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Symbiotic Mira R Aq
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Merrill 1921: bright nebular lines superposed | A+A+VSP/A§$OEV data : oy N
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Michalitsianos et al., 1980 : o g e, HEEHE N

« Dense compact nebula, = ] £ E Eh =0 ]

Warm chromosphere > £iiEs Gz ns i BNEE: -

« Secondary identified as white dwarf 10 : =2 Hi B

Wallerstein &Greenstein 1980: B o 5E3 bt e HEg £ t ]

Reddening 0.67 in (B-V), A V ~2 127 T T FE

Willson et al. 1981: i 1974-198 2018-2025 1
Mira componentin the system being eclipsed by 19140 19160 19180 | | 20100 20120 |

an extended gas cloud around the secondary star Time

Orbital period 44 years, duration 8.5 yr (20% of pe

riod). Next eclipse: 2018-2026

Hinkle et al. 1989: Orbit with 44yr period and high eccentricity (e=0.6). All mass loss Mira forced through the
Roche lobe onto the accretion disk of the secondary.

Gromadzki & Mikolajewska 2009 : Refined orbit, p

eriod 43.6 yr, e=0.25+-0.07,

Mtot 1.6-2.5Msun, Mh (hot component)=0.6-1 Msun; Mg (giant)=1-1.5Msun; mass ration g=Mg/Mh=1.2-2.1.
Min et al. 2014: Accurate parallax: 4.59 +- 0.24 mas, distance 218 +12/-11 pc
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HUBBLE/WFC3 HUBBLE/WFC3 VLT/SPHERE

ESO/Schmid et al./ NASA/ESA, https://www.eso.org/public/images/eso1840b/



VLTI: A virtual 200-meter telescope

PIONIER:
H-band (1.5-1.7 mu), R~20
Angular resolution up to ~1.5 mas

i GRAVITY:
K-band (1.9-2.4 mu), R~22,500,4000
Angular resolution up to ~2.2 mas

MATISSE:
LM-bands (2.8-4.1 mu), R~30,500,1000,3500
Angular resolution up to ~4 mas

N band (8-13 mu), R~30,220
Angular resolution up to ~10 mas



R Agr angular diameters from the literature
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Van Belle et al. (1996), Tuthill et al. (2000), Chagnon et al. (2002), Mennesson et al. (2002), Millan-Gabet et al. (2005),
Ragland et al. (2008), Zhao-Geisler et al. (2012), Wittkowski et al. (2016)



Normalized flux

Normalized flux

VLTI/AMBER interferometry of R Agr (10/2012)
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;2™ (mas)*  285+15 29.6+1.3 184+04 132+03  60+03  74+02
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New VLTI Observations of R Agr

PIONIER
2019, July to August, Phase ~0.1
Imaging

GRAVITY

2016, October, Phase ~0.4

2018, August, Phase ~0.16

2019, August-September, Phase ~0.1-0.2
Snapshots

MATISSE:
2019, July to August, Phase ~0.1
Imaging

Time (JD-2450000)
8400 8600 8800

7600 7800 8000 8200

-RAqr 7676 0. =043
- JD0=2458655 8336 Vis= .16 -
- P=3814d 8689 Vis=0.09 -
- 8692 Vis= 0,09~
- 8708 V= (.14 -




GRAVITY (near-IR K-band) results
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R Aqr

VLTI/GRAVITY

K-Band, 2.22-2.28 mu (near- contmuum) -

2016: 97% UD (16.3 mas) + 3% overres. comp. |
79% UD (12.7 mas) + 21% overres. comp.

2019: 63% UD (12.5 mas) + 37% overres. comp. —
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Increasing contribution by an uncorrelated background component in the FOV (~0.25 arcsec):

2016, before the suppression:
2018, early in the suppression:
2019, in the suppression:

97% of the K-band continuum flux in the stellar (UD) component
79% of the K-band continuum flux in the stellar (UD) component
63% of the K-band contimuum flux in the stellar (UD) component

Continuum angular diameters in 2016 (phase 0.43), 2018 (0.16), 2019 (0.12):
16.3mas, 12.7 mas, 12.5 mas
Pre-suppression epoch consistent with 2012 AMBER result (18.4 mas at phase 0.6).



PIONIER (near-IR H-band results
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R Aqr

VLTI/PIONIER
H-Band, 1.53-1.77 mu

2019: 49% UD (8.8 mas) + 33% Gaussian (15.0 mas) + 48% background

< 1.53 mu
1.58 mu
1.63 mu
1.68 mu
1.72 mu
< 1.77 mu

200

1D model atmosphere:

11.9 mas +- 0.7 mas
with 20% background

300

Spatial frequency (1/arcsec)

During the supression eventin 2019:
20-50% of the H-band flux in the FOV (~0.2 arcsec) from an uncorrelated large background component.
Angular diameter lower than obtained from GRAVITY, and much lower than previous estimates.
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Resembling the carbon star R Scl observed with PIONIER

R Scl 1.68 um
IRBis Reco#struction E_|

Wind mechanism — theory

stellar pulsation \ dust forms in the
& convection wake of the shock
induce strong at distances of

shock waves
which propagate
outwards through
the gas

in the extended

2-3 stellar radii
and is accelerated
outwards by
radiation pressure
triggering a wind

stellar atmosphere

Dust distribution should reflect Wind driven by scattering of
effects of convection cells, as photons on near-transparent
gas density affects grain growth silicate grains (low Fe/Mg),
(Freytag & Hofner 2008) sizes: 0.1 — 1 um (Hofner 2008)

Wittkowski et al. 2017

Interpretation of the image:
(1) Giant convection cells resulting in large-scale shock fronts, leading to clumpy molecule and
dust formation.
(2) Dust clumps (amC) at radii of 2-3 Rgsr S€€n against the photosphere




MATISSE (thermal IR LMN bands) results

L-band medium spectral resolution, N-band low spectral resolution
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MATISSE L-band results
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VLTI/MATISSE
L-Band, 3.94-3.96 mu
27% UD (12.2 mas)

29% Gauss (25.2 mas)
449 overres. comp.
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R Aqr
VLTI/MATISSE
L-Band, SiO
56% UD (27.2 mas)
449% overres. comp.

o

1D model atmosphere:
13.1 mas +- 0.2 mas
with 42% background flux
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MATISSE N-band results
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R Aqr
VLTI/MATISSE
N-Band, 10.0-10.5 mu
32% UD (39 mas)

R Aqr
VLTI/MATISSE
N-Band, 8.5-9.0 mu
23% UD (23.5 mas)
45% Gauss (43 mas)
32% overres. comp.

e
w
e
w

68% overres. comp.
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Resolved structure confined within Roche lobe diameter of ~40 mas



Summary of angular diameters

Angular diameter (mas)

50

[\ (OY) N
-] ) )
RRRRRR R RNV AN AR R RN RN RN RRRRRRRR RN RRRRRRRRN
- I | 5< -
—HeH—¢—X
|
P

[
(@)

)

______ o — — — — ——mmm _Based on geometrical models at phase ~0.1 3

| . | %

Model by Tuthill et al. (2000)

LLLLIL

| 1 1 L | I 1 1 | 1 1 ! | 1 I 1 | 1 1 1 |

2 4 6 8 10 12
Wavlength (mu)




Angular diameter overestimated in the past?

M - Figure from Wittkowski et al. 2016
1L5M_ | based on an angular photospheric diameter
o84 Series | of 18.4 +- 0.4 mas at phase 0.6.
R52 Series
C50 Series
C81 Series _|
3D Model | Angular diameter of 12.5 +/- 0.5mas:
: ] Radius: 431+-33 Rsun == 293 +- 30 Rsun
S ] Teff:  2250+-76 K. =mm$2728 +- 120 K
& ] log (Teff): 3.48. ) 3.44
321 ]
3.0_11‘1 |x|’t| 111111111 | R R SR Lo v vy ]
3.5 34 33
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Summary

* Increasing contribution from an uncorrelated large background flux
contribution at 2.2 mu: 3% in 2016, 20% in 2018, 50% in 2019

e Spatially resolved images of the Mira component in the near-IR Hand K
bands and the thermal-IR L, M, N bands

* H-band image seen behind foreground extinction

* Untypically large discrepancies of measured angular diameters in near-
continuum bands

* Angular photospheric diameters may be overestimated
* Unusually strong contribution from the CSE

* No indication of mass transfer in the current image reconstructions



