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SN 1987A 16 years old (HST Nov. 28, 2003)

Interaction of shock wave with the circumstellar ring




January 2005

CHANDRA X-RAY HST OPTICAL

Chandra X-ray 0.4-0.7 keV HST Optical
Observation Time 8 hours




%)
o
@
o
]
o
s
=
=
)
O
L=
=
=
o
-
@
0

) ' .: 0
4,000 6,000 8,000 4,000
Time after explosion (d)

Figure 3 | Evolution of the luminosity from the ejecta in the R and B bands.
a, Rband; b, B band. The black dashed lines show a model with only radioactive
input, mainly from **Ti. The **Ti mass used for the model is 1.4 x 10~*M,

J. Larsson et al. Nature, vol. 474, p. 484, 23 June, 2011




The 3-D structure of SN 1987A’s inner ejecta*

K. Kjer!2, B. Leibundgut??, C. Fransson*?, A. Jerkstrand*”, and J. Spyromilio?
A&A 517, A51 (2010)
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Fig. 3. Left panel: image of the 1.644 um [Si 1]+[Fe 1] feature. The white dashed ellipse indicates the apparent shape of the inner ring, which is
centred on (0, 0) marked with a cross. The ejecta shape is indicated by the black dashed ellipse. The ellipses in the top left corner show the 50%
(80% in red) encircled energy area from a point source. The colour bar gives the flux intensity in 10-'® erg s=! cm=2. The right panel shows the
line profile of the 1.644 um feature extracted at three different positions shown in the left panel. The blue curve corresponds to the upper most
exftraction box, the green to the middle box, and the red curve to the bottom box.

image of the 1.644 um [Si []+[Fe II] feature
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Fig.9. Schematic view of the ejecta distribution of the ejecta relative
to the the ring as seen in the 1.644 yum line. Top: the distances from the
centre are given in meters, the observer is located on the left. This figure
demonstrates that the ejecta mostly lie in the same plane as defined by
the equatorial ring. The squares only give approximate emission cen-
tres. In reality the emission is more diffuse, see text for details.

Kjeer et al. A&A 517, A51 (2010)
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Fransson et al. 2012

B. Leibundgut 16th Workshop on Nuclear Astrophysics, Ringberg Castle,
Germany, March 26-30, 2012

http://www.mpa-garching.mpg.de/Hydro/NucAstro/prog12.html



A rotating collapsar
The Two-Stage Gravitational Collapse Model
[Imshennik V.S., Space Sci Rev, 74, 325-334 (1995)]

Side view

5 h later
SN 1987A burst !

v,V — IMB, KII

Ml increases

\collapses

explodes when M, =

View from
above

g

62 eMZ’]Z

Ml"]l

-~

M2 decreases

M,<M,

It takes ~5" for the
Gravitational Waves to carry
away the angular momentum J

v, >,

1M

Sun




Conclusion

Central dust cloud has a form of a prolate
ellipsoid with the axis ratio about 2.5.
The ellipsoid lays in the plane of equatorial ring
and expands with the velocity of ~3000 km/s.

The dust is heated by X-rays from the ring and
by the decay of Ti4* and radiates in far infrared.

“Ti > *Sc — *Ca (r=78.2y)

Central stellar remnant is not yet seen being
screened by the dust.
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Bruno Lelbundgut
ESO




eso01032a




Radioactive tail (*°Co) 95007080

Dust formation

@
©
=
=
c
)
©
=
>

.‘
_Expanding
photosphere

‘Freeze out’ phase
+ Radioactive tail (*"Co)

Ring emission

o
°, e
o

Radioactive tail (*4Ti)

1000 2000 3000 4000
Days since outburst




CSM Ring

Red
Shifred

L. Wang, J. Wheeler, P. Hoflich et al. Apd 579, 671 (2002)

Jet-like ejection of “°Ni: M, =107 M; u>5000 km/s
N. Chugai, Astron. Lett. 17, 942 (1991)




Core-collapse SNe (all other Types but Ia)

The SN outburst is triggered by the gravitational collapse of
the *‘iron” core of a mass Mpe.=(1.2—-2) Mg into a neutron star.

About (10—15)% Mpec? is radiated in the form of neutrinos
and antineutrinos of all the flavors (e, U, T):

E, = (3-5x107erg

The explosion energy (Kkinetic energy of the envelope expansion):

Eexp = (0.5-2)x10>erg

it comes from the shock wave created at the boundary between
a new-born neutron star and the envelope to be expelled.

31
EEXP/EVV - 3)(10 o0

Rich nucleosynthesis — from neutrino-induced creation of light element
in C-O and He shells through synthesis of heavy nuclides
by neutron capture at the bottom of expelled envelope
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