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Abstract

We present the preliminary results of the first 3-dimensional (3D) Morpho-Kinematical (MK) model
of a supernova remnant (SNR), using as a study case the Galactic SNR VRO 42.05.01 (G 166.0+4.3).
For the purpose of our modelling, the astrophysical software SHAPE was employed in which wide
field imaging and high resolution spectroscopic data were utilized. We found that the remnant is
consisted by three basic distinctive components: a “shell”, a “wing” and a “hat”, which present
different morphological and kinematical behaviour, probably due to different ambient medium
properties. The whole nebula has an inclination of 6 — 8 degrees with respect to the plane of the sky
and a systemic velocity Vgys ~ -15 to -25 km s~!. Finally, we discuss the possible implications of our
model’s results on the origin and evolution of VRO 42.05.01.

1 Introduction

Supernova Remnants (SNRs) are the diffuse nebulae that remain after the violent death of certain stars
(progenitor stars). From the observational data of these objects we can trace back to the nature and
evolution of the progenitor star. On the other hand, we can gain vital information about the properties
of the ambient Circumstellar (CSM) and Interstellar (ISM) medium that the SNRs encounter during
their evolution.

The fact that the observational images from the telescopes are 2D is a restrictive factor for
the thorough perception of the SNRs’ properties. Important and useful information that could cover
this gap can be provided through a 3D Morpho-Kinematical (MK) model, which is a 3D reconstruc-
tion of the morphology and kinematics of the studied nebula based on imaging and spectroscopic
observational data.

Up to date, all the 3D MK models that have been produced, regard Planetary Nebulae. Here
we present the first 3D MK model for a SNR. The selected object is the Galactic SNR VRO 42.05.01
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(Fig. [Th). This SNR, which was selected due to its intriguing morphology, is consisted of two main
parts: a hemisphere at the NE called the “shell” and a larger, bow-shaped shell at the SW, called the
“wing” (Landecker et al.,[1982). For our MK model we used the code SHAPE (Steffen et al., 2011
in which we applied new optical observational data (imaging and spectroscopic; Boumis et al.|2016),

2019).

2 Modelling

For the 3D MK model of VRO 42.05.01 we employed the code SHAPE (Steffen et al.| 2011) in
which we firstly applied wide field imaging data (Boumis et al.l [2016)) of the remnant (insertion of
morphological information) in order to reconstruct the 3D morphology of VRO 42.05.01, using the
geometrical and physical modifiers provided by the code. Subsequently, the observational Position -
Velocity (PV) diagrams deduced from the high resolution echelle spectra (Fig. [Th) were imported in
the code, providing the Doppler velocity for each subregion of the remnant (insertion of kinematical
information). The next step was to create the synthetic PV diagrams - for the given SNR 3D
morphology - using the code SHAPE and compare them with the observational PVs. In order to
achieve the best agreement between the observational and synthetic PVs, we modified the initial 3D
reconstruction of the object by altering the geometrical and physical modifiers, provoking by this way
the change of the synthetic PVs. Fig. [Ip illustrates the 3D morphology of VRO 42.05.01 as resulted
by our optimum model, while Fig. [2|displays characteristic observational PV diagrams along with the
synthetic PVs extracted by this model.

shell

Figure 1: (a) Ha+[N 1] 6548 & 6584 A image of VRO 42.05.01 (Boumis et al., 2016) along with
the slits positions and the Position-Velocity diagrams in certain subregions of the nebula. (b) The 3D
MK model of VRO 42.05.01 produced with the code SHAPE. c) Fig. [Th image overlaid with the 3D
model produced with SHAPE code in mesh-grid illustration. The colours correspond to distinctive
components of VRO 42.05.01 in terms of kinematics.
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Figure 2: Observational PV diagrams (in black) from different areas of VRO, along with the synthetic
PVs (blue/red shifted parts of the nebula) reproduced with the code SHAPE. The purpose is the
best matching between observational and synthetic PVs, with respect to the overall structure of each
spectrum.

3 Results

We found that VRO 42.05.01 is constituted by three main components, with regards to their morphology
and kinematics: the “shell”, the “wing” and the “hat” (Fig. [Ib). In particular we found the following
properties for each component: i) the “shell” has an expansion velocity of Veyp ~ 80-100 km s7h.
However, its upper part (Fig. [Tk, green region) deviates from the overall “shell”’s expansion and
expands with Vey, ~ 180-200 km s~!. This is the highest velocity that the remnant reveals. ii) The
“wing”, which is expanding slower than the “shell”, reveals a velocity of Vexp ~ 40-60 km s7h. As
far as its morphology is concerned, its right region has been tilted with respect to its left counterpart,
while a part of the wing penetrates the “shell”’s central region. iii) The third component of VRO, the
“hat”, which morphologically appears as a “wing’”’s protrusion, is also distinctive kinematically with
a Vexp ~ 80-100 km s~!, which is different than the “wing”’s Vexp. Finally, we found that the whole
remnant has a systemic velocity of Vgys ~ -15 to -25 km s~!, and an inclination of 6 — 8 degrees, with
the “shell” pointing inwards with respect to the plane of the sky.

4 Discussion

We found that VRO 42.05.01 morphology comprises of three components: a “shell”, a “wing” and a
“hat”, which apart from their clear morphological distinction, they also reveal different kinematical
behaviour. In particular, the “wing” component, even if is way more extended that the “shell”, it
is expanding with a lower velocity than the latter. This fact points towards the conclusion that the
“wing” was moving faster in a previous phase of the SNR evolution and at some point it has been
substantially decelerated. In addition, the “wing” is tilted in its right portion, which indicates that
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this part encounters denser ambient medium. Another intriguing point of our results is that the “hat”
and the upper part of the “shell” are expanding much faster than the components that they belong
to. |Chiotellis et al.| (2019) suggested that VRO 42.05.01 is shaped by the SNR interaction with an
extended wind bubble, formed by the mass outflows of a runaway progenitor star. According to this
model, the high velocities of the “hat” and the “shell”’s upper part could be attributed to a shock
breakout from the wind bubble to the surrounding ISM.
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