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Supernova 1987A
HST Images in F625W+F439W

observer

Inclination ~ 45o
Radius of inner ring ~ 0.6 ly (0.8’’)

Inner ejecta
Still in homologous expansion phase
(not interacting with ring).
Directly probes the explosion
geometry.

Ring
The ring is fading and new hotspots are appearing outside.
The blast wave has passed the main
ring.
See poster by Katia Migotto.
(Fransson, Larsson, Migotto+ 2015)

Mapping the ejecta in 3D
The freely expanding ejecta are described by a simple “Hubble law”: v = r/t
The combination of imaging and spectra therefore gives 3D information.
(For previous studies see Kjaer at al. 2010; Larsson et al. 2013)
New observations at ~10 000 days (Larsson et al., submitted)
H-band 1.644 m[Si I] + [Fe II]
[Si I] + [Fe II]
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VLT/SINFONI IFU observations
(H & K bands).

HST images (WFC3/F625W) and
spectra (STIS/G750L, 0.1” slits)
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Energy sources
Powered by 44Ti
No significant changes
in flux, line profiles or
morphology in the last
10 years.

Updated from
Larsson et al. 2011

Powered by X-rays
from ring.
Brightening and change
to edge-brightened
morphology after
~5000 days.
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“Sideview”: Hα & [Si I]+[Fe II]
[Si I] + [Fe II]

Hα

[Si I]+[Fe II] 3D emissivity

Position of observer
The emission is shown out to 3 500 km/s.
Only emission brighter than 3 times the continuum level is shown.
The narrow line from the ring has been removed.

Day 8717

(Larsson et al. 2013)

Dust
Hershel and ALMA have revealed a large amount of dust in the ejecta, estimated
to ~0.5 M⦿ (Matsuura et al. 2011; Indebetouw et al. 2014; Matsuura et al. 2015).
[Si I] + [Fe II]

Hα

Br ɣ

Different amounts of extinction by dust is unlikely to be the main reason
for the different morphologies of Hα and [Si I]+[Fe II]!

•
•
•

The hole is a natural consequence of the external X-ray illumination. It appears
at the same time as the ejecta start brightening.
If due to dust, the hole should become less prominent with time as the optical
depth decreases.
Brɣ also has a low surface-brightness region at the centre.

The dust may be in optically thick clumps that affect the optical and NIR in
the same way.

Large-scale structure
Mystery spots

L30

BRIGHT SOURCE DETECTED NEAR SN 1987A

Vol. 518

All emission lines show a similar global structure.
Seems that there is a global asymmetry that extends from
the inner metal core to the outermost hydrogen layer.
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(Meikle et al. 1987, Nisenson
et al. 1987, Nisenson &
Papaliolios 1999)

Fig. 1.—New reconstructed image (left) and contour plot (right) of a 300 mas field around SN 1987A, from speckle data recorded with a 10 nm–wide filter
centered at 653.6 nm. Note that two of the noise spikes (in the lower left and right) do not show up in the contour plot because their intensity falls below the
Sinnott et al.
lowest contour level (1%).

the present, we have implemented a new image reconstruction
9.5 j above the background, where j is the standard deviation
algorithm that does not require masking the data with a Gauscalculated from regions adjacent to the images.
sian. Instead, we generate the speckle autocorrelation using the
There are a few additional pointlike peaks in the image that
unmasked data and then apply a modified version of an iterative
are almost certainly reconstruction noise. These peaks have a
transform algorithm (ITA; Fienup 1984) in order to find the
different character from BS1 and BS2 since they do not show
phase in the Fourier transform and produce an image. The major
the roughly east-west elongation that is seen in the SN, BS1
drawback in the ITA method is that there is a 180! ambiguity
and BS2 features. This elongation is due to imperfectly corin the orientation of the reconstruction. However, the masked
rected atmospheric dispersion. The brightest of these other
KT reconstructions clearly show BS1, allowing a determination
peaks (northeast of the SN) is 0.7 mag fainter than BS2, and
of the orientation and eliminating the ambiguity, despite their
the other peaks are more than 1 mag fainter (so they fall below
poorer S/N.
the 1% contour level in the plot). These noise peaks are introThe results of this processing on the SN data are consistent
duced when we deconvolve the SN image with data recorded
with our earlier KT results but give cleaner reconstructions of
on a nearby bright, unresolved star, using a Wiener filter. This
BS1. In addition, the cleaner images reveal a new feature that
deconvolution is critical in correcting the speckle interferomwe believe could play an important role in understanding not
etry transfer function (Nisenson 1989). Adjusting the Wiener
only BS1 but also the geometry of the whole SN system. Figfilter smooths the image and changes the noise characteristics
ure 1 shows our new reconstruction from the data set taken
For the image in Figure 1, the filter was adjusted to separate
with a 10 nm–wide filter centered on 654 nm (10 nm bandpass)
BS1 from the SN cleanly. If the filter is set so that the high
from day 38. On the left of Figure 1, we show a false color
frequencies in the image are reduced, the noise peaks are elimimage, and on the right, we show a contour plot with plate
inated. BS1 and BS2 remain but have a broader shape, and
eft: P.A.s on the sky of the three dominant LE viewing angles LE016, LE113, and LE186.
Theorientation
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of starts to merge with the SN image.
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This symmetry axis is
also consistent with
polarimetry (Jeffery
1991) and first hot-spot
in the ring.

Light echo (Sinnot et al. 2012)

Smaller-scale structures
[Si I] + [Fe II]
Hα

Hα

[Si I] + [Fe II]
Hα

[Si I] + [Fe II]

Velocity (1000 km/s)

Velocity (1000 km/s)

See “clumps” in both images and spectra. Typical size ~1000 km/s.
Differences between different emission lines.

els W15-1-cw and W15-2-cw shows that th
Figs. 7 and 9). However, we find interesting
varies by up to 20% among the models, wh
lar for all models.

Comparison with explosion models
Fig. 9. Same as Fig. 7, but for models W15-1-cw, L15-2-cw,
B15-1-cw, and B15-3-pw at the shock breakout time.

20 M⦿ BSG (~like 87A)

15 M⦿ BSG

Observations
5.3.5. Dependence on progenitor star

To be able to discuss possible di↵erences b
ogy of the iron/nickel-rich ejecta of the R
els at the time of shock breakout in the R
had to evolve the BSG models until app
which is about a factor of ten beyond the
out in the BSG models. Fig. 10 displays th
iron/nickel-rich ejecta of the BSG models
1-pw at 56870 s and 60918 s, respectively.
has crossed the surface of the progenitor s
tinue to grow in model N20-4-cw and the
iron/nickel-rich ejecta remains no longer s
Narrow spikes/walls of iron/nickel-rich ma
Fig. 10. Same as Fig. 7, but for models N20-4-cw and B15-1-pw direction and further fragmentation of the
ture occurs. On the other hand, in our secon
3D
isosurfaces
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explosion for different progenitor models (Wongwathanarat
significantly in length. They even reaccelera
et al. 2015. See also poster by Gabler et al.)
at shock breakout to 3700 km s 1 at 61 000
tent and the orientation of these fingers rem

The observations have a more prominent large-scale asymmetry than the models.
But the models not homologous and not necessarily 5.4.
showing
where
most Ni is.
Additional
3D models

We have seen that the structure of the B15
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Figure 1. Compilation of K band ejecta spectra from 2005, 2007,
2011 and 2014 extracted from the elliptical region in Fig. 2. Each

[Si I]/[Fe II] 1.644 µm (from SINFONI within ±3000 km s−1 for
each line). The major axis of the circumstellar ring is 1.6′′ and
inclined by ∼ 43◦ to the line-of-sight. The contours are lineariliy
spaced between the maximum (red) and minimum (blue) ejecta region for each image. The star marks the center of the ring and the
white ellipse in the H2 panel the extraction region for the spectra

Spatial distribution

Images from 2005

(Fransson, Larsson et al. 2016)

The H2 is concentrated to the core, where it is shielded from X-ray
emission from the ring. Mixing of H to < 500 km s-1
Spectral modelling suggests excitation by UV fluorescence (but nonthermal electrons also a possibility).

Conclusions
•

The [Si I]+[Fe II] emission is consistent with staying constant in both flux
and morphology over the last 10 years. Powered by 44Ti.

•

Hα (and many other lines) powered by X-ray emission from the ring.

•

The ejecta exhibit a large-scale broken dipole structure that extends from
the inner metal core to the outermost hydrogen layer. The distribution is
close to the plane of the ring in the north and close to the plane of the sky
in the south.

•

The ejecta distribution is inhomogeneous, with a number of bright
clumps appearing on a scale of ∼ 1000 km s−1. On these scales there are
also clear differences between different emission lines.

•

There is H2 in the core of the ejecta. This is the first detection of H2 in a
young supernova. The spatial distribution implies mixing of H to low
velocities.

