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Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space

Big science questions:

® Origin of cosmic rays
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study of “particles” arriving to Earth from outer space
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Cosmic history

An astronomer’s view:
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Cosmic history

A particle physicist's view
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Our “Laboratory”

A particle physicist's view

Time Since Major Events
Big Bang Since Big Bang
z=0 experiments STasen = Humans
— galaxies the cosmos.
rao
< feW Galaxies (a‘::gdcelt:)sfters
astrophysics wiipiddi
Py it vomsand  Firstgalaxies
(CRS, GWS) Foroah form.
Era of stars
Atoms in ) ::‘oo'tns 'o‘?;'i
to form ons fly free
7z < 1100 500,000 and become
years Iadsma of ” mk:rowavod
rogen an background.
cosmology Eraof B haliun nuctel e
Nuclei plus electrons Fusion ceases;
(CMB, Iarge scale A normal matter is
protons, neutrons, 792 hydrogen,
Structure) Era of TESuie . i SIS olectrons, neutrinos 25% helium, by
Nucleosynthesis i o O ¢ 0 *F (antimatter rare) mass.
) . Matter annihilates
SoPlissocnes e A5 elementary particles antimatter.
Particle Era . #7% (antimatter
30 common) Electromagnetic and weak
7z >1000 107" seconds | re— forces become distinct.
Electroweak Era . Sarticlos ry St o
. rong force becomes
early Universe 10-% seconds ZRVE s distinct, porhaps
' GUT Era elementary causing Inflation
universe.
DM, Baryogenesis e particles
Planck Era 2772
ggtg:n___ 2499 :L.:tt::)ng g “. ::::gz:ggn_?' ‘ﬁ antielectrons 44-.3 quarks (:‘;"Q.‘“

Copynght © Addison Wesley.

HEPHY



Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space

-

Group of Olaf Reimer

gamma rays observatories

H.E.S.S.

Group of Anita Reimer

th. understanding cosmic rays

+ other astro groups
HEPHY



Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space

Group Axel Maas

lattice methods for DM

Group Suchita Kulkarni

DM phenomenology (theory) D_arkvMatter theory
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Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space
Dark Matter

Groups of Jochen Schieck and Florian Reindl (HEPHY & TUM) Cosmology / early Universe

Dark Matter direct detection with CRESST and COSINUS
Group of Josef Pradler (HEPHY & UVIE)
DM phenomenology (theory)
Group of Oliver Hahn (UVIE)
cosmology; numerical simulations for structure formation
Group of Glenn van de Ven (UVIE)
(dynamics of stellar systems / DM simulations
Gianluca Ingulia (HEPHY)
Gravitational waves / member of Einstein Telescope

Gravitational Waves

+ other groups with New Physics overlap (e.g. Abele)
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Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space

let me tell you a bit about that Dark Matter (exp. & th. & sim.)

(APPEC part later will have broader Cosmology / early Universe (th.)

oerspective) Gravitational Waves (exp.)

Cosmic Rays (th. & exp.) Dark Matter (th.)

HEPHY
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Evidence for DM on any scale > kpc

Missing mass problem of the 20th (and 21st) century

Milky Way LMC Virgo cluster Coma cluster

1939 H. Babcock 1936 S. Smith 1933 F. Zwicky
observing rotation using 30 galaxies  using 8 galaxies

curve of Andromeda  of Virgo cluster of Coma cluster
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Cosmic Microwave Background (Gpc)

surface of last scattering
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Cosmological scales

Backgrouna

Cosmic Microwave
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ESA Planck Satell

The CMB with an accuracy better then 1/100000.
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Cosmological scales
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Dark Matter is key...

HEPHY

... In explaining the observations of the
CMB (linear theory)
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Dark Matter is key...
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What can Dark Matter be?

Modified Gravity?

MM,
successes on Galaxy scales, S S oo S NS NN N N e
but fails elsewhere 1 | ' | B
0.1
. . 0.01
Primordial Black holes? 103
g 10
_ é’ 10
asteroid mass black holes may 106
still make up 100% of DM 107
108
10° E"°
New particle(s) of nature? T e e P S
M [g]
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The missing mass - what is it?

New particle(s) of nature

electroweak scale
WIMPs,

MeV and GeV-scale DM

axion, ALPs

keV sterile neutrinos

gravitinos

other super-WIMPs such
as Dark Photons

HEPHY
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A model beloved for its
outer beauty

Higgs portal

HEPHY
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A model beloved for its
outer beauty

Higgs portal

HEPHY

1
£=5

0 52—1m252—A52
(N 2 S

H'H)

20



Where to look for a signal?

Look anywhere you can!

DM DM
i . primordial
£ B . .
| ~ * and galactic production
S at colliders
annihilation
SM SM
—_—

DM-nucleus or electron scattering

@ HEPHY:
experimental groups
CRESST / COSINUS

take this as an example

HEPHY
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Detecting DM particles from the halo

Dark Matter Halo

Extent of Survey
around the Sun

Milky Way




DM Direct Detection i

Basic idea o
mW, VvV

Detection Rate = particle flux (1/cm2/sec) x cross section (cm) Ex ~keV
dR(t do
R(t) — Ny Po J dSVUfLAB (v) lcpd/kg/keV]
dER ™MpDM V=Vmin dER
Astrophysics  |ocal DM DM velocity recoil cross  Particle Physics
density distribution in section

the LAB frame

Contributions to f(v) Very little is known

® virialized component ® |argely dissipationless
® substructure (p < 107) o sta%leyon COF;moIo ical timescales
® debris flow, streams J

HEPHY 23



Direct detection low-mass frontier

HEPHY
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Direct detection low-mass frontier
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Direct detection low-mass frontier
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Direct detection low-mass frontier
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Astro-particle Physics in Austria

In the broadest sense, astroparticle physics is the discipline concerning the
study of “particles” arriving to Earth from outer space

Dark Matter (exp. & th. & sim.)
Cosmology / early Universe (th.)
Gravitational Waves (exp.)

Cosmic Rays (th. & exp.) Dark Matter (th.)
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