dd 2\ University of

% Zurich™ 1:<=>?20@46) ' +)30A4%8/"4):"#$%&((

I"H$%& ()$*Yor+*

-$.%/012#034*4/*%-)0%)056-+)3 '72$430
2)30$2*488%*4049:46%.4)*%

,-*/01234*51678)009*#$68*5'-78*#%#%

/01234.51678)00:;8<21=.>78.78
@!A*BCD

I"HS"H% &0 +


mailto:Alison.Mitchell@physik.uzh.ch

1l <) University of
s Lurich

Physik-Institut

Brief Introduction

Alison Mitchell
Postdoc at UZH since 2018,

previously postdoc at MPIK Heidelberg and
Assistant Project Scientist for CTA,
PhD Heidelberg University 2016,

Undergraduate Warwick University 2013

Research activities:
gamma-ray astronomy and cosmic ray physics with H.E.S.S. and CTA

(Imaging Atmospheric Cherenkov Technique)
Particle acceleration in pulsar wind nebulae
Properties of muons in extensive air showers

Telescope calibration
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Outline

— Cosmic Ray power and energy density in the Milky Way

— Hillas Criterion and plausible Cosmic Ray sources

— Diffusion Loss equation

— Inverse Compton scattering, Synchrotron radiation, pion decay
— Search for Galactic PeVatrons

— Cherenkov detection techniques for Air Showers

— Current experiments: H.E.S.S., CTA, HAWC

— Satellites: Fermi-LAT and AMS-02
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Cosmic Ray Spectrum

Power law over many orders of magnitude: ~30
in flux, ~ 10 in energy

Key features:
Solar modulation, “Knee”, “Ankle”, GZK effect

Galactic Cosmic Ray energy density:
E’CR ~ 1 eV /Cm3

Power needed to sustain:

%4
Pop = % = 3x1033W

Galactic volume ~108°m3 (d ~30kpc, h ~0.3kpc)

c.f. ~ 1 Supernova every 30 yrs = 103> W

- Few percent of energy from Supernovae is
sufficient to sustain the CR power.
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Cosmic Ray Spectrum

Equivalent c.m. energy \s,, (GeV)
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* Where does the transition Energy  (eV/particle)
occur?
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The Galactic — Extragalactic transition

\ E. Parizot
\
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ankle ankle knee

* A natural transition between power law source components is ankle-like
« Knee can form from propagation / confinement effects

» Implication — particles with higher energies freely escape accelerator

« Change in accelerating mechanism might not be so simplistic...
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The Galactic — Extragalactic transition

Hillas, conf. proc. (arXiv:0607109)

« Transition might not be *at* the “ankle”
» An invisible transition between components is also possible

Note how for changing component fractions, the transition is still essentially
smooth. Circle = 50% extragalactic; triangle = 80% extragalactic.
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Hillas Criterion

Properties needed for an astrophysical
accelerator

Maximum energy obtained whilst
particle remains in accelerating region
minimum size — Larmor radius in
magnetic field B

Emax = ZecBL

e.g. Milky Way: ~3uG, ~15 kpc

SNR difficult to contain E > 104 eV, need
magnetic field amplification

- Galactic accelerators reach 10'%eV (1PeV)
- Where are the PeVatrons?
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Cosmic Ray Spectrum: Mass Composition
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Production of Gamma-rays and Neutrinos:
leptonic - Inverse Compton scattering

Yy e Y
Transfer of energy from an energetic electron to a
photon — boosting photon to gamma-ray energies
e e
Scattering off background radiation fields, energy
density Uraq “I' Blumenthal & Gould (1970)

CMB, FIR, NIR, Vis... @ [
i.e. ambient radiation and starlight. o]
Radiated Power:

Ly $ ik ((—)) - o

- & 1 ="
c.f. Synchrotron — same relation, energy loss rate R omon "
depends only on the electric field gamma-ray energy factor

~1/9 on average
lizs 4 <&789% yrs
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