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A Rough Picture

Progenitor _‘ Mass loss
IP/L RSG
Dense CSM
in the vicinity 1N
b LBV (?)
b
IC Mass stripping sequence

} | \ Single star: Mass sequence

Decreasing More CSM _ _
radius (where?)  Binary: NoOt mass sequence
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LBVs leading to a WR w/ a giant eruption in a few years?

# Relation to SESNe?
# Late burning stages?
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« Slow

= Similar Ejecta mass and Explosion Energy.

= (Relatively) larger M(*®Ni) for SNe Ic (?).
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Similar, details depend on analysis.
o < 4Mg = M, < 20Mg = binary (?)
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“Strong” cooling (extended H)
1993J & 2013df Morales-Garoffolo+ 2014
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“weak/no” cooling (compact H)
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4 YSG progenitors among 5 best-studied cases

“Classical” YSG:
Expanding rapidly towards

leaving the main sequence,
spending only a few
thousand years in that
phase.

SN 2011dh: ..
Van Dyk+ 2013 (Originally) not

considered as a

“SN progenitor”,
but most of Ilb
progenitors.



FC3/ F606W

BSG progenitor: SN 2008ax [N 2.

Pre-SN point source (Crockett+ 2008) Indeed
consists of multiple stars (need for deep
post-SN disappearance image).
SN had faded below the “progenitor® flux
= Blue Supergiant progenitor.
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“Standard” binary models naturally explain/predict the
diversity in the progenitors.

q=0.8, f=0.5
q=0.95, f=0.5
q=0.8, f=0.0
q=0.8, f=0.0
q=0.95, 1=0.0

Primary HR evolution

log(Tet [K)

Variation controlled by initial separation:
See also Yoon+, Benvenuto+, Eldridge+.
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Post—shock
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Consistent with the detected progenitor candidate.
Confirming the basic mechanism of the SB.
(but could be some CSM: ~ 6 x 104 Mgl/yr in the final hrs?)
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Simply bias? (other SNe llb spectra after > 2 days)
= need more “first 24hrs” for SESNe.



Supernova (v Age References
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SNe IIb 1993J & 2013df: CSM interaction visible at ~ 1 year.
It is consistent with the smooth r2 distribution.
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Ouchi & KM 17

Binary Evolution Model: CSM

Progenitor R vs. mass loss
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Binary does predict

1. Diversity in progenitor radius (different H-stripping)
2.the R - mass loss relation (in the last 100 yrs).



A candidate progenitor of SN Ib

Direct detection difficult (expected progenitor too blue).
The first detection of a candidate in 2013: IPTF13bvn

?Zao+ 2013 | . ‘ / o
Massive Wolf-Rayet? S :
(M,s > 20Mg) (Cao+ 13) - / 8
Jt ‘ / vl c e
SN emission indicates a VA
compact progenitor, but i n ¥ f’
less massive EJ
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Controversy?
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HST observation at ~2 yrs.
Progenitor gone.

Revised phot.—less massive.
(Folatelli+ 16; Eldridge+Maund 16).

Consistent w/ binary, but
UV limit for a companion (< 20Mg) Folatelli+ 2016
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SN “lIbn” 2006jc: He emission lines (He-rich CSM).
Pre-burst in 2004. SN Ibn “variety”.

SN Ib 2014C: Strong Halpha developed at ~ 0.5 yr.
Cavity? Not like He-rich CSM.

SNe llb = Ib—lIn = Ib = Ibn = Ic or different population?



SN 2017ein site
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| This SN (Ic 201 7ein)

A
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/ = normal SN Ic
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Day Since Explosion

... But similar properties w/ other SNe.
More likely a less massive progenitor?



An upper limit for companion of SN Ic 2012ap

a) F275W constraint on companion 2002ap b} F336W constraint on companion 2002ap

No good companion candidate detected
for SNe Ib/c so far.

2012ap (Ic-BL): < ~10Mgy MS (zapartzs+ 17)
IPTF13bvn (Ib): < ~20Mgy MS (Folatelli+ 16)
Binary model survives; we need detection.

Stripped-envelope SNe (Z = 0.0055)
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SN Ic 2017dio: Evolved into SN IlIn in a month (Ic=1In).
CSM increasing outward (not r-2).
Some SNe lIn may host SNe Ic (WR, C+0O).
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eaynEl Not much mass between “SN Ic”

(E)FOSC2/NTT

d WM,‘S)P:’”’” and “H-rich CSM”

UL — \Vhere is He???

1. Revisit to the He-rich CSM
Interaction characteristics
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3. Otherwise, further unknown in the
(single star) final evolution?

Rest wavelength (4)

And, how common is it? (could be abundant behind SNe [In?)



Summary

* SNe llb/Ib/lc share similar properties as SNe (at least to the
first order).

* Binary scenario well-developed for SNe llb.
— Progenitor, companion, mass loss.
— Largely “smooth” CSM for the last ~ 10-1000 yrs.
— No particular need of the eruption for the H-rich envelope
stripping, but does not reject it.
* Less clear for SNe Ib/c; no strong argument against binary
interaction scenario, but may require something else.
— SN Ib = lIn may indicate a role of the eruption? lbn???

— SN Ic = lIn: further challenge, perhaps companion mass-loss
important for SNe lIn.



