
FY3450 Astroparticle Physics



Outline of the course:

Reviev of basic particle physics, . . .

High-energy astrophysics:

non-thermal radiation, sources
acceleration mechanisms
high-energy cosmic rays
high-energy photons and neutrinos

Cosmology

Stellar astrophysics
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Non-thermal radiation:

accelerate electrons and protons:

electron: synchrotron radiation, bremsstrahlung
p + γbb → p + π0 or → n + π+

π0 → 2γ and π+ → µ+ + νµ → e+ + νe + 2νµ
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High-energy photons and neutrinos:

neutral, point to sources

secondaries from cosmic rays

easy/difficult detection ↔ strong/weak absorption

indirect detection of dark matter XX̄ → γγ, νν̄
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Outline of the course:

Reviev of basic particle physics, . . .

High-energy astrophysics

Cosmology:

Introduction: Reviev of basic particle physics, . . . Friedmann
equations & FRW metric
Big-bang nucleosynthesis
Thermal relics as dark matter
Structure formation
Cosmic microwave background and its anisotropies
Baryogenesis
Inflation

Stellar astrophysics
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Expansion of the Universe:

Milky Way 6= Universe:
Hubble discovered 1924 a Cepheid variable in Andromeda ⇒
able to measure its distance

Hubble’s law: v(r) = Hr ⇒ expanding Universe

for larger distances: z = H0dL + 1
2(q0 − 1)(H0dL)

2 + . . .
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Isotropy and homogenity on large scales:

simplifies theoretical analysis: one variable R(t)

best evidence: small ∆T/T ∼ 10−4 of CMB

Michael Kachelrieß Introduction to FY3450 Astrophysics 2



Isotropy and homogenity on large scales:

simplifies theoretical analysis: one variable R(t)

best evidence: small ∆T/T ∼ 10−4 of CMB

Michael Kachelrieß Introduction to FY3450 Astrophysics 2







Age of the Universe:

glubular cluster ages: 13 Gyr

cooling of WD: 10± 2 Gyr

compared to

1

H0
≈ 70 km/s/Mpc ≈ 13 Gyr

but for Ωm = 1:

t0 =
2

3H0
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Light element abundances and BBN:

Y (4He) ≈ 24%, but only 1% build-up in stars

7Li small bindings energy, should not be produced at all in
stars
BBN predicts the correct abundance of D, 4He, and 7Li as
function of the fraction of baryons, Ωbh

2
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Light element abundances and BBN:
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Light element abundances and BBN:

Ωb ≈ 0.05� 1 for realistic value of h

is there something else than baryons?

Michael Kachelrieß Introduction to FY3450 Astrophysics 2



(Dark) matter:

a flat universe requires

ρ = ρcr =
3H2

0

8πG

luminous matter Ωlum = ρlum/ρcr ≈ 0.01

rotation curves in galaxies:

virial mass of cluster of galaxies: 〈GM/r〉 = 2〈v2〉
successful structure formation requires cold dark matter
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LSS:
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LSS:
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Cosmic microwave background:
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Cosmic microwave background:
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Cosmic microwave background:
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Inflation and dark energy:

standard hot big-bang picture has many problems

what is the source of inhomogenities?

solution: periode of exp. accelerated expansion at “t = 0”

at present: again accelerated expansion!?
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Outline of the course:

Reviev of basic particle physics, . . .

High-energy astrophysics

Cosmology

Stellar astrophysics

Equations of stellar evolution
Simple models for MS stars
Nuclear processes and neutrinos, neutrino oscillations
stars as tool for particle physics
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Stars:

Why are most stars on main-sequence?
How do they produce energy? Evolution? Neutrinos?
if standard picture is correct, constrain new physics

Michael Kachelrieß Introduction to FY3450 Astrophysics 2



Stars:

Why are most stars on main-sequence?

How do they produce energy? Evolution? Neutrinos?

if standard picture is correct, constrain new physics

Michael Kachelrieß Introduction to FY3450 Astrophysics 2



Stars:

Why are most stars on main-sequence?

How do they produce energy? Evolution? Neutrinos?

if standard picture is correct, constrain new physics

Michael Kachelrieß Introduction to FY3450 Astrophysics 2



Stars:

Why are most stars on main-sequence?

How do they produce energy? Evolution? Neutrinos?

if standard picture is correct, constrain new physics

Michael Kachelrieß Introduction to FY3450 Astrophysics 2


