
HST observations of SN1987A 
in its early thirties

Claes Fransson, Dennis Alp 
and many others …
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Ring nebula and progenitor
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Artist’s impression, Credit: ESA/L. Calcada
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Table 1. New observations of SBW1.

UT date Tel./instr. Filter Exp.

2009 Dec. 08 HST/WFC3 F502N 2 × 210 s
2009 Dec. 08 HST/WFC3 F656N 4 × 210 s
2009 Dec. 08 HST/WFC3 F658N 4 × 240 s
2010 May 18 HST/STIS G750M/6581 2 × 2070 s
2010 Mar. 29 Gemini South/T-ReCS 8.8 µm 4 × 1570 s
2008 Mar. 30 Gemini South/T-ReCS 11.7 µm 4 × 600 s
2009 Jun. 09 Gemini South/T-ReCS 11.7 µm 4 × 1577 s
2009 Apr. 18 Gemini South/T-ReCS 18 µm 2 × 2065 s

circumstellar gas. There are apparently plenty of hard ionizing pho-
tons from the much more massive early O-type stars in proximate
regions of the Carina Nebula (also evidenced by the bright diffuse
[O III] emission seen around SBW1), so this provides yet another
argument that SBW1 is not actually located within the Carina Neb-
ula, but is instead far behind it and seen in projection (Smith et al.
2007). Similarly, we detect no features in absorption associated with
the circumstellar dust in SBW1, contrary to expectations for dust
features in silhouette against a background screen of an H II region.

The Hα and [N II] images reveal emission structures that are
essentially identical. In a F656N − F658N difference image (not
shown), the nebula vanishes almost completely, except for a small

Figure 1. The new HST/WFC3 images of SBW1. Panels (a)–(c) are taken in the F502N [O III] λ5007, F656N Hα and F658N [N II] λ6584 filters, respectively,
displayed in false colour. Panel (d) is a colour composite of the three HST/WFC3 images, with F502N in blue, F658N in green and F656N in red. The origin is
at the position of the star, at αJ2000 = 10h40m18.s60, δJ2000 = −59◦49′ 12.′′5.
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Smith et al. (2013)

Circular rings inclined by ~ 45∘.  Kinematic age ~ 20,000  years.

Possible formation scenarios: Interaction of BSG and RSG winds (Blondin & Lundqvist 
1993), binary merger (Morris & Podsiadlowski 2009), photoevaporation of ring emitted 
by BSG (Smith+2013), bipolar jets (Akashi+2015). 

Connected to unusual BSG progenitor [see also poster by Dennis Alp for new 
constraints on the progenitor].
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Table 2
VLT/FORS and HST/STIS Observations of SN 1987A

Epoch Date Days After Setting λ Range Slit Width Resolution Exposure Seeing Air Mass
Explosiona (nm) (arcsec) (λ/∆λ) (s) (arcsec)

STIS 1999 Feb 21–27 4381 750L 524–636 0.5 666 10500
STIS 1999 Aug 30–31 4571 750M 630–687 3 × 0.1 6000 3 × 7804

FORS1 2002 Dec 30 5788 600R 514–730 0.70 1660 5400 0.7–0.9 1.4–1.6
FORS1 2002 Dec 30 5788 600B 336–576 0.70 1110 7200 0.7–1.0 1.4

STIS 2004 Jul 18–23 6358 750L 524–636 3 × 0.2 666 3 × 5468

FORS2 2006 Nov 24 7213 600RI 512–845 0.7 620 1200 0.7 1.5
FORS2 2006 Nov 24 7213 600RI 512–845 1.62 620 1200 0.7 1.5
FORS2 2006 Dec 21 7240 1028Z 786–962 1.62 1580 1320 0.8 1.4
FORS2 2006 Dec 21 7240 1200R 590–740 1.62 1320 1320 0.9 1.4
FORS2 2006 Dec 21 7240 1200R 590–740 0.70 3060 1380 1.1 1.4
FORS2 2006 Dec 21 7240 1400V 465–596 1.62 1300 1380 0.7 1.4

FORS2 2007 Nov 7 7561 600RI 537–870 1.62 620 600 0.9–1.1 1.4
FORS2 2007 Nov 7 7561 1028Z 786–962 1.62 1580 1740 1.0–1.2 1.4–1.5
FORS2 2007 Nov 7 7561 1200R 590–740 1.62 1320 600 1.3–1.4 1.4
FORS2 2007 Nov 7 7561 1200R 590–740 0.70 3060 600 0.9–1.0 1.4
FORS2 2007 Nov 7 7561 1400V 465–596 1.62 1300 900 1.0–1.2 1.4

FORS2 2008 Nov 4–Dec 26 7950 600RI 537–870 1.62 620 1200 0.9–1.0 1.4
FORS2 2008 Nov 28–Dec 3 7951 1400V 465–596 1.62 1300 1800 0.6–1.0 1.4–1.5
FORS2 2008 Dec 26 7976 1200R 590–740 0.70 3060 600 0.9 1.4
FORS2 2008 Dec 26 7976 1200R 590–740 1.62 1320 600 0.8–1.0 1.4
FORS2 2008 Dec 26 7976 1028Z 786–962 1.62 1580 1740 0.8–0.9 1.4

STIS 2010 Jan 1 8378 750L 524–636 0.2 666 14200

FORS2 2011 Nov 25 9040 600RI 537–870 1.62 620 1200 0.9–1.0 1.41
FORS2 2011 Dec 3 9049 1400V 465–596 1.62 1300 1800 0.6–1.0 1.55
FORS2 2012 Jan 14 9090 1200R 590–740 1.62 1,320 1400 0.8–1.0 1.41
FORS2 2012 Jan 14 9090 1028Z 786–962 1.62 1,580 3480 0.6–0.9 1.41
FORS2 2012 Jan 23 9099 1200R 590–740 0.70 3,060 1200 0.9 1.55

Note. a Average epoch of spectrum since explosion, 1987 February 23.
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Figure 2. Hα profile before (blue) and after (red line) subtraction of the narrow
and intermediate velocity lines for the FORS2 1200R spectrum (slit width 1.′′62)
at 7976 days.
(A color version of this figure is available in the online journal.)

has a spectral resolution of ∼450 km s−1 and covers the
wavelength interval between 5240 and 10270 Å, which includes
Hα and [Ca ii]. The spectral resolution of the G750M grating
is significantly better (∼50 km s−1), but in this observation
the wavelength coverage was reduced to 6295–6867 Å, which
means that only the Hα line is included.

Table 3
Comparison of Hα Fluxes Measured with FORS2 and

UVES with Different Slits

Days After Explosion FORS2(1.′′6)/UVES(0.′′8) UVES(0.′′8)/FORS(0.′′7)
FORS/UVES

7240/7170 1.9 0.96
7561/7565 1.8 1.18
7976/7982 1.9 1.24
9090/9019 2.0

For the 1999 observation of G750L, a wide slit of 0.′′5 was used
(Michael et al. 2003) at a position angle 25.◦6. In addition, spectra
with the G750M grism with three parallel slits of 0.′′1 width
at a position angle 27◦ were taken. For the 2004 observation
(Heng et al. 2006), a 0.′′2 slit with a position angle of 0◦ was
placed in three different locations, thus covering all of the inner
ejecta as shown in Figure 13. Finally, for the 2010 observation
(France et al. 2010) one 0.′′2 slit with position angle 0◦ was used,
covering only the central part of the ejecta perpendicular to the
slit. Details of all observations are summarized in Table 2 and
in more detail in Table 2 in L13, and we refer the reader to that
paper for details regarding the data reduction.

3. RESULTS

In Figure 4, we show a subset of the full UVES spectra
from 2002 December until 2011 November, together with the
STIS spectra from 1999 February and 2004 July (Sections 2.2
and 3.2). Also here we have subtracted the many narrow lines
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The rise and fall of the ring
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Fading of the ring is seen also in IR (Arendt+2016). Flattening of soft X-ray light curve
 (Frank+2016). Re-acceleration of the shock wave in radio (Cendes+2018).

The blast wave has 
left the ring. 

The clumps are being 
destroyed by the shocks. 

Interaction starts - 
hot spots appear

Photoionised 
gas in the ring 
is fading
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Expansion

The ring expands at 700 km s-1. 

Consistent with highest velocities 
observed in spectra of the 
hotspots. 

Asymmetries

The eastern side peaked earlier. 

South-west currently three times 
brighter than south-east. 



New spots outside the ring
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- About a dozen new spots have appeared outside the ring between 2013-2018
- Strong in narrow filters so most likely line emitting
- Peak fluxes one-two orders of magnitude lower than the hotspots in the ring 



Diffuse emission outside the ring
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Diffuse emission outside the ring
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Get new “intermediate” rings (IR) from ejecta interacting with high-latitude material. 

Will look like a single ring due to overlap with the equatorial ring in the projection. 
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Expect deviations from this simple model.  Asymmetries, more complex 
geometry of material connecting rings, interaction at range of velocities…
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Plausible scenario: Seeing fast ejecta interact with high-latitude material with 
n ~ 103 cm-3

- The new spots would be clumps with transmitted shocks (~ 100 km s-1)

- The rim of diffuse emission would be the reverse shock.  Velocities of ~10,000 
km s-1 (reverse shock emission seen in spectra at these velocities)

Need spatially resolved spectra to 
test model. Some information from 
narrow filters. 

Probes H⍺ between -3100 and -7500 
km s-1.  See also France et al. (2015)

Both IRs blueshifted in north and 
redshifted in south. Higher 
blueshift for southern IR. 

F645N 2016-2014
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Blueshifts higher than expected for 
simple model with straight lines 
connecting rings. Implies more 
curved shape. 

Equatorial 
ring

F658N 
1994 Diffuse emission from 

photoionised high-latitude 
material at early times?

Light echoes also suggest that 
there is material connecting the 
rings (Crotts+1995, Sugerman+2005).

F658N

1994



The ejecta
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The ejecta fade as expected 
from radioactive decays until 
~ 5000 days. 

Brightening thereafter due to 
heating by X-rays from the 
ring (Larsson+2011). 

The flux is now increasing at a slower rate and the western side is significantly 
brighter. 

These trends are in agreement with the evolution of X-ray emission 
(Frank+2016).



Implications for the morphology
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Powering by X-rays explains the edge-brightened 
morphology of the ejecta (Larsson+13, Fransson+13). 

Optical emission from ejecta currently dominated 
by a clump in the west (Larsson+16). 

X-rays do not reach the innermost ejecta. 
Molecules can survive!

H2 in the ejecta (Larsson+2019)



The future of SN 1987A
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The optical emission from the ring will continue to fade. Extrapolation shows 
that it will be gone by ~ 2035. 

Expect more emission outside the ring at all wavelengths. Gradually probing 
the mass-loss history of the progenitor. New insight into the formation of 
the rings!

The evolution of the emission from the inner ejecta is strongly coupled to 
the X-ray emission. We will resolve smaller spatial scales as the ejecta 
expand. 

Detection of the compact object?!


