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Low rotation
* Natal angular momentum

High rotation

Rubin (1962) ; de Mink et al. (2013)
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Low rotation
* Natal angular momentum

High rotation

® >200kms™!
= Vrot,0 ~ 2 km S_l

Rubin (1962) ; de Mink et al. (2013)
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Low rotation
* Natal angular momentum

High rotation

® >200kms™!
- Vioro ~ 2kms™!
¢ Binary products
® Tides
® Mass accretion
® Mergers
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Consequences
e Surface deformation

* Surface gradients
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paNoRAMA: 3D-Surface Modeling

Package for ANalysis Of RApidly rotating MAssive stars

° Whole analysis chain in one Python package

- Modular: one tool per stage

- Consistent conventions, input validation, ready-to-run demos

e Workflow

® obs — spec — fitline — rot — specblur — tex

dgalandieguez.com/panorama
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Stars # 1D spheres

® Roche shape
e Gravity darkening
* Rotationally broadened lines

Analysis # one tool

¢ Different codes, languages,
formats

* Hard to keep consistent and
reproducible
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paNORAMA: 3D-Surface Modeling

Shape: Roche model
Point-mass gravity + solid-body rotation:

GM 1
0(r,0) = - =5 - S QP sin’ g
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spamms: 3D spectroscopic modeling of stellar surfaces

Spectroscopic PAtch Model for Massive Stars

® Synthetic spectra

- Distorted stars
- Non-spherical geometry

Abdul-Masih et al. (2020)
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Spectroscopic PAtch Model for Massive Stars

e Synthetic spectra

- Distorted stars
- Non-spherical geometry

¢ 3D-surface modeling

® (Classical 1D-spherical model atmosphere — Deformed surfaces

Abdul-Masih et al. (2020)
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Interferometry & spectroscopy synergy

® |nterferometry community

® Massive stars community




Interferometry & spectroscopy synergy: what is being done
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Interferometry & spectroscopy synergy: we can do better

We can do better and more complete!
* And you already know how to do it...
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Interferometry & spectroscopy synergy: we can do better

PANORAMA modeling
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PaNoRAMA modeling
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PANORAMA modeling
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Interferometry & spectroscopy synergy: we can do better

Spectroscopy with spamms

® Line profiles from the same 3D
surface (paNorAMA Mesh)

e Constrains vsini, T.¢ and log g

gradients
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Interferometry & spectroscopy synergy: we can do better

Interferometry

® V2 4 FT of the same 3D surface

® Constrains angular size, projected
flattening, position angle
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Interferometry & spectroscopy synergy: we can do better

Spectroscopy with spamms Interferometry

® Line profiles from the same 3D ® V2 4 FT of the same 3D surface

surface (PANORAMA Mesh) . ) .
( ® Constrains angular size, projected

* Constrains vsini, Ter and log g flattening, position angle
gradients

Joint fit: breaking the degeneracies
M., Ry, Req
Tetr, rot> Teft, ps Teft,eq
Spectrum + Interferometry = {102 Ger. > 108 Gefr, g
Abundances

W, I, Vrot
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massive stars

3D-surface modeling of rapidly rotating stars

PANORAMA

SPAMMS

Take-home points:

L”;i;i?;‘;if;;y 8 ® Massive stars are intrinsically 3D-deformed: rotation and bina-
synergy I'Ity

We can do better ¢ Classical 1D analysis can therefore be biased: dependence
References on the surface geometry, rotation rate and inclination.

* paNorAMA and spamms accounts for these effects.

® Interferometry adds the missing geometric information.

See my work!
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