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Qutline of the course:

Reviev of basic particle physics, ...

High-energy astrophysics:
e non-thermal radiation, sources
e acceleration mechanisms
e high-energy cosmic rays
e high-energy photons and neutrinos

Cosmology

Stellar astrophysics
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Non-thermal radiation:

@ accelerate electrons and protons:
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hermal radiation:

@ accelerate electrons and protons:

Broad Line
J Region
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Non-thermal radiation:
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@ electron: synchrotron radiation, bremsstrahlung
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Non-thermal radiation:

@ accelerate electrons and protons:
@ electron: synchrotron radiation, bremsstrahlung

@ p+yp — p+7mlor—n+at
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Non-thermal radiation:

accelerate electrons and protons:
electron: synchrotron radiation, bremsstrahlung
P+ — p+70or > ntat
™ —2yand 7t — ut + v, —> et +ve + 2y,
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High-energy cosmic rays:

Fluxes of Cosmic Rays
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High-energy cosmic rays:

Fate of UNIVERSE May Be
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Where in the universe does the mysterious cosmic ray originate?

now conducting extensive research to solve that mystery,
swer may disclose the destiny of the earth we live on.
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High-energy photons and neutrinos:

@ neutral, point to sources
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High-energy photons and neutrinos:

@ neutral, point to sources
@ secondaries from cosmic rays
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High-energy photons and neutrinos:

@ neutral, point to sources
@ secondaries from cosmic rays

@ easy/difficult detection < strong/weak absorption
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High-energy photons and neutrinos:

@ neutral, point to sources
@ secondaries from cosmic rays

e easy/difficult detection < strong/weak absorption
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High-energy photons and neutrinos:

@ neutral, point to sources
@ secondaries from cosmic rays
e easy/difficult detection < strong/weak absorption
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High-energy photons and neutrinos:

@ neutral, point to sources
@ secondaries from cosmic rays
e easy/difficult detection < strong/weak absorption

e indirect detection of dark matter XX — v, v
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@ Reviev of basic particle physics, ...
@ High-energy astrophysics
@ Cosmology:
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Qutline of the course:

@ Reviev of basic particle physics, ...
@ High-energy astrophysics

@ Cosmology:
e Introduction: Reviev of basic particle physics, ... Friedmann
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Qutline of the course:

@ Reviev of basic particle physics, ...
@ High-energy astrophysics
@ Cosmology:
e Introduction: Reviev of basic particle physics, ... Friedmann
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Qutline of the course:

@ Reviev of basic particle physics, ...
@ High-energy astrophysics
@ Cosmology:
e 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
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Qutline of the course:

@ Reviev of basic particle physics, ...
@ High-energy astrophysics
@ Cosmology:
e 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:

e Milky Way = Universe:
Hubble discovered 1924 a Cepheid variable in Andromeda =
able to measure its distance
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Expansion of the Universe:

e Milky Way # Universe:
@ Hubble's law: v(r) = Hr = expanding Universe
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Expansion of the Universe:

e Milky Way = Universe:
@ Hubble's law: v(r) = Hr = expanding Universe
o for larger distances: z = Hopd; + %(qo — 1)(Hod)? + ...
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Expansion of the Universe:

e Milky Way = Universe:

@ Hubble's law: v(r) = Hr = expanding Universe

o for larger distances: z = Hod; + %(qo — 1)(Hod)? + . ..
ExpANnsION OF THE UNIVERSE
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affect the expansion of the universe
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Expansion of the Universe:

e Milky Way # Universe:
@ Hubble's law: v(r) = Hr = expanding Universe
o for larger distances: z = Hod; + %(qo — 1)(Hody)?
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Isotropy and homogenity on large scales:

@ simplifies theoretical analysis: one variable R(t)
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Isotropy and homogenity on large scales:

@ simplifies theoretical analysis: one variable R(t)
@ best evidence: small AT/T ~ 10~* of CMB
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Age of the Universe:

@ glubular cluster ages: 13 Gyr
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Age of the Universe:

@ glubular cluster ages: 13 Gyr
@ cooling of WD: 10 + 2 Gyr
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Age of the Universe:

@ glubular cluster ages: 13 Gyr
@ cooling of WD: 10 + 2 Gyr

@ compared to

1
— ~ 70km/s/Mpc =~ 13 Gyr
Ho
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Age of the Universe:

@ glubular cluster ages: 13 Gyr
@ cooling of WD: 10 + 2 Gyr

@ compared to

1
— ~ 70km/s/Mpc ~ 13 Gyr
Ho

@ but for Q,, = 1:

to = ——
°~ 3K,
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Light element abundances and BBN:

e Y (*He) ~ 24%, but only 1% build-up in stars
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Light element abundances and BBN:

o Y(*He) ~ 24%, but only 1% build-up in stars
@ ’Li small bindings energy, should not be produced at all in
stars
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Light element abundances and BBN:

o Y(*He) ~ 24%, but only 1% build-up in stars
e ’Li small bindings energy, should not be produced at all in

stars
@ BBN predicts the correct abundance of D, *He, and “Li as

function of the fraction of baryons, Qph?
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Light element abundances and BBN:
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Light element abundances and BBN:
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(Dark) matter:

@ a flat universe requires

3Hg
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£ Pc 381G
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(Dark) matter:

@ a flat universe requires

3H2

P=Por = 87 G

@ luminous matter Qum = prum/pPer ~ 0.01
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(Dark) matter:

@ a flat universe requires
__3Hj
= e = 81 G

@ luminous matter Qum = prum/pPer ~ 0.01

@ rotation curves in galaxies:
Z2al

Ohserved

Sun’s velocity is

z00 sbout 220 km/sec

Differenceis contributed
by the dark matter halo.

130

Sun's velocity should ™"~
be only 160 knfsec

Visible matter only ~

100

Rotation Velocity (km/sec)

a0
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(Dark) matter:

@ a flat universe requires

3H3
P=Pe= g6

@ luminous matter Quum = Prum/pPer ~ 0.01
@ rotation curves in galaxies:

@ virial mass of cluster of galaxies: (GM/r) = 2(v?)
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(Dark) matter:

@ a flat universe requires

3H3
PP =816

luminous matter Qjum = Plum/pPer ~ 0.01

rotation curves in galaxies:

virial mass of cluster of galaxies: (GM/r) = 2(v?)

successful structure formation requires cold dark matter
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Introduction to
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Cosmic microwave background:
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Cosmic microwave background:

Seeing Sound
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Cosmic microwave background:

Angular Scale
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Inflation and dark energy:

@ standard hot big-bang picture has many problems
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Inflation and dark energy:

@ standard hot big-bang picture has many problems

@ what is the source of inhomogenities?
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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"
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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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@ Reviev of basic particle physics, ...
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Qutline of the course:

@ Reviev of basic particle physics, ...
@ High-energy astrophysics

e Cosmology
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Qutline of the course:

@ Reviev of basic particle physics, ...

@ Stellar astrophysics

e Equations of stellar evolution

e Simple models for MS stars

o Nuclear processes and neutrinos, neutrino oscillations
e stars as tool for particle physics
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@ Why are most stars on main-sequence?
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@ Why are most stars on main-sequence?

@ How do they produce energy? Evolution? Neutrinos?
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@ Why are most stars on main-sequence?

@ How do they produce energy? Evolution? Neutrinos?

o if standard picture is correct, constrain new physics
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