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Direct detection of SN progenitors

e SN 2008bk

Image credits: Patrice Poyet, ESO
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Direct detection of SN progenitors

‘. '. progenitor
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Direct detection of SN progenitors

SN progenitor detected in 6 filters (VRIJHK)
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Direct detection of SN progenitors

SN progenitor is a RSG with initial mass ~8 M

SN 2008bk progenitor

(b) Z=0.01
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Massive star evolution (8 to ~17 M,,)

(G. Meynet talk)
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Massive star evolution (8 to ~17 M)

(G. Meynet talk)
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Massive star evolution (8 to ~17 M)

OB-type muslp RSG =

(G. Meynet talk)
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Massive star evolution (8 to ~17 M)

(G. Meynet talk)
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SN progenitors from very massive stars

(N. Smith +T. Moryia talks)
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SN progenitors from very massive stars

Lightcurve of SN 2009i
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SN progenitors from very massive stars
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Massive star evolution (above 40 M)

(G. Meynet talk)

(Eldridge+ 13)
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Massive star evolution (above 40 M)

(G. Meynet talk)
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Massive star evolution (above 40 M)

(G. Meynet talk)

(Eldridge+ 13)

~~
o
-
N
-
~
o
o

4.8 4.6 44 4.2 4.0
|Og Teff
Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ | 2)

Monday, April 15, 2013



Massive star evolution (above 40 M)

(G. Meynet talk)

OB-type =) LBV == WRESL 2SN lbc

(Eldridge+ 13)
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2. Predicting the look of core-collapse SN progenitors
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Observations SN 2008cn (lI-P) Stellar evolution models
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Observations x stellar evolution model

Issue: massive stars develop winds that become denser as the star
evolves, hiding progressively more and more of the stellar surface.
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Observations x stellar evolution model

Issue: massive stars develop winds that become denser as the star
evolves, hiding progressively more and more of the stellar surface.

low-mass stars
(e.g Sun)

( Observations )
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Observations x stellar evolution model

Issue: massive stars develop winds that become denser as the star
evolves, hiding progressively more and more of the stellar surface.

low-mass stars massive stars:
(e.g Sun) beginning of their lives

1 Geneva Geneva
|
13 evol. code evol. code
L W,
N\
(Observations ) ( Observations)
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Observations x stellar evolution model

Issue: massive stars develop winds that become denser as the star
evolves, hiding progressively more and more of the stellar surface.

low-mass stars massive stars: massive stars
X)) beginning of their lives as they evolve
Stellar_'l_Wind
Atmosphere

- N
Geneva

evol. code

( Observations ) (Observations )

( Observations )

Consequence: predictions from models of the interior of massive
stars cannot be directly compared to the observations.
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Solution: atmospheric code

massive stars
as they evolve

Atmospheric code:

interpreter, translating physical quantities
predicted by the interior models to be
comparable to the observations.

I"phot

Geneva
evol. code
\ AVES 4

(Observations )

Innovation: couple the Geneva stellar interior/evolution code with the
CMFGEN radiative transfer code for the wind and atmosphere.
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How SN and GRB progenitors should look

Previously: SN progenitor inferred from L, Teff, and chemical composition

L, Teff, abundances
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How SN and GRB progenitors should look

Previously: SN progenitor inferred from L, Teff, and chemical composition

L, Teff, abundances

CNow: Apply unified models to the pre-SN stage of stellar evolution)

L, Teff, abundances

compute spectrum

——
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How SN and GRB progenitors should look

Previously: SN progenitor inferred from L, Teff, and chemical composition

L, Teff, abundances

(Now: Apply unified models to the pre-SN stage of stellar evolution)

L, Teff
, Teff, abundances spectral classification Sp Type

o7V
compute spectrum obs

M2 1
EEEEE— _,_A\ del WNS8
model ~

WC4

WO3
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Progenitors of core-collapse Supernova
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Progenitors of core-collapse Supernova
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Progenitors of core-collapse Supernova
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Progenitors of SNe from 20-25 M stars

pre-SN 25 Msun rot. model

pre-SN 20 Msun rot. model
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(Groh+ 13, A&A 550, L7)
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Progenitors of SNe from 20-25 M stars

pre-SN 25 Msun rot. model
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Progenitors of SNe from 20-25 M stars

pre-SN 25 Msun rot. model

pre-SN 20 Msun rot. model
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Progenitors of SNe from 20-25 M stars

pre-SN 25 Msun rot. model

pre-SN 20 Msun rot. model
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13, A&A 550, L7)

Eta Car AG Car
(Credit: N. Smith, J. Morse, NASA/ESA) (Credit: S. White)
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Progenitors of SNe from 20-25 M stars

pre-SN 25 Msun rot. model

pre-SN 20 Msun rot. model
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[After: LBVs are progenitors of SNe from 20-25 M, rotating starsj
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(Credit: N. Smith, J. Morse, NASA/ESA) (Credit: S. White)
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Progenitors of SNe from 30-120 M, stars
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Progenitors of SNe from 30-120 M, stars

Between 30-120 MQ -

After: WO stars are progenitors of SNe from 20-25 M ; rotating stars
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Detectability of SN Ibc progenitors

Yellow: non-rotating models
Cyan: rotating models
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Detectability of SN Ibc progenitors

Yellow: non-rotating models
Cyan: rotating models

Best SN type Ic detection limit (Smartt 09)

Absolute magnitude in B
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Detectability of SN Ibc progenitors

Yellow: non-rotating models
Cyan: rotating models
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Detectability of SN Ibc progenitors

Yellow: non-rotating models
Cyan: rotating models [

This is OK with stellar
evolution models!
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Detectability of SN Ibc progenitors

Yellow: non-rotating models
Cyan: rotating models [

This is OK with stellar
evolution models!
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Detectability of SN progenitors in general

Absolute magnitude
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Detectability of SN progenitors in general

Absolute magnitude
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Detectability of SN progenitors in general
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sSummary

Previously, SN progenitors from stellar evolution models were inferred
from L, Teff, and chemical composition: RSGs and WR stars rich in
Nitrogen or Carbon.

Now, we produce synthetic spectra out of stellar evolution modeils:
SN progenitors are RSGs, LBVs, and WRs with Oxygen lines
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