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Outline

1. Brief background on supernova remnants


2. Summary of previous work: supernova remnants and the 
Galactic magnetic field


3. Radial magnetic fields in young supernova remnants



COMPACT OBJECT NO COMPACT OBJECT

NASA/CXC/M.Weisshttp://www.der-kosmos.de/

Type IaCore collapse
SUPERNOVA 
EXPLOSION

SUPERNOVA 
REMNANT PULSAR WIND NEBULA COMPOSITE SHELL

eg. Crab (SN1054) 
(Credit: Chandra, Hubble, VLA)

eg. G326.3-1.8 
(Credit: MOST, ROSAT)

eg. SN1006 
(Credit: Chandra, Hubble, VLA)

eg. G21.5-0.9 
(Credit: Matheson/Safi-Harb/ 

CHANDRA)

COMPOSITE

DIFFERENTIATED BY THEIR SPECTRA



Evolutionary Phases of Supernova Remnant Shells

FREE EXPANSION 
PHASE

SEDOV PHASE RADIATIVE PHASE

First ~1000 years 1000-30,000 years 30,000 years+
Radius ~7 pc (20 ly) Radius ~35 pc (100 ly) Radius ~65 pc (200 ly)

eg. Cas A 
(Credit: NASA/CXC/SAO)

eg. RCW86 
(Credit: MOST, Chandra, WISE)

eg. S147 
(Credit: Stefan Binnewies, Rainer 

Sparenberg)
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Hard X-Rays
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What do magnetic fields 
tell us about cosmic ray 
acceleration?
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Is there a connection between the Galactic magnetic field 
and the morphology of supernova remnants?

G332.0+00.2 G327.6+14.6 (SN1006)

G046.8-00.3G003.8-00.3

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

Gaensler 1998
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K α( )B⊥α+1ν −α = jν

Model Synchrotron Intensity

(CRE distribution) α = spectral index
ν = observation frequency
jν = synchrotron intensity
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SN1006



Reynoso et al. 2013



Quasi-perpendicular

Quasi-parallel

Isotropic

Magnetic field lines (black) 
and cosmic ray electron 
distribution (green)

Simulated radio 
synchrotron emission

cos2φBn2

sin2φBn2

CRE distribution 
scaled by

CRE distribution 
scaled by

φBn2
is the angle between 
the shock normal 
and the post-shock 
magnetic field

Where:

Cosmic Ray Electron Distribution

Direction of the 
ambient magnetic field



Reynoso et al. 2013
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Current favoured model of SN1006 
Katsuda+ 2017 review



there are significant deviations from radial on scale sizes of
!2000. In general, there is more disorder in the south than
the north, as noted byMatsui et al. (1984) for their polariza-
tion-angle images. Recent proper motion measurements
show many of the same patterns as the magnetic field struc-
ture (B. Koralesky, L. Rudnick, & T. DeLaney 2002, in
preparation).

4. OPTICAL, INFRARED, AND X-RAY IMAGES

AnH!+ [N ii] (hereafter just H!) image was obtained by
Blair et al. (1991) and kindly provided to us by W. Blair.
This image was taken in 1987 with the 2.5 m DuPont tele-
scope at Las Campanas. The stars on this image were
already removed to first order by subtracting a continuum
image. There were enough intact stellar remnants, though,

to register the H! image to the stars on a Digitized Sky Sur-
vey image to an accuracy of better than 1>5.

In order to compare the distribution of H! to our radio
images at a resolution of 7>2, we had to take an extra step to
further remove significant contributions from stars. The
stars embedded in the H! emitting regions were identified
by detailed comparisons with images by D’Odorico et al.
(1986) and Bandiera & van den Bergh (1991) and removed
by replacing the pixel intensities with that of nearby, diffuse
H! emission in the same regions. To remove stars that were
not embedded in emission, the local mean was determined
for a region immediately adjacent to each star. These stars
were then removed by replacing their pixel intensities with
the local mean. Our final convolved H! image is shown in
Figure 12, with a square root transfer function to enhance
the faint emission.

Although the H! image is 10 yr older than those at the
other wavelengths, this is not a problem because of the small
proper motions of H! features. The fastest moving knot in
right ascension would have moved 0>384, and the fastest
moving knot in declination would have moved 0>367 in 10
yr (Bandiera & van den Bergh 1991). These are well within
the registration errors.

An IR image was obtained by Douvion et al. (1999, 2001)
and kindly provided to us by P.-O. Lagage and T. Douvion.
This image represents data taken in 1996 with the LW8 filter
(10.7–12 lm) aboard ISO. The IR image was registered in
the same manner as the H!, but using a 2MASS image as
the template and yielding, again, a positional uncertainty of
1>5. Due to the resolution of ISO (600), individual stars in
the emitting regions could not be isolated and removed. The
final image is shown in Figure 12 and was convolved to 7>2
for comparison to the other wavelength images.

To make the X-ray image shown in Figure 12, the
ROSATHRI data taken in 1997 and used by Hughes (1999)
were obtained from the ROSAT public archive. An image
was made at 100 pixel"1 using the program FTOOLS and
then convolved with a 7>2 beam. The registration of the
X-ray image is not a straightforward process. Unlike the
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Fig. 11.—Magnetic field structure in Kepler’s SNR. All vectors are the
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Fig. 10.—Rotation measure between 6 and 20 cm. Intensity is set by the
20 cm polarized intensity image.

Fig. 12.—Gray-scale images of 6 cm radio continuum (top left), X-ray
(top right), H! (bottom left), and IR (bottom right). The circles are 10000 in
radius.
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observed frequencies. Since estimation of rotation measures
based on only two frequencies can be unreliable, we con-
volved the second-epoch RM image to a resolution of
4A ] 4A, in order to compare with the RM image obtained
by et al. from data at 22, 21, 19, and 18 cm.Dickel (1991)
This comparison showed a close correspondence between
the RM images. Hence, we assume that the Faraday rota-
tion could be accurately corrected by using the two fre-
quencies observed here. The polarized intensity at the
second epoch is shown in The vectors show theFigure 8.
direction of the magnetic Ðeld.

We have constructed a di†erence image between the
orientation of the Ðeld vectors durig both epochs. The dis-
tribution of the di†erence angles was found to be nearly
Gaussian, with a maximum at [8¡ and a width of about
30¡, indicating that such di†erence is most probably a
random e†ect. No obvious global changes were detected.
We also constructed enlargements of the same subregions of
the remnant selected by et al. to the northeastDickel (1991),
and to the bright peaks at the east. Using these images, we
performed a small-scale comparison of the orientation of
the magnetic Ðeld between the two epochs. As was the case

for the large-scale analysis, no signiÐcant changes were
observed.

4. DISCUSSION

4.1. Analysis of the Results
The overall morphology of TychoÏs SNR describes an

almost perfect circle, whose symmetry is interrupted to the
east and north, where part of the shell appears broken and
shows a number of irregularities. Therefore, a global
analysis may not represent an appropriate description for
the evolution of TychoÏs SNR.

As a Ðrst approach to a better description, we have
divided the remnant into two major sections, according to
their radii : north and east on one side, and south and west
on the other. The northeast section can in turn be sub-
divided into three sectors (I, II, and III), while the southwest
section can be divided into two sectors (IV and V). In Table

we list the Ðve sectors deÐned here with their approx-3,
imate angular range, mean radius, and mean expansion
parameter. These sectors have been plotted in Figure 7b,
where the radii have been scaled to 280A.

FIG. 8.ÈVectors showing the direction of the magnetic Ðeld in TychoÏs SNR at epoch 2 superimposed on contours representing the total intensity at 1375
MHz. The observed E-vectors have been corrected for Faraday rotation and rotated by 90¡. The resolution is 4A. The length of the vectors represents the
polarized intensity at 1375 MHz; a length of 1A corresponds to an intensity of 100 kJy beam~1. For clarity, only one in 20 vectors was plotted, so that the
Ðnal spacing between points is 8A. The total intensity image was convolved to the resolution of 4A. The beam size is indicated at the bottom right corner.
The contours are at 0.3, 3, 6, 10, and 15 mJy beam~1.

DeLaney et al. 2002

Reich 2002

Reynoso et al. 1997
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Random magnetic field with quasi-parallel acceleration

Input magnetic field

Simulated observation
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Stokes I

Polarized fraction

Reynoso+ 2013

Polarized 
Intensity
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Conclusions
1. Supports a simple compressed magnetic field model in 

evolved, bilateral supernova remnants


2. Supports a connection between Galactic interstellar medium 
and supernova remnant morphology


3. Possible distance determination method: both for supernova 
remnants and possibly for some features in the Galactic 
magnetic field


4. Possible selection effect due to cosmic ray distribution: 
quasi-parallel acceleration can make a turbulent field look 
radial


5. Intrinsic radial component in young SNRs?
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360 SNRs known in the Galaxy





Supernova remnant Models & Images at Radio 
Frequencies (SMIRF) 

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

West et al. 2016, A&A 
West et al. 2017, A&A 

West et al. 2017 in prep


