COSMOLOGY I & 11

1 eV =11600 K = 1.60 x 1071%J = 5.07 x 10°m~

c=1=3.00x 10%m/s

h=1=197 MeVfm

1 pc = 3.09 x 10'6m

1a=3.156 x 107s

h = Hy/(100km/s/Mpc)

(100km/s/Mpc)~t = 9.78 x 10%a = 2998 Mpc
Tp =2.725 K = 2.348 x 1074 eV

T,0 = (4/11)Y/3 Ty
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1 =152 x 10%s7! = 1.78 x 10~30kg

¢(3) = 1.20206

Gp =1.17x107° GeV~2

Mp) = (87Gn)~/? = 2.436 x 10! MeV
gn:gp:geZQa gy =4

Q = my —my, = 1.293 MeV

g9+(T < m.) = 3.363

x5 (T < me) = 3.909

9«(1MeV) = g.s(1MeV) = 10.75

ec = 1100
;2 = 0.511 MeV Tn = t1/2/In2 = 886s
‘ e N+vVe<rpt+e
$N+_7338_1>4ne;/_ 13.6 eV pe KT (when T > 30keV)
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The particles in the standard model and g.(7T)
Particle Data Group, 2010

Quarks t 173.0£1.6 GeV ¢ spin:% Js = % +2-2-3=10.5
b 4.19+0.18 GeV b 3 colours
c 1.274+0.09 GeV ¢
s 101 £ 29 MeV 5
d 4.1-5.8 MeV d
u 1.7-3.3 MeV U
63
Gluons 8 massless bosons spin=1 gy = 2 16
Leptons T 1776.8240.16 MeV 7 spin:% Jx = % -2-2=235
uw~  105.658 MeV wt
e~ 510.999 keV et
10.5
Uy < 2eV 7 Spin:% Jx = % -2=1.75
Vy < 2eV vy
Ve <2eV Ue
5.25
Electroweak W+ 80.399 4+ 0.023 GeV spin=1 gy =2-3—3-3
gauge bosons Z° 91.1876 + 0.0021 GeV
v 0 (<1x10718eV) gsx =2
8§ —11
Higgs boson (SM) H® > 114.4 GeV spin=0 g =4—1 4 —1
106.75
History of ¢.(T")
T ~ 200 GeV all present 106.75
T ~ 100 GeV EW transition 106.75 (no effect)
T <100 GeV top-annihilation 96.25
T < 8 GeV W=, 20 HO 86.25
T < 4 GeV bottom 75.75
T < 1 GeV charm, 7~ 61.75
T ~ 150 MeV QCD transition 17.25 (u,d,g— 750, 37 = 3)
T <100 MeV 7%, 70, u~ 10.75 et, v, U, vy left

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



