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Introduction

Figure from Janka et al. (2012)



core-collapse and 
bounce

Explosion >>> 
1.3 s post bounce

Stellar evolution 
model

1D

3D

1.25 day after 
explosions

Light curves 
calculations

1D

Simulation flow chart

PROMETHEUS-VERTEX

PROMETHEUS-HOTB 
+ Yin-Yang grid

>10 years after 
explosions ???

See Michael Gabler’s
talk on Friday

See Victor Utrobin’s
talk later



PNS 
1.1 M⊙

Lν

contracting inner grid 

ray-by-ray grey 
transport

tabulated EOS 
by Janka & 
Müller (1996)

3D Newtonian 
self-gravity

monopole GR 
correction

random 
perturbation 
of 0.1% 
amplitude

4 nuclear species 
in NSE (n, p, 4He, 

54Mn)

14 species (4He- 56Ni+X) 
alpha-reactions network

Numerics



Explore several progenitors, varying expl. energies



Woosley&Weaver
(1995) 
RSG, W15

Limongi+ (2000)
RSG, L15

Shigeyama&Nomoto (1990) 
BSG, N20

Woosley+ (1988) BSG, B15

Nickel-rich ejecta at shock 
breakout

Results



shock propagates according to 
blast wave solution (Sedov, 1959)

accelerates when ρr3 decreases, 
and vice versa

Shock dynamics



Rayleigh-Taylor instabilities 
induce mixing

Kifonidis+ 2003



Explore several progenitors, varying expl. energies



Woosley&Weaver
(1995) 
RSG, W15

Limongi+ (2000)
RSG, L15

Shigeyama&Nomoto (1990) 
BSG, N20

Woosley+ (1988) BSG, B15

Nickel-rich ejecta at shock 
breakout

Results



SN1987A

Woosley et al. (1988)

Shigeyama & Nomoto (1990)

Woosley (2007)

Woosley et al. (1997)

~ 3700 km/s < 2000 km/s

3 more progenitors coming soon



Light Curves of 
SN1987A

B15, N20, W20, W18

B15 model reproduce the dome of light curve

Utrobin et al. (2015)

See Victor’s 
talk later



Type IIb model

W15-2

W15-IIb

Without thick H-envelope 
we retain larger scale 
asymmetries from the 

explosion



Type IIb model

W15-IIb

Grefenstette
et al. (2014)

Similarities in 
orientation of three 
large Fe plumes in 

our model and 
observations from 

Cas A

More Fe opposite to 
NS kick



Type IIb model

W15-2

W15-IIb



3D interactive visualization



An Apsara is a female spirit of the clouds and 
water in Hindu mythology.
Apsaras are said to be able to change their 
shape at will.

(figure from wikipedia)



Mapped grid technique

Credit: http://www.innovative-cfd.com/cfd-grid.html

Non-uniform grid in 
physical space is mapped 
to equidistant Cartesian 
grid in computational space



APSARA can capture low-
mach number flows better



Single block circular domain

Low quality grid 
cells along 
diagonals



Mapped multi-block grid



Conclusion

- 3D models from explosion to shock breakout now feasible

- evolution of early-time asymmetries associated with explosion 
mechanism depends on complex interplays between the 
asymmetries and the SN shock

- SN shock dynamics connects to the density structure of the 
progenitor star

- Density structure of He shell and He/H interface are very 
important in determining the fate of heavy clumps



How apsaras were born ??

Vishnu

Asuras

Devas

Suvarnabhumi international airport, Bangkok

Ocean of milk

Mount Mandara

Ceremony to obtain 
the nectar of immortality

Kurma (Vishnu’s avartar)






