GRAVITY/VLTI chromatic image reconstruction of
the Eta Car wind-wind collision region
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Damineli et al. 1997; Hillier et al. 2001; Damineli et al. 2008b.,a; Corcoran et al. 2010



PROPERTIES n,:

M > 100 Mo
Eta Car orbit M ~8.5x10* M@/yr
Vwind ~ 420 km/s

PROPERTIES ng:
M ~1x10° Mo/yr
Vwind ~ 3000 km/s
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e.g., Damineli 96; Davidson &
Humphreys 97; Davidson et al. 01;
Hillier et al. 01, 06; Pittard &
Corcoran 2002; Groh et al. 12b
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ETA CAR: IMAGING THE CORE

AMBER/VLTI
R~12000

K-band (2.2 um)

Weigelt et al., 2016
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See the poster No. 93!

¥ Elongated core!
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*  K-band (~1.9-2.5 pm)

*  Angular Resolution: ~2 mas

*  Phase referenced visibilities

*  Narrow-angle astrometry: 10pas

*  Simultaneous interferometric obs. of two
objects (DUAL mode)

*  Spectral resolution: 50, 500, 4000

*  Limiting Kmag: 16.5 (objective: 18)

GRAVITY collaboration et al., 2017

IC Beam Combiner

‘ Star Separator

Infrared Wavefront
Sensor




u-v coverage

GRAVITY u-v coverage (Eta Car) High_ReS observations (R~4OOO)
' ' ' ' 13 data sets (February 2016)
Bmax ~1 30 m, Bmin ~4O m

GRAVITY 13 data sets!
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GRAVITY Science Beam Combiner: Calibrated Spectrum
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ETA CAR: IMAGING THE CORE

Image reconstruction in optical interferometry

Regularizer
e SQUEEZE
(Monte Carlo)
LO-norm
L2-norm
e BSMEM, MiRA, Entropy
PAINTER, IRBis Total Variation

(Gradient Descent)

Sanchez-Bermudez et al., Imaging capabilities of the
VLTI/MATISSE spectro-interferometric instrument

Proc. SPIE 9907, Optical and Infrared Interferometry and
Imaging V, 99070B, 2016
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ETA CAR: IMAGING THE CORE -
Image reconstruction parameters SQUEEZE: Baron+201 ob
Band Bry (2.160 - 2.172 um)
Pixel Grid 167x167 (100 mas)
Pixel Scale 0.6 mas/pixel
Chains 50
lterations 250
Initial Image Gaussian with 50% of the total flux
Observables VA2 + CPs + Differential Phases

LO-norm (avoid point-like sources), Laplacian (favours extended
sources), Transpectral reg. (L2-norm across the spec.)

Regularizers



Eta Car reconstructed image

GRAVITY Science Beam Combiner: Calibrated spectrum B\ eiocity: -823.34 ks
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Image fitting to V2 and closure phases
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Eta Car wind-wind collision region
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Eta Car orbit GRAVITY u-v coverage (June 2017)
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Second imaging epoch of GRAVITY data!




Model fitting to V2 and closure phases

Image visibilities
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Diff. Phases [degrees]
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ETA CAR: IMAGING THE CORE

GRAVITY Science Beam Combiner: The Hel line

Band Hel (2.054 - 2.063 pm)
Pixel Grid 167x167 (100 mas)
Pixel Scale 0.6 mas/pixel
Chains 50
lterations 250
Initial Image Gaussian with 50% of the total flux
Observables VA2 + CPs + Differential Phases

LO-norm (avoid point-like sources), Laplacian (favours extended
sources), Transpectral reg. (L2-norm across the spec.)

Regularizers
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Continuum elongated core consistent with previos NIR
Interferometric observations.

The extended structure in the images is consistent with
the wind-wind collision scenario.

The most extended emission is observed at blue-shifted
velocities (WWCZ in the LOS).

Time-dependent changes in the observables at all spatial
scales (particularly for compact structures)

New reconstruction of images of the Hel (2.054) line

Future RT and Hydro simulations will help to constrain
the physical parameters of the observed structures.



GRAVITY Fringe tracker: Estimating the size of the core

F0:0.669+0.01
Diam [mas]:3.461+0.035

02 04 06 08 10
Spatial Frequency [1/rad] 1e8

F0:0.668+0.006
Diam [mas]:3.822+0.031

F0:0.734+0.021
Diam [mas]:3.386+0.083

02 04 06 08 10
Spatial Frequency [1/rad] led

F0:0.677+0.01
Diam [mas]:3.848+0.043

02 04 06 08
Spatial Frequency [1/rad]

10
1e8

02 04 06 08
Spatial Frequency [1/rad]

10
1e8

v-coord [meters]

F0:0.685+0.009
Diam [mas]:3.768+0.036

02 04 06 08
Spatial Frequency [1/rad]
uv-coverage (110° < PA < 140°)

10
1e8

. ‘sc‘{
-
LN

’ S

-100 -50 0
u-coord [meters]




GRAVITY Fringe tracker: Estimating the size of the core
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ETA CAR: IMAGING THE CORE

GRAVITY Fringe tracker: Estimating the size of the core
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Groh+2012: HST spectrum (Visible)
M=8.5e-4 Mo/yr

veo=420 km/s

Teff= 9400 K

Normalized Flux

This work:
M=1.7e-4 Mo/yr
voo=420 km/s _ . 5 ‘ 1D CMFGEN
Teff= 13000 K B 0: : 1

Blue-
shifted
360 km/s

o

DEC offset (mas)

Eta Car 1D spectroscopic model

=== Hel (Groh+2012)

i ) . 10 0 -10 -20
— Bry (Groh+2012) RA offset (mas)
-== Hel (This work)
- Bry (This work)

Rest
0 km/s

DEC offset (mas)

10 0 -10 -20
RA offsel (mas)

Model by: J. Bestenlehner

Red-
shifted
270 km/s

DEC offset (mas)

20 10 0 -10 -20
RA offsel (mas)

“\D or o . s e




IMBASE 2017 - MUNICH

THANK YOU!



