Hamburg Summer School 2025 Programme

Particles, StriﬂgS & COSTT]O|OQV Wednesday: FRW metric, Einstein equation, derivation of Friedmann equation, solutions,
Theoretical Cosmology Thursday: Particle decoupling, neutrino decoupling, thermodynamics, relic photons,
derivation of g_*(T), entropy density, neutrino temperature, photon
Week 2: July 23-25 , 2025 decoupling , dark matter thermal production: freeze-out, relic

abundance computation
basics of inflation, slow-roll models, stability under quantum corrections

Lecturer:
Friday: inflation continued, quantum fluctuations during inflation, basics of CMB,
Alexa nder WeStphaI basics of eternal inflation
References

Textbooks:

-Kolb and Turner, The early universe

-Gorbunov and Rubakov, Introduction to the theory of the early universe
-Bailing and Love, Cosmology in gauge field theory and string theory

-Dodelson, Modern cosmology

-Weinberg, Gravitation and cosmology

INTRODUCTION

-Weinberg, Cosmology

-Baumann: Cosmology

+ many lecture notes available on the arXiv

recommended : Daniel Baumann’s lecture notes
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Key events in the thermal history of the universe

Event time ¢t redshift z temperature T’
Inflation 1073 5 (7) - -
Baryogenesis ? ? ?
EW phase transition 20 ps 10%° 100 GeV
QCD phase transition 20 us 102 150 MeV
Dark matter freeze-out ? ? ? X+X & 047,
Neutrino decoupling 1s 6 x 10° 1 MeV  vetve & e de, e 4+ & ¢ 40
Electron-positron annihilation 6s 2 x 10° 500 keV e oty

ntve & ptie . et o ptin,
Big Bang nucleosynthesis 3 min 4% 108 100 keV ne pt vt e

ntpt o Diy DFPE He+1,

Matter-radiation equality 60 kyr 3400 0.75 eV D+7He & ‘He+pt.
Recombination 260-380 kyr  1100-1400 0.26-0.33 eV e +pt o Hiy
Photon decoupling 380 kyr  1000-1200 0.23-0.28 eV Thomson ¢ +7 e 47
Reionization 100-400 Myr 11-30 2.6-7.0 meV
Dark energy-matter equality 9 Gyr 0.4 0.33 meV

Present 13.8 Gyr 0 0.24 meV
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THEORETICAL COSMOLOGY

Aim: Understanding structure, evolution & origin of the universe

Relies on two “Standard Models”

- of particle physics

- of cosmology (Hubble diagram, BBN, CMB)
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