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A B S T R A C T 
Simple or canonical Big Bang models are claimed to account properly for the abun

dances of the lightest elements I), 3 l l e , ''He and ' Li if the baryonic rosmologicnl parameter 
of the Universe is ilfl < 0.1 and if the maximum number of neutrino families is 3. Agree
ment between the predictions of such models and the primordial abundances deduced from 
observations is not as compelling or striking as the piupuiunts of such a simple (and there
fore beautiful) hypothesis would like. 

In order to reconcile these simple models wild flu* <>l>-:cn niions we argue thai the 
galactic evolution should be such that a significant li action ol I) has to be destroyed 
during the history of the Galaxy. As a. consequence the resulting Un is lower than 0.06 
i.e. signilicantly smaller than in the simplest framework. Moreover this hypothesis of 
significant ]) destruction during the galactic evolution could be observationally tested. 



1. In t roduc t ion 

We like to quote Sciama (1984) who said at the lirst ESO CERN meeting that "the 
primordial nucleosynthesis is a triumph for the Big Bang theory". As shown by many 
authors, (see e.g. Boesgaard and Steigm&n 1985 and Audouze 1986), the simple (canonical) 
Big Bang models are able to explain the presently observed abundances of D, 3 He, 4 B e and 
7 Li under two conditions : a baryonic cosrnological parameter $1# ~ 0.1, meaning that the 
Universe should be open if there is no dark matter of non baryonic origin, and a maximum 
number of neutrino flavours of 3. The simple Big Bang model assumes that the Universe is 
homogeneous and isotropic, that its expansion is governed by Courrai Relativity, that no 
elementary particle is degenerate and that the Universe is asymmetric, the overall amount 
of antimatter being significantly less than the amount of matter. 

This superb conclusion, based on the agreement between the baryonic densities inferred 
from the comparison of the observed and calculated 1), "'He, 4 He and 7 Li abundances and 
advocated e.g. by Yang et al., I984, has been questioned by several authors especially 
Vidal-Madjar and Cry, 1984 and Gautier, 1984. According to these authors the baryon}-; 
density deduced from 4 l l e is significantly less than that deduced from U if one assumes that 
D is not significantly destroyed during the galactic history as estimated e.g. by Audouze 
and Tinsley, 1974. 

A similar conclusion concerning the possible inconsistency between the predictions 
made from D and 4He abundances has been reached by Pagel et al., 1986. Our group 
(Delbourgo-Salvador et al., 1985, 1986) proposed that in order to gain consistency between 
the observations and the calculations in the simple Big Bang model one should call for 
models of galactic evolution which allow a more significant destruction of D during the 
galactic history. The purpose of this presentation is to recall these galactic evolution 
models (section 2) and to draw attention on their two consequences (i) on the baryonic 
density of the Universe, (ii) on the variation of the D abundance in different galactic sites 
(section 3). 

2. The galactic models allowing a large D des t ruc t ion 

In this study one wishes to destroy I) significantly in such a way that t'~","l'-"i > 
10 i.e. at least 3-5 times more efficiently than in the models considered by Audouze and 
Tinsley, 1974. But one wants also to avoid any undue overabundance of 3 He since U is 
normally transformed into it in stellar interiors. !n order to achieve these two somewhat 
contradictory purposes, Delbourgo Salvador et al., 1985 considered two possibilities (i) the 
destruction of I) by infall (inflow) of material processed inside stars (ii) the destruction of 
D by mixing of the interstellar medium with copious amounts of matter ejected by stellar 
winds during the pre main sequence (T Tauri) phase. Moth hypotheses lead to i\"'"••':!'"' ~ 

10 without a strong overabundance of 3IJr?. The reader is referred to Delboiirgo- Salvador 
el al., I985 or Audouze, 1986 for details. 

Amour, the many parameters that inlluence the evolution ni the unclear species of 
interest (i.e. I), "''lie, 'Mle, (!, N, ()) we have nmdilied I h<' ;lai loriuation rate, taken 
constant or proportional to the "surface gas density" (normalized to the total surface 
density ; r* -- i/o - A/ '"")- 1'i'leed there are other galactic models which could lead 
also to a huge I) destruction during the history of the (ïalaxy. In order to explain the 
"tnetallicity plateau" achieved after about 10° years of galactic evolution, many authors 
(Larson R.U. 1986, (Justen R. and Mezger l'.(ï. 1983, Silk J. et ni., 1987) are favouring 
models in which the rate of star formation is significantly larger at the beginning of the 
galactic history than now. Table I presents the results of the various models considered. 



TABLE 1 

Results of different models explored in this study, compared to the 
observational data (see text for details). 

Observational 
data 

J Model 1* Model 2* Model 3* Model 4* 

Mr.as a - .05 .07 0.06 0.07 .04 
Mtotal 

H .7 .69 0.71 0.69 .68 
D 3 10- 5 3 10- 5 6.6 10- 5 io-5 6.6 10-6 

3He 5.5 10- 5 5.5 10- 5 5.5 10- 5 6 10- 5 7.4 10-5 

"He .28 .28 0.27 0.28 .295 
Z .02 .024 0.0205 0.024 .025 

1 2C 4.5 10- 3 4.3 10- 3 / / 4 10-3 

1 4N 1.5 10- 3 1.1 10- 3 / / 1.5 10-3 

1 60 10- 2 9.4 10- 3 / / 9.4 10-3 

AY = Ypreg-Yprim / .04 n.03 0.04 .055 

AY/AZ / 1.7 1.46 1.65 2.2 

D p r i m ( n n r I m = m- 1*) / 3.3 15 10 

.... 

15 
v prim ' 

Dpres 
/ 3.3 15 10 

.... 

15 

* Models 1, 2, 3 : Delbotirgo-Salvador et al., 1985 
Models 1 , 4 : Viqroux et al., 1987 



Model 1 adjusted to fît the data in the solar neighbourhood (column 2 in Table 1) 
serves as a reference for all others. It has the following characteristics : no infall, constant 
IMF with a slope of 2, a star formation rate (SFR) r, =0.3 a, and a primordial helium 
mass fraction of Y r = 0.24. The age of the galaxy is taken as 12.5 Gyr. 

In model 2, we add to nodcl 1 an infall of processed material i.e. material with no 
deuterium ; in order to obtain the observed values of «*, X( 4He), X( 3He) and Z (cf. Table 
1) in the solar neighbourhood, we have shown that the rate of infall had to be around 6 
— 0.012 G y r - 1 which means that a total amount of 2.4 M 0 / y r is infalling on the Galaxy 
and leads to a value of Dprimordial/Dprr.scnt = 15-

In model 3, we superimpose to model I the effect of mass ejection by T Tauri stars 
where only D has been burnt into 3 He. To be in agreement with the abundances values 
of the solar neighbourhood and a ratio V) primordial ft) present of 10, 20 % of the mass of 
T Tauri stars has to be ejected (cf. Table 1). Since the mass loss rates oï T Tauri stars 
are still uncertain, the question remains open. 

Model 4 shares the same characteristics than model 1 but the SFR, T. , is taken such 
as : 

Tj* = V\ — 1 for t < lGyr 

72* — v20 — 0.3 a for t > IGyr 

i.e. enhanced during the first Gyr (see Vigroux et al., 1987). 

We see that model 4 gives results consistent with most of the data and also explains 
rather nicely the metallicity evolution. This model leads also (as models 2 and 3) to a 
destruction of D by a factor 15 (see Table 1). 

A combination of these three possibilities (i.e. variations of the infall, influence of 
T Tauri stars and variations of the SFR) cannot be excluded with different weights from 
one astrophysical site to another. This could induce very different values of the present I) 
abundance from galaxy to galaxy and from place to place in the galaxy. So it is important 
to keep in mind that the abundance of I) could be variable in space with enhancements in 
the outer part of galaxies, where stellar processing is generally less important. 

3 . The consequences of such galactic models 

The consequences are : 

(i) as shown in figure I, these chemical evolution models lead to a good agreement between 
rj's (baryon/photon density ratio directly related to the parameter II/»), predicted from I) 
and 4 fle abundances. The resulting range of II/» is 0.004 < JJ/» < O.OO which is significantly 
lower than the value inferred e.g. by Hoesgaard and Slcîgtnau (1985) : 0.011 < l / / ( < 0.J4 
0.1!;. 

ii) Future observations could confirm these models. IT the destruction of I) is significant 
during the galactic history in the solar neigbbnurbond l.her«- should IM< some nntirenble 
variations of the abundance of I) of the r.->nsideied galac-tic region : lor example in regions 
where the gaseous mass fraction is low, like in the direction of the galactic center, the 
present I) abundance should be significantly less than in the solar neighbourhood. Forth
coming far UV space missions able to observe I) in distant galactic or extragalaclic regions 
should be able to lest such a hypothesis. 

Observations like those reported by Oarswell el ai, 1980 of the D/JI ratio in a QSO 
absorption system at high redshift (/, ~- 3.08) should bring the decisive answer to that 



Figure 1 
Comparison between the light element abundances computed by Delbourgo-Salvador 

et al. (I984) in the frame of the standard Big Bang nucleosynthesis and the observed abun
dances, taking into account the specifications made by the models of chemical evolution 
discussed in this paper for D and 3 He. 

important problem : in the case where Dj.Mmordini/fyireseni is very large, one should 
expect to see much higher f)/ff abundances in QSOs (•• 5 10 5 ) of high z than in the solar 
neighbourhood. 

Conclusion 

There exists a possible way to reconcile the predictions made by the simple Big Rang 
models with the present abundances of I), '•'lie and "* If*- : i <•. l<> :i:;siim<' thai. I) is thor
oughly destroyed during the galactic history to sudi an extent that \)vrimlDyrtaent ~ 1 ( ) 

(avoiding a too large overabundance of "Mle). This can be achieved either by assuming 
some significant inflows of processed material or by taking into account the large stellar 
mass losses occiiring during the pre main sequence phase or assuming models where the 
rate of star formation is most important at the beginning of the galactic history. 

These models can be tested by forthcoming I)/H observations of other regions of our 
Galaxy and of absorption systems of quasars with large redshifts. 
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