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1. The end: observations and models of massive stars
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1. The end: observations and models of massive stars

2. Predicting the look of core-collapse SN progenitors
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Jose Groh - The surprising look of massive stars before death

‣ Star formation 

‣ Chemical evolution 

‣ Supernova, Black Holes, Neutron Stars

‣ Cosmology

‣ Intergalactic, interstellar, circumstellar media

‣ High-energy physics, ...

‣ Stellar evolution

Stellar death bridges many fields of Astrophysics 
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Jose Groh - The surprising look of massive stars before death

Supernovae: progenitor, remnant, chemistry

Image credits: British museum

SN 1054: chinese records
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Jose Groh - The surprising look of massive stars before death

Direct detection of SN progenitors

SN 2008bk
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Direct detection of SN progenitors
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Direct detection of SN progenitors

Pre-SN During Post-SN

(Mattila+ 08)
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Jose Groh - The surprising look of massive stars before death

Direct detection of SN progenitors

    

SN progenitor detected in 6 filters (VRIJHK)

(van Dyk+ 2012)
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Jose Groh - The surprising look of massive stars before death

Direct detection of SN progenitors

    

(van Dyk+ 2012)

SN progenitor is a RSG with initial mass ~8 M☉
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Jose Groh - The surprising look of massive stars before death

(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (8 to ~17 M  )☉
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(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (8 to ~17 M  )

OB-type
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(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (8 to ~17 M  )

OB-type

15M  ☉
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(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (8 to ~17 M  )

OB-type

15M  ☉ RSG
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Jose Groh - The surprising look of massive stars before death

(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

OB-type             RSG               SN II

Massive star evolution (8 to ~17 M  )

OB-type

15M  ☉ RSG

☉
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4.5
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3.23.64.04.44.8

(G. Meynet talk)
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Jose Groh - The surprising look of massive stars before death

(after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

OB-type             RSG               SN II

Massive star evolution (8 to ~17 M  )

OB-type

15M  ☉ RSG

☉

4.0

4.5

5.0

3.23.64.04.44.8

Agrees with observations of SN II progenitors (Smartt 09)

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

Lightcurve of SN 2009ip SN IIn

(Mauerhan+ 13)

(N. Smith + T. Moryia talks)
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Progenitor
M=50-90 M ☉

(Mauerhan+ 13)

Lightcurve of SN 2009ip SN IIn

SN progenitors from very massive stars
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Progenitor
M=50-90 M ☉

(Mauerhan+ 13)

Lightcurve of SN 2009ip SN IIn

SN progenitors from very massive stars
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

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

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (above 40 M  )

OB-type

85M  ☉

☉
(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (above 40 M  )

OB-type

85M  ☉

☉
(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (above 40 M  )

OB-type

85M  ☉
LBV

☉
(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

Massive star evolution (above 40 M  )

OB-type

85M  ☉
LBV

Wolf-Rayet 

☉
(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

OB-type             LBV                 WR         SN Ibc

Massive star evolution (above 40 M  )

OB-type

85M  ☉
LBV

Wolf-Rayet 

☉
(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

OB-type             LBV                 WR         SN Ibc

Massive star evolution (above 40 M  )

OB-type

85M  ☉
LBV

Wolf-Rayet 

☉

So far, no observations of WRs as SN progenitors (Smartt 09)

(G. Meynet talk)

(Eldridge+ 13)
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Jose Groh - The surprising look of massive stars before death (after evol. tracks from Meynet & Maeder 03, Ekstrom+ 12)

OB-type             LBV                 WR         SN Ibc

Massive star evolution (above 40 M  )

OB-type

85M  ☉
LBV

Wolf-Rayet 

☉

So far, no observations of WRs as SN progenitors (Smartt 09)

Role of binaries?

(G. Meynet talk)

(Eldridge+ 13)
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2. Predicting the look of core-collapse SN progenitors
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How to compare observations and stellar evolution models?

(Elias-Rosa+ 09)

Observations SN 2008cn (II-P) Stellar evolution models 

(Ekstrom+ 12)
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Jose Groh - The surprising look of massive stars before death

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

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

Observations x stellar evolution model

Observations
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low-mass stars 
(e.g Sun)

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

Observations x stellar evolution model

Observations

rh
yd
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low-mass stars 
(e.g Sun)

Geneva
evol. code

massive stars:
beginning of their lives

Observations
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Jose Groh - The surprising look of massive stars before death

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

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

Observations x stellar evolution model

Observations

rh
yd

r 
=

 rp
ho

t

low-mass stars 
(e.g Sun)

Geneva
evol. code

massive stars:
beginning of their lives

Observations

rh
yd

r

rp
ho

t

Geneva
evol. code

Stellar Wind
+

Atmosphere

Observations

rh
yd

r

rp
ho

t

massive stars
as they evolve

Geneva
evol. code
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Jose Groh - The surprising look of massive stars before death

Stellar Wind
+

Atmosphere

Observations

rh
yd

r

rp
ho

t

massive stars
as they evolve

atmospheric 
code

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

Geneva
evol. code

Solution: atmospheric code

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 spectral type
OB
RSG
WN
WC
WO
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How SN and GRB progenitors should look

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

L, Teff, abundances spectral type
OB
RSG
WN
WC
WO

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

compute spectrum

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 spectral type
OB
RSG
WN
WC
WO

For the 1st time, spectroscopic classification of 
SN progenitors from stellar evolution models

spectral classification
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Now: Apply unified models to the pre-SN stage of stellar evolution

compute spectrum

L, Teff, abundances
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Progenitors of core-collapse Supernova

Between 9-17 M   : ☉

Monday, April 15, 2013



9
12

15
20

25
32

40

60

85 120

9
12

15

Before:
Red Supergiants

(Groh+ 13, in prep.)

After: Red supergiants (no surprise)

Progenitors of core-collapse Supernova

Between 9-17 M   : ☉
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Between 20-25 M   : 

20
25

Before:
Wolf-Rayet star 

(Groh+ 13, in prep.)

☉

20
25

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

    

LBV
    

☉
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(Groh+ 13, A&A 550, L7)
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Progenitors of SNe from 20-25 M   stars

(Groh+ 13, A&A 550, L7)
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(Groh+ 13, A&A 550, L7)

Progenitors of SNe from 20-25 M   stars
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(Groh+ 13, A&A 550, L7)

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

Eta Car AG Car
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(Groh+ 13, A&A 550, L7)

Progenitors of SNe from 20-25 M   stars
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Eta Car AG Car

After: LBVs are progenitors of SNe from 20-25 M   rotating stars☉
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Progenitors of SNe from 30-120 M   stars☉

(Groh+ 13, in prep.)

Between 30-120 M   : 

Before:
Wolf-Rayet stars with Carbon (WC)

☉
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Progenitors of SNe from 30-120 M   stars☉

(Groh+ 13, in prep.)

Between 30-120 M   : 

Before:
Wolf-Rayet stars with Carbon (WC)

☉

    

C IV

C IV C IV

O VI

pre-SN 40 M    model: WO 1☉

pre-SN 32 M    model: WO 1☉

pre-SN 60 M    model: WO 1☉
pre-SN 120 M    model: WO 1☉
pre-SN 85 M    model: WO 1☉

(Groh+ 13, in prep.)

After: WO stars are progenitors of SNe from 20-25 M   rotating stars☉
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Detectability of SN Ibc progenitors
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(Groh+ in prep)

Yellow: non-rotating models
Cyan: rotating models

WR stars have not yet been observed as SN progenitors 
(Smartt 09; Eldridge+ 13)

Initial Mass (Msun)
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Detectability of SN progenitors in general
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We are now able to predict magnitudes and colors in all bands
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Detectability of SN progenitors in general
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We are now able to predict magnitudes and colors in all bands

Initial Mass (Msun)                     
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Detectability of SN progenitors in general

V 
   

 

(Groh+ in prep)

We are now able to predict magnitudes and colors in all filters
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Summary

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

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