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SN 1987A with HST 







SN 1987A & HST 
Discovered in February 1987 (while HST 

was on the ground!) 
 
 



SN 1987A 

Sanduleak -69 202 



A page from Nick Sanduleak’s Catalog of bright stars in 
the LMC 

Nothing special 
noted about -69 
202 

The events in the 
inside before 
collapse were not 
apparent on the 
outside of the 
star. 











Coincidence is not enough! 
You need to show that the 

progenitor has disappeared. 



Properties of Sk -69 202 

• Luminosity ~ 105 Lsun 

• Temperature ~ 15 000 K 
• Radius ~ 40 Rsun 

• About 6 Msun in the core (He 
and beyond) 
• Main sequence mass ~20 Msun 



The Evolution of a Massive Star 



How 
big? 



45 cm telescope! 

2” 
imaging 



Expanding debris + external target  

If distance to ring 
~200 light days and 

Velocity of the fastest 
debris ~ 1/10 c 

Then we should 
expect some 
interaction in about 
2000 days ~ 7 years 
~1994 

First evidence in 
1995! 

 





UV emission: delay, then peak after 400 days 



Mental Image before HST 
UV burst from SN 

exciting a shell 
of pre-existing 
gas from mass 
loss 

tmax~400 days  
R~ ct/2~200 light 

days 
 



1990 Image from HST 



Pulsar reported, then 
retracted-- science is 
not a smooth path! 

See The Extravagant 
Universe for more 
details 

2005 Senior Thesis by 
Jenny Graves-- best 
limit on a neutron star 
or black hole at the 
center of SN 1987A 

We have  done ~ 3 x 
better as the debris 
has faded. 

 





SN 1987A with HST 
 
Bright neighbors 

made ground-
based work very 
difficult 

 
Things got better 

after COSTAR 
 
3-rings (complex 

mass loss ~104 
years before the 
explosion) 







A series of images we took with the HST: exploded star (blob in 
the center) hits the circumstellar ring and lights it up. 



The supernova has been glowing for decades due to 
radioactive isotopes made in the explosion-- kinetic 
energy is going to be the future source! (upcoming 
talk by Josfin Larsson) 



Expansion of the Debris (Ti44) 



No sign yet of a neutron star 

Did it become a black hole?  
We don’t know! 



Fiction Based on Fact 





Interaction of the Outgoing Shock with the 
Circumstellar ring 

Upcoming 
talks by 
Park and 
Ng. 



Just 109 more! 



24 SEPTEMBER 2010 



Kevin France 



Kevin Heng 









The Reverse Shock:  Emission 
concentrated just inside the ring 



What about N V? 
Expect many photons per 
ionization (~600) 
This is seen redshifted by +12000 
km/s 
(Blueshifted emission buried 
under Ly α) 
If this is right-- look for C IV 
1548, 1550 with the same line 
profile. 
Observations with COS coming up! 
(Upcoming talk by Kevin France) 



SN 2011dh 





Howie Marion 



Early spectra make 
SN 2011dh a SN II 



NIR Helium Lines make SN 2011dh a SN IIb 



B



SN 2011dh with HST 





Hydrogen velocity is 
distinct from all 
others:  

Declines to 12 000 km/
s @ day 12, then 
static 

 
Ca II , Fe II switch 

from  
12 000 down to  
7 000 after day 12 
 
He settles at 7000 
 
H shell @ 12 000,  
He photosphere  
@7000  
 



Maximum in 
blue bands 
first-- drift in 
color. 
 
Slight change 
in slope at 
day  
12-- when 
the helium 
appears in 
the spectrum 



Small radius as also inferred by Soderberg et al. 2011 



105 Lsun 
 

~100 Rsun 
 
Yellow 
supergiant? 



Maund et al. 
2011 

 
Also R~100Rsun 
 
Coincidence is 

not enough-- 
let’s see 
what’s there 
when the SN 
fades! 
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