
* -» FlZI-o IZ1< 

COMMISSARIAT A L'ENERGIE ATOMIQUE 

CENTRE D'ETUDES NUCLEAIRES DE SACLAY 
Service de Documentation 

F91191 GIF SUR YVETTE CEDEX 

CEA-CONF- - 8791 

L9 

GAMMA-RAY-LINE ASTRONOMY : THE CASE OF 2 6 A 1 

PRANTZOS, N. CEA CEN Soclay. 91-Gif-sut-Yvette (France). 
IRF 

Communication présentée à : 2 . IAP Meeting on nuclear astrophysics 
Paris (France) 
7-11 Jul 1986 



GAMMA-RAY LINE ASTRONOMY: 

THE CASE OF W A 1 

Nikos PRANTZOS 

Service d' Astrophysique, C E N Saclay 
91191 - Gif sur Yvette, France 

and 

Institut d' Astrophysique de Paris 
98 bis, Bd. Arago, 75014 Paris, France 

A B S T R A C T 

The recent detection of the 1.8 MeV line in the galactic plane, attributed to the decay of ~ 
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of l e Al in the Galaxy, with an emphasis on the role of massive, mass losing stars. 
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Introduction 

Gamma-ray lines are the signature of nuclear processes that may take place in various astro-
physical sites. Because of their greater penetration they can be observed from regions from which 
lines in other wavelengths cannot. The principal processes for 7-ray line emission in the energy 
range 100 keV - 10 MeV are: 

- nuclear deexcitation: nuclei may be excited directly from inelastic scattering ( l , C(p,p' ) l , C*); 
indirectly from spallation reactions leaving the spalled nucleus in an excited state ( 1 4 0 ( p , p a ) 1 , C ) ; 
radioactive decay in levels other than the ground state (e.g. l2N(0+)llC*); or, from radiative 
capture, if the resulting compound nucleus is formed in an excited state (e.g. 5 8Fe(n,-y)). 

- electron—positron annihilation: positrons may be produced by /7-decay of radionuclei, pion 
decay, or through various e ~ - e + pair production mecanisms in high energy interactions. The 
subsequent e ~ - e + annihilation can be either direct (with the emission of 2 7-ray photons of energy 
E 7 = 511 keV each), or through positronium formation (at low temperatures: T<10* K). In the 
second case, the annihilation is made either in the ortho-(>tn«(e() state (with the emission of 2 
photons of 511 keV again), or in the para-((rtp/e() state (with the emission of 3 photons in the 
0-511 keV continuum); 

- quantized cyclotron emission, due to electronic transitions between discrete energy levels 
(Landau levels), perpendicularly to strong magnetic fields ( B ~ 1 0 u Gauss, that is near neutron star 
surfaces). Line emission is obtained in the hard X-ray region in this case. 

Up to now, 7-ray lines have been observed in several astrophysical sites (see e.g. Ramaty and 
Lingenfelter 1985, for a review): 

-solar flares (the 511 keV line, as well as nuclear deexcitation lines due essentially to radiative 
neutron captures on H, C and O); 

-compact objects (cyclotron lines in 7-ray bursters and X-ray pulsars and the 511 keV line in 
7-ray bursters); 

- the peculiar object SS433 (blueshifted deexcitation lines of "Mg* and I e O*); and 
- the interstellar medium (ISM), where the 511 keV line and the 1.8 MeV line due to the decay 

of , e A l have been detected towards the galactic center (GC) region. 

Many more 7-ray lines are predicted to be produced by high-energy reactions in the ISM (e.g. 
Ramaty el al. 1979) and as a result of explosive nucleosynthesis in various astrophysical sites (e.g. 
Clayton and Hoyle 1974, 1976; Clayton 1975). 

The relationship between 7-ray line astronomy and explosive nucleosynthesis has been reviewed 
by Clayton (1982), with a particular emphasis on the importance of short lived radioactive species 
(e.g. $ a Ni , 5 a C o , "Co, "Na) as a probe of supernova dynamics. 

Since then, the 1.8 MeV line from the decay of I 0 AI has been detected in the ISM and the subject 
has received a new impetus, because of its paramount importance: indeed, the presence in the ISM 
of a nucleus with an intermediate half-life of a million years or so (that is, very short compared 
to the time-scale of galactic chemical evolution) is a confirmation of current nucleosynthesis in 
the Galaxy and offers an opportunity of direct comparison between nucleosynthesis theories and 
observational data (Fowler 1984). That is why "AI, which can be produced in substantial amounts 
in various astrophysical sites, has been proposed as early as 1977 (Ramaty and Lingenfelter 1977), 
as an interesting candidate for 7-ray line astronomy. Its subsequent detection in the ISM came as 
no surprise, but the origin of the emission discovered by Mahoney et al. (1982) is not clear as yet. 



In this paper we summarize the observational data concerning the 1.8 MeV emission in the 
galactic plane (sec. I), we review the various astrophysical sources of 2 , Al that have been proposed 
up to now (sec. II), and we present in some detail our "best-candidate*: massive, mass losing stars 
(sec. HI) 

I. The observations 

3 6AI is a radioactive nucleus with a half-life of r J 6 ~ 7.4 10 s years. It decays into an excited 
state of 2*Mg* by positron emission (in 82% of the cases) or electron capture (18%), the excitation 
energy being emitted as 1.801 MeV (97%) and 1.17 MeV (3%) 7-ray photons. 

The 1.801 MeV line due to the decay of AI has been detected in the ISM by 3 different 
experiments up to now: the HEAO satellite (Mahoney et al. 1982, 1984), the SMM satellite (Share 
et al. 1985), and a recent balloon experiment (Balmoos et ai. 1986). 

The T r a y experiment on board of the HEAO satellite consists of four pure Ge detectors with an 
energy resolution of 3.3 keV (FWHM) and a field of view of 42" at 1.8 MeV. The angular response 
of the instrument is very broad above a few hundred keV. The measured width of the 1.8 MeV line 
( FWHM < 3 keV; Fig. 1) implies velocity dispersions of the emitting 2*AI atoms (aw than 250 km 
s~', a limit compatible with emission from the ISM. Assuming that the line emission has the same 
longitudinal profile as the high energy (50 MeV < E < 5000 MeV) -y-rays detected by the COS-B 
satellite (Mayer-Hasselwander et al. 1982; Fig. 2), Mahoney et al. (1984) derived a T-ray flux F 
= 4.8±0.7 10~4 photons cm"' s~ 2 rad - 1 toward the GC region. In that case the coresponding 
galactic 7-ray emissivity Q (in photons s - 1 ) is related to the flux by : F = 1 10~4* Q (Higdon and 
Lingenfeiter 1976). This implies that N J 9 ~ 10 s 6 nuclei or M î 6 ~3 M© of 2 eAI are currently present 
in the ISM, assuming equilibrium between its production and decay rates (e.g. Q ~ dNj«/dt ~ 
N,«/r„). 

This discovery was subsequently confirmed by the SMM experiment (Share et al. 1985), which 
detected the line at the 10a confidence level and confirmed its observed parameters (e.g. energy and 
width, as well as flux: F = 4.±0.4 W~* photons cm"' s _ 1 rad - 1 , if the COS-B distribution is again 
assumed). The data is consistent with a source centered at the GC and a galactic center/anticenter 
intensity ratio > 2.5, but the longitudinal flux distribution cannot be derrived because of the poor 
angular resolution ( ~130") of the experiment. 

As recently reported (Balmoos et al. 1986, Weber et al. 1986), a balloon borne experiment 
equipped with a Compton telescope detected the 1.8 MeV line at the 4.5a level and localised it 
within 10" of the GC. According to the authors the data does not exclude a diffuse galactic emission, 
but it is more consistent with a point source located at the GC. Ir that case, the detected flux ( F 
= 6.7±2.7 10~* photons c m - 2 s~' for a point source ) implies the existence of 5±2 M 0 of 2 e Al in 
the GC region. However, in the case of an extended source following the COS-B profile, the derived 
flux ( F = 21±8.4 10~4 photons cm' 2 s - 1 rad' 1) is higher than both the HEAO and SMM fluxes 
by a factor of 5. This baloon observation is clearly in contradiction with both satellite experiments. 

Obviously, the precise determination of the flux profile is of crucial importance for the deter
mination of the nature of the source (see below). 
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Figure 1 

The 7-ray line of "AI at 1-8 MeV, detected by the HEAO satellite in the galactic plane 
(Makoney et al. 1984). 
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Figure 2 

Longitude profile in the galactic plane of the high energy gamma-rays (50 MeV - 5000 MeV), 
aa detected by the COS-B satellite. This profile was used for the original data analysis of Mahoney 
et ai (1984). 



II. The nucleosynthesis of 2 0 A I 

2 0 A l can be synthesized in astrophysical sites, either during quiet burning phases of stellar 
evolution (e.g. massive main sequence stars, red giants), or in explosive burning (e.g. supernovae, 
novae). The different temperature and density regimes of the corresponding astrophysical sites 
imply different modes for the production and destruction of this radioactive nucleus: 

— at low temperatures ( T ~ 3 - 5 10 7 K for central H burning in massive stars, T ~ 7 - 9 
10T K for shell H burning in red giants) 2 6 A l is produced through the operation of the Mg-AI cycle, 
essentially by "Mg( p,7) M Al. Ft is destroyed by 2 6 A I ( £ + ) 2 9 M g (predominant at T < 4 10T K) 
and/or by 2 6 Al(p,7) , 7 Si . During the subsequent phase of He burning (T > 2 10' K and no protons 
present) any 2 6 Al that survived H exaustion is rapidly destroyed through (n,a) and (n,p) reactions, 
the neutrons being produced through (ar,n) reactions on 1 3 C , l 7 0 and 2 , N e . 

— at intermediate temperatures ( T ~- 2 - 4 10 8 K and a proton-rich environment in typical 
novae) the situation becomes a little more complicated: 2 0 AI may also be produced by two successive 
proton captures on "Mg ("Mg(p,Tf) , 5AI(/?+)"Mg(p,-)f)2 8Al), which greatly favours its production, 
since 2 4 Mg is more abundant than "Mg. But, on the other hand, some leakage out of the Mg-AI 
cycle starts occuring as the temperature increases, through M Al(p, '») 2 T Si(p,7) M P etc., instead of 
"S i ( / ï + )"Al (p ,a ) M Mg (Wiescher et al. 1986). 

— at high temperatures ( T ~ 2 - 3 10 9 K, corresponding to explosive C or Ne burning in Type 
II supernovae) the very rapid proton reactions may transform not only 2 4 M g and M M g into 2 e AI, 
but also some Ne (that is, the nuclear flow goes through the Mg-AI region instead of being recycled 
there). On the other hand, neutrons liberated through l 3 C(a,n) and "Ne(a,n) reactions are now 
the main agent of destruction of 2 6 AI, instead of (p,7) reactions. 

The following remarks can be made on the nucleosynthesis of , 6 A1: 

* in general, the reaction rates of stable nuclei are better known in the high temperature 
regime (where extrapolation from experimental data is relatively easy) than in the low temperature 
one (where uknown, or difficult to evaluate, resonances may interfere). However, the higher the 
temperature, the more unstable (proton rich) nuclei are involved in the nuclear flow. Since no 
experimental information is available for such nuclei, one has to rely on theoretical (and quite 
uncertain) estimates for the relevant reaction rates. Thus, the nuclear physics is better treated in 
the case of quiet nucleosynthesis of } e AI than in the case of explosive nucleosynthesis. 

* for temperatures T < 4 10* K the short-lived (r ~ 7 s) isomeric state 2 6 A l m (E=226 keV) 
is not thermaiised (e.g. its population with respect to the ground state 2 6 A I ' is not given by 
the equations of statistical equilibrium) and it should be treated as a separate species in detailed 
nucleosynthesis computations (e.g. Ward and Fowler 1980). 

* the production rate of 2 6 AI is proportional to the metallicity of the concerned site, whereas 
its destruction rate is proportional to metallicity only in the high temperature regime (because 
neutron production through (a,n) reactions is proportional to metallicity). As a result, the net 
production rate of M A1 may be considered as (roughly) proportional to metallicity in the case of 
massive stars, red giants and novae, but not in the case of supernovae (this holds, of course, under 
the assumption that the physical conditions of the site do not depend sensitively on metallicity -e.g. 
through the energy production, the opacity etc.- which can not be exluded). 



The explosive nucleosynthesis of j e Al in the case of supernovae has beeen studied by many 
authors. Truran and Cameron (1978) and Arnett and Wefel (1978) studied the nucleosynthesis 
during the adiabatic expansion of a C-0 shell brought to peak temperatures T p , . f c ~2 109 K and 
peak densities pptak ~ 10s gr c m - 3 . Morgan (1980) and Woosley and Weaver (1980) considered 
somewhat higher temperatures ( Tptak ~3 109 K, corresponding to explosive Ne burning), using 
more realistic models of the explosion site. They all came essentialy to the same conclusion, namely 
that an abundance ratio (XZ f l/Xj7)5/y ~ 4 10~4 - 2 10~ s could be considered as typical of those 
sites. Supposing that supernovae produced all the 27AJ (Xjr ~ 6 10~ s) in the ISM {MtsM ~ 4 10 

Mo) during the past T c ~ 10 1 0 years (the age of the Galaxy), the quantity of , e A l produced by 
supernovae during the last r î 6 ~ 106 years should be: 

M M ~ (XW/X„)SN (TW/TG) X,T M,SM -2-3 10-' M 0 

Thus, it seeems that supernovae fall short of producing the observed quantity of MAI by a 
factor of ~100 (stated in a different way, if supernovae were at the origin of ~3 M 0 of "AI in the 
ISM, they should have overproduced 2 7Al by a factor of ~100, as Clayton (1984) remarked). The 
recent results of Woosley and Weaver (1986), who find (XM/Xj7)s/v ~ 6 1 0 - 3 with an improved 
modélisation and revised reaction rates, does not significantly change the above picture. 

The nucleosynthesis of 2 ,A1 in the case of novae has been studied in a parametrised, one zone, 
approximation by Arnould et al. (1980) and Hillebrandt and Thielemann (1982). They adopted 
thermodynamic conditions corresponding to the novae models of Starrfield et of. (1978) and found 
a production ratio X Î 8 / X Î 7 ~ 0.1 - 1. The rates of many relevant reactions - concerning essentially 
unstable nuclei - have recently been revised (Wiescher et al. 1986), in some cases by many orders 
of magnitude. Because of the resulting leakage out of the Mg-Al cycle (through ,7Si(p,Tr)), the 
production of 28A1 is found to be considerably reduced with respect to previous estimates : only 2 
10~7 (by mass fraction) for hot novae and 7 10~5 for cold ones, instead of a few 10~4 previously 
obtained. Taking as an (optimistic) average Xj« ~ 5 10 - 5 , M/vov ~ 10~4 M© for the mass ejected 
by a typical nova explosion, and a frequency oln^ov ~ 40 novae year - 1 in the Galaxy (rather an 
upper limit), we obtain: 

Mje ~ Xje M/voc *i6 n/vov ~ 0.2 M© 

that is ~10 times less than the value derived from observations. 
•I 

O-Ne-Mg rich novae could also contribute to the 2*AI production, their yield being proportional 
to their metallicity (e.g. Delbourgo-Salvador et al. 1985). Recent computations suggest, however, 
that the mass ejected by that kind of novae (which may constitute up to 25% of the total) should be 
much less than the "canonical" value of 5 10 - ' M 0 (Starrfield et al. 1986). It should be stressed, 
however, that the production of 2 0AI in novae is particularly sensitive to the modélisation of the site: 
the basic difficulty comes from the treatment of convection (the time-scale of which ia comparable to 
the nuclear one), but also from the treatment of the mass loss and the dredging - up mechanisms. 
Woosley (1986) reported recently results of parametrised, two-zone, computations (a lower and 
hotter one, where 2 0AI is produced but can also be destroyed because of the high temperatures 
prevailing there; and an upper and colder one, where it can be preserved before been ejected to 
the ISM). In some cases (e.g. depending on the adopted physical conditions) he finds spectacular 
enhancements to the production of 2 eAl, a fact which clearly illustrates the uncertainties affecting 
all current (e.g. parametrised) nucleosynthesis computations in novae and the need for completely 
self-consistent computations (e.g. coupling hydrodynamics and nucleosynthesis). 
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Dearborn and Blake (1984,1985) suggested that massive, mass losing stars could produce M A I 
during their main-sequence phase and eject it in the ISM through their intense stellar winds. They 
found that such stars might have a rather marginal contribution (up to 0.2 M 0 ) to the quantity 
of > SA1 in the Galaxy. These ideas have been followed and substantially extended by our group 
in Saclay (Cassé and Prantzos 1986; Prantzos and Cassé 1985, 1986), with more "realistic" stellar 
models for Wolf-Ray et (WR) stars and more recent nuclear data (see next paragraph). 

The nucleosynthesis of 2 S Al in the envelopes of asymptotic red giants has been considered be 
Norgaard (1980), on the basis of previous estimates (Iben and Truran 1978) concerning the thermo
dynamic conditions, the dredging - up and the mass toss of stars with M ~ 5 - 7 M Q , during this 
evolutionary phase. He found that nucleosynthesis at the bottom of the convective H envelope may 
produce abundance ratios X j C / X î 7 ~ 0.5 - I. On the basis of those computations Cameron (1984) 
and Truran (1986) argued (in a very qualitative way) that red giants could significantly contribute 
to the production of 2 e AI at the Galactic level. However, no reliable quantitative estimates for that 
nucleosynthetic site exist yet. 

After the recent suggestion of Balmoos et al. (1986) that the 1.8 MeV line emission is possibly 
due to a point source at the GC, Hillebrandt et al. (this volume) suggested that the explosion of a 
supermassive star (M ~ 5 10 s M G ) in the GC a few million years ago, could be at the origin of the 
inferred quantity of z e AI (Mj« ~ 5±2 M 0 ) . However, beyond the problems of the the formation and 
existence of such "monster" stars (s*e Fuller et al. 1986, for a discussion), the probability of such 
a special event at the "right moment" (e.g. a few million years ago) seems quite low. Moreover, it 
should be stressed that the data of that experiment (if confirmed) is not, in any case, inconsistent 
with an extended source distribution, strongly peaked towards the GC region. 

III. 2 0 A 1 yield and 7-ray line emissivity of galactic W R stars 

Wolf-Rayet stars are very hot ( T e / / ~ 3 10* - 10 5 K) and very luminous (L ~ 10 s - 10* 
K) stars, exhibiting particular spectral features: emission lines of He and N (WN stars) or He, C 
and O (WC and WO stars). They are believed to be massive stars (initial mass IAZAMS > 25-30 
Me) stripped off their H envelope through intense stellar wjnds (in the case of single stars), or 
through Roche lobe overflow (in the case of binary systems). Indeed, their mass loss rate { < m > ~ 
3 10~ 5 MQ year - 1 ) is abnormally high ( ~10 times higher than the mass loss rates of O stars 
with the same luminosities) and cannot be satisfactorily explained by current stellar wind theories. 
Moreover, other crucial aspects of the stellar evolution, like the extent of the convective core in 
those massive stars and the time at which the WR phase starts, are currently subject to much 
debate (see the contributions by Chiosi, Maeder, Doom, de Loore and Langer in this volume). 

The most complete nucleosynthesis computations (up to now) for the H and He burning phases 
of such stars have been performed by Prantzos et al. (1986). The nucleosynthesis of M A I has 
been followed in stars with 50 < MZAMS/MQ < 100 , with a complete nuclear reaction network 
(including all nuclei up to 3 0 Si as well as neutron production and captures) and the most recent 
nuclear data available. 

The main features of the evolution of a MZAMS - 100 M© star are displayed in Fig. 3, whereas 
the corresponding , 6 AI abundances (in the core and at the surface of the star) are displayed in Fig. 
4. The correlated 7-ray line luminosity, resulting from the decay of the ejected , 6 A I in the vicinity of 
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Evolution of a star with initiai mass MZAMS = 100 M 0 and mass loss, according to Prnntxoe 
et s/. (1986). The mass of the star (M, full line), the mass of the convective core (M«, broken line), 
and the central values of density (pe, iathei fine) and temperature (T ( r dotted line) are plotted as a 
function of time. Crosses mark the moment of appearance of hydrogen or helium burning products 
at the stellar surface, as well as helium ignition (assumed to coincide with the beginning of the 
Wolf-Ray et phase). The time-scales are different for the hydrogen and helium burning phase. 
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Figure 4 

Evolution of the "AI abundance (mass fraction) in the stellar core (X,) and at the stellar 
surface(X,), and the associated 7-ray line luminosity L«y in the case of the 100 Mo star. The 
average luminosity during the WR phase is higher than io the preceding O and Of phase (from 
PnntiOi and Cai$é 1986). 



the star, is also displayed. Since the " AJ production is very sensitive to temperature, we find that 
stars with different masses have different **AI yields and 7-ray line luminosities. Using an initial 
mass function oc M' 1 ' , appropriate to such massive stars (Humphreys and Mac Elroy 1985), we 
find an average yield <Yj« > o ~ 4 10~K M© and an average luminosity <L-, >©~ 6 10 3 T photons 
s" 1 for stars with solar metallicity. 

The rates of some key nuclear reactions for the production of ** AI in the low temperature regime 
have been recently revised (Schmalbrock et al. 1986; Champagne et al. 1986; also M. Wiescher, 
private communication). However, the uncertainties currently affecting the nuclear physics and/or 
the stellar models should not influence the above mentionned results by more than a factor of 3 -
4 (see Prantzos and Cassé 1986, for a detailed discussion of those uncertainties). 

In order to proceed to the evaluation of the total yield and luminosity of the galactic popula
tion of WR stars, one needs to know their number and distribution in the Galaxy, as well as the 
dependence of their properties on metallicity. Indeed, the observed radial metailicity gradient of 
dZ/dR 0.07 dex k p c 1 (where R is the galactocentric radius) for |0/H) (Shaver et al. 1983) 
indicates a metal rich inner Galaxy : a value of < Z > c ~ 2.2 Z© seems to be representative of the 
average galactic metallicity, whereas in the galactic center region the metallicity could be as hnjh 
as 3 Z© (e.g. Gusten and Ungerechts 1985). 

Unfortunately, no WR observations exist for heliocentric distances r > 3-4 kpc towards the GC 
region, because of extinction due to interstellar dust, and the WR catalogue can be considered as 
complete only up to a distance of 2.5 kpc (Hidayat et al. 1984). On the other hand, the metallici'ty 
should presumably affect the caracteristics of stellar populations in the innermost galactic regions, 
but no appropriate (e.g. metal rich) WR models exist yet, and one has to rely on various (and 
sometimes, rather speculative) assumptions about the properties of such stars. 

In view of the current uncertainties in the galactic distribution of WR stars, we considered the 
following 3 cases (Fig. 5) as to the radial WR surface density OWR (>n K P C ~ > )- ' n a " cases we 
assumed that the star formation rate is proportional to the first power of the gas density in the 
galactic disk (see, however, Scoville and Good 1986) and that the stellar yield in **Al is proportional 
to metallicity (see Prantzos and Cassé 1986, for more details). 

(A) 0WR(R) follows the distribution of giant fill regions in the Galaxy (Maeder and Lequeux 
1982); 

(B) <7WR(R) scales as the surface density a (Hj) of molecular hydrogen as given by Sanders 
el at. 1984, recalibrated in the solar neighborhood to the more accurate data of Dame and Thaddeus 
(1985); 

(C) cwff(R) scales as ff(HJ)*(Zn/Z0)1 T , assuming that the WR/O number ratio in metal 
rich regions is affected by metallicity in the same way as in metal poor ones (Maeder 1984). 

For each distribution we obtain for the corresponding total number of WR stars in the Galaxy 
(NIVR) and the total quantity of 2 6AI ejected in the ISM during the past million years (Mr): (A) 
Mr ~0.25 M 0 and NWR ~ 1000, (B) M r -0.65 M Q and NWR ~ 2500, and (C) M r ~ 2.2 M© 
and Nw/i ~8000, of which 2000 in the innermost galactic regions (R<1 kpc). Obviously, only in 
the third case is the obtained quantity of 2 SAI comparable to the observationaJy derived one, but 
then the corresponding number of WR stars in the Galaxy seems to be high (compared to the 
usually quoted number of 1000). There are some indications, however, that this case may not be so 
unrealistic (Cassé 1986; see also the contribution by Montmerle, this volume): it seems indeed that 



substantial quantities of molecular gas are present in the central regions of the Galaxy (Sanders 
et al. 1984), and that the star formation rate (especially for massive stars) may be particularly 
enhanced there (Ho et at. 1985). On the other hand, high-resolution, far infrared surveys of the 
galactic center suggest the existence of a few 10* BO stars in that region (Odenwald and Fazxio 
1984) that could give rise to WR stars if the mass loss rate is enhanced there due to high metallkity. 

We also computed the corresponding 7-ray fluxes on Earth, resulting from the above WR 
distributions. They are plotted on Fig. 6 and 7. Obviously, only in case (C) is the derrived flux 
compatible with the observations. In all three cases the flux profile is more peaked towards the GC 
region than the COS-B one, used in the data analysis of the HEAO experiment. We also plotted 
one of the plausible -y-ray line flux profiles of novae (the most favored by Leising and Clayton 1985), 
which is intermediate between our cases (B) and (C). That distribution was also used in a reanaiysts 
of the HEAO data (Mahoney et al. 1985) but it was not found to fit it better than the (flatter) 
COS-B profile. In any case, it is clear that none of the experiments performed up to now is able to 
distinguish between a sharply peaked flux distribution and a point source in the GC region. 

12 K 16 
R (Kpcl 

Figure 5 

Plausible galactocentric WR distributions adopted in the work of PranUot and Cattc (1986). 
The WR surface density in the galactic plane (normalised to the solar neighborhood WR density : 
1.8 kpc~2) is plotted as a function of the galactocentric distance (see text for details). 
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Conclusion 

The recent detection in the GC direction of a 7-ray line at 1.8 MeV due to the decay of "Al, 
boosted theoretical as well as experimental and observational work on the origin of the —3 M Q of 
n A l currently present in the ISM. 

Because of the poor angular resolution and/or the insufficient sensitivity of the experiments, 
uncertainties persist about the precise source distribution (e.g. point-like in the GC region, or 
extended and peaked towards the GC direction?). Obviously, further observations, with better 
angular resolution (<5*) and sensitivity (~I0~* photons c m - ' s" 1) are badly needed to clarify tbe 
situation. The GRO (Gamma Ray Observatory) 7-ray line experiment (initially scheduled to fly 
in 1988) and the experiment planned on the European space platform EUREKA, are qualified to 
fulfill that mission (see the contribution by Durouchoux, this volume). 

All the basic ingredients ( nuclear physics, source models, and galactic distribution) of the 
proposed sources (supernovae, novae, red giants, Wolf-Rayet stars, and supermassive stars) suffer 
from (several) serious drawbacks. Physical conditions and nucleosynthesis in explosive sites are 
difficult to model; on the other hand, their galactic distribution is somewhat better known than the 
WR one (but less well than the location of the proposed supermassive star ). 

Among the proposed astrophysical sites, the WR model is the best developed up to now : it 
makes clear-cut predictions about the quantity of M AI ejected in the ISM. If those stars are really 
at the origin of the detected emission, the observed 7-ray line distribution could allow to trace their 
galactic distribution, unaccesaible to other wavelengths. 

In our opinion, none of the above proposals can be completely discarded at the present time: 
much more refined models for the corresponding sources are needed before any definite conclusions 
can be drawn. On the other hand, the detection of correlated (e.g. with the same flux profile as 
the MA1 emission) 7-ray lines could be of crucial interest: for example, the detection of a correlated 
"Na line should strongly favour the novae hypothesis, whereas a correlated M F e line (detectable at 
the 10~ r photons cm"1 s~' level, according to the estimates of Prantzos et al. 1987 for WC stars) 
would give strong support to the WR senario. 

Clea*ly, much work is needed, both from theoreticians and observers. But nuclear physicists 
might hold the key of the problem, after all: a carefull estimate of the relevant reaction rates, 
especially at low energies, might reveal some surprises, as recently demonstrated (e.g. Wiescher 
et al. 1986; Schmalbrock et al. 1986; Champagne et al. 1986). On the same ground, the measuring 
of some key reaction rates involving unstable targets should be of the uttermost importance (see 
Arnould 1986). 
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