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p, =4.7 x10°T* eV/m’ (13.2-3)
N, =2.0x10"T® photons/m®  (13.2—4)
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Quantum gravity era
104 s

Gravity separates as a force, the other forces remain
as one (Grand Unification)




Grand unification era
ﬁ+ﬁ-ﬂ'ﬂ-hﬂ 10..35 S
s Inflation ceases, expansion continues

Grand Unification breaks. Strong and electroweak
forces become distinguishable

t =10% g, 107 K (10" GeV, 10 m) : Infiation

The rate of expansion increases exponentially for a short period. The universe doubled in size every 10 s. inflation -t

around 10 5. The universe increased in size by a factor of 10=. This is equivalent 1o an cbject the size of a proton 1

10" light years across. The whole universe is estimated 10 have had a size of ~ 10~ m at the end of the period of inflation.

However the presently visible universe was only 3 m in size after inflation. This solves the problems of ‘horizon’ (how is it

possible for two opposing parts of the present universe 1o be at the same lemperature when they cannot have interacted with

each other before recombination) and Tiatness’ (density of mafter is ciose to the critical density).

t = 10 g : Strong forces freezes out
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Electroweak era
10°s

Electroweak force splits

t=10"g, 10" K (100 GeV, 10" m) : Electromagnetic and Weak Forces separate
The energy density corresponds 1o hat at LEP. As the temperature lell the weak force “freezes” out and all four forces become
dietnGt in their sctons. The antiquarks annihilate with the quarks leaving a residual excess of matter. W and Z bosons decaly, In  © ¥ o Sy
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Protons and neutrons form
10%s

Quarks combine to make protons and neutrons

t=10*s, 10? K (1 GeV, 10" m) : Protons and Neutrons form
The universe has grown lo the size of our solar system. As the lemperature drops quark-antiquark annihilation stops and the
remaining quarks combine 1o make protons and neutrons.

t=1s, 10" K (1 MeV, 10** m) : Neutrinos decouple
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...,_%.,_,...,u.., Nuclei are formed
100 s

s Protons and neutrons combine to form helium nuclei

t = 3 minutes, 10° K (0.1 MeV, 102 m) : Nuclei are formed

The temperature is low enough 1o allow nuclel 10 be formed. Conditions are similar 1o those that exist in stars loday or in

thermonuciear bombs. Heavier nuciel such as deuterium, hellum and lithium soak up the neutrons that are present. Any

remaining neutrons decay with a ime constant of ~ 1000 seconds. The neutren-prolon ratio is now 13:87. The bulk constitution

of the universe is now in place consistina essentiallv of orotons (75%) and hefium nuclei. The temperature is still 100 hiah to e R ] ]
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)
.....,+_...H__.., Atoms and light era
300000 years

s The Universe becomes transparent and fills with light

t = 300 000 years, 6000 K (0.5 eV, 10° m) : Atoms are created
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Galaxy formation
1000 million years

Galaxies begin to form

t = 10° years, 18 K : Galaxy Formation

Local mass density fluctuations act as seeds for stellar and galaxy formation. The exact mechanism is still not understood.
qummm-omw»m starts ocourring in the thermonuciear reactors that
are siam Fvan haavi nin ara avnthasizad and disnarmad in tha brind momant durinn which steliar collanse and




