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Supernova Remnants (SNRs)

Shell type:
 Bright radio/X-ray shell.

e Due to synchrotron radiation
where particles have been
accelerated at the shock front.

SN1006 - Tycho .

Composite:

« Bright radio/X-ray shell -
synchrotron radiation.

e Bright centre due to pulsar wind
nebula (PWN) emitting non-
thermal synchrotron radiation.

G292.0+1:8 ~ G11.2-0.3

f“‘{:

Mixed Morphology (MM):

Bright shell — synchrotron
radiation.

Bright centre due to thermal X-
rays from swept up ISM.

Most found to be interacting
with molecular clouds.

Images from NASA/CXC/SAO




Diffusive Shock acceleration

Particle

Shock front



Gamma-ray emission from MM SNRs

« Many are strong emitters of GeV gamma rays which is unexpected as most are middle aged.

e In an attempt to understand this many individual studies have been conducted but a consistent analysis of the population
has not yet been undertaken.

Aim: Analyse 13.5 years of FERMI-LAT data for the population of MM SNRs in the Milky Way,
to better understand the gamma ray and particle acceleration properties of this class.

This view shows the entire
sky at energies greater than
» 1 GeV based on 12 years of
s data from Fermi's Large
a ' Area Telescope. Credit:
NASA/DOE/Fermi LAT
Collaboration




Kes79 .. .

Images from NASA/CXC/SAO
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Detection significance maps - Detected Sources
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Detection significance maps - Non-detected Sources
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Spectral Energy Distribution (SED
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Power law:

Power law with Exponential Cut off:

Broken Power law:

Fitting SEDs




Power law:

Power law with Exponential Cut off:

Broken Power law:

Fitting SEDs

[ = Photon index



Fitting SEDs - W28
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Exponential cut off Powerlaw Best Fit
Broken Powerlaw Best Fit
Powerlaw Best Fit

Fitting SEDs
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Results - Age

MM SNRs
Not MM SNRs
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Results - Age
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Results - Age
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Results - Molecular cloud interaction

SNRs interacting with MC (not MM)
SNRs not interacting with MC (not MM)
@® SNRs with unknown MC interaction (not MM)

¥ MM SNRs interacting with MCs
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Results - Molecular cloud interaction
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Results - Type la vs Core-collapse

Core Collapse MM SNR ) Core Collapse SNR (not MM)

Type la MM SNR Type la SNR (not MM)
% Unknown MM SNR type @® Unknown SNR type (not MM)
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Results - Type la vs Core-collapse

Core Collapse MM SNR ) Core Collapse SNR (not MM)
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% Unknown MM SNR type @® Unknown SNR type (not MM)
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Results - Type la vs Core-collapse

Core Collapse MM SNR ) Core Collapse SNR (not MM)
Type la MM SNR Type la SNR (not MM)
% Unknown MM SNR type @® Unknown SNR type (not MM)
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Results - Type la vs Core-collapse

Core Collapse MM SNR ) Core Collapse SNR (not MM)
Type la MM SNR Type la SNR (not MM)
% Unknown MM SNR type @® Unknown SNR type (not MM)
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Gamma-ray emission processes

Neutral pion decay:

o "‘\.

Inverse Compton Scattering: Non-thermal Bremsstrahlung:

Y

Electron

L W J
X L Y
“.. .
L 4
L

Low energy photon .




Gamma-ray emission from SNRs

— Synchrotron Non-thermal Bremsstrahlung
Inverse Compton — = Neutral Pion Decay
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Simulated broadband spectrum from a supernova remnant undergoing efficient diffusive
shock acceleration of electrons and protons (Slane et al 2015).




Gamma-ray emission from SNRs

Synchrotron Non-thermal Bremsstrahlung
Inverse Compton — = Neutral Pion Decay
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Simulated broadband spectrum from a supernova remnant undergoing efficient diffusive
shock acceleration of electrons and protons (Slane et al 2015).




Modelling the Origin of the Gamma-ray emission

Inverse Compton
Bremsstrahlung
Pion Decay

Total

Density: 62 + 6 cm™>

Proton energy: lfgf x 10* erg

Electron energy: 33 x 10* erg

S
Energy (MeV)




Origin of the Gamma-ray emission

Inverse Compton
Bremsstrahlung

- Pion Decay

Total
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Kesteven 77
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Density
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Density ranges between 48-600 cm™".

X-ray densities range between 0.01-10 cm .

3
3

This discrepancy may be due to the presence of cold clumps of material that do not
emit in thermal X-rays.
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. ~8% of athe 10°! erg released by a supernova goes into accelerating particles.



Ceasummary.

« MM SNRs are extr"emelyrbright GeV gammal-ray emitters.
e Their dense environment leads to significantly impact the gamma-ray emission
from SNRs.

« Potentially only MM SNRs from core-collapse supernovae are detected in
gamma-rays.

~« MM SNRs have a narrow age range and their average detected age is much
higher than non-MM SNRs.

e Neutral pion decay dominates the gamma-ray emission.

* ~8% of a supernova’s explosion energy goes into particle acceleration.
« Gamma-ray densities are much higher than those derived using X-rays.



~ Future Work with CTA -

o CTA will be able to provide a resolution of ~few arcmin over an energy range ~
10 — 10° GeV *
« Obtain higher resolution data of these MM SNRs compared to Fermi-LAT.

e By using data from both CTA and Fermi-LAT a broader energy range of gamma-
ray emission can be analysed.



Results - Age
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Results - Age
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Results - Age
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Results - Age
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