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selektiraju dopustene reakcije
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TERMODINAMIKA ULTRA
RELATIVISTICKE PLAZME

Number density: n = i(r—glg’(T)T3
Energy density: p=3p=159(T)T"
Entropy density: ¢ = %;_J _ %Q(T)TS

Where, the number of relativistic degrees of freedom sum
over all bosons and fermions with appropriate weight:

g (T) = gu(T) + 294(T)

9(T) = gu(T) + £gs(T)



In the absence of dissipative processes (e.g. phase transitions
which generate entropy) the comoving entropy is conserved.

4?0 > sxlfad ie Toxl/a

At early times the curvature term becomes negligible (compared
to radiation) so the Friedmann equation simplifies to:

(:_i ) 2 8nGp
a/ 3

Integrating this yields the time-temperature relationship:

t(s) = 2.42 g2 (T/MeV)-2
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Table 5.1 Thermodynamic quantities for various particle species at T > T4

Particle species A Symbol T4 (K) g4 Na/Ny eafe, Sa/S,
% a
Electron e 5.93 x 10 2 3 Z Z
‘Positron e* 2 . Z 2
| = 12 < a8 7 7
Muon u 1.22.% 10 2 7 3 8
Antimuon ut 2 3 i z
3 7 7
Muon, electron Vs Ve 0 1 3 sl 1
‘neutrinos and their v, V. 1 2 £ =
-antineutrinos
Pions mt 1 2 3 !
= 1.6 x 1012 3 1 2
7 1 ; 3 ;
Proton p 101 2 3 ¢ 7
Neutron n Ty=To=1lox10" 2 2 z Z
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