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There are many indications that the baryonlc content of the 

universe is rather low. The observation of the luminous matter 

in galaxies leads to a ratio n D of the barion density over the 

critical density of about 0.05- Similar values are obtained 

from the models of primordial nucleosynthesis that predict 

abundances of D. 3He and 7Li that favour unambiguously an open 

universe with values of flb ranging from 5 10~3 to 0.1. On the 

other hand, the observation of the mass to light ratio at the 

cluster scales as well as the large scale velocity field of 

galaxies leads ton > 0.2. To explain this discrepancy, the 

existence of dark matter has been postulated. From the results 

of nucleosynthesis calculations, one is unavoidably led to 

postulate that this dark matter must be non-baryonlc, that it 

must have no strong interaction with baryono and nuclei. 

Although several hypothetical particles could be good 

candidates for this non-baryonic matter (massive neutrinos, 

"warm" or "cold" particles) none of these has yet been 

convincingly shown to exist. 

It has been suggested1^ that small droplets, "nuggets", 

of quark matter could exist ad be stable or at least 

metastable with respect to their decay into ordinary nucléons 
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or nuclei. These nussets could be present In the universe and 

provide an alternate explanation for the dark matter. This 

possibility has many attractive features. It allows for an 

0 = 1 universe as is likely in many of the theories for the 

very early universe, with species of particles that all are 

of baryonlc nature and can thus be transformed into one 

another. The ratio HD/ti of the baryon density over the total 

matter density is thus a natural outcome of the theory rather 

than a number that must be chosen a priori. Moreover, whereas 

the density fluctuations of baryons undergo Silk damping at the 

smaller scales, this is not the case2-' for quark nussets due 

to their very low electric charge . Fluctuations at the 

galaxy scales are thus allowed and galaxies can be made 

easily. The question, however, must be raised whether the 

strong Interactions of the quark nussets will not spoil the 

agreement of calculated and observed abundances of the lisht 

elements since, as is well known, the early nucleosynthesis 

calculation produce very strong constraints on the various 

parameters that describe the universe. 

The physical properties of the quark nussets are quite 

uncertain1,^J and several cases must be considered in a 

calculation of the early nucleosynthesis In presence of 

nuggets : the latter could be more stable than nuclei. 

metastable with a long lifetime or unstable with respect to 

their decay into baryons and nuclei. Nussets will emit and 

absorb nucléons, according to the reactions 

n * Q £ Q p • Q î Q . (1) 

This changes their baryon number by one unit. We assume that 

subsequent reactions will change the number of nuggets and 

finally produce a population of nussets with an average baryon 

number A equal to be most probable value. For the baryon 

absorption, we use the geometrical cross-section of the nugget 

plus a coulomb barrier for the protons. The baryon emission 

rate is treated in a way that is standard for the fission of 

ordinary nuclei * : it is proportional to the frequency of 
attempts for the emitted particle to go out of the nugget. 

multiplied by the relevant energy barrier factors'^. The 



numerical calculations including the reactions (1) are 
performed u^ine a computer code ^ with all standard nuclear 
reactions. 

At T « lOOMeV where the calculation is started, the 
reactions (1) are in equilibrium and the relative abundance of 
baryons and nuggets Is determined by the Sana equation. In the 
case of stable or metastable nuesets, the baryon emission is 
rapidly suppressed by the conespoding energy barriers as the 
temperature gets lower. Baryon absorption also sets 
suppressed, even in the case of stable nucsets : due to the 
high n £ p and n • p + d reaction rates most neutrons are 
captured into nuclei that are prevented from being absorbed by 
the nuesets due to the Coulomb barrier. A simple model that 
reproduces the results of the more complete numerical calculations 
can be obtained as follows. The time evolution of the ratio 
H b/n is given by 

d nb nnug n b 
dt n n e m n a b 8 

with reaction rates 

Xem ~ n I • x ~ n « A~ft/3 ( 3 ) 

irR 2n„„„<v> ~ n n i l o . n„ A " 1 ^ (ft) 

here, r is the radius of a nugget, the factor n c/R is the 
frequency of attempts baryon emission, and the factor 1/A Is 
due to the fact that the emission rate is proportional to the 
number of nuggets that, for a given value of flnue. goes as 1/A. 
The factor n« in eq. 3 is the baryon number density within a 
nugget (~ lo3°em~3)< whereas n e is the critical density of the 
universe (~ 102^cm~^ at the time of nucleosynthesis). Due to 
this large difference of scale, the equilibrium (1) Is 
strongly displaced in favour." of the baryons even in the case 
of stable quark nuggets provided A is not too large. The value 
of A is given by the laws of physics. It is however quite 
uncertain and we consider it as a parameter. In case A 
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Figure 1 : Results of primordial nucleosunthesls in the case 

of stables nussets with an fl = 1 universe. The fraction of 

baryonic .natter in the form of nucléons £lb (lower scale) is 

solely determined by the size A (upper scale) of the quark 

nussets (eq. ft to 6). The abundances by number of the llsht 

elements, which depend on the parameter A. are thus also a 

function of n b. The boxes indicate the area allowed by 

observations for each of the species. All the observed 

abundances can be obtained simultaneously when our unique 

parameterA is chosen to be about 10 1'. This leads to the 

prediction that n b ~ 0.02 and n n u a ~ 0.98 . 



is smaller than ~ 10 1 , only nucléons are present, whereas 
for A > 10 nucleosynthesis occurs in the presence of baryons 
only. The actual value of the ratio fîb/Q can be obtained by 
asumins that every baryon emitted by a nugget becomes a proton 
or is embedded in a nucleus of D. ^He or 'Li: 

n„/n = l - e" x (5) 'b' 

with 

where 

A t r a n -1.6 loW-i—I" 3' 2 ^ 3 / 4 ") 
r r a n UOMevJ 

is now a bett-.r estimate than the value (10 1 ) obtained from 
the ratio X\Q/X\Q. The eq. 5 shows that the value of n^/n - that 
Is a result of the nucleosynthesis calculation - depends 
merely on the value of the parameter A. For a given value of 
fl. the calculated abundances (Fis. 1) thus are a function of 
A, but can equivalently be plotted as a function of n b. The 
observed values of the abundances correspond to O b ~ 0.02 and 
A ~ 2 101"5 (for e = lOMeV and n ~ o.l). 

The hypothesis that the universe is populated by stable 
or metastable quark nuggets thus is consistent with the observed 
abundances of light elements, despite the strong interactions 
of baryons and quark nussets, provided the average baryon 
number of these nuggets is quite large (A ~ 2 10 1'). It leads 
to a universe with 98X of the matter in the form of nuggets 
and 2% in the form of baryons. 

Astonishingly enough, unstable nuggets would not provide 
the observed rates^J, unless they decay at extremely late an 
epoch so as to insure that the decay products are not trapped 
into the galaxies (where the abundance observations are made). 
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