Particle escape from SNRs
and related gamma-ray signatures
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How do accelerated particles
become CRs?
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- Connect the CR spectrum observed on Earth with the spectrum of
narticles released at the sources;

- Understand the current observations of SNR spectra — unveil the
oresence of PeV particle accelerators.
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A phenomenological model to investigate the particle
— escape through spectral and morphological features
of SNRs in the HE and VHE domain.
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Proton maximum energy in SNRs
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A model for particle propagation
Analytical solution of the accelerated proton transport
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A model for particle propagation
Analytical solution of the accelerated proton transport
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Particles confined inside the h Escaped particles
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Assumption 1: spherical symmetry f=f(t,r,p);
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Assumption 2: stationary homogeneous diffusion coefficient Is
assumed inside and outside the remnant
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A model for particle propagation

Assumption 3: at every time, a constant fraction &cgr of the
shock ram pressure is converted into CR pressure, such that the
acceleration spectrum reads as
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efficiency normalization factor aocelerazltlon spectrum
constant in time such that (o ~ 4 from DSA)
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Assumption 4: the shock is evolving through the ST phase
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The spectrum of protons inside the SNR
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Volume integrated gamma-ray emission
from hadronic (pp) interactions
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Electron transport and Emax in SNRs

Radiative losses in the proton self-amplitied magnetic field and
radiation fields strongly affect the electron maximum energy:
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The Cygnus Loop SNR

Cygnus Loop properties Acceleration model parameters
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Electron to proton injection ratio: hints for Kep increasing with

decreasing shock speed?
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Conclusions

- Particle escape is a poorly understood mechanism, strongly

embedded in the process of particle acceleration
— it depends on the time evolution of magnetic turbulence.

- Modeling of the broadband emission of middle-aged SNRs (e.qg.
Cygnus Loop) can explain the steep spectra and low maximum

energy observed in the HE and VHE emission
— constraints on escape from SNR population studies.

- Results obtained can be used as a strategy to search tor PeV CR-

proton accelerators:
e TeV halos around young-middle aged SNRs (CTA);

e Passive molecular clouds illuminated by PeVatrons.
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