Peering into the most massive star in the Galaxy
with near-infrared interferometry
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Massive stars bridge many fields of (astro)Physics
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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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Stellar evolution above 30 M at solar Z
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Jose Groh - Peering into the most massive star in the Galaxy (after evolutlonary tracks in Groh+ |4)
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Stellar evolution above 30 M at solar Z
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Stellar evolution above 30 M at solar Z
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Stellar evolution above 30 M at solar Z
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Stellar evolution above 30 M at solar Z
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Stellar evolution above 30 M at solar Z
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Stellar evolution above 30 M at solar Z
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Groh talk @ SP13
(17:30 tomorrow)
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» Binarity

» Mass loss and eruptions V
Luminous

Blue
Variable

» Rotation

» Magnetic Fields

» Convection I

» Going from 3D to 1D _I

» Metallicity 4.4 4.2 4.0
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» Explosion properties, ....

Jose Groh - Peering into the most massive star in the Galaxy (after eVOIUtlonary tracks in Groh+ |4)



Eta Cari.nae‘ and the Homunculus nebula
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Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):

0
prolate : pl9) x V1—W2sin® 6

P0o

Vrot/ Vcrit=0-70
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Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):

0
prolate : pl9) x V1—W2sin® 6

P0o

Vrot/ Vcrit=0-80

Jose Groh - Peering into the most massive star in the Galaxy



Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):

0
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Vrot/ Vcrit=0-86
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Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):

0
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Vrot/ Vcrit=0-95
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Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):

0
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Vrot/Vcrit=O.975
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Effects of rapid rotation on a stellar wind

Deviation from spherical symmetry depends on W=vs/Vcric (Owocki et al. 1998):
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Rotation: elongation of the K-band photosphere
(van Boekel+ 03; Kervella 07; Weigelt+07; Groh+10)
i '

e o VLTI/VINCI beam-combination instrument
~ Visibilities in the K-band continuum
Two 0.35-m siderostats using 24m baseline




Rotation: elongation of the K-band photosphere
(van Boekel+ 03; Kervella 07; Weigelt+07; Groh+10)

VLTI/VINCI beam-combination instrument
Visiblilities in the K-band continuum
Two 0.35-m siderostats using 24m baseline
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Rotation: elongation of the K-band photosphere
(van Boekel+ 03; Kervella 07; Weigelt+07; Groh+10)

v\'jo D

Eta Car A
rapid rotator: rot. axis aligned
with the Homunculus polar axis
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Rotation: elongation of the K-band photosphere
(van Boekel+ 03; Kervella 07; Weigelt+07; Groh+10)

Rad. Transf. VINCI+AMBER
Viot/Verit=0.77 to 0.92
i=60° to 90°
PA=108° to 142°

K-bond image, W=0.85, i=75°, PA=130°
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rapid rotator: rot. axis aligned rapid rotator: rotation axis
with the Homunculus polar axis  misaligned with the Homunculus

Groh+10
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Mass loss and extension of the photosphere

Eta Car

I"phot (set by free-free emission in the K-band)

Sun
I"hydrostatic = I"'photosphere
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Mass loss and extension of the photosphere

Eta Car (MIZ)

I"phot (set by free-free emission in the K-band)
Sun

I"hydr = ["phot
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Mass loss and extension of the photosphere

Eta Car (MIZ)

I"phot (set by free-free emission in the K-band)
Sun

I"hydr = ["phot
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Eta Carinae mass loss

(van Boekel+03; Weigelt+07; Kervella 07; Groh+10, 12)

Observations NLTE 1D model NLTE 1D model image
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Eta Carinae mass loss

(van Boekel+03; Weigelt+07; Kervella 07; Groh+10, 12)

Observations NLTE 1D model NLTE 1D model image
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Mass-loss rate in 2002-2005: ~ 8.4 x 104 Msun/yr

Groh+12
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Variability in Eta Carinae mass loss!?

(Mehner+10, 12, 14 Corcoran+10, Gull+11, Groh+12a,b, Teodoro+12, Madura+13)
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Probing changes in mass loss with VLTI/PIONIER

Data taken by O. Absil on 2012 Mar and 2013 Feb

NLTE 1D model
Mdot=8.4x10-4 Msun/yr
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Probing changes in mass loss with VLTI/PIONIER

Data taken by O. Absil on 2012 Mar and 2013 Feb

NLTE 1D model
Mdot=8.4x10-4 Msun/yr
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PIONIER 2012-2013 data do NOT support a noticeable

change in Eta Car’s mass-loss rate.
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Binarity of Eta Carinae: effects are time dependent

@rbit: i=139°, w=243°,PA=312°,e=0.9, P=5.54 years)
(Damineli 96; Madura+ [2)
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Binarity of Eta Carinae: effects are time dependent

@rbitz i=139°, w=243°,PA=312°,e=0.9, P=5.54 years)

(Damineli 96; Madura+ [2)
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Around periastron
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Effects of binarity in Eta Car

Changes in the density structure of the primary wind

Eta Car B

Eta Car A
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Effects of binarity in Eta Car

Changes in the density structure of the primary wind

Eta Car B

log p
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Effects of binarity in Eta Car

Changes in the density structure of the primary wind

Eta Car B
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Effects of binarity in Eta Car

Changes in the density structure of the primary wind

Eta Car B
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Effects of the companion star on Eta Car
Near-infrared: geometry of the K-band continuum emitting region

(A 2D model with i=41° (139°) and longitude of periastron of W=243° provides a )
reasonably sood fit to the VINCI observations at orbital phase $=0.93.

3-D isodensity surface K-band continuum image [ Fit to the visibilities ]

K-band image, W=0.00, i=41°, PA=040"
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(Groh et al. 2010a)
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Effects of the companion star on Eta Car
Near-infrared: geometry of the K-band continuum emitting region

(A 2D model with i=41° (139°) and longitude of periastron of W=243° provides a )
reasonably sood fit to the VINCI observations at orbital phase $=0.93.

3-D isodensity surface K-band continuum image [ Fit to the visibilities ]

K-band image, W=0.00, i=41°, PA=040"
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(Groh et al. 2010a)

Ginary model fits data taken at periastrmD
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Take way messages
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(Credit: NASA/ESA)




