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Universe endowed with relic colored objects, 
quarks and gluons, survived hadronization as 
isolated islands of quark-gluon “nuggets” (QNs)
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Equations of state in the quark-gluon bag model 

( ) 4
q qp T A T B= −

( ) 4
h hp T A T=

“ hot” phase of deconfined
quarks and gluons;

confinedparticles, hadrons

A system of strongly interacting particles, made of
free quarks and gluons, is cooling down and meets
the “cold” phase transforming in colorless hadrons.

( ) 41.75, 0.33, , 200 MeVq h q h c cA A B A A T T≈ ≈ = − ≈
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( ) dp
T T p

dT
ε = −

( ) 4 4
1 4q qp T A T BT AT A T= − ≡ +ɶ

( ) 4 4
0 4q qp T A T B A A T= − ≡ +

4
43A Tε =

4
0 43A A Tε = − +

Pressure Energy density
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( ) ( )3 3 0d Ea Pd a+ =
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Friedmann equation for Hubble parameter:
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Friedmann equation for deceleration parameter:

( )4 3
1 M Kβ γ Λ= + + Ω + Ω + Ω

( ) ( )1 3 4 3

0 2 2
Mq

γ β γ β γ Λ
Ω− = + − + − + Ω

Age of the
Universe:
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(flat space)
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Model II
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CONCLUDING REMARKS

QNscan contribute to DM if they weekly 
interact with usual baryonic matter and light;

nonrelativistic gravitational potentials are 
determined by distributions of inhomogeneities 
of both dust-like matter and QNs;

QNs can have an influence on galaxy rotation 
curves, replacing (at least partially) DM for 
the solution of the flatness problem.
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