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The early history of SN 1987A

Feb 22.4   Sk-69 202 still at 12 mag
Feb 23.08  SN not seen in an LMC picture

Feb 23.12  Five pulses detected with the Mont Blanc ν-telescope

Feb 23.32  Neutrinos detected in Kamiokande II and IMB

Feb 23.44  Pre-discovery detection of SN at 6.1 mag

Feb 24.23  Ian Shelton discovers the SN at about 5 mag

Feb 24.4   IAU telegram announces the discovery

Feb 24.82  The SN is first observed with the IUE 



The progenitor Sk-69º202
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Star 1 was missing !!
The star Sk-69º202,
a B3 supergiant, had
exploded as a SNII!

IUE slot cross-cut, few weeks past explosion

Star 2 Star 3
Star 1
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late confirmation



Neutrinos
SN1987A optical discovery triggered the neutrino 
search in recorded data by all active detectors 

23 Feb 1987 – Within ~10s:
12 events in Kamiokande (2kT H2O, 7 MeV threshold)
8 events in IMB              (10kT H2O, but 20 MeV threshold)
5 events in Baksan (scintillator) Not used in analysis

11 Kamiokande + 8 IMB events were confirmed to come from SN 
Perfect agreement with theory if eT = 3 1053 erg

Extraordinary confirmation of core collapse model

Mistery: 5 events in Mt. Blanc ~5h earlier



Early Optical Evolution



SN 1987A: 2 years of 
Spectral Evolution

Hydrogen Lines  → Type II Supernova

Hα Hα

Panagia 2005
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Compact 
progenitor

RSG ??



SN 1987A: 4 years of
Light Curves

Decay time 114 days 
→ 56Co lifetime

Bolometric

Ultraviolet

1988                1990             1991            1992

Most of gamma rays are trapped inside the exploding star massive progenitor



SN 1987A



SN 1987A field
HST-WFPC2, 
P.Challis & SINS Collaboration



HST-WFPC2, 
Panagia et al 2002

A 14 million year old cluster



STIS Ly-α Spectroscopy 



3D shape of the rings



Expansion 
of the ejecta



Early X-ray Evolution
(Dotani et al 1987, Sunyaev et al 1987)

X-rays are detected 
as early as ~100 days 
after explosion.

This is evidence for:

-either “leaky ejecta”
- or 56Ni distributed

within the ejecta



Early Radio Evolution

Prompt, low flux radio 
emission and quick 
decay

substantial mass 
loss but high wind
velocity

⇒ B supergiant
progenitor



IUE spectra 
(Sonneborn et al. 1997)

Emission
lines of highly 
ionized species

Unusually strong
Nitrogen  lines

Narrow lines
(v<30km/s)



The inner ring abundances

CNO processed material, ejected at ~11 km/s 
some 10,000 years before the explosion
⇒ The progenitor was a RED Supergiant

Chemical Abundances
in the equatorial ring

• A factor of 30 enhancement of the N/C ratio
• A total CNO abundance  ~1/3 solar (=LMC)
• A 20-30% enrichment in Helium



HST-FOS Spectroscopy 
of the Northern Ring

The N/C ratio in
the outer rings is 
about ½ lower than
in the equatorial ring
→ An earlier ejection about 20,000 years before explosion







Evolution of SN 1987A Equatorial Ring



• Over the next decade, 
as the entire ring will 
light up
•Brightest object in LMC
• mass loss history will 
be revealed



Optical, X-ray, & Radio 
light curves of SN1987A ring

optical

radio

X-ray

The fireworks have started!  
1990                              1995                          2000                              2005



SN 1987A Energetics

10-1000 years∼1 year∼ 10 secondsTimescale
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•observed at all wavelengths
•neutrinos (confirmation basic principles of c.c.)
•exp.vel. 40000 (IUE) to <2500 km/s
•mixing of H and He at core/env interface
•dust formation at 450d
•evidence of production of 56Ni from
–decay rate 
–IR lines of [CoII] 
–γ-ray lines
•time dependent recombination t>1000d 
•controversial presence of compact remnant (Middleditch et al.New Astronomy, Vol. 5  (2000))

•complex environment (BSG, RSG) progenitor evolution
•fireworks just started

Summary







Supernova 1987A
(HST-WFPC2, P.Challis & SINS Collaboration)

Late 1994



SN 1987A

light echo












