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Figure 15. from Is There a Hidden Hole in Type Ia Supernova Remnants?
García-Senz, Badenes, & Serichol 2012 ApJ 745 75 doi:10.1088/0004-637X/745/1/75
http://dx.doi.org/10.1088/0004-637X/745/1/75
© 2012. The American Astronomical Society. All rights reserved.
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We see from Figure 3b that the [O III] emission in the
Ðeld appears to be particularly associated with the cores of
the bright H II complexes. The [O III] emission within the
error circle, even at the position of the faint Ha source, is
extremely faint. If the Ha emission is from SN 1981K, the
relative lack of [O III] emission would be consistent with the
shock/circumstellar matter interaction model by Chevalier
& Fransson (1994).

Figure 3c shows the continuum counterpart of the faint
Ha source, as well as some associated nebulosity or unre-
solved stars. The source has mag or,mF547M \ 22.36 ^ 0.08
for the distance modulus m [ M \ 28.85, AM

V
B [6.5.

nearby small cluster of stars can also be seen inside the
northwest edge of the error circle. The brighter stars among
them have 22.84 ^ 0.08, andmF547M \ 23.07 ^ 0.18,
23.32 ^ 0.20 mag ; the faint star nearby has mF547M \ 24.26

mag. These stars have [6.0, [5.5, and^ 0.22 M
V

B [5.8,
[4.6 mag, respectively. Although we do not have any color
information for this environment, these magnitudes are
consistent with those of supergiant stars. The fact that little
Ha emission is associated with these stars implies that they
are nonionizing, cooler, possibly yellow or red supergiants.
Thus, SN 1981K may be associated with a population of
evolved supergiants, with no recent star formation
occurring in its immediate environment. Given that the
radio emission for the SN possibly arises from the SN shock
interacting with the progenitorÏs red supergiant wind
(Van Dyk et al. 1992), this would also imply that the SNÏs
progenitor was a red supergiant of relatively low mass
(M Z 8 M

_
).

3.1.6. SN 1982F in NGC 4490
A pair of F606W images of the highly inclined galaxy

NGC 4490 was available. From the nuclear o†set (35A east
and 20A south) for SN II 1982F (from the Asiago SN
catalog), we derive a position for the SN near the edge of the
PC chip. SN 1982F occurred just outside the main body of
NGC 4490. The stars nearest the SN position have

23.32 ^ 0.18, and 22.92 ^ 0.07mF606W \ 23.06 ^ 0.14,
mag. Given the distance modulus (m [ M \ 29.46 ; Tully
1988), these correspond to [6.1, andMF606W \ [6.4,
[6.5 mag and are probably bright supergiant stars.

3.1.7. SN 1986J in NGC 891
This SN II belongs to a peculiar class, known as SNe IIn

(Schlegel 1990), which show narrow emission proÐles atop
broader bases in their spectra, particularly at Ha, possibly
arising from the SN shock interacting with very dense cir-
cumstellar matter. SN 1986J was Ðrst discovered in the
radio and subsequently followed optically (Rupen, van
Gorkom, & Gunn 1987 ; Leibundgut et al. 1991) ; it was
missed in optical SN searches near the time of explosion.
The SN is a very luminous radio source (Weiler, Panagia, &
Sramek 1990) and should also still be a luminous optical
emission-line source. Weiler et al. (1990) provide an accu-
rate radio position for the SN, but, unfortunately, the coor-
dinates for the pair of short-exposure F606W archival
images of NGC 891 are greatly in error. We located the SN
site on the coadded image pair using a Ðnding chart for SN
1986J (Rupen et al. 1987). A star is seen in Figure 4 with

mag on 1994 December 1, whichmF606W \ 21.28 ^ 0.06
corresponds to the same object seen in the Rupen et al.
image and is therefore almost certainly the SN. Only faint,
di†use emission is visible around the SN, so it is not pos-
sible to study any associated stellar population.

FIG. 4.ÈSN 1986J in NGC 891 and its environment in an F606W
WFPC2 image. The arrow points to the SN.

3.1.8. SN 1987K in NGC 4651
Images in F218W, F547M, F555W, and F814W are

available for NGC 4651 in multiple exposures, except for
the F547M band. We used the Ðnding chart for the SN IIb
1987K from Filippenko (1988) to aid in locating the SN
environment on the images. We show the SN environment
in the F555W image in Figure 5. Adopting an error of 2A in
the SN position, we Ðnd that the SN occurred along a faint
northern spiral arm in the galaxy. No individual stars
or clusters are detected within the error circle in the
F555W and F814W images. We measure a color
F555W [ F814W ^ 1.1 mag for the SN environment, but
we note that the environment appears dusty in both bands.

FIG. 5.ÈEnvironment of SN 1987K in NGC 4651 in an F555W
WFPC2 image. The SN position is within the 2A radius error circle. van Dyk+ 1999

Van Dyk+ 1999 

We used the finding chart for the SN IIb 1987K from Filippenko 
(1988) to aid in locating the SN environment on the images. We 

show the SN environment in the F555W image in Figure 5. 
Adopting an error of 2” in the SN position, we find that the SN 

occurred along a faint northern spiral arm in the galaxy. No 
individual stars or clusters are detected within the error circle in 

the F555W and F814W images. We measure a color F555W -  
F814W ~ 1.1 mag for the SN environment, but we note that the 

environment appears dusty in both bands.
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FIG 1:  An HST ACS High Resolution Camera (HRC) F330W (~U band) image 

of SN1993J.  The image was a 1200s exposure, acquired on 28 May 2002 - 

9.17 years post-explosion, observed for program GO9353.  The spatial 

resolution of the HRC allows the clear separation of stars E-G from the SN 

(adopting the nomenclature of ref. 8).  The photometric magnitudes of the stars 

measured in the ACS filters24 are listed in Table 1. These magnitudes were 

used to calculate, and remove, the contamination of the faint surrounding blue 

stars to the ground-based spectrum of SN1993J.  The box is an example of the 

area of sky sampled in the lower spatial resolution ground-based spectroscopy. 

The width is 0.7" (the slit width employed with the LRIS spectrograph), and the 

length is 1.8"  (the aperture diameter used to extract the object spectrum down 

to a level of 10% of the peak flux). The slit was positioned at the parallactic 

Maund+ 2004;  
cf Fox+ 2014
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The Good



• exploded ~1680 
• maybe seen - but not reported 
• at 3.4 kpc 
• neutron star detected 
• light echo consistent with IIb (see 

Krause, Rest)



Pavlov+ 2000

Thorstensen+ 2001
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Figure 3. The luminosities and temperatures of the stars if at
the distance of the Crab and constrained by the extinction prior.
Filled black squares mark the stars that could be at the distance
of the Crab (χ2

2 < χ2
0 + 4) and an association is not ruled out

by the available proper motions. Open red triangles are for stars
that either cannot lie at the distance of the Crab (χ2

2 > χ2
0 + 4)

or have a proper motion inconsistent with an association. The
pulsar, fit as a star, is indicated by the filled, cyan pentagon. The
solid lines show isochrones with ages of 106, 106.5, 107, 107.5 and
108 years while the dashed lines show the tracks for 0.5, 1.0, 1.5,
2.0 and 3.0M⊙ stars over this range of times.

the initial fraction of binaries because some of the SNe are
the explosions of secondaries. Binary evolution, particularly
stellar mergers, then adds further complications, as does the
prevalence of triples and other higher order systems.

For a supernova of a given age, we need an estimate
of the radius inside the SNR that needs to be searched.
Guseinov et al. (2005) simply used a fixed 1/6 of the di-
ameter of the remnant as cataloged by Green (2014) (for
the most recent version). Observed runaway stars have typ-
ical velocities of 50 km/s or less (e.g., Tetzlaff et al. 2011)
and theoretical studies find that it is difficult for binaries
to produce velocities of more than a few 100 km/s (e.g.,
Cordes & Chernoff 1998, Eldridge et al. 2011). This has a
simple explanation in terms of stellar structure because the
maximum (circular) orbital velocity of a secondary star is
limited by

v22 <
GM1

1 + q

[

4πσT 4
1

L1

]1/2 [

1 +
(

L2

L1

)1/2 T 2
1

T 2
2

]−1

(2)

where the mass ratio q = M2/M1 could be > 1 here, the
semi-major axis is set to the sum of the two stellar radii,
and we have expressed the radii in terms of the stellar lu-
minosities and effective temperatures. The highest possible
companion velocity is achieved for a low mass (q → 0) and
low luminosity L2/L1 → 0 companion. This allows the sim-
ple upper limit on the companion’s velocity of

v < 50M1/2
10 T3.5L

−1/4
4.7 km/s (3)

where the scalings of M1 = 10M10M⊙, T1 = 103.5T3.5 K and
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Figure 4. Coadded grizy PS1 image of Cas A. The position of
the geometric center of the remnant (“center”) and the neutron
star are indicated by 3.′′0 radius circles. The larger circle shows the
region within 30.′′0 of the center. The 13 PS1 stars lying within
30.′′0 of either the geometric center or the neutron star are marked
and labeled in order of their distance from the center. None of
the stars have proper motion measurements in NOMAD. Stars
#4, #9 and #13 have proper motions in HSOY but the shift
in position to the time of the SN is too small to display. At a
distance of 3.4 kpc, a star will have moved 2.′′1(v/100 km/s) since
the SN, so the 30.′′0 search radius corresponds to a velocity of
roughly 1500 km/s

L1 = 104.7L4.7L⊙ are chosen to match the end point of a
107.4 year PARSEC (Bressan et al. 2012) stellar isochrone.
The scaling with mass and luminosity is very weak1, so
the only important variable is the temperature of the pri-
mary. For the typical red supergiant progenitors of Type II
SNe (see Smartt 2009), we expect very low velocities, v <
50 km/s. In the rare cases like SN 1987A where the primary
is a blue supergiant at the time of explosion, the maximum
companion velocity is still v <∼ 300 km/s.

Companions to stripped, Type Ibc SNe can have higher
velocities because of the very high progenitor temperatures.
For these systems, the finite size of the secondary is im-
portant because the radius of the primary is ∼ R⊙, and
the companion velocities can in theory reach ∼ 103 km/s.
This is only true if the system was an interacting binary be-
cause the orbit of the secondary must also shrink to be far
smaller than even the initial size the primary. Such tightly
bound binaries are less likely to be disrupted because the
primary mass has to have been greatly reduced by mass
loss and the orbital binding energy is larger than typical
NS kick velocities (e.g., Cordes & Chernoff 1998). Theoret-
ically, Eldridge et al. (2011), using binary population syn-
thesis models that included such evolutionary paths, found
that velocities above 300 km/s were very rare.

1 For L ∝ Mx, the velocity limit scales with primary mass as

v1 ∝ M1/2−x/4. For x = 3 (x = 2), this becomes v1 ∝ M−1/4
1

(v1 ∝ M0
1 ).

c⃝ 0000 RAS, MNRAS 000, 000–000

Kochanek 2017

1500 km/s



The Bad
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Figure F3. Map of the visual extinction, AV, for the ISM dust projected against CasA (left) and for SN dust (right), derived from the
multi-component SED modelling presented in Section 4. The black cross in the right panel indicates the position of the remnant of the
supernova.
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AV: ISM dust

05

Figure F4. Contour map of the visual extinction,AV, due to ISM
dust for the entire field observed with Herschel PACS and SPIRE
instruments, as derived from the SED modelling of the ISM dust
emission presented in Section 3.2 and the multi-component SED
modelling presented in Section 4. The contour levels start at
AV=2.5 increasing in steps of 2.5 up to AV=20.

MNRAS 000, 1–36 (2016)

De Looze+ 2017
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Revisiting the 
problem



Kerzendorf+ to be subm. 2017



Arrows indicating positions in 1680





Companion?



– Sherlock Holmes (Arthur Conan Doyle)

“Once you eliminate the impossible, whatever 
remains, no matter how improbable, must be the 

truth” 



De Looze+ 2017 dust map
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with AV = 10.6
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companion



Ylva Götberg models
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Siblings of Cas A

PanSTARRS DR1



Assuming E(B-V)=0.8 and 3.4 kpc
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Summary



The Impossible and the 
Probable

AV=10.6 AV=15

Main Sequence below M0 below K5

Stripped Stars < initial mass of 2 Msun

White Dwarfs allowed

Single Star Stars with >30 Msun available or merger

NS, BH allowed



Thank you


