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The cosmic-ray spectrum

Experimental evidence

More and more

observational
constrains:

Evolution of particle acceleration in the shell-type SNRs Mo d e| S N eed o account
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(Top) Excess-count
map of RX J1713.7-
3946

(Left) Gamma-ray
and X-ray profiles of
RX J1713.7-3946
(H.E.S.S. 2018)



Fermi acceleration
Coupled equations DIAS
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Cosmic-ray _ Other contributions using
transport equation RATPaC:
* [55] SNRs in wind blown
cavities

» [697] SNRs in dense
CSM

» [432] Modelling SN87A

[291] G39.2-0.3 a

hadronic SR accelerator

Magnetic Turbulence

Hydro equations
Magnetic field

Standard DSA Non-linear DSA NDSA + high MF
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Fermi acceleration
The equations DIAS
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cooling for electrons
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Fermi acceleration DIAS
Turbulence setup
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Initial turbulence derived from 1/10t 2g( PC /3 [ By R 2
D.(t=0)=10 ( ) _B,uG cm*/s

of the Galactic diffusion coefficient = 10GeV

Growth rate based on pressure =) [ = 10 vap*v |ON
gradient of CRs (resonant CR- . 3Ey, |or
Instability x10)
Damping as diffusion in s |Ew

D, =k —
wavenumber space = D; UAV 2B2
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Results



Gamma-ray spectra
Spectral evolution: very young SNRs Model prediction:
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Gamma-ray spectra
Spectral evolution: young SNRs

Model prediction:
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Gamma-ray spectra
Spectral evolution: evolved SNRs Model prediction:
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Gamma-ray morphology
Emission and spectral index maps DIAS
IC PD IC PD

10GeV  10GeV 10GeV
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PD-emission: € Emission maps

* Shell-like morphology Spectral index deviation maps ‘
throughOUt a” phases 100GeV 100GeV 100GeV IC PD IC PD
and energies

« Faint halo emission

1-300GeV 1-300GeV 1-300GeV 1-300GeV

316GeV 3leGeV 316GeV 1 OOO yr 3leGeV
)
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rRsh
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IC-emission:
 Initially shell like

morphology 110Tev 110TeV 110Tev
* Transition to center-filled o
a Ha|0 emISS|On already 100GeY 100GeY 100Gey 1-300GeV 1-300GeV l-BOOGeV 1-300GeV
after 2kyr

IRsh

Spectral index distribution:
» No significant deviation
from regions of brightest
emission
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Halo diffusion coefficient
DIAS
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100 GeV

» Diffusion coefficient
gets reduced up to
~20pc into the
upstream

* Rise time similar
across energies -
down cascading

 Escaping CRs
govern diffusion for
low-energetic CRs

Time [kyrs]

Upstream distance [pc] Upstream distance [pc]
10g(D(E)/Dio (E) B
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Synchrotron emission
Radio and X-ray emission

X-ray emission: Radio-emission: _ _
« No non-thermal X-rays ¢ Shell-like & center-filled ot N
after ~2kyrs « Steadily increasing flux
 Shell-like morphology ¢ Spectral softening at
~10kyrs
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Conclusions DIAS
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Strong spectral evolution powered by early self-confinement and later CR-escape

 The gamma-ray morphology depends strongly on the emission mechanism:
« Persistent shell-like structure for hadronic emission
« Shell-like to center filled evolution for leptonic emission

« Stronger halo-emission for the leptonic channel - potentially detectable by current-
generation IACTs

* No significant spectral-index deviation expected due to projection effects
* No non-thermal X-rays after a few kyrs
« Radio morphology shifts from shell-like to (more) center filled

« Reduction of the diffusion coefficient in the upstream, strong spatial and temporal
evolution
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