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Theoretical and phenomenological questions at the

interface of particle and astrophysics

-> origin and propagation of particles of the highest know energies in Nature
(~ 10 ev)

-> light axions as dark matter and their astrophysical signatures through mixing with
photons, in particular radio lines

-> Phenomenology of the early Universe (for example primordial magnetic fields)

-> role of weakly interacting particles such as neutrinos in supernovae and in the
early Universe, collective neutrino oscillations |

"multi-messenger” signatures of dark matter in the electromagnetic spektrum from
radio fo gamma radiation, in neutrinos and in charged cosmic rays

connections to gravitational wave astronomy und fo particle physics at accelerators
such as the LHC.

collaboration with experimental astroparticle physics and the Sternwarte
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High Energy Cosmic Rays
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Primary Particle
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iron, 1012 ev

Credit: CORSIKA 7, KIT Karlsruhe




hadrons muons electrs neutrs Iron 10" eV
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Credit: CORSIKA 7, KIT Karlsruhe
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https://cajohare.github.io/AxionLimits/

solving for the evolution of axion stars with Schrodinger-Poisson equations: accretion
and mergers

—20 —10

D. Maseizik




10713

Yaryy [GeV_l]

10—15

1017

107°

10—11

1071

Gayy [GeV_l]

10—15

1017

constraints from radio telescopes:

S -
- o o om

1078 1076 1074 1072
mg [eV]
. ) : . ..-"':;:
1 % =* L, =~
g ‘‘‘‘‘ | Pi‘ ; .‘: » ="
8 R = I ' A‘JMA
SKA
Internal accretion model
w/o ASMF evolution
1078 1076 1074 1072

mg [eV]

Garyy [GeV_l]

Gayy [GeV_l]

10—13

1071

10°17

1079

10—11

10—13

10—15

10—17

[Maximal external accretion model]
1078 10°6 1074 1072
mg [eV]
: o
| —
1 h 1 -‘_‘_,.-ﬂ'-
=1 # Bl - |
e  [o—
st B gt ALMA
SKA
Internal accretion model
w/ ASMF evolution
1078 1076 1074 1072
mg [eV]

— n=20
n=1
— n=33
— n=0
n=1
— n=334




I L
resistive damping

Zeeman splitting, radiation

electroweak horizon
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integro-differential equations to solve for the evolution of primordial magnetic fields:

R dnk 2 1 k2
oy M =q /oo pV Tel — g(Uk+2Mk) Mq+ ngqu (3288)

+/ do (g s21]1€150) (q2 + k? — gk cos 9) MU, | — 2nq2Mq
0 1

and

* dlnk 2
8th=q2/ pV TC{—g(Mk‘FUk)Uq

™ 235
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4k
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(—2q — gsin® 0 + 2k cos 9) Hth] } — 21/q2Uq :

and for the helicity power spectrum H,

2
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Oip(r,p) + v(r,p) - Vep(r,p) = —i [Qop + Qm(r) + Qs(ra p)app] + 0p(r, P)coll 5

0%(r, p) = VG | (ZT‘;‘g (Gslo(r, @) — A(r, @)]Cs + GsTx [(o(r, q) — A(r, Q))Gs]} |
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