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Shock breakout delay due to circumstellar material 
seen in most Type II supernovae

Francisco Förster
Takashi Moriya
and collaborators

Center for Mathematical Modeling
Millennium Institute of Astrophysics

Image credit: NAOJ



� �

��������	
��������

���



� �

High cadence Transient Survey (HiTS) in a nutshell
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Physical processes and timescales in supernovae
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How can a dense 
CSM occur with a 
reasonable mass loss?
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RSG circumstellar density
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RSG circumstellar material
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RSG winds including acceleration



Inferring physical parameters from SN II light curves
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RSG wind constraints from early SN light curves
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RSG wind constraints from early SN light curves
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HiTS: wide, deep and high cadence survey; 1st real-time survey using 
DECam → No signature of RSG envelope optical SBO 
(Förster+16, ApJ)

HiTS + wind acceleration models from Moriya+17/18 → wind shock 
breakout signature in most SNe II candidates (Förster+18) 

Large grid of models from Moriya+17/18 used to constrain density 
profile around RSG progenitors before explosion.

Wind acceleration models suggest enhanced mass loss rates: 
typically ~10-3 Msun/yr (instead of ~10-1 Msun/yr). Preliminary: 
CSM outer radii larger than ~4x1014 cm in most SNe II candidates

Markov Chain Monte Carlo + emulation: powerful technique for 
deriving physical parameters of transients. Use of prior information 
possible + fast model evaluation (see h@ps://github.com/fforster/surveysim)

Open questions: What is the origin of the enhanced density profile: 
atmosphere/wind/outburst? How would enhanced CSM RSGs look 
before explosion (see Johnson+2018, MNRAS)? What mechanisms 
could trigger RSG pre SN wind/outburst (see Fuller+2018, MNRAS)?

�������

��������������������$3�4


