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Stellar Evolution and Supernovae (SNe)

H-burning WS, 2009.2.19-20
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@ maximum brightness (~ a few weeks): 
– Expanding optically thick medium → P-Cygni.



SN emission: first few days
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SN emission: weeks to months
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SN emission: months to years
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Unresolved problems for CC-SNe
• Explosion mechanism.

• Final evolution of massive stars (single & binary).

– Progenitor at the time of the explosion. 

– Mass loss in the final decades. 
Arnett+Meakin 11

years

mag

-10 mag

SN?

Thoene+ 16



Unresolved problems for SNe Ia

• Explosion mechanism (multiple paths?).

• Progenitor systems.
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Main topics addressed by the early emissions

• CC-SNe Ia:

– Shock Breakout [Morokuma, Suzuki].

– Progenitor radius and composition.

– CSM at < ~ a few 0.01pc scale (final mas loss).

• SNe Ia:

– Outermost layer (progenitor and/or explosion).

– Companion or not [Jiang].

– Explosion mechanism. 

– CSM and extinction [Nagao].

• Connection to the other properties [Yamanaka]. 



CC SN statistics

15 mag (~ 10 CCSNe / year)

19 mag (Tomoe)

⇒ Kools on 3.8m

15-19 mag 

⇒ Kanata, 3.8m, …

22 mag 

⇒ TAO, Subaru/Gemini

Extensive data set: ~ 10 SNe? (peak ~ 15 mag)

Focusing on early to max: ~ 100 SNe ? (peak ~ 17 mag)

Li+ 2011



CC SNe: Progenitor Radius and properties

• Direct detection (pre-SN HST) limited.

• A tension between the progenitor and SN emission? 

• Diversity not fully understood. 

• A need for 

– A large sample. 

– Independent 
method. 

– Comprehensive 
data for SN itself 
(w/ progenitor 
information). 

Smartt+ 15

Direct Detection



CC SNe: Progenitor radius and properties

SN IIb 2011dh

270R

⇒Giant

2R

⇒Wolf Rayet

Bersten+ 12

days

weeks ρ ∝ t-3

Surface→Radius, Composition→Progenitor

←Key: Rapid spec.



CC SNe: CSM – mass loss in the final decades

• Final evolution of massive stars may be dynamical 
w/ non-stationary mass loss in days – years. 

eg. ~1015 cm

⇒Mass loss in the final

~100 days (w/ 1,000 km/s: WR)

~30 years (w/ 10 km/s: RSG)

SN

CSM
V~0.1c

~ 4 days

Light Travel time 

~ 0.4 days

⇒Intra-night variability 

possible. No probe 

anymore



“Flash” spectroscopy
Recombination from the 

massive CSM near the 

SN???

（so far detected in one 

SN Ib and some SNe II）
→ New probe of CSM.

Khazov+ 2016

Narrow Emission (CSM)

Broad Absorption (SN)

Yaron+ 17

iPTF13dqy = SN2013fs



Mass loss in the final days to decades (< 1015cm)

Yaron+ 17

iPTF13dqy = SN2013fs



SN Ia statistics

14 mag (~ 10 SNe Ia / year)

19 mag (Tomoe)

⇒ Kools on 3.8m

14-19 mag 

⇒ Kanata, 3.8m, …

22 mag 

⇒ TAO, Subaru/Gemini

Extensive data set (w/i 1 day): ~ 10 SNe? (peak ~ 14 mag)

Moderate data set (w/i 3 days): ~ 100 SNe ? (peak ~ 16 mag)

Yamanaka, KM+ 14

5 mag below the peak



SNe Ia: Properties of the outermost layer

Folatelli+ 2011 Zhao, KM+ 2016, Sai, KM+, in prep.

Unburned material?

… will be totally different…

Carbon

（~ week）

Oxygen (~week)

Key: 

Need to go for 

even earlier.



SNe Ia: Properties of the outermost layer

An only example of SN Ia spectrum in the 1st day.

Rapid change in the oxygen feature… origin not clear yet.  

SN 2011fe @ M101

Nugent+ 11



No SN-companion crush (against SD?)

Kasen 2010

V

SN Ia 2012ht Yamanaka, KM+ 2014

Zheng+ 2013

2013dy

Nugent+  2011

2011fe

Examples with no signatures

Liu, …, KM+, 2013



SN-companion crush? (SD?)

Examples with possible signatures

sub-luminous

iPTF14atg
Cao+  2015

normal

SN2012cg Marion, …, 

KM+  2016

Maybe something 

totally different.

Key: 

Spectra in the 

first few days

w/ a blue spectrum 

@ -16 day



CSM around SNe Ia

Discovery of “CSM NIR echo” from a peculiar SN Ia 2012dn. 

1. Long-term NIR follow-up.                           See Nagao’s talk.

2. Color evolution before the peak (~ 100 SNe per year?). 

3. A high-res. spec. before the peak (for ~ 10 / year w/ 8m’s?)

Yamanaka, KM+ 2016 Nagao, KM, Yamanaka 2017

0.04pc

ρ∝r-2

Observer

Pure echo (obs – SN)

2012dn

2009dc

2001el

100 d



A need for follow-up (examples for 8m)

Late-phase spec. (~year) 

⇒ Explosion and progenitor.

High-res. spec

⇒ CSM and progenitor.

Emission lines from the region 
where the explosion started. 

My Homework: finalize the Subaru 
sample before the tomoe-3.8m.

-week

~year

Probing the absorption through 
CSM (or no CSM). 

KM+ 10

KM+ 16



Understanding the origin of diversity

KM, Terada 2016

Time scale

Peak magnitude
SNe Ia may likely come from 

multiple progenitor paths / 

explosion modes.

⇒ Rapid discovery and follow-

up not only for normal, but for 

outliers. 



Summary and opinions for Tomoe-3.8m

• Many exciting scientific outcomes for SNe expected. 

• Early discovery + quick follow-up (esp. spec) is key.

– Stellar evolution in the final months – decades. 

• Long-term follow-up important as well. 

– We need a comprehensive view for real science. 

• Do our own science. 

– We need young generation (attract/educate(?)). 

– Keep time to think about new ideas.

• Simple organization, systematic observations/reduction. 

• Finish the pilot studies in one year. Be ready. 


