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Massive stars and mass loss

What is the origin of H-poor/free SNe (Types lIb, Ib, Ic)?
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m)w do massive stars lose their envelopes?

Canwe map SN T
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Direct detections
J Fractions and rates of each SN Type
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Associated stellar populations @
= Type Ic

Hydrodynamical light-curve modeling (GRB)

M (Initial Mass?)

Spectral modellng Schematic stellar structures

Very early observations (M. Modjaz)
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Direct identifications

Type llb SN 2008ax (Crockett+08, GF+15)
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" Feasible out to d ~ 30 Mpc

Single-star evolutionary model predictions — Smartt’09
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High-resolution, deep imaging (HST)
- Combined with evolutionary tracks
" Feasible out to d ~ 30 Mpc
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Direct identifications

Type llb SN 2008ax (Crockett+08, GF+15)
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Over a q o

likely in a binary system

SNe Ic: SN2017ein (to be
confirmed) Compatible with very
massive star

SNe llb: four confirmed

STARS trocks
Eldridge & Tout (2004)

+ |l detection

v Il upper limit
* b detection
i o detection

S SN2009ip

Luminous YSG progenitors
Three possible companion
detections
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Progenitor detections — Smartt+15
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Direct identifications

Type llb SN 2008ax (Crockett+08, GF+15)
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likely in a binary system
SNe Ic: SN2017ein (to be

confirmed) Compatible with very
massive star

SNe llb: four confirmed
Luminous YSG progenitors

Three possible companion
detections Binary progenitor models - Eldridge+13




SN Type fractions

Relative number of core-collpase observations (Shivvers+17,Kuncarayakti+18)
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Single-star models (Groh+13)
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O SN
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O SNlb
O SNlin
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11% (N=9)

lIL/b progenitors

Rotating models ! (19-25.0 Mo)

IIP progenitors
e _———“

(8.0-16.8 Mz)

(30.1-82.0 Mg)
(88.7-120.0 Mg)



Star-formation history — metallicities ...
~Inferred progenitor masses from models
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1

0.8

HaEW Age (Myr)

0.6 -
0.4 -
[ SN I
i SN Ic
021 SN Ib+lc+Ib]
L SN lIn
O PR S B NN SR SN T N R S S S |
20 30 40

Flux density (10 erg/s/cm*/A)

Environments

Associated stellar populations

Fraction

1

I AL P

\X
CONICET
u N L P

Hoa association
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Light-curve shapes

Multi-band photometry — extinction — bolometric flux

by Priscila Pessi

Inferred ejecta masses MRS -
. on Thursday

- Binary vs. single star progenitors
Inferred ejecta mass distributions
(also Drout+11, Cano+13, Lyman+16)
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Hydrodynamical models

LC and expansion velocities modeled to infer progenitor and explosion

Type llb SN 2011dh:
Radius from early-time light-curve m
Plus interacting binary progenitor model

Bersten+12, Benvenuto+13



Very earlyllate spectra
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Highly-ionized emissions seen hours

itor structure

Nebular spectrum model of Type IlIb SN 2008ax

Jerkstrand+15
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—— SN 2013cu, 15.5 hours (b)
——NOT, 3.09 days
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Shock breakout (SBO) emission:

A luminous burst of UV / X-ray radiation occurs whent<v, ./cC

shock

Produces an emission peak in the optical —long predicted by models
Provides information about the external structure of the star
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— First electromagnetic signal

Shock breakout (SBO) emission:
A luminous burst of UV / X-ray radiation occurs when t<v_ __/c
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Produces an emission peak in the optical —long predicted by models
Provides information about the external structure of the star

_25 1 L) 1 T I T L] L] 1 I L) 1 T 1 I L] L L] L I L] L] L] L]

104

308, :

Red Supergiants § Wi

102 100 104 105 10
Shock propagation time [sec]

E 3 11
M~ 10 4
3
= —20 |
g o |
g 10 4t e E e 3
5 Blue Supergiants ; = | _
- : (7))
o @, i . |
% o ! R=48 ~
10 5x10%erg 3 (@) s
51 : x m - | \ ]
| Ix10° erg 1 = 7] i R=10 | |
ﬁg‘ss s
N e B @
q
+
(Y
=




O
oooooo

First signal in optical

Characterlstlc SBO emission in optical bands
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Stripped-envelope SN hydro LC model
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Early discovery
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Early discovery
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Early discovery
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Supernova 2016gkg

Discovered by Victor Buso on Sept. 20th 2016

The SN appeared durmg Victor’s observations

:.'_': L fﬁ' i q-“'. e
R ‘r iy "'—1-.-:::

The “Observatorio Busoniano” in Rosario Victor with his 40 cm Newtonian
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A unique observation

1.5 hs imaging NGC 613

Flux doubles in 25
minutes (43 mag/day)

cWas it the SBO? 20 40 60 80 100
Time after 2016 Sep. 20 4:30 UT [min]

Bersten,GF+18




Stripped SN light curve

~First self-consistent mode| of
SN during three physically _yg
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Hydrodynamical model
Stripped SN light curve _ _
First self-consistent model of No choice of physical parameters can
~.a SN during three physically reconcile the SBO slope with that of
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Hydrodynamical model

Stripped SN light curve
irst self-consistent model of

‘a SN during three physically
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SN 2016gkg progenitor - /

Pre-SN HST imaging
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Conclusions?

How do massive stars evolve before producing a
core-collapse supernova?

How do massive stars lose their outer envelopes?

What is the role of interacting binaries in shaping the
(outer) structures of SN progenitors?

These questions require improving mode
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