Probing mass loss at the end stages of massive star evolution
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Massive stars bridge many fields of (astro)Physics

AN 3 o~

p Star formation

» Chemical evolution

» Supernova, Black Holes, Neutron Stars
» Distant Universe (first stars, reionization, cosmology)
» Intergalactic, interstellar, circumstellar media

» High-energy physics, particle physics, ...

p Stellar evolution
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Luminosity ———

Massive star evolution is challenging
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Spectroscopic phases: timescales of 60 Msun star

WNL (0.005 Myn)
LBV (0.235 Myr)

WNE (0.705 Myr)

WO (0.006 Myp

O 1 (3.22 Myn

WCE (0.257 Myr)

WO (0.038 Myn)
60 Mo v=0 km/s Z=0.014

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

8.4 Msun 14 Msun
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Observations: mass loss may be large at pre-SN

Groh+ 2014, A&A 564, 30




Pre-SN mass loss: SN lIn

SN 2010j1 : . . .
Feb 23— Bry | SN with a narrow component in H lines
Feb 09 — Ha (SChngG' 90)

Feb 09 — Hp
Jan 16 — Ha

SN lIn: interaction between SN and progenitor wind

Nathan Smith’s talk on Thursday
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(Smith+ 11)
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(Progenitor mass loss on timescales of decades)

(Moriya+ 14)
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Palomar Transient Factory (PTF): monitoring the night sky
(PI Kulkarm)
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Early-time observations of SNe (“infant SNe”)

Pre-SN
Rarified
Wind

SN at late times
Rarified

'Wind
for type IIP/L/b SN:
=< day




Now SN can be observed within a day of explosion

SN 2013cu: observations at 15.5h after explosion (Gal-Yam+ 14, Nature)
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Now SN can be observed within a day of explosion

SN 2013cu: direct detection of a WR progenitor wind? (Gal-Yam+ 14, Nature)
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—— SN 2013cu, 15.5h
——— 50 kK WNL model

56 kK WNL model
— HD 192163 (WN6(h))
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SN 201 3cu progenitor: rad. transf. modeling

(Groh 14, A&A 572, 11)

| (a) 2013cu at 15.5h (obs and model)
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7000
Wavelength (Angstrom)

CMFGEN model
Lbol = 2e10 Lsun
R shock =1.4e14 cm
Mdot =3 . 10-3 Me/yr
Vel <= 100 km/s
H/He~1
N enriched (10x solar)




Which kind of star was the progenitor of 2013cu?

Expected from theory or indirect observational constraints from SNe

Wind properties

Red
Super- . Mdot ~ 107 - 103 Me/yr
Giant e.g. Betelgeuse Vel ~ 10 - 50 km/S

Size of Jupiter’s Orbit H/He~2-5
No or mild N enrichment

Luminous

Blug . L 2013cu progenitor Mdot ~ 10-6 - 1 Me/yr

Variable #»  Mdot=3.102 Mefyr Vel ~ 50 - 500 km/s
Yellow ' . 4 Vel <= 100 km/s H/He ~0.5-1.5
Hyper- 0" H/He~1 N enriched by 10x solar

Giant

N enriched (10x solar)

e.g. Eta Carinae

LI 1T i Mdot ~ 10-° Me/yr
Wolf-Rayet . .~ = . Vel ~ 1000 - 5000 km/s
St X g H/He ~0-0.5
e.g. Gamma'Vel2 N enriched by 10x
. solar or no N at all




SN 201 3cu progenitor: best matched by an LBV

(Groh 14, A&A 572, 11)
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CMFGEN model
Mdot ~ 103 Me/yr
Vel <100 km/s
H/He~1
N enriched

Flux (erg/s/cm?/Angstrom)

(b) 2013cu possible progenitor model

Cool LBV eruption spectrum

Flux (erg/s/cm”2/Angstrom)

Wavelength (Angstrom)




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

relative ionization mass fraction
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Prospects for UV spectroscopy with HST

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

Prediction 2013cu at 15.5h in the UV _

FeVI
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SN 1998S: also not a WR progenitor

Early observations of a SN lIn (2 days after detection)
Most likely LBV/YHG; perhaps a RSG
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Shivvers, Groh+ 2015, ApJ in press (arXiv1408:1404)



What | learned from Olivier Chesneau

1) Have the broad picture and implications in mind

Wolf-Rayet

Luminous
Red Blue
Giant e.g. Betélgeuse Yellow g e g e '. .
g S Hyper- Ne e
Size of Jupiter’s Orbit 2 . w v
Giant

e.g. Eta Carinae e.g. Gamma Vel2!

2) Don’t be overparanoid about your work

Olivier Chesneau ¢ 24 Mar 2010 14:40
To: Adriane Liermann Hide Details
Cc: Florentin Millour, Anthony Meilland <meilland @ mpifr-bonn.mpg.de>, Jose Henrique Groh

Re: proposal

Dear Adriane,

This is not an easy proposal. In spite of sending you many comments, | will do something less official: | send you a similar proposal
on Zeta Puppis that never got granted any time...Please, keep this proposal for your eduction only. However, don't hesitate to do
some cut&paste for good sentences.

As you know, we have been successful in monitoring Rigel which is much bigger and brighter.
| wish you a good and informative reading,

Olivier




What | learned from Olivier Chesneau

3) Be supportive and motivate young people

Olivier Chesneau 17 Apr 2009 11:08
T_. - | W N o, W ) P
N Olivier Chesneau
T DA .
c / Olivier Chesneau ¢ 29 Mar 2010 11:38

25 Sep 2009 14:26

Olivier Chesneau
¢ Olivier Chesneau 29 May 2013 14:59
g |  To: Jose Groh Hide Details

Re: paper on core-collapse SN progenitors Groh SN progenitor spectra

3 Jun 2010 11:44

|.
Thanks a lot Jose,

I
You are the final piece of the puzzle. The paper had a nice step forward since we were able to perform an independent fitting of the light

E curve that confirm beautifully the interferometric observations!

Y | went thraininh vniir naner (hiit | have tn read it carafiilllv now) | admire the care vnil niit an vniir fimmiree In narticiilar | like the Fin 4

in ( Olivier Chesneau 13 Mar 2014 09:19
To: Jose Groh Hide Details
cl Re: ESO press release on yellow hypergiant paper (Chesneau et al.) YHG Olivier Chesneau
C (
funny indeed!

| am frustrated to have missed your talk that was pedagogical | heard.




HR 5171A in the Brazilian press

Maior estrela amarela até o momento
tem 1.300 vezes o tamanho do Sol

O Observatdrio Europeu Austral (ESO) identificou a maior estrela amarela -com mais de 1,3 mil
vezes o didmetro do Sol-, 0 que a transforma em uma das dez maiores estrelas detectadas até
o momento, informou nesta quarta-feira (12) este centro em comunicado.

Esta estrela hipergigante, detectada com o interferémetro do telescépio VLT (Very Large
Telescope) do observatério da cote D'Azur em Nice, Franga, faz parte de um sistema composto
por duas estrelas, onde a segunda, de menor tamanho, se encontra em contato com a
hipergigante.

As pesquisas da HR 5171 A (1), como se conhece formalmente a estrela amarela, foram
realizadas durante 60 anos, algumas vezes inclusive por amadores, e indicam que este estranho
objeto, maior do que o esperado, muda muito rapido e foi detectado em uma fase muito breve e
instavel de sua vida.

Devido a esta instabilidade, as hipergigantes amarelas expelem material para o exterior,
formando uma atmosfera grande e estendida ao redor da estrela.

Essa nova descoberta a transforma assim na maior estrela amarela conhecida e entra na lista
das dez maiores estrelas, com 50% a mais de tamanho que a famosa supergigante vermelha
Betelgeuse e ao redor de 1 milhdo de vezes mais brilhante que o Sol.

Os astrénomos utilizaram na pesquisa uma técnica chamada interferometria que combina a luz
recolhida por multiplos telescépios individuais, recriando um telescépio gigante de mais de 140
metros de tamanho.

"As novas observagdes também mostraram que esta estrela tem uma companheira muito
préxima, formando um sistema binario que nos surpreendeu”, descreveu hoje em comunicado
Olivier Chesneau, lider da equipe internacional de colaboradores da pesquisa.

A estrela pequena, que orbita a hipergigante a cada 1,3 mil dias "pode influenciar no destino da
HR 5171 A, por exemplo, fazendo com que expulse suas camadas exteriores e modificando sua
evolugdo", acrescentou Chesneau.

As amarelas hipergigantes sdo muito pouco usuais. Sé sdo conhecidas cerca de 12 em nossa
galaxia, e apesar da grande distancia que a separa da Terra (perto de 12 mil anos luz), o objeto
pode ser visto a olho nu agugando a vista.

Além disso, foi observado que a HR 5171 A foi ficando maior e enfriou nos ultimos 40 anos, e

sua evolugdo foi captada em pleno processo, algo que foi conseguido com poucas estrelas e
pode ajudar a compreender os processos evolutivos das estrelas macigas em geral.

4) Have fun!

Veja turistas espaciais famosos 14 fotos

Um leildo beneficente da amfAR arrecadou 1,2 milhZo de euros (cerca de R$ 3,378 milhdes) ao
promover uma viagem espacial ao lado de Leonardo DiCaprio (foto). O russo Vasily Klyukin e um casal
véo passar trés dias em treinamento com o ator no México antes da decolagem - o quarteto esta entre
as primeiras mil pessoas a participar do voo da Virgin Galactic, garantiu a amfAr Leia mais lan
Langsdon/Efe




Take-home messages

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

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



