.	(2001)	(disk-halo	diffusion	≡	leaky-box	model)	
•  Fits	to	AMS-02	data	with	a	power-law	in	momentum	per	nucleon:	qh.e.=4.3 
•  Break	for	all	species	Ebreak = 200 MeV/nucleon,	with:	ql.e.=3.75 for	H-He,	3.0	for	CNO	
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New	fits	to	Voyager	1	and	AMS-02	data	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

VT	&	Gabici	(2018)	
Ann.	Rev.	Nucl.	Part.	Sci.	
arXiv:1803.01794	



!  Isolated	supernova	remnants:	
•  During	the	Sedov	phase,	the	spectrum	of	escaping	parEcle	has	the	

same	shape	than	that	found	at	SNR	shock	
•  At	the	end	of	the	Sedov	phase,	hardening	of	the	spectrum	below	

Ebreak=Emax(trad)	due	to	(i)	the	radiaEve	energy	losses,	(ii)	the	increase	of	
the	shock	compression	factor,	(iii)	the	decline	of	the	acceleraEon	
efficiency,	(iv)	the	Coulomb	losses	of	the	CRs	trapped	in	the	SNR	

!  Cosmic-ray	acceleraJon	in	superbubbles:	
•  At	high	energies,	diffusive	shock	acceleraEon	at	individual	SNRs	
•  Hardening	of	the	spectrum	at	low	energies	due	to	the	diffusion	of	CRs	
through	mulEple	shocks	(see	Bykov	&	Fleishman	1992)	

⇒  	f0(p) ∝ p-q with q = 3 (i.e. Q(E) ∝ E-1) when Pesc →	0 

The picture described above fails to provide a good working framework when the velocity

of the accelerated particle v is comparable to or smaller than the shock speed. At such low

particle energies the main issue is to understand how thermal particles advected into the

shock can gain a su�cient amount of energy to enter (or be injected into) the acceleration

mechanism. A discussion of the injection problem goes beyond the scope of this review,

and the interested reader is referred to (38) for further details.

Consider now an infinite and plane shock that propagates at a constant speed us. It is

convenient to move to the rest frame of the shock, where the upstream fluid enters the shock

with a constant velocity u1 = us, and the downstream one is carried away at u2 = us/r.

Here, r is the shock compression factor, that for a shock propagating in a monoatomic gas

is related to the shock Mach number M as r = 4M2
/(M2 + 3). The compression factor is

equal to 4 for strong (large Mach number) shocks, and smaller than that for weak ones.

The essence of the physics of di↵usive shock acceleration can be easily grasped after

recalling that the acceleration proceeds due to repeated cycles of a CR around the shock.

It has been shown in (39) that after each cycle the momentum of a particle is increased

by a small amount pi+1 = pi(1 + �acc) with �acc = 2(u1 � u2)/3v ⌧ 1, and that the

particle undergoing acceleration has a small probability Pesc = 4u2/v ⌧ 1 per cycle to

be advected downstream and leave the system. Therefore, the number of particles that

performed at least k cycles, and then reached a momentum larger than p = p0(1 + �acc)
k

is 4⇡p2f0(> p) ⇠ (1� Pesc)
k. After eliminating k and di↵erentiating with respect to p one

gets the power law solution:

f0(p) =
q Q0

4⇡p3injus

✓
p

pinj

◆�q

where q = 3 +
Pesc

�acc
=

3r
r � 1

1.

In deriving Equation 1 it was assumed that particles of momentum pinj are injected into the

acceleration mechanism at a rate per unit shock surface equal to Q0. It is a truly remarkable

fact that Equation 1 does not depend on the properties of CR transport at shocks (e.g. the

particle di↵usion coe�cient), but on the shock compression only. Moreover, a universal

solution f0(p) / p

�4 is obtained in the strong shock limit (r = 4).

The solution given by Equation 1 has been obtained by treating CRs as test particles,

i.e., no reaction of the accelerated CRs onto the shock structure was considered. In fact, this

approximation is questionable, because at least two kinds of non-linearities may enter the

problem. First of all, under many (realistic) circumstances, the pressure of CRs cannot be

neglected, and this leads to a modification of the shock structure that tends to increase the

compression of the gas beyond r = 4 (40). Second, the streaming of CRs ahead of the shock

leads to a plasma instability, called streaming instability, that excites magnetic turbulence,

enhances the scattering of CRs, and may even significantly amplify the magnetic field

strength at shocks (41). If these non-linearities are taken into account, deviations from the

solution reported in Equation 1 are found. However, according to state-of-the-art models,

the combined e↵ect of shock modification and magnetic field amplification leads to spectra

of accelerated CRs which are still remarkably close to power laws. More specifically, spectral

slopes predicted by non-linear models are found to be slightly steeper than the canonical

value q = 4 for strong shocks (42). These theoretical studies were prompted by the detection

of several SNRs in gamma rays. These data seem to indicate that CR are accelerated at

these objects with spectra steeper than p

�4 (33).

www.annualreviews.org
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Light element production by cosmic rays 5

Spectrum	of	CRs	released	in	the	ISM	
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•  Oxygen	is	a	be]er	indicator	of	Be	nucleosynthesis	(CNO	spallaEon)	than	Fe	
•  Primary	Be	producEon	up	to	[O/H]	~ -0.5,	i.e.	during	the	GalacEc	halo	phase	
•  With	the	best	fit	raEo	Be/O	=	1.0	x	10-8	and	the	mean	O	yield	of	1.2 Msol per	
core-collapse	SN:	QBe ~ 1048 atoms	per	SN	in	the	early	Galaxy		

•  With	current-epoch	GCR	(compo.	+	Voyager	spect.):	QBe /W ~ 10-2 Be/erg	
•  Required	CR	energeJcs	with	present	GCR:		WSN ~ 1050 erg	per	SN	
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Be	evoluJon	and	cosmic-ray	origin	
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VT	&	Gabici	(2018)	



•  In	the	early	Galaxy,	Be	was	mainly	produced	by	spallaEon	of	fast	CNO	that	
were	much	more	abundant	in	the	GCR	than	in	the	average	ISM	at	that	Eme	

•  In	the	superbubble	model,	CRs	are	accelerated	out	of	a	mix	of	fresh	ejecta	
from	massive	stars	/	SNe	with	average	ISM	material	(fmix ~ 20% according	to	
Lingenfelter	&	Higdon	2007;	Binns	et	al.	2008;	Murphy	et	al.	2016)	
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io •  The	superbubble	model	could	

explain	the	observed	Be/O	
raEo	if	(i)	the	GCRs	were	more	
confined	in	the	halo	phase	of	
the	Milky	Way	(closed-Galaxy	
model)	and	(ii)		fmix > ~ 15% 

•  But	it	cannot	explain	the	GCR	
22Ne	/	20Ne	raEo	of	(5.3	±	0.3)	
Emes	solar	(Prantzos	2012)	

Cosmic-ray	acceleraJon	in	superbubbles?	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

VT	&	Gabici	(2018)	
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8	Low-energy	cosmic	rays	in	the	ISM		
•  ProducEon	of	Be	by	a	disEnct	component	of	low-energy	cosmic	rays?	

•  Voyager	1	measurements	of	LECR	spectra	down	to	3	MeV	nucleon-1	
⇒  CR	ioni.	rate:	ζH = (1.51 - 1.64) × 10-17 s-1,		

H energy spectrum is ∼15 times that of the peak intensity of H
at 1 AU.

The V1 GCR H/He ratios in the LISM in three energy intervals
are shown in Table 2. The ratio is essentially energy independent
from 3–346MeV nuc−1 (see green line in left panel of the
Figure 3) with an average value of 12.2 ± 0.9. We note that such
an energy-independent ratio would not be expected in the energy
region of the peak intensities if the particles were being subjected
to rigidity-dependent solar modulation.

Figure 3. Top row: differential energy spectra of H (left) and He (right) from V1 for the period 2012/342–2015/181, and solar-modulated spectra at 1 AU from a
BESS balloon flight in 1997 (Shikaze et al. 2007) and from IMP8 in the latter part of 1996 (McDonald 1998). The three different symbols for the V1 data correspond
to different telescope types described in the Appendix. All data are plotted with their statistical and systematic uncertainties added in quadrature. Also shown are
estimated spectra in the LISM from a leaky-box model and three GALPROP models as described in the text. Middle row: ratio of model intensities to V1 observations
below ∼600 MeV nuc−1 and to BESS observations above ∼10 GeV nuc−1. Bottom row: ratio of models to GALPROP DR model. Note that for H and He, the
GALPROP PD1 and PD2 models are essentially identical. Data analysis techniques used to derive the Voyager data are described in the Appendix and the Voyager
data are listed in Tables 7 and 8.

Table 2
Ratios of GCR H to He from V1 for the Period 2012/342–2015/181

Energy Range, MeV H/He ratio

3.0–7.7 12.2 ± 0.9
7.7–56 12.0 ± 0.9
134–346 12.3 ± 0.9

Note. Uncertainties are statistical and 5% point-to-point systematic added in
quadrature.

3
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	a	factor	>10	lower	than	the	mean	CR	
ionizaEon	rate	measured	in	diffuse	
clouds,	ζH = 1.78 × 10-16 s-1 (Indriolo	
et	al.	2015,	Neufeld	et	al.	2017)	

•  H3
+	observaEons	show	that	the	

density	of	LECRs	strongly	varies	from	
one	region	to	another	in	the	Galaxy	

⇒  Other	sources	of	LECRs	(<	1	GeV/N)	
besides	SNRs?	

Cummings	et	al.	(2016)	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	
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• ConEnuum:	Inverse	Bremsstrahlung	(+	Bremsstrahlung	from	secondary	e-)	

• Narrow	lines:	collisional	inner-shell	ionizaEon	

	

• Broad	lines:	charge	exchange	

⇒ Generic,	steady-sate,	slab	models	 	 	 	 	 	 	 	 	 											
for	CR	ions	and	e-	in	XSPEC	 	 	 	 	 	 	 	 	 	 	 										
(VT	et	al.	1998,	2012)	

10	
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Target	atom	2s	
2p	
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V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

Non-thermal	X-ray	emission	



Contrary	to	e-,	
LECR	protons	
can	produce	

large	EW	of	the	
6.4	keV	line	for	
sos	source	
spectra	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

6.4	keV	line	from	LECR	protons	/	electrons	



12	6.4	keV	line	from	supernova	remnants	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

	Nobukawa	et	al.	(2018,	ApJ	854:87)	
•  From	Suzaku	archive,	Fe	I	Kα	line	found	in	
five	SNRs	interacEng	with	molecular	clouds:	
W28,	Kes	67,	Kes	69,	Kes	78	and	W44	

•  Spectra	and	morphologies	suggest	the	line		
is	produced	by	LECRp,	with	an	esEmated	
proton	energy	density	>	10	-	100	eV	cm-3		

•  Should	be	checked	with	XMM-Newton	
~	

W44 (0.5 - 2 keV) W44 (6.2 - 6.5 keV) 

Stacked spectra 

EW=1.0-0.4
+0.7 keV 

Fermi/LAT	



13	γ-ray	line	spectrum	from	energeJc	collisions		

hν	

p 12C 12C* 

12C p 
hν	

12C* •  Narrow	lines:	e.g.	12C(p,p')12C*
4,439, 12C(p,2pn)10B*

0,718 

•  Broad	lines:	e.g.	1H(12C,12C*
4.439)1H     

• 	α-α	line:	4He(α,n)7Be*
0,429 and 4He(α,p)7Li*

0,478 

+ 	the	511	keV	line	(not	shown)	
V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	

(VT	&	Kiener	2004)	
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14	Nuclear	excitaJon	cross	secJons	
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FIG. 1: (Color online) Cross section as a fonction of laboratory proton energy for emission of the

4.438-MeV � ray in proton inelastic scattering o↵ 12C. Black dots connected with the black line are

the data of Dyer et al. [30], small black squares the data of the Orsay-1997 experiment [22]. Larger

squares indicate Orsay data where line shapes are available: green for the 1997- and blue for the

2002-experiment [21]. The data point at 15.15 MeV does not figure in ref. [22]. Its large error bar

reflects the uncertainty of the contribution of reactions with 16O present in the collodion target.

Vertical lines indicate the position of 13N states in the range E
x

= 6.5 - 18 MeV with known spin

and parity. Broad hatched lines indicate states with either large uncertainties on the excitation

energy (>100 keV or uncertainty not quoted) or very large widths (>1 MeV) (values taken from

NuDat at NNDC ref. [31]).

23

12C(p,p’γ)12C 
Eγ = 4.438 MeV 
(Kiener 2018) 

Beam 

Tandem VdG of IPN Orsay 
  13N 

•  InelasEc	nuclear	collisions:	p,	α	+	He,	C,	O,	Ne…,	Fe	
• Orsay	experiments	(+TALYS	and	EMPIRE):	82	lines	in			
p	reacEons,	73	lines	in	α	reacEons	(Kiener	et	al.	2012)	

•  Data	evaluaEon	and	compilaEon:	Murphy	et	al.	(2009)	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	
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15	Gamma-ray	lines	from	LECRs	-	PredicJon	
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•  Benhabiles-Mezhoud	et	al.	(2013):	CR	spectrum	with	a	low-energy	component	
accounEng	for	the	observed	mean	CR	ionizaJon	rate	and	the	Fermi-LAT	
data	(i.e.	independent	of	the	ambient	medium	column	density)	
⇒  Predicted	fluxes	from	the	inner	Galaxy	(|l| ≤ 80°; |b| ≤ 8°):	

Fγ(4.4 MeV) = (0.1 - 2.0) × 10-5 cm-2 s-1; Fγ(3 - 8 MeV) = (0.3 - 2.1) × 10-4 cm-2 s-1 
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•  ESA	M5	proposal	

•  Passed	the	technical	
down-selecEon	to	13	
best	candidates		

•  3	missions	to	be	
selected	for	a	phase	A	
(decision	next	May)	

•  Launch	in	2030...		



•  Worst	covered	part	of	the	electromagneEc	spectrum	(only	a	few	tens	of	steady	
sources	detected	so	far	between	0.2	and	30	MeV)	

•  Many	objects	have	peak	emissivity	in	this	range	(GRBs,	FSRQs,	some	pulsars...)	

17	The	MeV/sub-GeV	γ-ray	astronomy	domain	
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e-ASTROGAM	simulaEon	

ScienJfic	requirements	for	a	new	γ-ray	mission	18	

1.  Broad	spectral	range	(∼ 100	keV	-	few	GeV)	with	excellent	sensiEvity	in	the	
1-30	MeV	energy	domain	(be]er	than	CGRO/COMPTEL	by	a	factor	of	50	-	100)	

2.  Gamma-ray	polarizaEon	for	both	transient	and	steady	sources	
3.  Improve	angular	resoluEon	close	to	the	physical	limit	(Doppler	broadening)	
4.  Large	field	of	view	(e.g.	∼	2.5	sr)	for	an	efficient	monitoring	of	the	γ-ray	sky	
5.  Sub-millisecond	trigger	and	alert	capability	for	transients	(e.g.	GW	events)	

V.	TaJscheff	 	 	 	Atelier	CFRCOS 	 	 	 	APC,	Paris 	 	 	 	26-28	mars	2018	



1.   Extreme	extragalacJc	Universe	(acEve	galacEc	nuclei,	gamma-
ray	bursts)	and	the	link	to	new	messenger	astronomies	
(gravitaEonal	waves,	neutrinos,	ultra-high	energy	cosmic	rays)	

2.  Origin	&	impact	of	cosmic-ray	parJcles	on	Galaxy	evoluJon	

3.   Supernovae,	nucleosynthesis	&	cosmic	evoluJon	of	ma]er	

V.	TaJscheff	 	 	Probing	quantum	spaceJme:	the	CTA	era	and	beyond 	 			LPNHE 										29	-	30	Nov	2017	

e-ASTROGAM:	Core	science	moJvaJon	 19	



•  Tracker	-	Double	sided	Si	strip	detectors	(DSSDs)	for	excellent	spectral	resoluEon	
and	fine	3-D	posiEon	resoluEon	

•  Calorimeter -	High-Z	material	for	an	efficient		absorpEon	of	the	sca]ered	photon	
⇒	CsI(Tl)	scinEllaEon	crystals	readout	by	Si	Dris	Diodes	for	be]er	energy	resoluEon	

•  AnJcoincidence	detector	to	veto	charged-parEcle	induced	background	⇒	plasEc	
scinEllators	readout	by	Si	photomulEpliers	

θ

γ
γ

e+ e- 

Pair event 
Compton event 

AC system 

Si Tracker 

Calorimeter 

γ	

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 

20	Compton	and	pair-creaJon	telescope	
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Radiator 
Solar panel 

•  Plahorm	-	Thales	Alenia	Space	
PROTEUS	800	(SWOT	CNES/NASA)		

•  Orbit	-	Equatorial	(inclinaEon	i	<	2.5°,	
eccentricity	e	<	0.01)	low-Earth	orbit	
(alEtude	in	the	range	550	-	600	km)		

•  Launcher	-	Ariane	6.2	
•  ObservaJon	modes	-	(i)	zenith-poinEng	
sky-scanning	mode,	(ii)	nearly	inerEal	
poinEng,	and	(iii)	fast	repoinEng	to	
avoid	the	Earth	in	the	field	of	view	

•  In-orbit	operaJon	-	3	years	duraEon	+	
provisions	for	a	2+	year	extension	

Background	environment	in	an	ELEO		
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21	e-ASTROGAM	satellite	and	mission	profile	
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22	e-ASTROGAM	performance	

E 
(keV) 

FWHM 
(keV) Origin SPI sensitivity 

(ph cm-2 s-1) 

e-ASTROGAM 
sensitivity  

(ph cm-2 s-1) 

Improvement 
factor 

511 1.3 
Narrow line component of the 

e+/e- annihilation radiation from 
the Galactic center region 

5.2 × 10-5 4.1 × 10-6 13 

847 35 56Co line from thermonuclear SN 2.3 × 10-4 3.5 × 10-6 66 

1157 15 
44Ti line from core-collapse SN 

remnants 9.6 × 10-5 3.6 × 10-6 27 

1275 20 
22Na line from classical novae of 

the ONe type 1.1 × 10-4 3.8 × 10-6 29 

2223 20 Neutron capture line from 
accreting neutron stars 1.1 × 10-4 2.1 × 10-6 52 

4438 100 
12C line produced by low-energy 

Galactic cosmic-ray in the 
interstellar medium 

1.1 × 10-4 1.7 × 10-6 65 
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23	

• More	than	400	collaborators		from	insEtuEons	in	29	countries	
•  Lead	proposer:	A.	De	Angelis	(INFN,	It.);	Co-lead	proposer:	VT	(CNRS,	Fr.)		
•  Instrument	paper:	Exp.	Astronomy	2017,	44,	25	-	h]ps://arxiv.org/abs/1611.02232	
•  Science	White	Book	(245	authors;	216	pages),	see	h]ps://arxiv.org/abs/1711.01265	

23	e-ASTROGAM	CollaboraJon	
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