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Primordial Nucleosynthesis 

(J. Audouze) 

Primordial nucleosynthesis which is responsible for the formation of the 
lightest elements (D, 'ne, ̂ HE and ̂ Li) might be as important as the overall 
expansion of the Universe and the cosmic background radiation to prove the occur­
rence of a dense and hot phase for the Unvierse about 15 billion years ago. As 
recalled in many reviews (e.g. refs. 1, 2) the standard Big Bang nucleosynthesis 
leads to two important conclusions regarding (i) a limitation of the baryonic 
density such that the corresponding cosmological parameter !2 £ 0.1; (ii) a 
limitation of the number of neutrino flavours to 3~4 consistent with the results 
concerning the widths of the Z0 and W* particles

3. 

The most recent progresses concerning this important problem deal with (i) 
some recent abundance determinations of the light elements; (ii) the discussion of 
the validity of the standard Big Bang model; (iii) the chemical evolution of the D 
and ^He abundances; (iv) the elaboration of models taking into account either the 
decay of non baryonic particles or the inhomogeneities resulting from the quark-
hadron phase transition. 

RECENT ABUNDANCE DETERMINATIONS OF THE LIGHTEST ELEMENTS 
An excellent review of the D abundances can be found in ref. 4. There is a 

tentative determination5 of the D/H ratio in (z - 3) absorption line QSOs. 
Concerning -%e a recent reconsideration of the interstellar ^HeVH ratio from 
radio lines has reduced somewhat but not eliminated the large abundance range 
reported in previous analyses6!7. 
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The primordial "He abundance (Yp) has been thoroughly discussed in a recent 
conference". There seems to be a slight tendency towards lower values of Y_ (e.g. 
refs. 9 and 10). Finally, regarding ?Li the discovery of 7Li/H - 10~10 in Pop II 
stars11 is confirmed by two different groups 1 2 » 1 3 . 

THE VALIDITY OF THE STANDARD BIG BANG NUCLEOSYNTHESIS 
The so-called Chicago-Bartol group is still strongly arguing about the 

striking validity of the simple (canonical) Big Bang model. This group has also 
studied the implications on their models of new nuclear reaction rates which could 
affect the 'Li abundance11* (see also ref. 15) and found no reason to abandon their 
views regarding the success of such models16. These views are challenged in part 
by the Paris group since there seems to be a growing discrepancy between the 

baryonic density deduced from low Yp values on the one hand and low ( „ ) 
values on the other hand (e.g. ref. 2). 

SPECIFIC MODELS OF GALACTIC EVOLUTION 
In order to overcome this difficulty the Paris group17 have considered models 

implying for instance varying rates of star formation where D can be destroyed 
thoroughly during the galactic history and where a low Y value would correspond 

to a high ( „ ) value. There is an observational test which could discriminate 
H p 

between the Chicago-Bartol and the Paris views depending on the non-variability or 
the variability of the D/H ratio observed in different regions of our Galaxy.18 

PRIMORDIAL NUCLEOSYNTHESIS AND PARTICLE PHYSICS 
Since standard Big Bang models put very strong constraints on the baryonic 

density of the Universe, many attempts have been made to alleviate such an import­
ant constraint. Among them one can quote (i) the partial photo-disintegration 
of He and 'Li induced by photons coming from the decay of massive non-baryonic 
particles such as massive neutrinos and gravitinos19, photinos20, and WIMPS of any 
kind21; (ii) the consideration of an anisotropic universe22 although the 'Li 
abundance puts severe constraints on this specific model23>21*. (iii) the possible 
effect of the quark-hadron phase transition on the primordial nucleosynthesis, a 
most exciting proposal made first by Applegate et al.25, followed by Alcock et 
al.23. This phase transition might induce the formation of neutron and proton rich 
zones, the existence of which could affect the outcome of the primordial nucleo­
synthesis. In that frame it has been argued25 that this model could allow the 
possibility of having fig = 1 consistent with the results of the primordial 
nucleosynthesis, while other investigations show that the primordial abundance 
of 'Li rules out this most exciting idea.23'26 

References 

1 - Boesgeard, A.M. and Steigman, G.: 1985, Ann. Rev. Astron. Astrophys. 23, 
pp. 319. 

2 - Audouze, J.: 1987, in "Dark Matter in the Universe", J. Kormendy and G.R. 
Knapp (eds.), Reidel, Dordrecht, pp. 499. 
Audouze, J.: 1987, in IAU Symp. 124 on "Observational Cosmology", A. Hewitt, 
G. Burbidge and L. Zhi Fang (eds.), Reidel, Dordrecht, pp. 89. 

3 - Cline, D.B., Schramm, D.N. and Steigman, G.: 1987, Comm. Nucl. Part. Phys., 
in press. 

4 - Vidal-Madjar, A.: 1987, in "Space Astronomy and Solar System Explora t ion" , W. 
Burke ( e d . ) , ESA-SP 268. 

5 - Webb, J.K., et al.: 1987, Astron. Astrophys., in press. 
6 - Bania, T.M., Rood, R.J. and Wilson, T.L.: 1987, Astrophys. J., in press. 
7 - Rood, R.T., Bania, T.M. and Wilson, T.L.: 1984, Astrophys. J. 280, pp. 629. 
8 - Shields, G.A.: 1986, P.A.S.P. (special issue) 98, pp. 956. 

https://doi.org/10.1017/S0251107X00007501 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00007501


660 COMMISSION 47 

9 - Beckman, J. and Pagel, B.E.J.: 1987, Proc. of the IAU Symp. 134. G. Cayrel 
and M. Spite (eds.), to be published. 

10 - Gallagher, J.S.(III), Schramm, D.N. and Stelgman, G.: 1987, Astrophys. J., in 
press. 

11 - Spite, F. and Spite, M.: 1982, Astron. Astrophys. 115, pp. 357. 
12 - Hobbs, L.M. and Duncan, D.K.: 1987, Astrophys. J., in press. 
13 - Rebolo, R., Beckman, J. and Molaro, P.: 1987, Astron. Astrophys. 172, pp. 

L17. 
14 - Kawano, L. , Schramm, D.N. and Steignman, G.: 1987, Astrophys. J . , in p r e s s . 
15 - Kajino, T., Toki, H. and Austin, S.M.: 1987, MSUCL 574 prepr in t 
16 - Stelgman, G., e t a l . : 1987, Phys. L e t t . , in p r e s s . 
17 - Vangioni-Flam, E. and Audouze, J . : 1987, Astron. Ast rophys . , in p r e s s . 
18 - Delbourgo-Salvador, P . , S a l a t i , P . , Reeves, H. and Audouze, J . : 1987, in 

p repara t ion . 
19 - Audouze, J . , Lindley, D. and S i l k , J . : 1985, Astrophys. J . 293, pp. L53. 
20 - S a l a t i , P . , Delbourgo-Salvador, P. and Audouze, J . : 1987, Astron. Astrophys. 

173, pp. 1. 
21 - Scher re r , R.J. and Turner, M.S.: 1987, Astrophys. J . , in p r e s s . 
22 - Matzner, R.A.: 1986, P.A.S.P. 98, pp. 1019. 
23 - Alcock, C.R., F u l l e r , G.M. and Mathews, G . J . : 1987, UCRL 95896 p r e p r i n t . 
24 - Reeves, H.: 1987, Proc. of the Varenna Summer School, J . Audouze and F. 

Melchiorri ( e d s . ) , t o be publ ished. 
25 - Applegate, J .H . , Hogan, C. and Scher re r , R . J . : 1987, Phys. Rev. D, in p r e s s . 
26 - Delbourgo-Salvador, P . , Audouze, J . and Vidal-Madjar, A.: 1987, Astron. 

Astrophys 174, pp. 365. 

Background Radiat ion in the Universe 

(G. De Z o t t i ) 

MICROWAVE BACKGROUND 
a) Spectrum. A co l l abora t ion between US and I t a l i a n groups performed accura te 

observa t ions a t f i ve wavelengths1 . The experiment was p a r t i c u l a r l y conceived to 
achieve the h ighes t poss ib le r e l a t i v e accuracy, al lowing an e f fec t ive search 
for s p e c t r a l d i s t o r t i o n s . The Berkeley and the Milano groups fu r the r improved 
the s p e c t r a l coverage2 . 

Johnson and Wilkinson3 avoided the main problems of ground-based experiments 
(pr imar i ly the atmospheric emission) by f ly ing a s p e c i a l radiometer opera t ing 
a t A = 1.2 cm on a ba l loon . Thus they a r r ived a t the most p rec i se measurement 
repor ted to d a t e : TQ = 2.783 ± 0.025 K. 

Accurate determinat ions of TQ a t 2.64 mm and es t imates a t 1.32 mm were a l so 
obtained through h igh - re so lu t ion observa t ions of the CN absorpt ion l ines '* . 

The good agreement between a l l r e s u l t s l i s t e d above, involving very d i f fe ren t 
sys temat ic e f f e c t s , i s encouraging. The b r igh tness temperature in the Rayleigh-
Jeans region i s now known to b e t t e r than 1$; Bose-Einste in d i s t o r t i o n s with a 
chemical p o t e n t i a l l a r g e r than a few times 10~3 a re ru led ou t . The ensuing 
c o n s t r a i n t s on processes of cosmological i n t e r e s t have been r e c e n t l y reviewed5. 

The information on the Wien t a i l of the spectrum has a l so been growing f a s t in 
the l a s t few yea r s . The bal loon-borne photometer flown by Peterson and co­
workers6 has made measurements a t f i ve wavelengths, ranging from 3.5 to 1 mm. 
The new r e s u l t s do not confirm the s t rong excess around the peak7. Most 
r e c e n t l y , a rocket -borne radiometer , designed t o measure the background 
r a d i a t i o n in s ix passbands between " 1 mm and " 100 ym, was launched by a 
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