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GUT  era

PLANK era
Electroweak eraThe Grand 

Unified Theory 
belongs to this 
era. The force 
intermediary for 
gravity separates 
from other forces 
at beginning, and 
the strong and 
electroweak 
forces separate 
at the end of this 
era. 

Size
(stuff we can 
see now)

Size
(event horizon)

Temperature
(degrees Kelvin)

Energy
(per particle)

1  TeV1012 TeV

2 m

quark/antiquark
asymmetry 
believed to arise 
sometime 
around here

At the beginning of this era the Strong and Electroweak force 
intermediaries separated out; Higgs bosons are created during this 
period; at the end the universe had cooled enough for W and Z 
bosons to have frozen out with the Weak
force becoming a short range interaction 
separate from the Electromagnetic force. 

1028K

The THEORY OF EVERYTHING 
(TOE) belongs to this era.  It 
is when all of the force 
intermediaries look the same 
(so only one force) and the 
laws of physics as we know 
them probably don’t work!

10−44

10−29 cm

10−30 10−24 10−18

gravity  
separates

strong and electroweak 
forces separate

weak and electromagnetic 
forces separate

Before          seconds after 
the Big Bang, pair production 
and annihilation so frenetic 
that no particles “froze out”

10−10

(a little less than the 
maximum energy 
generated by our largest 
particle accelerators)

occurs



dark ages         
(universe foggy due 
to free electrons) 

quark pair production 
stops; nucleus forma-
tion starts; annihilation 
wipes out most anti-
particles (1 particle left 
per 10   annihilations)

10−18 10−15 10−12 10−10 10−6 1 sec 3 min 10 min

Particle era

era of Nucleosynthesis

era of Nuclei

era of Atoms and Galaxies
Electroweak era

number of particles 
and antiparticles 
roughly the same

Size
(stuff we can 
see now)

Size
(event horizon)

Temperature
(degrees Kelvin)

Energy
(per particle)

1  TeV 1  GeV 1 MeV

1015K

3.5x105mi
200 LY

1010K

particle energies now 
too small to split bound 
n’s and p’s (deuterium)

no free 
neutrons 
left; nucleus 
production 
stops

univ. forms nuclei (H and He) 
and free electrons 

109K 10,000oK
3000oK

neutral atoms 
form; light 
begins to free-
streams

RADIATION DOMINATES MATTER DOMINATES

first generation 
stars form 
(approximately 
200 million years 
after BB) 
beginning to warm 
universe

as the 
universe 
cools, second 
and third 
generation 
stars are 
formed

“dark energy” 
dominates; 
exponential 
expansion 
creates second 
“inflation” 

.001  eV

3oK

10−3

9

6 cm
sun to
 Pluto

Deuterium (binding energy 2.2 
MeV) forms but often is split by 
photon hits; He (binding energy 28 
MeV) forms due to tunneling but 
doesn’t split with photon hits

(in 1983, Cern produces 
W bosons at this energy, 
as predicted)

first galaxies 
formed 
around one 
billion yrs 
after BB

50,000 yrs
380,000 yrs

200,000,000 yrs 1,000,000,000 yrs 13,600,000,000 yrs

quarks clump (p and n
have approx 1 GeV rest 
mass with n having 1 
MeV more than p so 
they freeze out first)

+ o

+

o

quark, neutrino, electron production


