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A B S T R A C T . T h e abundances of the very light elements ( D , 3 H e , 4 H e and 
7 L i ) const i tute indeed one of the mos t powerful constraints in c o s m o l o g y : 

they are known to fix very interesting limits on the baryonic density o f the 

Universe and on the m a x i m u m number o f neutrino ( lepton) families in the 

frame o f the simplest canonical mode l s . Given the impor tance of these pre-

d ic t ions , these mode l s should be analysed very caut iously at the light o f 

recent deve lopments in the observations o f these elements. In order to make 

the simplest mode l s consistent with the observat ions, it is argued that a thor-

o u g h destruct ion o f D should occu r during the galactic evolut ion. Moreove r 

this review deals also with some mode l s invoking the possible existence o f 

mass ive unstable neutrinos, gravitinos or phot inos which wou ld decay into 

high energy pho tons or of quark nuggets which cou ld be created during the 

qua rk -had ron phase transitions. Such models have been designed in an at-

t e m p t to o v e r c o m e the l imitation on the Universe density c o m i n g f rom these 

a b u n d a n c e determinat ions . Al though the simple canonical mode l s are espe-

cial ly at tract ive such mode l s cannot be disregarded . 

1. I N T R O D U C T I O N 

It is known since quite a long t ime (see e.g. Peebles 1966, Wagoner et a i 

1967, Wagoner 1969 and 1973, Reeves et α/., 1973) that the lightest elements 

D , 3 H e , 4 H e and 7 L i are likely to be formed during the very early phases o f 

the Universe i.e. abou t 100 sec after the Big Bang. It is fair to say that the 

nucleosynthesis o f these elements consti tutes an argument in favour o f this 

c o s m o l o g y theory as impor tant as the recession of galaxies and the discovery 

o f the 2.7 Κ background radiation. A very large number of papers (see e.g. 

the m o s t recent reviews of Boesgaaard and Steigman, 1985 and A u d o u z e 

1987) recall that the simplest (canonical) Big Bang mode l s seem to account 

for the observed abundances of these elements if the present baryonic density 

o f the Universe ρ Β is such that the baryonic cosmologica l parameters ρ Β ~0.1 
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(cor responding to a open Universe if there is no others significant const i tuent 

in the Universe) . Moreover such models would predict the existence o f a 

l imited number (3 or 4) of different families of neutrinos ( leptons) consistent 

wi th the three lepton families predicted by Grand Unification Theor ies G U T . 

Given the impor tance of what can be inferred f rom the observed abun-

dances o f these elements , this s y m p o s i u m devoted to observational c o s m o l o g y 

is indeed the place where the recent developments concerning that type of re-

search should b e analyzed. Section 2 contains a discussion of the observat ions 

relevant to these elements and their resulting primordial abundances . Sect ion 

3 summar izes the consequences on the baryonic density and the m a x i m u m 

n u m b e r o f neutrinos deduced from the simple (canonical) Big Bang mode l s . 

F r o m the current observat ions of D and 4 H e especially it seems that pr imor-

dial D should b e largely destroyed during the Galaxy evolut ion. This cannot 

b e achieved b y the simplest galactic models such as those used and analyzed 

e.g. by A u d o u z e and Tinsley (1974) . Section 4 presents a brief account o f 

the chemical evolut ion proposals which are currently made to lead to such D 

dest ruct ion. 7 L i which should (could) originate from many different astro-

physical sources is also an interesting species for such evolut ionary studies. 

Finally s o m e o f the possibilit ies offered by recent developments in part icle 

physics are also considered presently in an at tempt to ove rcome the limita-

t ion on the total density o f the Universe are briefly presented in sect ion 5. 

Since the bulk o f the material which has been presented at Beijing has been 

publ i shed elsewhere, I will mainly concentrate on the latest developments 

and refer the reader to the list of references such as the two reviews quoted 

a b o v e . 

2 . T H E " P R I M O R D I A L " A B U N D A N C E S O F T H E V E R Y 

L I G H T E L E M E N T S 

Let us cons ider in turn the four nuclear species D , 3 H e , 4 H e and 7 L i concerned 

by the pr imordia l nucleosynthesis. 

2 . 1 D e u t e r i u m 

T h e m o s t recent and thorough review concerning the abundance deter-

minat ions o f that i so tope is due to V ida l -Mad ja r (1987) which provides an 

exhaust ive list o f references relative to this p rob lem. This author points out 

the ex t reme variability on very short scales (down to a few parsecs) o f the 

D / H abundances deduced f rom far U V observations of the nearby interstellar 

m e d i u m . F r o m them he deduces that in our vicinity the "average" D / H ~ 

(1 ± 0.3) 1 0 ~ 5 (following in particular the reanalysis of the Copern icus data 
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per formed by Gry et ai (1984) . Concerning the Solar System D / H value, 

the best est imate remains that p roposed by Geiss and Reeves (1972) f rom 

solar w ind 3 H e / 4 H e determinations : ( D / H ) solar sys tem = 2 ± 1 I O - 5 . 

A mos t exci t ing new information comes f rom the work of Carswell et al. 

(1987) w h o analyzed the higher order L y m a n lines of a metal line absorpt ion 

sys tem at Z = 3 . 0 8 5 7 1 in the quasar Q 0 4 2 0 - 3 8 8 . This sys tem has a metallicity 

Z = 0 . 2 Zq (where is the solar metal l ic i ty) . These authors argue that it 

is in principle possible to measure a D / H ratio in such systems where the 

c o l u m n H density N(H) ~ 1 0 1 8 c m - 2 and where the veloci ty dispersion Δ ν < 

20 k m s _ 1 . In that specific case they determine l o g [ n ( D I ) / n ( H I ) ] = - 4 . 4 3^26 

which leads to -ĵ  ~ (4^2.5) 10 - 5· T h e y do not exclude entirely a possible 

confusion of this D determinat ion with a low Η density with high veloci ty 

a l though such an interpretation is quite unlikely. Wi th their work one has 

the first report of a D abundance determinat ion in astrophysical sites formed 

jus t after the birth of the Universe. W e will c o m e back in Section 4 on the 

impor t ance of such measurements concern ing an element like D especially 

affected by stellar (galactic) evolut ion process . 

2 .2 H e l i u m 3 

Nothing new has appeared in the literature since the presentation of 

previous reviews. T h e interstellar 3 H e / H abundance is very ill defined due 

to very large variations between the 3 H e + radio measurements concerning 

different HII regions and performed by R o o d et α/., 1984 : the corresponding 

interstellar 3 H e / H range f rom less than 2 1 0 ~ 5 up to 5 I O - 4 . In the Solar 

Sys tem ^ - (1.4 ± 0.4) 1 0 ~ 5 accord ing e.g. to Geiss and Reeves (1972) 

and Black (1972) . 

2 .3 H e l i u m 4 

There is an excellent b o o k edi ted by Shaver et α/., 1983 which consti tutes 

a c o m p e n d i u m of all the abundance determinat ions o f 4 H e in any possible 

astrophysical site. Blue c o m p a c t galaxies ( B C G ) appear to be the mos t 

appropr ia te objec ts to ob ta in the pr imordial abundance o f 4 H e ( Y ) ; Pagel 

et α/., 1986 have reviewed three independent accurate Y determinations due 

respect ively to Lequeux et α/., 1979, Kunth and Sargent 1983 and themselves 

* A s po in ted out recently by V i g r o u x (1986) , one should be cautious 

not to consider together B C G results wi th galactic HII region ones in order 

to deduce Y primordial- A n y analysis mixing these two sets of determinations 

should be in error because of the quite different evolut ion behaviour of B C G 

and spirals. 
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— F r o m Lequeux et α/., 1979, Y = ( 0 . 2 3 0 ± 0.004) + (3.3 ± 1.1)Z (where 

Ζ is the metall ici ty of B C G ) . 

— F r o m Kunth and Sargent, 1983, Y = ( 0 . 2 4 3 ± 0.010) + (1.4 ± 3 .8)Z 

, bu t when I IZw40 is r emoved because of a 4 H e l i u m confusion with galactic 

Na absorp t ion ** their result b e c o m e s Y = (0.234 ± 0.008) + (4.6 ± 5 .9)Ζ 

— Finally Pagel et α/., 1986 find Y = ( 0 . 2 3 6 ± 0.005) + (5.7 ± 2 .7 )Z and 

Y = (0.238 ± 0.005) + (2.9 ± 1.5) 1 0 3 F (this last correlation between Y and 

the Ν abundance has also been no ted by V ig roux et α/., 1986) . 

Depend ing of ones o w n o p t i m i s m or pessimism regarding these correla-

t ions 

Y p = (0.235 ± 0 .005)or (O.24 ± 0 .01) ) . 

2 . 4 L i t h i u m 7 

T h e great breakthrough regarding the primordial abundance of this ele-

ment has been achieved first by Spite and Spite (1982) w h o showed conv inc -

ingly that {-jf)primordiai= 1 0 ~ 1 0 by measuring the Li abundance in a large 

set o f halo stars (if 7 L i is not destroyed subsequently in the a tmosphere of 

these stars) . Subsequent works by Spite et al. 1984 and Spite and Spite 1986 

co r robora t e this discovery. T h e fact that in their 1986 paper they report 

that Ν rich halo stars have a similar ( L i / H ) a tmospher ic abundance seems 

to exc lude any significant mixing between the surface and the deept layers 

o f the star and give some weight to the idea that the observed Li has no t 

been significantly destroyed during the evolut ion of such stars. It is wor th 

ment ioning that the subsequent speaker D o u g Duncan (who has repor ted 

on quite similar but independent observed Li abundances in p o p . II metal 

p o o r stars) has argued in favour of some significantly higher pr imordia l Li 

abundance such that 2 1 0 ~ 1 0 < ^ < 8 1 0 ~ 1 0 (Duncan and H o b b s , these 

p roceed ings ) . Should they found to be right, the cosmologica l implicat ions 

o f such higher Li abundance are evoked in the next sections. 

In order to fol low the evolut ion of this nuclear species one should recall 

that j£ ~ 1 0 ~ 9 and ^ - 12.5 in the Solar System (see e.g. Reeves , 1974) . 

T h e Li abundance has also been determined in a series of open clusters the 

Pleiades (Duncan and Jones, 1983) the Hyades (Cayrel et α/., 1984, B o e s -

gaard and Tr ip ico 1986) , N G C 752 (Hobbs and Pilackowski 1986) and M 6 7 

( H o b b s and Pilackowski 1987) . T h e age of these open clusters is respectively 

0 .1 , 0.7, 1.7 and 5 1 0 9 years) . All these measurements seem to indicate that 

** D . Kun th (private communica t ion ) concurs with B.E.J . Pagel that the 

measurement of I IZw40 should be removed from the Kunth and Sargent, 

1983, B C G sample . 
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T A B L E 1 

Abundances of the light elements D, 3 H e , 4 H e 

and 7 L i / 6 L i isotopic ratio 

Primordial abundances Q S O abundances Solar System Interstellar medium 

t ~ 0 Gyr t - 1 Gyr t ~ 10 Gyr t=15 Gyr 

D / H 

(by number) 

4 l ( T 5 - 4 10~ 4 (2-8)* 10~ 5 

*(if confirmed) 

(1-3) 10~ 5 (0.7 - 1.3) 10~ 5 

3 H e / H 

(by number) 

2 l ( T 5 - 4 Ι Ο " 5 (1.4 ± 0.4) 10" 5 <2 10~ 5 -5 10~ 4 

4 H e / H 

(by mass) 

0.235 ± 0.005 (0) 

0.24 ± 0.01 ( P ) 

0.17-0.28 0.22-0.30 

7 L i / H 

(by number) 

(1 ± 0.3) Ι Ο " 1 0 ( S 2 ) 

(2-8) Ι Ο " 1 0 (DH) 

h t 9 (0.5-1) 10~ 9 

7 L i / 6 L i 12.5 24-(40)-150 

(O) : optimistic - ( P ) : pessimistic - ( S 2 ) : F . and M . Spite -

(DH) : Duncan and Hobbs. 

jf has roughly remained constant i.e. ~ 1 0 ~ 9 , within a factor 2, during the 

last 5 1 0 9 years (Hobbs and Pilackowski, 1987) . 

Ano the r impor tant piece of information is the isotopic öj^ ratio which 

is 12.5 in the Solar Sys tem but is significantly larger in the line of sight : 25 

< οχΙ < 150 with an average value of ~ 40 (Ferlet and Dennefeld, 1984) . 

2 .5 S u m m a r y of the available abundances of the light elements 

From this review one can deduce the following table where all these 

determinat ions are assembled and listed. 
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T h e lower limit of the Solar System Y value comes f rom Gautier (1983) 

while the interstellar Y values are extracted f rom various contr ibut ions p u b -

lished in Shaver et al. (1983) . 

T h e pr imordia l D and 3 H e values are especially uncertain because , as we 

will discuss it at s o m e length in §4, they depend much on galactic evolut ion. 

3. T H E L I G H T E L E M E N T S A N D T H E C A N O N I C A L 

B I G B A N G N U C L E O S Y N T H E S I S 

T h e current literature contains many papers publicizing the success of the 

s tandard (canonica l ) mode l with respect to the early nucleosynthesis of D , 
3 H e , 4 H e and 7 L i . T h o s e which c o m e to m y mind are Yang et al. (1979 and 

1984) , Ol ive et α/., 1981, Boesgaard and Steigman, 1985, Steigman 1986, 

Ste igman et α/., 1986, A u d o u z e (1982, 1984, 1987, 1987) and Matzner 1986. 

Let m e recall that the standard (canonical) m o d e l adopts the following set o f 

hypotheses (i) the Universe was born f rom a very hot and dense phase (Big 

Bang) ensuring statistical equil ibrium between the existing particles (ii) the 

Universe wh ich is homogeneous and isotropic expands according the Einstein 

General Relat ivi ty ( G R ) laws where the cosmologica l constant A is equal to 

O . (iii) the neutron life t ime is equal to τχ/ 2 = 10.5 ± 0.1 minutes according to 

the recent analysis of Steigman et α/., 1987 (iv) the baryon density η = ΠΒ/ΠΊ 

(relative to that of pho tons) ranges between 1 to 10 1 0 ~ 1 0 (we will use also 

in the sequel 7710 = 1 0 1 0 r / ) . One should recall at this point the relations 

exist ing be tween this baryon parameter 77, the baryonic ρ Β density and the 

ba ryon ic cosmolog ica l parameter Ω Β 

PB = 6.64 1 0 - 3 2 r 7 1 0 ( T / 2 . 7 ) 3 g cm-3 ( l ) 

Ω β - pb/Pc = 3.53 1 0- 377ιο / * - 2 ( Γ / 2 . 7 ) 3 (2) 

where Τ is the temperature of the background radiation, h = ( Y § Q - ) where H 0 

is the Hubb le constant expressed in k m s " 1 M p c - 1 . v ) the existing particles 

are n o n degenerate which is another way to state that the neutr ino chemical 

potent ials are negligible. 

Early nucleosynthesis starts at a t ime short enough i.e. where the neu-

trons which are decaying since they are more in equil ibrium with pro tons and 

leptons have still a large density but long enough in order for the temperature 

to b e such that 1 0 8 < T < 3 Ι Ο 9 Κ : above such values D photodisintegrates 

into p ro tons and neutrons. Therefore the current t ime-scale for the early 

nucleosynthesis is ~ 100 sec. 
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T h e mos t critical physical parameters which govern the o u t c o m e of this 

nucleosynthesis are : 

1- T h e expansion rate which can be deduced f rom G R and which in-

creases wi th the number of b o s o n or fermion flavors : the characteristic t ime 

of expans ion is given by 

t(s) = 2.4g;f

1l2Tûlv (3) 

where gejf is the effective number of relativistic degrees of f reedom 

ffe// = F [ 1 + ^ ( ^ - 3 ) ] (4) 

and Nu is the equivalent number of neutrino families 

In this last formula, F and Β relate to the fermion and b o s o n families which 

are relativistic at nucleosynthesis, Tp and Τβ are their temperature relative 

to the neutrinos temperature Tv. This t ime of expansion determines the 

tempera ture T* at which the equi l ibr ium between pro tons and neutrons freeze 

ou t , which in turn fixes the initial n/p ratio such that 

η , Δ τ η , , . 
- = e x p - ( — ) (6) 

Ρ i * 
T h e resulting Y is 

( 7 ) 
1 + n/p V ; 

and therefore depends very much on the expansion rate : an increase o f Nv 

by one unit cor responds to an increase of Y by 0 .01. T h e neutron lifetime 

is also a parameter which plays some role in fixing the resulting abundances 

of these light elements. A n increase of the neutron lifetime by 0.1 m n has a 

quanti tat ive effect on Y p about ten times lower than the addi t ion of a new 

neutr ino family. 

2 - T h e baryon density which determines the fusion reactions rates like 

those which transform D and 3 H e into 4 H e and 7 L i ( 7 B e at high densit ies). 

T h e classical figure 1 extrated f rom Yang et α/., 1984 displays the re-

sulting abundances of D , 3 H e , 4 H e and 7Li ob ta ined with r 1 / 2 = 10.6 mn and 

where the dependence of Y with respect to is clearly apparent. 
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Figure 1 

Resul t ing abundances o f D , 3 H e , 4 H e and 7 L i predicted by the canoni -

cal Big Bang m o d e l against the ba ryon density parameter η (for a neut ron 

lifetime r 1 / 2 = 10.6 minutes ) . T h e dependence of Y (the 4 H e abundance b y 

mass) wi th Nj, the number o f neutr ino families is shown on this figure c o m i n g 

f rom Yang et α/., 1984. 

B y using such abundance dependences with the baryon density η, Yang 

et α/., 1984 (repeated by Boesgaard and Steigman, 1985) argue (figure 2a) 

that there is a range for the baryon density parameter 7710 where an agree-

ment can b e found between the predict ions c o m i n g f rom the four different 

nuclear species . A c c o r d i n g to these authors 3-4 < ηιο < 7 -10 . T h e upper 

limit c o m e s f rom Y which is l imited by the observations (from figure 2a one 
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can see that 7710 < 10 cor responds to Y < 0.26, 7710 < 7 to Y < 0.254 T h e 

lower limit is constrained by the (D + 3 H e ) pr imordial abundance : η > 3 

co r responds to (D + 3 H e ) < 9 . 1 0 - 5 . In this analysis they assume that D is 

not des t royed during the galactic evolut ion more than a factor 2-3 as speci-

fied by the classical mode l s of galactic evolut ion such as those with infall o f 

unprocessed material considered by A u d o u z e and Tinsley, 1974. 

F r o m the recol lect ion of Table 1 the alert reader realizes that n o w we 

are go ing to challenge somewha t this opt imist ic reasoning. W e will not be 

however as ex t reme as e.g. V ida l -Mad ja r and Gry (1984) and Gautier (1983) 

w h o c la im that there is absolutely no agreement between a very low 77 ( Y ) 

and a very high 77(D) obta ined in the case where D is destroyed by a modes t 

factor during the galactic evolut ion. 

Before doing this compar i son we can make use of the instrumental re-

lations between Y ( D + 3 H e ) abundances , and τχ/2 designed in Boesgaard 

and Ste igman (1985) and especially in Steigman et α/., 1987 

Yp = 0.23 + 0.011 In 7710 + 0 . 0 1 3 ( 7 ^ - 3) + 0 . 0 1 4 ( r 1 / 2 - 10.6) (8) 

and 

Yp = 0.243 + 0.014[(J\r„ - 3) + ( r 1 / 2 - 10.6)] - 0.018 l o g ( l 0 4 Î R + l E ^ L ) (9) 

F r o m relation (7) one can draw the dependence between Yp and { D +

H

H e ) p 

shown on figure 3. 

For Table 2 indicates the {D+jjHe)P calculated by Yang et α/., 

1984 for critical values o f Y (Table 1 ) . 

T A B L E 2 

C o m p a r i s o n between the primordial abundances of 4 H e and ( D + 3 H e ) 

wi th N „ = 3 (from Yang et α/., 1984) . 

Yp ( D + 3 H e ) / H 

0.25 5 Ι Ο " 5 

0.24 1.8 Ι Ο - 4 

0.235 3 1 0 ~ 4 

0.23 4 Ι Ο " 4 

For mos t of the values conta ined in this Y p range coming f rom our 

discussion o f §2 (Table 1) D + ^ H e > 9 1 0 " 5 which is the upper limit for D ^ H

H e 
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pH (gm c m " 3 ) 

y 3 i Ι Ο " 3 0 

M 1 I I I I 11 1 1 I M ! I l | ΓΠ 

0 . 2 5 h 

0 . 2 0 h 

I 0 " , v 10" 

V = n n / n r 

Figure 2a 
Same figure as figure 1 f rom Yang et α/., 1984 for Nj/=3 and r ! /2 = 10.6 

minutes . T h e arrows c o m e f rom the "opt imist ic" analysis made by these 
authors o f the ranges for the pr imordia l abundances of the light elements 
wh ich al low t h e m to deduce 0.01 < ΏΒ < 0 .14-0 .19 . 

Figure 2 b 

Same as figure 1 and 2a where I indicate the η(Υ,Ό) range compa t i b l e 

b o t h wi th Y p = 0 . 2 4 ± 0.01 (Kunth 1986) and wi th the Yang et α/., 1984 

prescr ip t ion in ~ < 1 0 ~ 4 . One sees that the resulting η range is quite 

nar row 77=3.2±0.2 making such compar i son fairly contr ived. One notes also 

that must be as low as the Spite and Spite (1982) prescript ions which 

means that popu la t ion II stars cannot have destroyed their initial Li to keep 

this p ic ture marginal ly consistent . 
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obtained for M c The break down to individual components is also 
indicated in Fig.l. 

3. DISCUSSION 

The spectrum observed at the galactic 

10"1 

ΙΟ"" 

Ε 
« 
Έ 
υ g 
(Ο 
co 
α> 

CD 

Φ 

to 

ΙΟ"1 

model 4 

model 1 

10" 
0.5 

Wavelength (μηι) 

Fig.2. The spectrum of the observed 
surface brightness at the galactic 
pole region. Open circles and crosses 
are data of the wide and narrow band 
channels, respectively. The lower part 
shows the spectrum of the isotropic 
component ο The unit of the surface 
brightness is indicated at the right 
sidec 

pole region is shown in 
Fig.2, where the systematic 
errors are included. The 
data of the narrow band 
channels are consistent 
with those of the wide 
band channels, and the 
component found at M can be 
represented by 310 +_ TO Κ 
blackbody. The isotropic 
component is also shown in 
Fig.2. The upper limit of 
EBL at the visible region^ 
is also presented. In 
Fig.2 calculated EBL for 
two extreme cases is also 
shown5. Model 1 assumes 
no evolution for galaxies, 
while model k assumes that 
all He were synthesized in 
stars during early era of 
galaxy formation. The 
observed level is somewhat 
lower than model k 9 but 
still considerably higher 
than model 1. Provided 
that the observed isotropic 
component is really extra-
galactic origin, some 
activities at the early 
universe is required. 
Comparing our data with the 
recent observation of the 
smoothness of the sky at 
Κ , the fluctuation of 
EBL is so small that the 
observed isotropic radiation 
is hardly explained by the 
integrated light of the 
primeval galaxies. It may 
be worthy to mention that 
Carr et al.Τ predicted a 
similar line feature at the 
redshifted wavelengths for 
Lymann α due to the 
pregalactic pop. Ill objects. 
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^ ~ < 9 1 0 " 1 0 ) , is found to be correct . This is why in our g roup we have 

found useful to analyze chemical evolut ion mode l s leading to a more thorough 

D destruct ion during the galactic life wi thout any overproduct ion of 3 H e . 

4 . S P E C I F I C M O D E L S O F G A L A C T I C E V O L U T I O N 

A L L O W I N G A L A R G E R D D E S T R U C T I O N 

For that purpose we have considered three possible scenarios (a) infall or 

inflow o f processed (D p o o r ) material in the considered zone (here the solar 

v ic ini ty) (b ) destruct ion of D by stellar winds released during the premain 

sequence phase. These two types of scenarios have been analyzed in s o m e 

details by De lbou rgo -Sa lvado r et α/., 1985, (c) evolut ion models assuming 

b i m o d a l star format ion processes (see e.g. Güsten and Mezger 1983, Larson 

1986, W y s e and Silk 1987) . These models have inspired us ( A u d o u z e et ο / . , 

1987) to per form s o m e preliminary computa t ions leading to the expec ted 

large D destruct ion. 

I a m not writ ing again here the classical equations of chemical evolu t ion 

which can b e found e.g. in De lbourgo-Sa lvador et α/., 1985. These equa-

tions b e c o m e mos t s imple in the case of Deuter ium which is destroyed inside 

the stars. T h e general equat ion describing the classical evolut ion of the D 

abundance by mass is quite s imple : 

&£>l = - n X D + 6{XD) (10) 

where σ is the gas density (relative to the total mass o f galactic mat te r ) , ν 

the rate of astration and δ the rate of infall or inflow. 

(i) In mode l s wi thout infall 

AD — {Xd)primordial ^~Ut (ll) 

(ii) In mode l s wi th infall o f unprocessed material 

* 5 = 1 ( 1 - - ) ^ + - (12) 

(Λ D ) primordial O U V 

(iii) W i t h infall (or inflow) of processed material 

σ Χ Ό = {Xd)primordiale""* + {Xd )process ~ (l " e~ut) (13) 
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( iv) In mode l s where stellar mass loss f rom pre main sequence stars is taken 

into account (in these stars the only nucleosynthetic process which cou ld 

o c c u r is the D transformation into 3 H e ) : equation (10) is replaced by (14) : 

d ^ a ) = - 1 / ( 1 + f)oXD + 6(XD)process (14) 

where / is the mass fraction of premain sequence stars lost by stellar winds 

during these early phases. T h e resulting Xr> abundance is 

*E = I(i ί ) e - ^ ( i + / ) * + ί (15) 
[Xu) primordial Ο I / ( l + / ) V 

In the case o f Hel ium 3, classical mode l s of stellar evolut ion teach us 

that low mass stars can release significant fractions of 3 H e during the red 

giant phases. A c c o r d i n g to Iben and Truran (1978) , the resulting ( ~ | p ) at 

the end of this phase is : 

when one takes into the I M F the rate of 3 H e released after that phase is 

oc K(M/Mq)~4. A s discussed in De lbourgo-Sa lvador et α/., 1985 the rate o f 
3 H e released during the Asympto t i c Giant Branch is less impor tant . Finally 
3 H e should mainly c o m e f rom low mass stars (stars with m > 5 M 0 should 

no t eject any 3 H e which is itself destroyed inside such stars. 

T h e general equat ion describing the 3 H e abundance by mass X% evolu-

t ion is 

= - ν σ χ ζ + / U Es{M)<f>{M)va{t - rm)dM + 6Xs{mî) + vfaXD 

(17) 

where E%(M) is the 3 H e fraction released from a star of mass m , r m being 

its lifetime and φ(Μ) the usual initial mass function I M F . 

T h e galactic evolut ion of D and 3 H e c o m p u t e d through equations (13 ) , 

(15) and (17) in the frame of models a) and b ) are shown in figures 4a, 4b 

and 5 c o m i n g from De lbourgo-Sa lvador et ai, 1985. 
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2.510-4 

X ( D ) 
H0.28 

X ( D ) 

X ( 3 H e ) 

Figures 4 a a n d 4 b 

Resul t ing abundances by mass of 4 H e , 3 H e and D as a function of t ime 

(in Gyr ) in chemica l evolut ion mode l s with infall of processed material such 

that the 3 H e p roduc t ion rate is a) 5 1 0 ~ 5 ( Μ / Μ 0 ) ~ 4 . b ) 5 1 Ο ~ 4 ( Μ / Μ 0 ) - 4 . 

T h e infall rate is δ = 0.012 with u=0A5 ( from De lbourgo-Sa lvador et al., 

1985) . 

These two types of models are able to account for a D destruct ion such 

that D / D p — 1/15 sufficient to reconcile r / 1 0 ( D ) with 7 7 1 0 ( 4 H e ) . W i t h the pre-

scr ipt ions o f these two types of models the baryonic density η m range inside 
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Figure 5 

A b u n d a n c e s by mass o f 4 H e , 3 H e and D as a function o f t ime (in G y r ) 

wi th f = 0 . 2 (see t ex t ) . T h e p roduc t ion rate o f 3 H e is 5 1 0 ~ 4 ( M / M 0 ) - 4 , the 

infall rate 6=0 here ( f rom De lbourgo-Sa lvador et α/., 1985) . 

wh ich there is such an agreement is 1.2 < Τ 7 1 0 < 4.5 leading to 4 1 0 ~ 3 < Üb < 

6 1 0 ~ 2 . It should be no ted that this resulting Ω # parameter is significantly 

lower than that p roposed by Yang et α/., 1984. 

T h e third type o f m o d e l c ) called the b imoda l star format ion m o d e l has 

been p r o p o s e d and considered by several authors (see e.g. Larson 1986) . T h e 

a im o f such mode l s where the rate of star format ion especially those o f low 

mass is increased to p rov ide a viable solution for many prob lems like the G 

dwarf p r o b l e m and the evolut ion of metallicity wi th t ime (Pagel and Patchet t , 

1975) , an increase of the resulting M/L ratios and a better account of the 

co lors o f the solar vicini ty and spiral galaxies than it is achieved in simpler 

and therefore more classical mode l s . For instance, W y s e and Silk, 1987, 

cons ider a b i m o d a l star format ion m o d e l such that the massive star m o d e 

has a star format ion rate ( S F R ) decreasing exponential ly with t ime while the 
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m o d e which contains stars of all mass has a constant S F R . B y doing it these 

authors have cons t ruc ted galactic evolut ion models able to account for the 

age metall ici ty relation of the thin disk and the halo. After hearing the oral 

presentat ion of m y Pr inceton paper ( A u d o u z e , 1987) , Larson (1986) no ted 

that this type of m o d e l should lead to high ( D p r i m / D p r e 3 ) ratios. 

In A u d o u z e et α/., 1987, following a suggestion of J. Silk we have c o m -

puted the D evolut ion in a mode l of that type : In this m o d e l the S F R is 

supposed to b e constant with t ime scale : r + 1 oc v\ such that i / i = l for t imes 

t < 1 0 9 years, then when t > 1 0 9 years, the S F R is exponential ly decreasing 

wi th t ime such that the t ime scale r*2 oc v^o where 1/2 = 0 . 3 . 

W i t h such mode l s at times t = 1 2 . 5 Gyr , σ = 0 . 0 4 D p r e a / H = 1 0 ~ 5 , - ^ r p r e s ~ 

Ι Ο " 4 , Y ~ 0.30, Z = 0 . 0 2 5 and ^ p ^ = 15. 
Is pre* 

T h a t type of m o d e l then fulfills the two requirements that we seek to 

reconci le any baryonic density parameter r/, i.e. a large D destruct ion and a 

no t t o o large present 3 H e / H abundance . 

T h e merit o f these galactic models is that they can be proved or dis-

p roved by three different ways (i) one cou ld expec t an improvement of the ra-

d io search of interstellar 3 H e + abundance as currently pursued by R . T . R o o d 

and his associates. A n y viable galactic evolut ion cannot predict a present 3 H e 

abundance higher than the largest 3 H e measured abundances in the interstel-

lar m e d i u m ; (ii) more determinat ions of the D abundances in high redshift 

Q S O s : these mode l s are only valid if (Jj)qso > (5-10) 1 0 ~ 5 for lower val-

ues D / H < 5 1 0 ~ 5 the more classical mode l s in which D is not as destroyed 

w o u l d b e favoured. O n e notes that the present ( D / H ) abundance p roposed 

by Carswell et α/., 1987 is quite ambiguous in that respect for the z = 3 . 0 9 

Q S O 0 4 2 0 - 3 8 8 . (iii) the third m e t h o d suggested by De lbourgo-Sa lvador et 

α/., 1987 is to look for any D abundance variation between different galact ic 

sites where the gas density can vary. R e m e m b e r that 

σ < 0.01 in central region of our galaxy while 

σ ~ 0.05 in the solar vicinity. 

If, for s implici ty one uses a m o d e l with the constant recycling approxi -

ma t ion , the gas density is given by 

^ = . ^ ( χ _ a ) + s ( 1 8 ) 

with a ~ 0.2 being the integrated mass fraction coming back f rom stars to 

I S M . F r o m (18) it is easy to show that the relation between the infall ( inflow) 

rate and the astration rate depends significantly on a p r e e ( the present gas 

densi ty) : 
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(19) 

prim 
près i/(l - α ) 

δ 
e u t + (1 -

u(l - a) 
δ 

(20) 

and if D is destroyed during the stellar premain sequence phase 

(Xp)prim _ ^t(oL+f) 
{Xo)pres 

(21) 

Figures 6a and 6b show h o w the resulting (XD)prim/{XD)pres ratios are 

m u c h dependent on Cprea for these two types of m o d e l . 

Future work will then tell us w h o is right between those like us w h o 

favor large D destruct ion during the galactic history or those like Yang et 

α/., 1984 w h o trust the classical galactic evolut ion mode l s leading to modera te 

D destruct ions. 

Before closing this section devoted to the interplay between galactic 

evolut ion mode l s and the early nucleosynthesis, I wou ld like to make the 

fol lowing remark regarding 7 L i . T h e present debate between those like Spite 

and Spite (1982) w h o argue in favour o f a pr imordial 7 L i / H abundance as low 

as - 1 0 - 1 0 and Duncan and Hobbs (1987) for w h o m ( 7 L i / H ) p r t m > 2 1 0 ~ 1 0 

has the fol lowing consequences : in favour of the Spite and Spite (1982) v iew 

is the fact that one deduce f rom it a 7710 ( 7 L i ) value consistent wi th 77(D) 

and 77 ( Y ) but one has to explain why 7 L i has increased dramatical ly during 

the first bi l l ion years of galactic evolut ion and remain constant afterwards 

as po in ted out by H o b b s and Pilackowski (1987) . If ( L i / H ) p is higher, then 

one has difficulty to reconcile the resulting 77 (Li) wi th 77(D) and 17 ( Y ) and 

if one does so , one is led to very low Ω # <C 0 .01. O n the other hand the 

chemica l evolut ion o f 7 L i in that case is far easier to be explained. W e (i.e. 

J. Silk, E . V a n g i o n i - F l a m , R . W y s e and myself) are currently investigating 

this p r o b l e m in the Spite and Spite (1982) terms within the frame o f b imoda l 

star format ion which should lead to a rapid Li increase at the beginning o f 

the galact ic history if the 7 L i p roduc t ion is related to massive stars. 

5 . E A R L Y N U C L E O S Y N T H E S I S A N D P A R T I C L E P H Y S I C S 

T h e s imple (canonical) Big Bang mode l s wi th specific galactic evolut ion hy-

potheses if one follows the french school or wi thout if one trusts the C h i c a g o -

O h i o - M i n e s o t t a g roup seems to imply that the number of neutrino ( lepton) 
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Figure 6 a 
Rela t ion between the ratio X ( D ) p r t m / X ( D ) p r e s and the rate of infall δ 

for different values o f the present gas density σ ranging from 0.01 to 0.09 
( f rom D e l b o u r g o - S a l v a d o r et ai, 1987) . 

F i g u r e 6 b 
Rela t ion between the ratio X ( D ) p r t m / X ( D ) p r e 3 and the fraction of mass 

f lost during the pre main sequence phase for different values of the present 
gas densi ty σ ranging f rom 0.01 to 0.09 (from De lbonrgo-Sa lvador et ο/ . , 
1987) . 
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families is l imited to the three already known species (in agreement wi th 

G U T theories) and that the baryonic cosmolog ica l parameter Ω β ~ 0 .1 . In 

this sect ion, I would like to make a brief account of some models based on 

recent particle physics developments which have been built in order to see if 

the light element abundances resulting f rom the Big Bang can b e consistent 

wi th Ω = 1 values. These high Ω values have been found to be a consequence 

of current inflationary mode l s . There are two ways to achieve that goal (i) 

either Ω β is large, then the Big Bang nucleosynthesis would result in 4 H e 

and 7 L i overabundances and D and 3 H e underabundances ; *. these discrep-

ancies with respect to the observed "primordial" abundances can be solved if 

photodis integrat ion processes .triggered by high energy photons coming from 

the decay of massive particles destroy in part 4 H e and 7 L i and restore the 

D and 3 H e observed abundances from them. This type has been considered 

e.g. by A u d o u z e et α/., 1985 w h o analyzed such processes occur ing after the 

decay of massive neutrinos and gravitinos while Salati et α/., 1987 conduc ted 

a similar analysis with decaying phot inos (ii) the other alternative is to have 

Ω large because of the existence of non baryonic particles which act as mere 

specta tors of the early nucleosynthesis : the literature and these proceedings 

conta in many different proposals advocat ing in favour of hot dark matter 

(neutr inos with mass of 50 e V . . . ) or of co ld dark matter (axions, strings . . . ) . 

In our work we have considered only stable phot inos (Salati et α/., 1987) or 

s table quark nuggets (Schaeffer et α/., 1985) . W e will summarize only here 

the few points which deserve to be made on that question. 

5 .1 Ear ly photodis integrat ion processes affecting the 

light e lement abundances 

Three possibilities have been considered up to now al though any other 

massive decaying particle able to p r o d u c e high energy g a m m a rays wi th the 

appropr ia te t ime scale is fitted for this specific purpose . There are (i) mas-

sive neutrinos wi th masses of ~ 500 M e V and life-time ~ 1 0 5 - 1 0 6 sec ; (ii) 

* After the Beijing conference I b e c a m e acquainted with the p roposa l cur-

rently m a d e by Applega te et α/., 1987 according w h o m the quark-hadron 

phase- t ransi t ion which should b e a first order p h e n o m e n o n cou ld lead to huge 

inhomogenei t ies of p ro ton and especially neutron distr ibution : neutrons are 

especially favoured in the evolut ion of such Big Bang plasmas because their 

diffusion mean free path is much larger than that of pro tons . Wi th such a 

p roposa l interesting, nucleosynthetic byp roduc t s can be synthetized not only 

the very light elements under considerat ion here bu t also heavier elements. 

In their so -ca l l ed segregated mode l , this new type of early nucleosynthesis 

c o u l d b e consistent with the D , 3 H e , 4 H e and 7 L i primordial values for an 

ilh2 value o f 1 which is the main a im of the mode l s descr ibed here. 
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are (i) massive neutrinos with masses of ~ 500 M e V and l ife-t ime ~ 1 0 5 -

1 0 6 sec ; (ii) gravit inos, the 3 / 2 spin particles which are the supersymmetr ic 

( S U S Y ) counterparts of the 2 spin gravitons. Their mass range f rom 20 G e V 

and 1 T e V and their lifetime is ~ 1 0 5 - 1 0 6 sec ; these two first possibilit ies 

have been considered by A u d o u z e et al., 1985 and (iii) unstable phot inos o f 

c o m p a r a b l e lifetime (Salati et al., 1987) . 

Lindley (1985) has shown very convincingly why these particles should 

have a lifetime as long as 1 0 5 - 1 0 6 sec. T h e physical reason is the fol lowing : 

there exists an energy threshold ΕΊ for these g a m m a rays such that 

E~kT = —MeV2 (22) 
7 50 v 7 

where kT is the thermal energy of the Universe background radiation. 

A b o v e this threshold, the high energy photons scatter on the thermal 

pho tons and p r o d u c e ( e + e~~) pairs while be low the threshold they can C o m p -

ton scatter on electron, induce ( e + e~ ) pair p roduc t ion by scattering on the 

nuclei or induce photofission. T h e energy ΕΊ of the photofission g a m m a rays 

should b e high enough to be above the photofission reaction threshold i.e. 

ΕΊ > 20 M e V . O n the other hand ΕΊΗΤ < ^ M e V 2 for this photofission to 

take place : For ΕΊ > 20 M e V , kT < K T 3 M e V , t > 1 0 5 - 1 0 6 sec. Therefore 

photofiss ion processes cannot occu r at times shorter than these 1 0 5 - 1 0 6 sec 

during which the light elements are protected against photofission by (e+ 

e ~ ) pair p roduc t ion . 

T h e m i n i m u m energy for the g a m m a rays to induce photofission and the 

condi t ions on the t ime scale define a fairly precise set of decay l i fe - t ime-mass 

condi t ions for these particles. As examples Figure 7 extracted f rom A u d o u z e 

et al., 1985, shows h o w part of 4 H e can be transformed into D and 3 H e by 

high energy g a m m a rays c o m i n g from the decay of gravit inos. Figure 8 f rom 

Salati et al., 1987 is a m a p o f the l ifetime-mass of decaying phot inos defining 

5 different regions for a Universe such that Ω = 0 . 0 2 . 

In region I the phot inos are not massive enough to induce any photofis-

sion : they only act as another neutrino family and lead therefore to an 

ove rp roduc t ion of 4 H e . Reg ion II corresponds to phot inos with a lifetime 

t o o short to affect the nucleosynthesis. In region III D is dissociated , in 

R e g i o n IV all three elements D , 3 H e and 4 H e are dissociated while in region 

V a partial photodis integrat ion of 4 H e leads to an overproduc t ion of 3 H e . 

T h e results of the early nucleosynthesis can then constrain significantly the 

mass- l i fe t ime relation for unstable phot inos and have interesting predict ions 

on the physics of the different possible decay models of phot inos (see Salati 

et ai, 1987 for more details) . 
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T ( 8 ) 

Figure 7 
Effects of decaying gravitinos on light element abundances : Y p — 1 for 

the upper panel and Y p=0.24 for the lower one ; X p(D)=X p(
3He)=0. The 

two sets of curves have been calculated for 50 M e V and 200 M e V electrons 
(respectively 100 M e V and 400 M e V photons), τ3 is the gravitino lifetime 
(from Audouze et α/., 1985). 

To sum up any massive > 500 M e V long lived (r > 10 5-10 6 sec) par-

ticle decaying in high energy gamma rays can affect the outcome of early 

nucleosynthesis by photofission reactions. 

5 , 2 . E a r l y nucleosynthesis in the presence of particles 
act ing as spectators 

W e have envisaged so far two possible types of particles which are non 

baryonic, which could act as spectators of the early nucleosynthesis and in-

duce large cosmological parameter value Ω=1. The first possibility is stable 

photinos of mass in the fairly narrow range 3 < < 8 GeV which could 

close the Universe and still be consistent with the primordial abundances 
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F i g u r e 8 

P h o t i n o mass {Μη) and lifetime (r^) domains defined by the nucleosyn-

thesis constraints for Ω = 1 . Each doma in is defined in the text. T h e only 

a l lowed d o m a i n is region I ( low lifetime - high mass) and the border of this 

region wi th d o m a i n III (from Salati et α/., 1987) . 

of the light elements (Salati et α/., 1987) . T h e second possibility are quark 

nuggets . Th i s t e rm designates particles with a tomic mass 1 0 2 < A < 1 0 5 7 

and Ζ ~ 5 A 1 / 3 m a d e up of 3 A quarks (u, s and d quarks in equal amounts ) 

and wh ich w o u l d fill up the "nuclear desert" between the heaviest nuclei and 

the neut ron stars (de Rujula, 1986) . These quark nuggets could have been 

p r o d u c e d during the quark-hadron transition (Wit ten , 1984). Schaeffer et 

α/., 1985 have suggested that an Ω > 1 Universe can be consistent wi th the 

results o f the early nucleosynthesis if such nuggets exist, if they are stable and 

if they have an appropriate a tomic mass : 1 0 1 5 < A < 1 0 1 7 . This A range 

m a y have to be changed after a better account of the nuclear absorpt ion and 

emiss ion rates f rom these nuggets. However one should remind that A l c o c k 

and Fahri, 1985 c la im that quark nuggets of any a tomic mass disappear by 
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t ransforming themselves into nucléons before the t ime of nucleosynthesis. 

In short it is not impossible to build up models with low Ω # and large Ω 

c o m i n g f rom s o m e specific types of particles like stable phot inos and quark 

nuggets but it may not be the mos t likely hypothesis . 

6 . C O N C L U S I O N 

T o s u m up the discussion presented above , the very light elements D , 
3 H e , 4 H e and 7 L i remain still very powerful and handy cosmologica l tools . 

1 - Regard ing the observat ions, one can expect in a foreseable future 

significant progress on several important issues : 

— determinat ion of D abundances b o t h in various galactic locat ions (where 

the relative gas densities are different f rom each other) and in the absorpt ion 

line systems of quasars at high redshifts. Such observat ions should allow 

to distinguish between the galactic evolut ion m o d e l preferred in our g roup 

(see e.g. De lbourgo -Sa lvador et α/., 1987) which lead to a huge D destruc-

t ion during the galactic history and therefore large variations of D wi th the 

cons idered galactic locat ions and significantly large D abundances in high 

redshifts Q S O s . If such variations are not found, one should c o m e back to 

the views expressed by the Ch icago g roup (see e.g. Yang et α/., 1984) . In this 

case , one may have s o m e difficulty to reconcile the baryon densities predic ted 

b y 4 H e and D pr imordia l abundances respectively. 

— determinat ion of 3 H e abundances : we anticipate fo r thcoming excit ing 

da ta on the interstellar 3 H e abundances coming f rom R . T . R o o d and his as-

sociates . A significant decrease of the interstellar 3 H e concerning especially 

the high value found for the W 3 HII region wou ld be mos t useful in con-

straining effectively the rate of 3 H e format ion and therefore of D destruction 

during the galactic evolut ion. 

— after the discussions concerning the 4 H e abundance determinations in blue 

c o m p a c t galaxies (Pagel et ai 1986, Kunth 1986, Shields private c o m m u n i -

ca t ion) one might expec t to know soon Y p wi th an accuracy of 5 % . 

— after the works of different groups pionnered by F. and M . Spite and their 

associates and fol lowed by those of Duncan and H o b b s , Boesgaard et α/., one 

should have s o o n a c lear -out view on the pr imordial abundance of 7 L i . 

I have argued here that the s tandard (simple or canonical) Big Bang 

m o d e l still s tands very well to account for the "observed" pr imordial abun-

dances of the very light elements if D is largely destroyed during the galactic 

evolu t ion . In that respect new and successful galactic evolut ion mode l s like 

the b i m o d a l star format ion m o d e l of Larson, 1986 considered also by W y s e 
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and Silk (1987) are especially suited to achieve that type of D behaviour . 

In that case as no ted by De lbourgo-Sa lvador et α/., 1985, the resulting Qb 

w o u l d b e somewha t smaller than the value quoted e.g. by Boesgaard and 

Ste igman (1985) 4 1 0 ~ 3 < Ub < 6 1 0 ~ 2 instead of 0.01 < ÜB < 0.14. In 

this si tuation the Universe should be filled by large density of non baryonic 

particles in order to account for the dynamics of its large scale structures. 

I have also considered also models derived from recent developments in 

part icle physics . M o s t of them have been designed in our g roup , but see also 

Scherrer and Turner, 1987, like those of A u d o u z e et α/., 1985, or of Salati et 

α/., 1987 which take advantage of the possible existence of massive, long lived 

particles like massive neutrinos, gravitinos or phot inos which cou ld decay in 

releasing high energy pho tons able to partially photodis integrate 4 H e and 7 L i 

p r o d u c e d in a large Ω Β universe (the dark matter wou ld be baryons in that 

case ) . Other mode l s like Schaeffer et α/., 1985 a t tempt to take advantage 

of the poss ible existence of quark nuggets which are nuclearites which cou ld 

appear during the quark-hadron phase transition (Wi t ten , 1984) and assist 

like specta tors to the early nucleosynthesis while filling the Universe wi th 

their mass . In that respect it is interesting to ment ion the recent p roposa l of 

App lega te et ai (1987) w h o take advantage of the possible existence o f large 

ba ryon density fluctuations which cou ld occur in the Q C D or electroweak 

phase transition and lead to the formation of very neutron rich regions which 

in turn wou ld trigger some interesting processes pertaining to pr imordia l 

nucleosynthesis . 

A l though these p rob lems have not been evoked in this presentat ion, in-

teresting works have still to be pursued in three directions, a) s tudy o f 

mode l s wi th non zero cosmolog ica l constant A which should be the signature 

of fast expanding Universes, b ) s tudy of models where the chemical potential 

o f neutr inos can b e high and then pursue the discussion initiated by Dav id 

and Reeves , 1980 and by Steigman, 1985, c ) analysis of models cor respond-

ing to inhomogeneous a n d / o r anisotropic Universes and pursue the work o f 

e.g. R o t h m a n and Matzner (1984) , De lbourgo-Sa lvador (1986) and Matzner 

(1986) . 

Because of the many progresses achieved b o t h in the observat ion o f 

faint far a n d / o r o ld objec ts in the overall geomet ry of the Universe, in the 

unders tanding o f particle physics and in the const ruct ion of new unification 

schemes , one expects that the format ion of the very light elements ( D , 3 H e , 
4 H e and 7 L i ) will inspire for somet ime excit ing new ideas which may be useful 

to c o s m o l o g y . 
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DISCUSSION 

PECKER: 1) The He 4 may not be as "primaeval11 as you think it should 
be, if diffusion of Η vs. He, under the influence of radiation pressur 
acting on H-Lya, but not on He Lya or Hell-Lya, is acting in objects 
where a large number of ionizing photons ionize Η and He locallyβ In 
other terms, loss of Η may be a way to see an apparent enhancement 
of He abundance. 

2) About the Sourian baryonic - symmetry model, based on 
distribution of quasars,, Do you mean you do not accept his 
statistical analysis of such a distribution? 

AUDOUZE: 1) There are ample discussions among the specialists about 
ionization effects on He in blue compact galaxies. In a sample of 
about 100 objects, only 10 of them which show sufficiently ionization 
effects were kept in order to avoid any improper correction. Their 
method seems very safe in that respect. 
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2) About symmetric models 0 I do not believe that the Sourian 
models belong to the class I am criticizing, in which the amount 
of matter is equal to that of antimatter 0 The only thing I said 
is that the relative number of photons relative to baryon prevents 
equality between matter and antimatter densities. 

NORMAN έ As we heard this morning, we may well need a significant 
value for the cosmological constant. What will this do to your 
standard model 0 For example, will this change your limit on the 
number of neutrinos0 Possibly the extra push in expansion due to 
λ will then reduce the allowed number of v fs to below three. An 
interesting way to look at this, perhaps, is to use the ^He abundance 
and N v = 3 to limit the cosmological constant 0 

AUDOUZE: I should say that both the Chicago and the Paris groups 
have not yet investigated properly models with non-zero cosmological 
constant ο My bet is that you are right in saying that the 4-He 
abundance puts a strong limit to near zero values for this constant 0 

For non-zero values the expansion is accelerated and would lead to 
much too high He abundance β Therefore the limits that we could put 
on this constant should be quite stringent and close to zero. 

NÄRLIKAR: If we assume that Y lies in the range 0.24 + 0.01, how do 
we account for very low values^of Y 0 o20) in certain objects? 

AUDOUZE: At present the only real difficulty would come from the 
Jupiter atmosphere observations. Some chemical fractionation could 
affect the He/H ratio deduced from this siteQ But it is true that 
if Y < 0 o22 the simple Big Bang model is in trouble. 

BURKE: Recently Kardashev has proposed that the baryon asymmetry that 
we observe locally is a fluctuation of finite extent in a larger 
universe with a mean baryonic density of zero0 What implication would 
this have for your model? 

AUDOUZE: The simple early nucleosynthesis model works only ̂ with 
specific expansion in rates and baryonic density contents. I am 
not aware of the Kardashev model „ I can only say that in order to 
explain the light element abundances in the frame of our hypothesis 
any model should come with the same type of expansion and baryonic 
density content 0 To pursue this question, I have heard in informal 
conversations that Dr e Hogan is developing seme models in which he 
would predict the appropriate amount of 4-He in models emphasizing 
the role of the quark-hadrun first order transit ion 0 
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SETTI: A couple of years ago it was said that primordial 
nucleosynthesis models would constrain the number of neutron 
types to no more than 4-5 0 What has changed now to bring the 
limit down to 3? 

AUDOUZE: It is the noticeable decrease of the He abundance quoted 
by Pagel (1986) and independently supported by Kunth (1986) which 
makes me feel that Ν = 3 is the actual limit to the number of 
neutrino families. This conclusion would also be reinforced with 
higher primordial Li abundances as suggested by Duncan (this 
conference)„ 

SILK: The Chicago models of primordial nucleosynthesis allowance 
of ÇL. require baryonic dark matter, but your standard models (at 
leasr some of them) do not 0 Could you comment on the origin of 
this difference? 

AUDOUZE: The main difference between the Chicago school models and 
ours comes from the galactic evolution of D (and possibly also of ^He) : 
we presently favour significant decreases of D by factors of about 10 
during the galaxy history which would lead to large (~10~4) primordial 
D abundance in agreement with the primordial ^He abundance (and also 
larger Li abundances). This would lead to lower values of η (Ω) 
such that 4 χ 10~3 < Ω £ 0 o06 which would limit in a more stringent 
way the baryonic dark matter present in the Universe. As said in the 
talk, there is an observational test (the D abundance/interstellar 
gas density correlation) which should support (rule out) our models 
relative to theirs. 
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