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Abstract. Supernova Remnants (SNRs) play essential roles in the dy-
namics of galaxies by injecting large amounts of energy which can ac-
celerate particles generating cosmic radiation, create large, hot, low den-
sity bubbles, and maintain turbulent cloud motions. SNRs shock waves
can also compress nearby dense clouds, inducing fragmentation and per-
haps collapse into protostars, thus joining the extremes in the life-cycle
of stars. The present review illustrates how high quality low frequen-
cies radio observations of galactic SNRs and the surrounding interstellar
medium (ISM), can help in the understanding of the many aspects of the
nature of the remnants, as well as the consequences of their interaction
with the ambient gas.

1. Introduction

A supernova explosion represents the sudden injection of ~ 10°! ergs and ~ 10
Mg of stellar material in a virtually point region of space. A supersonic shock
wave is then formed, which expands into the surrounding medium and sweeps
up the interstellar gas. The result of the interaction of the stellar ejecta and
the blast wave with the ambient gas is known as a supernova remnant (SNR).
Depending on the progenitor star, the remnants may include a spinning neutron
star or even a black hole.

The physical characteristics of the interaction between the SN shock and
the surrounding gas change with time, passing through several distinct stages
classically known as “free expansion”, “adiabatic blast wave” , “radiative snow-
plow”, and “dispersal” (Woltjer 1972, Chevalier 1977). However, as pointed out
by Jones et al. (1998), this simple chronological model may be inadequate to
describe the real dynamics of a SNR, and the different phases may be brief, may
not occur at all, or may be taking place simultaneously in different portions
of the same remnant. In this dynamical complexity, the environments have a
crucial role.

Because SNRs involve many different phenomena, the research of SNRs
can lead to insights into several problems in astrophysics. To mention only a
few, through the multiwavelength study of SNRs, we can learn about: @) the
nature of the precursor stars, which together with the physics of the explosion
itself, provide key information for the more general study of stellar evolution;
b) the central compact sources (neutron stars, black holes) and their coupling
with the surrounding plasma; c¢) shock waves with very high Mach numbers and
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magnetohydrodynamics instabilities at conditions vastly different from those
achievable in terrestrial laboratories; and d) particle acceleration and cosmic
radiation origin up to at least 10!* eV (Berezhko 1996). Also, by illuminating
the nearby environment, SNRs are useful probes of the various phases of the
ISM, and provide valuable information about the chemical processes induced by
shock waves on surrounding interstellar clouds.

To correctly identify the physical processes and understand the variety of
phenomena involved in the evolution of SNRs, the best tools are sensitive radio
interferometric images obtained at various wavelengths, (complete over all spa-
tial scales), together with observations in other spectral domains, and surveys
of the gaseous surroundings using atomic and molecular lines. The present com-
munication illustrates the contributions to the knowledge of individual sources
and to the global comprehension of SNRs based on observations at low radio
frequencies of galactic SNRs and the surrounding interstellar medium (ISM).

2. Radio Continuum Observations of SNRs

High quality radio continuum observations of SNRs at different frequencies pro-
vide information about three main topics: morphology, polarization and
spectral index. Ideally, from the study of the morphology, shock structures
can be identified and quantified, and the location of contact discontinuities in
the fluid can be traced. From polarization studies the intensity and degree of
order and orientation of the magnetic fields can be determined. Finally, through
the study of spectral indices the energy spectrum of the accelerated particles
can be ascertained. In some good cases most of these goals can be achieved.

Tycho’s SNR is a good example where many physical processes have been
investigated based on high resolution and high sensitivity observations. The
study of this SNR carried out with all four configurations of the VLA in two
different epochs has allowed to accurately trace the location of the shock front
and the contact discontinuity (Figure 1 left) (Reynoso et al. 1997) and to show
the cellular pattern of the magnetic field (Dickel, van Breugel & Strom 1991,
Reynoso et al. 1997). In addition, the expansion of the shock front over a 10
years interval (Figure 1 right) was accurately determined (Reynoso et al. 1997).
Significant local variations in the expansion parameter were found, suggesting
that more than one dynamic phase can coexist. Based on these very detailed
observations, it was also possible to identify and characterize the hydrodynamic
instabilities developed along the contact discontinuity (Veldzquez et al. 1998)
and discover the presence of a compact interstellar cloud that may delay the
expansion of the SN shock towards the NE (Reynoso et al. 1999).

Also, the careful VLA imaging at 1.4 GHz of the SNR W50, which contains
the powerful source of relativistic jets SS433 in its center, has revealed many
faint structures in the synchrotron emission. These features have unambiguously
proved the connection between the central microquasar and the surrounding
nebula (Dubner et al. 1998). Figure 2 shows the comparison of the radio nebula
with the X-ray emission, as obtained with ROSAT by Brinkmann, Aschenbach
& Kawai (1996). The study of the emission at various spectral ranges is not only
useful to trace material with different physical conditions and perform plasma
diagnostics, but also to understand the energy injection from the central compact
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Figure 1.  Left: VLA image of Tycho’s SNR. Note the well defined
wavy-like structures behind the shock front towards the NE, originated
in plasma instabilities caused by the presence of a denser cloud in the
shock path. Right: Radial profiles showing the two successive posi-
tions of the shock front (average of the azimuthal sector between 24°
and 28°). The solid line corresponds to epoch 1 and the dotted line
corresponds to epoch 2, 10 years later (dashed line is the difference)
(from Reynoso et al. 1997)

source. The detailed investigation of a galactic source with these characteristics
is an excellent point of reference for the investigation of jets in radio galaxies
and QSOs.

In general, however, the information that we can obtain from the radio
observations is limited by several factors. For instance, in polarization studies,
unknown processes can largely disorder the direction of B fields, and Faraday
rotation cannot always be well quantified. Thus, it is not straightforward to
image the intensity and orientation of the magnetic field from measurements of
polarized intensity and electric field orientation. Also the difficulties in dealing
with spectral indices estimates are well known (See D. Green 2000, in these
proceedings). Background and zero level corrections at different frequencies and
contamination with localized thermal emission limit the accuracy of the results.

The most complete and unbiased information that can be achieved from
radio continuum observations is the morphology, even with some unavoidable
limitations. The shape of a SNR is a consequence of the dynamical evolution
of the shock wave, while the brightness distribution is determined by the state
of the plasma inside the SNR. The final appearance of the SNR is the result of
three different concurrent factors: the progenitor, the explosion and the ambient
medium. The lack of sphericity and uniformity is usually explained by invok-
ing different effects, such as anisotropic bi-polar explosion, non-uniform density
distribution of the circumstellar medium (CSM) and ISM, large-scale magnetic
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Figure 2. Comparison of the 1.4 GHz VLA image of W50 (greys,
from Dubner et al. 1998) with the ROSAT X-ray data (contours, from
Brinkmann et al. 1996)

fields effects, the presence of compact sources injecting energy or accelerated
particles, etc.

Since the observations provide necessary constraints to the theoretical mod-
els, it is important to keep in mind that when we discuss morphology in the
synchrotron emission of a SNR, we refer to the bidimensional visual appear-
ance of a 3-dimensional object. Hnatyk & Petruk (1999) have developed models
of non-spherical adiabatic SNRs evolving in ISM with large-scale density gradi-
ents (exponential and power-law distributions) and conclude that even a visible
spherical shape does not guarantee the uniformity of the surrounding medium
and/or isotropy in the explosion. Essentially, the observed morphology of SNRs
depends on their orientation with respect to the line of sight and projection
effects. Besides, the apparent center of the SNRs may differ from the real pro-
genitor position. As pointed out by Hnatyk & Petruk (1999), this fact may
be important for localizing possible compact stellar remnants in the interior of
SNRs.

3. The Interaction with the Surrounding Medium

The mutual interaction between the expanding blast wave and the ISM has a
remarkable impact both on the expanding remnant and the surrounding gas.
The study of the surroundings of SNRs is essential to detect external causes
for peculiar morphologies, and discriminate from intrinsic origins. Therefore, in
order to obtain a global knowledge of SNRs, it is important to characterize the
gaseous surroundings of a number of remnants with different appearances.
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Figure 3.  Left: The interaction of the SNR Puppis A (Einstein soft
X-rays image shown in grey, as taken from Petre et al. 1982), with the
surrounding HI (VLA data in contours, as taken from Reynoso et al.
1995). Right: The SNR 3C400.2 (VLA data, in contours) is evolving
close to the border of an extended HI cloud (DRAO data shown in
grey). The SNR is asymmetrical, with the larger size to the east,
where the SNR expands into a lower density cavity (from Dubner et
al. 1994 and Giacani et al. 1998).

Non-uniform environments produce either deceleration of the shock front,
when it penetrates a medium with increasing or slowly decreasing density, or
acceleration, when the external density decreases fast enough. Of particular
interest are the transition zones, where the external density changes abruptly.
Figure 3 illustrates two examples of the influence of the inhomogeneous sur-
roundings on the shape of SNRs. The SNR Puppis A (left) encountered a dense
cloud towards the east, that appears to have slowed down its expansion and pro-
duced a flattened appearance accompanied by enhanced X-ray emission (Dubner
et al. 1991, Reynoso et al. 1995). On the contrary, the SNR 3C400.2 (right),
encountered a lower density cavity towards the east, where it expanded faster,
thus acquiring a “break-out” morphology (Dubner et al. 1994, Giacani et al.
1998).

In some cases, it is the SNR which modifies its environs. Figure 4 shows
the case for SS433/W50, a dramatic example of the impact of a SNR on the
surrounding gas, where about 2x10%! ergs of kinetic energy were injected into
the ambient medium.

4. Concluding Remarks

From the theoretical point of view, considerable progress has been made from
the ideal description of a spherical remnant expanding into a uniform ISM. It is
now clear that each SNR is the unique product of the history of its progenitor
and the influence of its neighbourhood. Also, it has now been realized that the
evolutionary paths of SNRs are far from simple. In order to establish global
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Figure4. The SNR W50 at 1.4 GHz (VLA image in greys) is pushing
away the surrounding HI (contours from NRAO 43m telescope data)
(Dubner et al. 1999)

models, the theories need to rely on a large observational sample of SNRs of
different ages expanding in different environments.

In this context, sensitive and detailed observations at low radio frequen-
cies of the synchrotron emission associated with SNRs and HI studies of the
surroundings, are exceptionally helpful. In addition, these new data constitute
the necessary starting point for high resolution investigations in other spectral
domains, e.g. submillimetric searches for molecular emission in the surrounding
medium.

The new generation of interferometers operating at low frequencies will un-
doubtly provide innovative answers to the many questions that these fascinating
objects pose.
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