The Connection between Supernova Remnants
and the Galactic Magnetic Field

(A&A, under revision)

Jennifer West, PhD Candidate
University of Manitoba, Canada

Supervisor: Samar Safi-Harb (U. of Manitoba, Canada)

Collaborators: Tess Jaffe (IRAP, Toulouse, France), Roland Kothes (NRC
Herzberg, Canada), Tom Landecker (NRC Herzberg, Canada), Tyler Foster
(Brandon U., Canada)

INNOVATION.CA

CANADA FOUNDATION | FONDATION CANADIENNE
FOR INNOVATION POURLINNOVATION

UNIVERSITY NSERC
oF MANITOBA CRSNG




ls there a connection between the Galactic Magnetic Field

and Supernova Remnants”?
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Gaensler (1998): a highly
significant tendency for the
axes of these SNRs to be
aligned with the Galactic plane

Leckband et al. (1989): no
preferred orientation between
the angle of symmetry and the
Galactic plane
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What can magnetic fields tell
us about cosmic ray
acceleration”

Cosmic-ray energy
spectrum
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Magnetic field lines (black) Simulated radio
and cosmic ray electron synchrotron emission
distribution (green)

Quasi-perpendicular




Method: Use a model of the Galactic magnetic
field to model the appearance of SNRs at their
specific location in the Galaxy



What do we know about the magnetic field of the
Milky Way Galaxy”?

How do we know its shape”
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Rotation measure studies of extra-galactic point sources

Credit: VanEck/Brown
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Modelling SNRs in the Galaxy



Modelling the Supernova Remnant

Define a coordinate transformation which transforms R to R’
while mass is conserved.

Constant Initial Mass Density DEFINE A Final Mass Density
COORDINATE
2 TRANSFORMATION -
% MATRIX = \
D [ =
= 2
- —» = Sedov-Taylor
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Franzmann et. al 2014



Use the Coordinate Transformation Matrix to

Transtorm the Magnetic Field in 3D
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Model Synchrotron Intensity

spectral index
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Jansson & Farrar 2012 models compared to data
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Galactic
magnetic
field model
with an X-
shaped halo
component

Galactic Field
model with
no vertical
component
(toroidal halo
component
only)



i ® stfong evidence of
connection between Galactic -
ISM and SNR morphology!

e future studies:

e SNR case studies:
magnetic fields of SNRs
through polarization and
rotation measures,
progenitor studies, SNR
distances

e Galactic magnetic field
parameters such as
turbulence, pitch angle,
and shape of the vertical
field

' Cred|t X ray: NASA/CXC/RutgerS/G Cassam Chena| J. Hughes et al.»
. Radio: NRAO/AUI/NSF/GBT/VI_A/Dyen I\/Iaddatena& Cornwell Opt|ca|
Middiebury College/FkaIer NOAO/AURA/NSF/CTIO Schmidt & DSS




Supernova remnant Models & Images at Radio
Frequencies (SMIRF)

http://www.physics.umanitoba.ca/snr/smirf/ o




