Introduction
to Cosmology

Lecture &

Deuterium




Today :
Life on earth

Acceleration

Recombination Atoms form
Relic radiation decouples (CMB

Matter domination
Onset of gravitational collapse

Nucleosynthesis
Light elements created - D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking
Axions etc.?

Grand unification transition
Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down
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neutron lifetime, T
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The lightest elements are created

Minutes: 1/60
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BBN theory confronts observations 2015
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~ Quasar Absorption Line Spectroscopy .
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Energy Levels

Hydrogen Deuterium




Energy Levels

Hydrogen Deuterium
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Precision Measures of (D/H) [Cooke et al. 2017]
[ (D/H)pLa = (2.53 4 0.03) x 1077
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Precision Measures of (D/H) [Cooke et al. 2017]
[ 10092,0h*(BBN) = 2.235 £ 0.05 |

(Random + Systematic Error)
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BBN theory confronts observations 2015
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BBN theory confronts observations 2015
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Table 1.1: CosMIC INVENTORY

Component Q (p/pc)

Dark Energy 0.691 £+ 0.006
Matter (baryonic and non-baryonic) 0.312 + 0.009
Baryons (Total) 0.0488 + 0.0004
Baryons in stars and stellar remnants ~ 0.003
Neutrinos ~ 0.001

Photons (CMB) 5x10°°




mass -
charge -

spin -

name -

Quarks

Leptons

Three Generations
of Matter (Fermions)

2.4 MeV/c? 1.27 GeV/c? 171.2 GeV/c2fl| | O
23 23 C 2/3 t 0
Y u L %) 1
up charm top
4.8 MeV/c? 104 MeV/c? 4.2 GeV/c?
-3 d -3 S -1/3b
L P2) 15
down strange bottom
<2.2 eV/c? <0.17 MeV/c?|| |<15.5 MeV/c2|| |91.2 GeV/c?
0\/ 0\ 0\) 0 ZO
L, Ve 15 |J » VT 1
electron muon tau
neutrino neutrino neutrino Z boson

0.511 MeV/c?

€

electron

105.7 MeV/c?

-1
P%) Ivl

muon

1.777 GeV/c?

80.4 GeV/c?
+1] —

Gauge Bosons
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N eff

0.021 0.023 0.025
0, h?

Cooke+ 2014



Solar chemical composition

Protosolar bulk abundances by mass
Asplund et al. 2009, ARAA, 47, 481 42.9%



