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1 eV =11600 K = 1.60× 10−19 J = 5.07× 106 m−1 = 1.52× 1015 s−1 = 1.78× 10−36 kg

c = 1 = 2.9979× 108 m/s
ℏ = 1 = 197.327 MeVfm
1 pc = 3.09× 1016 m
1 a = 3.156× 107 s
h ≡ H0/(100km/s/Mpc)
(100 km/s/Mpc)−1 = 9.78× 109 a
= 2998 Mpc=4.69× 1032 eV−1

T0 = 2.725 K = 2.348× 10−4 eV
Tν0 = (4/11)1/3T0

zdec = 1090
me = 0.511 MeV
mN = 938 MeV
B = mp +me −mH = 13.6 eV

ζ(3) = 1.20206
GF = 1.17× 10−5 GeV−2

MPl ≡ (8πGN)
−1/2 = 2.436× 1018 GeV

gn = gp = ge = 2, gH = 4
Q = mn −mp = 1.293 MeV
g∗(T ≪ me) = 3.363
g∗S(T ≪ me) = 3.909
g∗(1 MeV) = g∗S(1 MeV) = 10.75
τn = t1/2/ ln 2 = 878 s
n+ νe ↔ p+ e−

µe ≪ T (when T > 30 keV)
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Table 1: The particles in the Standard Model of particle physics

Quarks t 172.57± 0.29 GeV t̄ spin 1
2 g = 2 · 2 · 3 = 12

b 4.183± 0.007 GeV b̄ 3 colours
c 1.273± 0.005 GeV c̄
s 93.5± 0.8 MeV s̄
d 4.70± 0.07 MeV d̄
u 2.16± 0.07 MeV ū

72

Gluons 8 massless bosons spin 1 g = 2 16

Leptons τ− 1776.93±0.09 MeV τ+ spin 1
2 g = 2 · 2 = 4

µ− 105.658 MeV µ+

e− 510.999 keV e+

12
ντ < 0.12 eV ν̄τ spin 1

2 g = 2
νµ < 0.12 eV ν̄µ
νe < 0.12 eV ν̄e

6

Electroweak W± 80.3692± 0.0133 GeV spin 1 g = 3
gauge bosons Z0 91.1880± 0.0020 GeV

γ 0 (< 1× 10−18 eV) g = 2
11

Higgs boson H0 125.20± 0.11 GeV spin 0 g = 1 1

gf = 72 + 12 + 6 = 90
gb = 16 + 11 + 1 = 28

g∗ = 7
8gf + gb = 106.75

History of g∗(T )

T ∼ 200 GeV all present 106.75

T < 170 GeV top annihilation 96.25

T ∼ 160 GeV EW crossover (no effect)

T < 125 GeV H0 95.25

T < 80 GeV W±, Z0 86.25

T < 4 GeV bottom 75.75

T < 1 GeV charm, τ− 61.75

T ∼ 150 MeV QCD crossover 17.25 (u,d,g→ π±,0, 37 → 3)

T < 100 MeV π±, π0, µ− 10.75 e±, ν, ν̄, γ left

T < 500 keV e− (7.25) 2 + 5.25(4/11)4/3 = 3.36


