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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, particle physics, ...

Massive stars bridge many fields of (astro)Physics 
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‣ Star formation 

‣ Chemical evolution 

‣ Supernova, Black Holes, Neutron Stars

‣ Distant Universe (first stars, reionization, cosmology)

‣ Intergalactic, interstellar, circumstellar media

‣ High-energy physics, particle physics, ...

‣ Stellar evolution



Massive star evolution is challenging
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Science we want to do

• Initial mass range

• SN type

• Progenitor properties

• Single x binary evol.
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However

• rarity of massive stars

• binarity

• rotation, convection, B

• mass loss
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Advantage of SN progenitors: we know the evolutionary stage



Spectroscopic phases: timescales of 60 Msun star

Groh+ 2014, A&A 564, 30

Compared to “classical” stellar evolution criteria 
(based on chemical abundances and Teff): 

Longer LBV phase
Shorter WNL phase
WO stars at pre-SN



60 Msun at solar Z: mass loss is important at all times 

Groh+ 2014, A&A 564, 30

8.4 Msun 15 Msun

10 Msun

14 Msun

Observations: mass loss may be large at pre-SN



SN IIn: interaction between SN and progenitor wind

Pre-SN mass loss: SN IIn

(Moriya+ 14)

(Smith+ 11)

SN with a narrow component in H lines
(Schlegel 90)

Nathan Smith’s talk on Thursday

Progenitor mass loss on timescales of decades



Palomar Transient Factory (PTF): monitoring the night sky
(PI Kulkarni)



Early-time observations of SNe (“infant SNe”)

SN shock front propagates outwards at v ~ 10000 km/s.
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Now SN can be observed within a day of explosion
SN 2013cu: observations at 15.5h after explosion (Gal-Yam+ 14, Nature)

Strong emission line spectrum at 15.5h



Now SN can be observed within a day of explosion
SN 2013cu: direct detection of a WR progenitor wind? (Gal-Yam+ 14, Nature)



SN 2013cu progenitor: rad. transf. modeling

CMFGEN model
Lbol = 2e10 Lsun

R_shock = 1.4e14 cm
Mdot = 3 . 10-3 M⦿/yr

Vel <= 100 km/s
H/He~1

N enriched (10x solar)

(Groh 14, A&A 572, 11)
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Wind

SN
Shock 



Which kind of star was the progenitor of 2013cu?

Red
Super-
Giant

Expected from theory or indirect observational constraints from SNe

e.g. Betelgeuse

Luminous
Blue
Variable

Yellow
Hyper-
Giant

e.g. Eta Carinae

Wolf-Rayet 

e.g. Gamma Vel2

Wind properties

Mdot ~ 10-7 - 10-3 M⦿/yr
Vel ~ 10 - 50 km/s

H/He ~ 2 - 5
No or mild N enrichment

Mdot ~ 10-6 - 1 M⦿/yr
Vel ~ 50 - 500 km/s

H/He ~ 0.5 - 1.5
N enriched by 10x solar

Mdot ~ 10-5  M⦿/yr
Vel ~ 1000 - 5000 km/s

H/He ~ 0 - 0.5
N enriched by 10x
 solar or no N at all

2013cu progenitor
Mdot = 3 . 10-3 M⦿/yr

Vel <= 100 km/s
H/He~1

N enriched (10x solar)



SN 2013cu progenitor: best matched by an LBV

CMFGEN model
Mdot ~ 10-3 M⦿/yr

Vel < 100 km/s
H/He~1

N enriched

(Groh 14, A&A 572, 11)

Dense 
Wind

SN
Shock 

Cool LBV eruption spectrum



Progenitor wind is illuminated by SN photons
(Groh 14, A&A 572, 11)

Ionized 
wind

Strong eruption ~1 yr before explosion

Star

Neutral
Wind

Ionized 
wind

SN
Shock 



Prospects for UV spectroscopy with HST

Allows to directly measure SN metallicities
Target of Opportunity program waiting for trigger (PI Gal-Yam)

(Groh 14, A&A 572, 11)



SN 1998S: also not a WR progenitor

Shivvers, Groh+ 2015, ApJ in press (arXiv1408:1404)

Most likely LBV/YHG; perhaps a RSG
Early observations of a SN IIn (2 days after detection)



What I learned from Olivier Chesneau

Red
Super-
Giant e.g. Betelgeuse

Luminous
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Yellow
Hyper-
Giant

e.g. Eta Carinae

Wolf-Rayet 

e.g. Gamma Vel2

1) Have the broad picture and implications in mind

2) Don’t be overparanoid about your work



What I learned from Olivier Chesneau
3) Be supportive and motivate young people



HR 5171A in the Brazilian press

4) Have fun!



1. Mass loss significantly affects the evolution of massive stars; 
however Mdot is largely uncertain at all phases (specially post-MS)

2. Desperately need theoretical RSG and WR mass loss rates 

Take-home messages

3.
Early time spectra of SN: constraints on progenitor nature via 
Mdot, vinf, and chemical abundances


