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= thermally pulsing AGB stars with M_,s= 1.5Mg
= (C/O>1 due to dredge-up of He-burning products
= C-rich molecules and dust dominate



Carbon Stars and MATISSE
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= C,H, is building block of dust
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(amC, possibly SiC-dust)
= MATISSE can observe C,H, and dust simultaneously
= compare with model predictions

Paladini+(2009)
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= two LMN snapshot observations (low spectral resolution) for
S Sct, Y Pav & R Lep, LMN imaging for R Scl (Drevon+, 2022) & X TrA.
= three narrow regions: 3.1um (C,H,+HCN), 3.5um ("contin."), 8pm (dust)
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Target [[mas] | _FWHM FWHM

um  3.1um  3.5um um 3.1pm 3.5um
S Sct 5 4 6 v X X —
Y Pav 5 6 5 7 v X X —
RLep 12 12+29 26+BG 15+3 17+50 v (v) X 4
RScl 11 25 11 7 11 v (v) X 4

Size estimates for model comparison:
a) fit of single Gaussian to visibility V

b) scaling the spatial frequency for
best V-match of two regions —
R(3.1)/R(3.5) and R(8)/R(3.5)

Declination offset (mas)

"best" fit 3.1um LITpro model superposed on
ALMA HCN maser image by Asaki+(2023)

Image péak: 172.84 ly beam
(Contours: —5.0, —2.5, 2.5, 5.0, 9.9,
19.9, 39.8, 79.5, 159.0)
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. Image noise (1¢): 0.50 Jy beam ®




DARWIN 1D RHD-Models

spherically symmetric star

Hydrostatic dust-free atmosphere

sinusoidal variation of radius

‘ Pulsation description

and luminosity

Frequency-dependent

Hydrodynamic eq.
radiation transfer

Dust formation (C-star)
nucleation of seed particles
grain growth (and evaporation)

/ INPUT I

Stellar parameters
Temperature
Luminosity
Current mass
Chemical composition

Pulsation properties
Period
Velocity and luminosity amplitude

Microphysical data

Dynamic
atmosphere ]
Siderud
(2023, Lic.Thesis)
OUTPUT

Radial atmosphere and
wind structures
Wind velocity
Mass-loss rate
Dust properties

L

Dust optical data

\ Gas opacities /

- Post-processing
F(LL), I(rab), ...




Selected seven models spanning the mass loss and wind velocity v, of

the targets (no specific fits attempted)
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DARWIN models
o selected models
* MATISSE Targets
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= three maxima and minima for each model
* intensity and visibility profiles around 3.1, 3.5 & 8um
» Size estimates by fitting a Gaussian to Visibility(q)
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Example Model Profiles
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= dust+gas shells cause extended wings/bumps/wiggles in 15t lobe
= large cycle-to-cycle differences possible (Pt formation # Ppuisation)

= Gaussian not the best size estimate but simple

10



Observations < Models: Sizes
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= models and observations cover comparable range
» (observed) sizes roughly increase with amplitude/MLR
= similar trend for models but notable scatter
(cycle-to-cyle differences, model parameter-dependency)
= (3.1um) ~ G(8um) > J(3.5um)
= S Scttoo small in L (hydrostatic?)



Observations < Models: Visibilities
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» selected models too small in general?

= deviations from 1D-symmetry in real stars: increase scatter in observed
profiles & observations may be a superposition of many model phases

— 1D models can provide only likely range of stellar parameters -



all stars show asymmetries at 3.1um
asymmetries at longer wavelengths only for large amplitude variables
comparable sizes at 3.1um and at 8um
R Lep L-band size consistent with HCN maser extent
reasonable overlap of models and observations but
» - a larger set of models needs to be analyzed (trends with C/O, T, M,...)
» more observations/imaging for C-rich Miras needed (R Lep!)
» deviations from 1D have to be kept in mind
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