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AMHRA:	
  	
  
Contexte	
  na=onal	
  et	
  interna=onal	
  
•  Par=e	
  du	
  réseau	
  de	
  compétences	
  du	
  pôle	
  
théma;que	
  na;onal	
  HRA	
  (JMMC)	
  

•  Exper=se	
  en	
  HRA	
  à	
  la	
  communauté,	
  en	
  par=culier	
  
pour	
  l’exploita;on	
  scien;fique	
  de	
  AMBER,	
  
MATISSE,	
  VEGA	
  et	
  FRIENDS	
  

•  Antenne	
  du	
  VLTI	
  Regional	
  Center	
  (ESO)	
  

Page	
  web	
  (en	
  construc=on):	
  hLp://amhra.oca.eu/	
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Organigramme	
  fonc=onnel	
  du	
  service	
  

Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  

Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  

Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  

Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  

Comité	
  de	
  
pilotage	
  

scien1fique	
  	
  

Service	
  	
  

	
  
	
  (A.Domiciano)	
  

Support	
  
technique	
  	
  

Pôle	
  théma;que	
  JMMC	
  	
  
(G.	
  Duvert)	
  

Services	
  
HRA	
  

	
  (ASPRO,	
  LITPro,	
  etc)	
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AMHRA:	
  cadre	
  et	
  services	
  proposés	
  

Services	
  accessibles	
  par	
  la	
  forma=on	
  et	
  l’assistance	
  u=lisateurs,	
  
notamment	
  dans	
  le	
  cadre	
  des	
  VLTI	
  Regional	
  Centers	
  

Interface	
  avec	
  les	
  instruments	
  en	
  interférométrie	
  IR/visible	
  sur	
  
lesquels	
  l’OCA	
  est	
  fortement	
  impliqué.	
  3	
  axes	
  majeurs:	
  
	
  

1)  Analyse	
  experte	
  des	
  données	
  HRA	
  et	
  de	
  leur	
  qualité.	
  Retour	
  
scien=fique	
  op=mal	
  des	
  observa=ons	
  HRA,	
  notamment	
  pour	
  les	
  
programmes	
  les	
  plus	
  ambi=eux	
  (performances	
  limites	
  des	
  
instruments).	
  

2)  Assistance	
  aux	
  méthodes	
  d’interpréta;on	
  d’observa;ons	
  par	
  
a)  Confronta;on	
  aux	
  modèles	
  et	
  modélisa;on:	
  modélisa=on	
  

astrophysique,	
  méthodes	
  d’ajustement	
  de	
  modeèles	
  et	
  
es=ma=on	
  d’incer=tudes.	
  Complémentaire	
  et	
  en	
  
synergieavec	
  groupe	
  Model	
  Fi8ng.	
  

b) Méthodes	
  de	
  reconstruc;on	
  d’images	
  (complémentaire	
  et	
  
en	
  synergie	
  avec	
  le	
  groupe	
  Image	
  Reconstruc=on)	
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Organigramme	
  fonc=onnel	
  du	
  service	
  

Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  

Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  

Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  

Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  

Comité	
  de	
  
pilotage	
  

scien1fique	
  	
  

Service	
  	
  

	
  
	
  (A.Domiciano)	
  

Support	
  
technique	
  	
  

Pôle	
  théma;que	
  JMMC	
  	
  
(G.	
  Duvert)	
  

Services	
  
HRA	
  

	
  (ASPRO,	
  LITPro,	
  etc)	
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Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  



Analyse	
  experte	
  de	
  données	
  HRA	
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Analyse	
  experte	
  des	
  données	
  HRA	
  et	
  de	
  leur	
  qualité.	
  
Ou=ls	
  permeLant	
  d’accéder	
  à	
  des	
  observables	
  avec	
  des	
  
barres	
   d’erreurs	
   les	
   plus	
   faibles	
   possible,	
   ce	
   qui	
   est	
  
essen=el	
   pour	
   un	
   retour	
   scien=fique	
   op=mal	
   des	
  
observa=ons	
  HRA	
  
Par=culièrement	
   important	
   pour	
   les	
   programmes	
   les	
  
plus	
  ambi=eux	
  qui	
  demandent	
  d’u=liser	
   les	
   instruments	
  
à	
  la	
  limite	
  de	
  leurs	
  performances.	
  

AMBER	
  et	
  VEGA	
  :	
  ou=ls	
  déjà	
  existants	
  
hLp://www.jmmc.fr/data_processing_amber.htm	
  

hLps://www.oca.eu/spip.php?ar=cle337	
  
hLps://www-­‐n.oca.eu/vega/en/present/index.htm	
  

	
  
MATISSE	
  :	
  en	
  développement	
  (cf.	
  workshop	
  3	
  prochains	
  jours)	
  



Organigramme	
  fonc=onnel	
  du	
  service	
  

Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  

Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  

Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  

Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  

Comité	
  de	
  
pilotage	
  

scien1fique	
  	
  

Service	
  	
  

	
  
	
  (A.Domiciano)	
  

Support	
  
technique	
  	
  

Pôle	
  théma;que	
  JMMC	
  	
  
(G.	
  Duvert)	
  

Services	
  
HRA	
  

	
  (ASPRO,	
  LITPro,	
  etc)	
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Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  



Modélisa=on	
  astrophysique	
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Ces	
  modèles	
  (polycroma=ques)	
  fournissent	
  en	
  général	
  
SED,	
  spectres	
  et	
  images	
  

	
  

Adaptés	
  à	
  l’exploita=on	
  astrophysique	
  des	
  instruments	
  	
  
VEGA,	
  FRIENDS,	
  AMBER,	
  PIONIER,	
  MIDI,	
  MATISSE	
  

Différents	
  ou=ls	
  existent	
  pour	
  la	
  modélisa=on	
  astrophysique	
  :	
  
environnements	
   circumstellaires	
   	
   (e.g.	
   disques	
   de	
   gaz	
   et	
  
poussières),	
   photosphères	
   (e.g.	
   pulsa=on,	
   rota=on,	
  
convec=on)	
  
Modèles	
  développés	
  localement	
  ou	
  avec	
  des	
  collaborateurs.	
  	
  
Adaptés	
   aux	
   méthodes	
   d’ajustement	
   et	
   es=ma=on	
  
d’incer=tudes.	
  
Complémentaires	
   des	
   ou=ls	
   de	
   modélisa=on	
   géométriques/
analy=ques,	
  tels	
  que	
  LITPro/JMMC.	
  



Modèles	
  astrophysiques	
  
d’environnements	
  circumstellaires	
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q Modèles	
  analy=ques	
  polychroma=ques	
  

q Modèles	
  basés	
  sur	
  codes	
  de	
  transfert	
  radia=f	
  simplifié	
  

q Modèles	
  basés	
  sur	
  codes	
  de	
  transfert	
  radia=f	
  Monte	
  Carlo	
  

Ces	
  modèles	
  (polycroma=ques	
  )fournissent	
  en	
  général	
  
SED,	
  spectres	
  et	
  images	
  

	
  

Adaptés	
  à	
  l’exploita=on	
  astrophysique	
  des	
  instruments	
  	
  
VEGA,	
  FRIENDS,	
  AMBER,	
  PIONIER,	
  MIDI,	
  MATISSE	
  

Liste	
  non	
  exhaus=ve	
  



Modèles	
  chroma=ques	
  analy=ques	
  de	
  
disques	
  de	
  gaz	
  (e.g.:	
  étoiles	
  Be)	
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Géométrie	
  et	
  cinéma=que	
  des	
  disques	
  
(spectres	
  et	
  images)	
  

A&A 538, A110 (2012)

Fig. 12. Illustration of our kinematic model. Left: two-dimensional project velocity map for a purely rotating disk with an inclination angle of 45◦.
The blue and red colors represent the positive and negative projected velocities, respectively. Center: global emission map in the Brγ line. It is
given by a simple elliptical Gaussian with an elongation cause by the projection onto the sky plane. Right: emission map in a narrow spectral
channel centered around 21 664 Å with a resolution of 1.8 Å. It is obtained using the velocity map and the emission map. See Delaa et al. (2011)
for more details.

The corresponding differential visibilities and phases are over-
plotted in Figs. 3 to 10.

The fit quality is very good for three targets observed in HR
mode: ω Car, µ Cen, and α Ara, and good for the two stars ob-
served in MR mode, i.e., p Car and δ Cen. It is still satisfying for
α Col (i.e. χ2

r = 4), although the visibility and phase of one of the
baselines could not be fitted simultaneously with the other ones.
In the case of κ CMa, the fit is significantly worse (i.e. χ2

r = 6.8).
This is mainly because of the strong asymmetry of this object,
which is not taken into account in our simple model. Finally, the
data obtained on o Aqr seem to be insufficient to fully constrain
the model for this object (i.e. χ2

r < 1).

5.3.2. About the model parameters

To check the consistency of our modeling, we tried to determine
the effects of all model parameters on the visibility and phase
variations through the emission line. Some of them strongly af-
fect the interferometric observables and are consequently easily
and unambiguously constrained with only a few measurements
whereas others are more difficult to infer:

• the major-axis position angle (PA) has a huge effect on the
phase variation amplitude and the shape of the visibility
drops, as already explained in Meilland et al. (2011). For a
non-fully resolved disk, the amplitude of the “S” phase varia-
tion is proportional to the baseline length, but it also strongly
depends on its orientation. The amplitude is maximum for
baselines aligned with the major axis and null for the one
aligned with the minor axis. For baselines that overresolve
the disk, the differential phase loses its simple “S” shape and
secondary effects become visible (for example see the case
of α Col in Fig. 4). The shape of the visibility variations also
varies from “W” for baselines aligned with the major axis to
“V” for baselines aligned with the minor axis;
• the line equivalent width (EW l) is mainly set by the fit of the

line profile. It needs to be corrected by taking into account
the photospheric absorption line (see Delaa et al. 2011, for
more details);
• the disk FWHM in the emission line (al) influences the drop

of visibility amplitude along all baselines and the ampli-
tude of the “S” shape variations. It can also be constrained

knowing that the phase variations lose this “S” shape for
baselines that fully resolved the disk. This parameter also in-
fluences the double-peak separation: the larger the disk, the
smaller the separation;
• the disk FWHM in the continuum (ac) is mainly derived from

the measurements in the continuum presented in Table 4.
However, it also indirectly influences the amplitude of the
phase variations because it can modify the ratio between
the coherent flux (for an unresolved object) and the inco-
herent one (for a resolved object). The phase variation is
proportional to the photocenter shift only for an unresolved
object. Therefore, the more resolved an object is in the con-
tinuum the smaller will be the phase variations. For exam-
ple, in the case of α Ara, we did not manage to fit the dif-
ferential phase with a disk in the continuum that extends to
FWHM = 3.0 mas as measured by the absolute visibility (see
Table 4), but only with disks smaller than 2 mas. This may
be due to a truncation of the disk, as explained in Chesneau
et al. (2005) and Meilland et al. (2007a), making it depart
from a simple Gaussian shape;
• the inclination angle (i) has a significant influence on the vis-

ibility drop amplitude for baselines close to the polar orienta-
tion. It is well constrained by comparing equatorial and polar
baseline measurements. It also has an effect on the double-
peak separations since it influences the projected rotational
velocity;
• the rotational velocity (Vrot) mainly influences the double-

peak separation and the line “width”. The faster the disk ro-
tates, the larger is the double-peak separation;
• the exponent of the rotation law (β) also influences the

double-peak separation. With a higher value of β, the ve-
locity as a function of the distance drops quicker, and the
double-peak separation is smaller. Therefore, it is quite hard
to distinguish the effect of Vrot and β. However, β also influ-
ences the shape of wings of the line. The higher the value
of β, the larger the line wings. But, as already mentioned in
Delaa et al. (2011), the wings of Be star emission lines can
be highly affected by non-kinematic broadening cause by
non-coherent scattering, so that it remains hard to set both
Vrot and β unambiguously. Nevertheless, value of β of less
than 0.3 yields variations that are too sharp, which are not
realistic.
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Modèles	
  de	
  disques	
  de	
  gaz	
  et	
  poussière	
  
(e.g.:	
  étoiles	
  Be	
  et	
  supergéantes	
  B[e])	
  

FRACS:	
  Fast	
  Ray-­‐tracing	
  Algorithm	
  for	
  Circumstellar	
  Structures	
  
Niccolini,	
  Bendjoya,	
  Domiciano	
  de	
  Souza	
  (2011)	
  

Transfert	
  radia=f	
  simplifié	
  (tracé	
  de	
  rayon,	
  sans	
  diffusion)	
  

	
  Evolu=ons	
  prévues:	
  
•  Modèles	
  avec	
  raies	
  spectrales	
  (commençant	
  par	
  H)	
  +	
  con=nu	
  (ff,	
  n)	
  
•  Traitement	
  de	
  différentes	
  géométries	
  et	
  des	
  opacités	
  élevées	
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A. Domiciano de Souza et al.: FRACS modelling - disc parameters of CPD-57◦ 2874 from VLTI/MIDI.II.

same spectral sampling (nλ = 10 wavelengths points) was
adopted for the VLTI/MIDI visibilities and spectrum. This
choice also provides faster calculations because it is not nec-
essary to compute model images at too many wavelengths.

We have performed a χ2 minimisation simultaneously on the
VLTI/MIDI visibilities and fluxes using a Levenberg-Marquardt
(LM) algorithm (Markwardt 2008). In order to treat the visi-
bilities and fluxes on the same level (similar weights) we have
minimised a χ2 like quantity defined as (see further details in
Paper I):

χ2 =

nλ∑

j=1

nB∑

k=1

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

⎛
⎜⎜⎜⎜⎜⎝

Vobs
j,k − V j,k

σV, j,k

⎞
⎟⎟⎟⎟⎟⎠

2

+

⎛
⎜⎜⎜⎜⎜⎝

Fobs
j − F j

σF, j

⎞
⎟⎟⎟⎟⎟⎠

2⎤⎥⎥⎥⎥⎥⎥⎥⎦ , (6)

where Vobs
j,k and V j,k are the observed and modelled visibility

modulus wavelength index j and for baseline index k, Fobs
j and

F j are the observed and modelled mid-IR fluxes. σV, j,k and σF, j
are the estimated errors on the visibilities and fluxes.

The starting parameter values for the fit were determined
from physical considerations of the CSE and from the previous
results from DS07. Below we consider the reduced χ2 defined
by χ2

r = χ
2/(2nBnλ − nfree), where nfree = 10. The LM algorithm

stops when the relative decrease in χ2
r is less then 10−3. For the

CPD-57◦ 2874 data, the LM algorithm reaches the χ2
r minimum

(χ2
min,r) in a few hours (≃2–3 h) on a single CPU.

Figure 2 shows the intensity map of the model correspond-
ing to χ2

min,r (best-fit model) for our distance estimate of 1.7 kpc,
which also corresponds to the lowest χ2

min,r. The visibilities and
fluxes for the best-fit model are shown, together with the obser-
vations, in Figs. 3 and 4. These plots show that the model well
reproduces most observations within their uncertainties for both
adopted distances (1.7 and 2.5 kpc). In particular the slightly
curved shape of the visibilities is well reproduced by FRACS.
The models indicate that this curved shape is probably caused
by the combined fact (1) that the intensity maps have different
relative contributions from the central source and from the dusty
CSE at different wavelengths, (2) that the optical properties of
the adopted dust grains are wavelength-dependent even if there
is no strong silicate feature seen in the spectrum, and (3) that
the angular resolution significantly changes along the observed
wavelengths.

The model parameters at χ2
min,r and their uncertainties are

listed in Table 4. The derived parameters are almost indepen-
dent of the adopted distance, except of course for those scaling
with the distance. The uncertainties of the parameters have been
estimated from χ2

r maps calculated with 21 × 21 points for each
pair of free parameters (45 pairs) and centred on the χ2

min,r po-
sition. All 45 χ2

r maps are shown in Fig. 5 for d = 1.7 kpc.
These maps show that the χ2

r space presents a well defined χ2
min,r,

without showing several local minima in the parameter domain
explored. Additionally, they provide visual and direct informa-
tion on the behaviour of the model parameters in the vicinity
of χ2

min,r, revealing, for instance, potential correlations between
certain parameters.

We have estimated the parameter uncertainties in a conser-
vative way by searching for the maximum parameter extension
in all χ2

r maps corresponding to χ2
min,r+∆χ

2, where ∆χ2 = 1 (see
contours in Fig. 5). This choice of ∆χ2 sets a lower limit confi-
dence region of ≃60% to the parameter uncertainties. This limit
results from two extreme assumptions about the data:

– data points per baseline are completely dependent (corre-
lated): because the same set of stars is used to calibrate all

Fig. 2. Intensity map of CPD-57◦ 2874 at 10 µm for the best-fit
FRACS model obtained for a distance d = 1.7 kpc (see Table 4). The
image scale is in log of the specific intensity Is

λ.

visibilities of a given baseline, we can consider a limiting
case where all these visibilities are correlated. This assump-
tion implies that only 10 independent visibility observations
are available (this corresponds to the number of baselines).
The flux at each spectral channel can still be considered to be
independent. This pessimistic assumption leads to the lower
limit of ≃60% to the formal confidence level for ∆χ2 = 1,
corresponding to only 20 independent observations (10 base-
lines and 10 fluxes),

– all data points are completely independent (uncorrelated): an
upper limit of ≃100% of formal confidence level is obtained
if we assume that all data points are independent. Then the
uncertainties derived from ∆χ2 = 1 are very conservative
(overestimated).

Hence the parameter uncertainties given in Table 4 correspond
to a confidence level of at least 60%, but most probably they are
somewhat overestimated.

In the next section we present a physically motivated discus-
sion of the derived model parameters of CPD-57◦ 2874.

6. Discussion

6.1. Geometrical parameters (PAd , Rin, and i)

Let us first compare the derived geometrical parameters (PAd,
Rin, and i) with those previously obtained by DS07 from ellipti-
cal Gaussian models fitted on a sub-set of the VLTI/MIDI data
used here.

The geometrical parameter PAd can be directly compared
with the major-axis position angle of the ellipse previously deter-
mined by DS07 (≃143◦−145◦). As expected, the two estimates
of PAd are identical within their error bars.

Because the bulk of the thermal IR emission comes from
the internal regions of the disc, one can expect the inner dust
angular radius (Rin/d) to be comparable to (or slightly smaller
than) the major-axis half width at half maximum (HWHM) of
an elliptical Gaussian. Indeed, the Rin/d derived here agrees with
the major-axis HWHM (=0.5FWHM) given by DS07: 4.5 <
HWHM (mas) < 8.0.

Domiciano de Souza et al. (2007) estimated a CSE view-
ing angle i ∼ 30◦−60◦ from the minor- to major-axis ratio of
the fitted elliptical Gaussian model. This estimate agrees fairly
well with the more precise determination of this parameter given
here.

A22, page 5 of 11
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Grille	
  modèles	
  disque	
  de	
  gaz	
  et	
  poussière	
  
(e.g.:	
  étoiles	
  supergéantes	
  B[e])	
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Grid of Supergiant B[e] Models from HDUST Radiative Transfer 151

Figure 1. Left: SED for a typical HDUST B[e] model of the grid shown at all
9 inclination angles. Hydrogen lines chosen to be present in the SED are written
in the figure. Wavelengths range from UV to mid-IR and SED fluxes are given
in λFλ. Right: Examples of grid intensity maps at 4 selected wavelengths (near-
to mid-IR) corresponding to a chosen model SED. These images can be used to
compute HASR quantities, such as spectro-interferometric visibilities and differen-
tial phases, that can be directly compared to observations performed with present
(CHARA/VEGA, VLTI/AMBER, VLTI/MIDI) and near-future (VLTI/MATISSE)
beam-combiners. The operating wavelength range these spectro-interferometers are
indicated. The relative influences of the central star and the gas+dust CSE are clearly
seen in the SED and the images at different wavelengths. For example, note that,
compared to the dust disk emission, the central gas disk has a stronger contribution
in the Brγ image than in the image at 2 µm (close continuum).

obtained from the parameter m:

∆θdust = cos
−1

⎡

⎢

⎢

⎢

⎢

⎢

⎣

(

A1 − 1

2A1

)1/m
⎤

⎥

⎥

⎥

⎥

⎥

⎦

(dust opening angle). (4)

3. The HDUST Grid of B[e] Models

Tables 1 and 2 show parameter fixed and variable values for the central star, wind, and
CSE composition of the HDUST grid models. In addition, the models are calculated
at 9 different inclination angles i (see Fig. 1) and 2 different spatial scales, which are
adapted to the field of view and spatial resolution of VEGA and AMBER (images
6000R⊙ × 6000R⊙), and MIDI and MATISSE (images 30 000R⊙ × 30 000R⊙). This
amounts to 3 (Teff) × 2 (dṀ(0

◦)/dΩ) × 3 (m) × 4 (grain size and density) × 9 (i) × 2
(spatial scale) models, corresponding to a total of 1296 models.

For each model we computed an spectral energy distribution (SED), ranging from
the UV (0.1 µm) to the mid-IR (50 µm), and intensity maps at 34 wavelength bins cov-
ering the visible, near- and mid-IR. Spectro-interferometric observations can be directly
obtained (via Fourier transform) from these intensity maps. The wavelength bins are
particularly optimized to interpret observations fromVLTI/AMBER (LR-JHK andMR-
K bands) and VLTI/MIDI (LR N band). The models are available upon request.

Modèles	
  avec	
  code	
  de	
  transfert	
  radia=f	
  HDUST	
  (A.C.Carciofi)	
  
SED,	
  spectres	
  et	
  images	
  

	
  Evolu=ons	
  prévues:	
  
•  Extension	
  de	
  la	
  grille	
  (longueur	
  d’onde	
  et	
  paramètres)	
  
•  Créa=on	
  d’ou=ls	
  pour	
  interpréter	
  les	
  observa=on	
  

Do
m
ic
ia
no

	
  d
e	
  
So
uz
a	
  
&
	
  C
ar
ci
ofi

	
  (2
01

2)
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Total	
  de	
  1296	
  modèles	
  
Modèles	
  calculés	
  avec	
  le	
  code	
  de	
  transfert	
  radia;f	
  Monte	
  Carlog	
  HDUST	
  (A.C.Carciofi)	
  
Calculs	
  réalisés	
  sur	
  le	
  Mésocentre	
  SIGAMM	
  à	
  l’OCA	
  
hLps://lagrange.oca.eu/spip.php?rubrique771	
  	
  
Domiciano	
  de	
  Souza	
  &	
  Carciofi	
  (2012)	
  

152 Domiciano de Souza and Carciofi

Table 2. Gas and dust parameters of HDUST grid of B[e] models

Parameter Value

Gas parameters
Composition Hydrogen

Number of levels 25

Common dust parameters

Composition Amorphous silicate
Dust distribution index n -3.5 (MRN law; Mathis et al. 1977)
Tdestruction 1500K
Gas to dust ratio 200

Dust model 1 Dust model 2

Grain size amin–amax 1–50 µm 0.05–50 µm

Grain density ρdust 0.1, 1.0 g cm−3 0.1, 1.0 g cm−3
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Be	
  Atlas:	
  modèles	
  avec	
  code	
  de	
  transfert	
  radia=f	
  HDUST	
  

Travail	
  basé	
  sur	
  la	
  thèse	
  de	
  doctorat	
  de	
  D.Moser	
  Faes	
  (06/10/2015)	
  
(co-­‐tutelle	
  dirigé	
  par	
  A.C.Carciofi	
  et	
  A.Domiciano	
  de	
  Souza)	
  

Vidéo	
  modèle	
  

Bandes	
  spectrales	
  des	
  modèles:	
  
UV,	
  SED,	
  Ha,	
  Hb,	
  Hg,	
  Hd,	
  H5,	
  H6,	
  
H7,	
  H8,	
  H9,	
  H10,	
  H11,	
  H12,	
  H,	
  J,	
  
K,	
  Br13,	
  Brg,	
  L,	
  M,	
  N,	
  Q1,	
  Q2	
  

	
  SED,	
  spectres	
  et	
  images	
  

Modèles	
  disponibles	
  en	
  format	
  
binaire	
  XDR	
  
	
  
Librairies	
  Python	
  (PyHdust)	
  
hLp://astroweb.iag.usp.br/
~moser/doc/index.html	
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q Diamètres	
  angulaires	
  et	
  calibra=on	
  

q Pulsa=on	
  
q Rota=on	
  
q Convec=on,	
  assombrissement	
  centre-­‐bord	
  

Ces	
  modèles	
  (polycroma=ques)	
  fournissent	
  en	
  général	
  
SED,	
  spectres	
  et	
  images	
  

	
  

Adaptés	
  à	
  l’exploita=on	
  astrophysique	
  des	
  instruments	
  	
  
VEGA,	
  FRIENDS,	
  AMBER,	
  PIONIER,	
  MIDI,	
  MATISSE	
  

Liste	
  non	
  exhaus=ve	
  



Modèles	
  astrophysiques	
  de	
  photosphères	
  
stellaires:	
  diamètres	
  angulaires	
  et	
  calibra=on	
  

SPIDAST	
  (Cruzalèbes	
  et	
  al.	
  2013,	
  2014,	
  2015)	
  

hLps://forge.oca.eu/trac/spidast	
  	
  

ü  IDL-­‐based	
  rou=nes,	
  can	
  apply	
  to	
  any	
  ground-­‐based	
   interferometer	
  
with	
  any	
  wavelength	
  range	
  and	
  spectral	
  resolu=on	
  

ü  Robust	
   determina=on	
   of	
   angular	
   diameter	
   of	
   the	
   interferometric	
  
calibrators	
  

ü  Accurate	
   spectral	
   and	
   interferometric	
   calibra=on	
   of	
   flux,	
   visibility,	
  
closure	
  phase,	
  complex	
  bispectrum	
  

ü  Measurement	
  of	
  departure	
  from	
  centrosymmetry	
  (CSP	
  parameter)	
  

ü  Fiung	
   of	
  model	
   parameters	
   for	
   single-­‐component	
   and	
   composite	
  
1D	
  and	
  2D	
  chroma=c	
  models	
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photosphères	
  stellaires:	
  pulsa=on	
  

images dans pour différents canaux spectraux dans la raie  

Modèles astrophysiques  

de céphéides 

(spectres et images) 

N. Nardetto, A. Fokin, D. Mourard, 
Ph. Mathias, P. Kervella, D. 
Bersier, 2004, A&A, 428, 131  
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  :	
  Code	
  for	
  High	
  Angular	
  Resolu=on	
  of	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Rota=ng	
  Objects	
  in	
  Nature	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Intensity maps Iλ(θ, φ) 
of stellar photosphere 

at given λ 
 

2.2. Equilibrium structure of fast-rotating stars
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Figure 2.3 – Specific intensity I⁄ (V, H, and K photometric bands starting from the left column) and
Te� (right column) maps for a fast-rotating B type star computed with CHARRON (Sect. 2.5.1).
Models were created for � = 0.20 and veq = 290 km s�1 = 0.929vc at different inclinations
i = 0⇥, 45⇥, 60⇥, 90⇥, plotted in each row. Horizontal and vertical spatial scales are normalized
by the equatorial radius Req. Further parameters of the models are given in Table 2.1.

23

2.
2.

E
qu

ili
br

iu
m

st
ru

ct
ur

e
of

fa
st

-r
ot

at
in

g
st

ar
s

1.
4•

10
5

2.
7•

10
5

3.
9•

10
5

5.
2•

10
5

6.
4•

10
5

In
te

ns
ity

 I 
V_

i0
 (W

/m
2 /n

m
/s

ra
d)

5.
49

•1
03

7.
16

•1
03

8.
83

•1
03

1.
05

•1
04

1.
22

•1
04

In
te

ns
ity

 I 
H

_i
0 

(W
/m

2 /n
m

/s
ra

d)

19
47

24
42

29
37

34
32

39
27

In
te

ns
ity

 I 
K_

i0
 (W

/m
2 /n

m
/s

ra
d)

1
1

.2
1

2
.8

1
4

.5
1

6
.2

1
7

.8

E
ff

e
ct

iv
e

 t
e

m
p

e
ra

tu
re

 T
e
ff
 (

kK
)

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

V_
i0

 @
 �

=5
45

.0
00

nm

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

H
_i

0 
@

 �
=1

63
0.

00
0n

m

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

K_
i0

 @
 �

=2
19

0.
00

0n
m

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

x/
R

e

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

y/Re

1.
23

•1
05

2.
45

•1
05

3.
67

•1
05

4.
88

•1
05

6.
10

•1
05

In
te

ns
ity

 I 
V_

i4
5 

(W
/m

2 /n
m

/s
ra

d)

5.
12

•1
03

6.
81

•1
03

8.
50

•1
03

1.
02

•1
04

1.
19

•1
04

In
te

ns
ity

 I 
H

_i
45

 (W
/m

2 /n
m

/s
ra

d)

18
41

23
43

28
46

33
49

38
51

In
te

ns
ity

 I 
K_

i4
5 

(W
/m

2 /n
m

/s
ra

d)

1
1

.2
1

2
.8

1
4

.5
1

6
.2

1
7

.8

E
ff

e
ct

iv
e

 t
e

m
p

e
ra

tu
re

 T
e
ff
 (

kK
)

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

V_
i4

5 
@

 �
=5

45
.0

00
nm

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

H
_i

45
 @

 �
=1

63
0.

00
0n

m

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

K_
i4

5 
@

 �
=2

19
0.

00
0n

m

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

x/
R

e

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

y/Re

1.
23

•1
05

2.
38

•1
05

3.
52

•1
05

4.
67

•1
05

5.
82

•1
05

In
te

ns
ity

 I 
V_

i6
0 

(W
/m

2 /n
m

/s
ra

d)

5.
11

•1
03

6.
75

•1
03

8.
38

•1
03

1.
00

•1
04

1.
16

•1
04

In
te

ns
ity

 I 
H

_i
60

 (W
/m

2 /n
m

/s
ra

d)

18
38

23
26

28
13

33
01

37
88

In
te

ns
ity

 I 
K_

i6
0 

(W
/m

2 /n
m

/s
ra

d)

1
1

.2
1

2
.8

1
4

.5
1

6
.2

1
7

.8

E
ff

e
ct

iv
e

 t
e

m
p

e
ra

tu
re

 T
e
ff
 (

kK
)

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

V_
i6

0 
@

 �
=5

45
.0

00
nm

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

H
_i

60
 @

 �
=1

63
0.

00
0n

m

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

K_
i6

0 
@

 �
=2

19
0.

00
0n

m

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

x/
R

e

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

y/Re

1.
26

•1
05

2.
19

•1
05

3.
11

•1
05

4.
04

•1
05

4.
96

•1
05

In
te

ns
ity

 I 
V_

i9
0 

(W
/m

2 /n
m

/s
ra

d)

5.
19

•1
03

6.
60

•1
03

8.
02

•1
03

9.
44

•1
03

1.
09

•1
04

In
te

ns
ity

 I 
H

_i
90

 (W
/m

2 /n
m

/s
ra

d)

18
59

22
88

27
17

31
46

35
76

In
te

ns
ity

 I 
K_

i9
0 

(W
/m

2 /n
m

/s
ra

d)

1
1

.2
1

2
.8

1
4

.5
1

6
.1

1
7

.8

E
ff

e
ct

iv
e

 t
e

m
p

e
ra

tu
re

 T
e
ff
 (

kK
)

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

V_
i9

0 
@

 �
=5

45
.0

00
nm

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

H
_i

90
 @

 �
=1

63
0.

00
0n

m

−1
.0

−0
.5

0.
0

0.
5

1.
0

x/
R

e

−1
.0

−0
.50.
0

0.
5

1.
0

y/Re

K_
i9

0 
@

 �
=2

19
0.

00
0n

m

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

x/
R

e

−
1
.0

−
0
.5

0
.0

0
.5

1
.0

y/Re

Fi
gu

re
2.

3
–

S
pe

ci
fic

in
te

ns
ity

I ⁄
(V

,H
,a

nd
K

ph
ot

om
et

ric
ba

nd
s

st
ar

tin
g

fro
m

th
e

le
ft

co
lu

m
n)

an
d

T
e�

(r
ig

ht
co

lu
m

n)
m

ap
s

fo
ra

fa
st

-r
ot

at
in

g
B

ty
pe

st
ar

co
m

pu
te

d
w

ith
C

H
A

R
R

O
N

(S
ec

t.
2.

5.
1)

.
M

od
el

s
w

er
e

cr
ea

te
d

fo
r

�
=

0.
20

an
d

v e
q

=
29

0k
m

s�
1

=
0.

92
9v

c
at

di
ffe

re
nt

in
cl

in
at

io
ns

i
=

0⇥ ,
45

⇥ ,
60

⇥ ,
90

⇥ ,
pl

ot
te

d
in

ea
ch

ro
w

.
H

or
iz

on
ta

la
nd

ve
rt

ic
al

sp
at

ia
ls

ca
le

s
ar

e
no

rm
al

iz
ed

by
th

e
eq

ua
to

ria
lr

ad
iu

s
R

eq
.F

ur
th

er
pa

ra
m

et
er

s
of

th
e

m
od

el
s

ar
e

gi
ve

n
in

Ta
bl

e
2.

1.

23

At each surface grid element:  
θ, φ,	
  µ,	
  Teff,	
  geff	
  vproj,dSproj	
  

	
  

Surface	
  2D	
  grid	
  from	
  
physical	
  model	
  of	
  

rota;ng	
  star	
  

	
  Domiciano	
  de	
  Souza	
  et	
  al.	
  2002,	
  2012	
  



Modèles	
  astrophysiques	
  de	
  photosphères	
  stellaires:	
  
convec=on,	
  limb	
  darkening	
  



Modélisa=on	
  astrophysique	
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Les	
  ou=ls	
  de	
  modélisa=on	
  doivent	
  également	
  être	
  adaptés	
  à	
  
l’ajustement	
   de	
   modèles	
   par	
   différentes	
   méthodes	
  
permeLant	
  de	
  contraindre	
  les	
  paramètres	
  physiques	
  d’entrée	
  
et	
  d’es=mer	
  leurs	
  incer=tudes.	
  

Intersec=ons	
  possibles/nécessaires	
  avec	
  les	
  ou=ls	
  existants	
  au	
  
JMMC,	
  en	
  par=culier	
  LITPro	
  

Développement/mise	
   à	
   disposi=on	
   de	
   divers	
   ou=ls	
   de	
  
modélisa=on	
   allant	
   des	
   plus	
   simples	
   aux	
   plus	
   complexes	
   en	
  
fonc=on	
   des	
   besoins	
   des	
   u=lisateurs,	
   des	
   objec=fs	
  
scien=fiques,	
  des	
  données	
  disponibles	
  et	
  de	
  leurs	
  qualité.	
  



Organigramme	
  fonc=onnel	
  du	
  service	
  

Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  

Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  

Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  

Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  

Comité	
  de	
  
pilotage	
  

scien1fique	
  	
  

Service	
  	
  

	
  
	
  (A.Domiciano)	
  

Support	
  
technique	
  	
  

Pôle	
  théma;que	
  JMMC	
  	
  
(G.	
  Duvert)	
  

Services	
  
HRA	
  

	
  (ASPRO,	
  LITPro,	
  etc)	
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Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  



Imagerie	
  interférométrique	
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Coordina=on	
  avec	
  le	
  service	
  JMMC	
  Image	
  reconstruc=on	
  avec	
  
des	
  logiciels	
  développés	
  à	
  l’OCA	
  (en=èrement	
  ou	
  dans	
  le	
  cadre	
  
des	
  collabora=ons).	
  

Développement/u=lisa=on	
  d’ou=ls	
  de	
  reconstruc=on	
  d’images	
  
polychroma=ques	
  pour	
  	
  tels	
  que:	
  

SelfCal	
  (F.Millour	
  et	
  al.)	
  :	
  
hLps://forge.oca.eu/trac/fitOma=c/wiki/self-­‐cal	
  	
  

Painter	
  (A.Ferrari	
  et	
  al.):	
  
hLps://www-­‐n.oca.eu/aferrari/painter/	
  	
  

Voir	
  exposé	
  de	
  E.	
  Thiébaut	
  sur	
  la	
  reconstruc=on	
  
d’images	
  et	
  les	
  ou=ls	
  disponibles.	
  

Voir	
  exposé	
  de	
  F.	
  Millour	
  sur	
  SelfCal.	
  



Organigramme	
  fonc=onnel	
  du	
  service	
  

Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  

Imagerie	
  
interférométrique	
  	
  
(resp.	
  à	
  définir)	
  

Analyse	
  experte	
  de	
  
données	
  HRA	
  
(resp.	
  à	
  définir)	
  

Confronta;on	
  aux	
  
modèles	
  et	
  
modélisa;on	
  	
  
(resp.	
  à	
  définir)	
  

Comité	
  de	
  
pilotage	
  

scien1fique	
  	
  

Service	
  	
  

	
  
	
  (A.Domiciano)	
  

Support	
  
technique	
  	
  

Pôle	
  théma;que	
  JMMC	
  	
  
(G.	
  Duvert)	
  

Services	
  
HRA	
  

	
  (ASPRO,	
  LITPro,	
  etc)	
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Assistance	
  et	
  forma;on	
  u;lisateurs	
  
(resp.	
  à	
  définir)	
  



Assistance	
  et	
  forma=on	
  u=lisateurs	
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L’exploita=on	
   op=male	
   des	
   instruments	
   HRA	
   passe	
  
également	
  par	
  un	
  besoin	
  de	
  forma=on	
  aux	
  quan=tés	
  que	
  
peut	
  mesurer	
  la	
  HRA	
  et	
  à	
  leurs	
  limites	
  en	
  sensibilités	
  et	
  en	
  
précision.	
  	
  
	
  
Aider	
  les	
  u=lisateurs	
  novices	
  à	
  prendre	
  en	
  charge	
  les	
  ou=ls	
  
nécessaires	
   aux	
   étapes	
   clefs	
   de	
   l’exploita=on	
   des	
  
instruments	
  HRA.	
  
	
  
Structure	
  d’accueil	
  à	
  meLre	
  en	
  place.	
  



Assistance	
  et	
  forma=on	
  u=lisateurs	
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Visites	
  des	
  u=lisateurs	
  à	
  des	
  dates	
  définies	
  d’avance	
  (typiquement	
  2-­‐3	
  
mois	
   avant	
   les	
   deadlines	
   des	
   demandes	
   de	
   temps)	
   ainsi	
   que	
   2	
   ou	
   3	
  
séances	
  par	
  an	
  pour	
  la	
  réduc=on	
  et	
  l’analyse	
  avancée	
  de	
  données	
  et	
  la	
  
modélisa=on	
  astrophysique	
  associée:	
  
	
  
q Modélisa;on	
  astrophysique	
  pour	
  préparer	
  et	
  op;miser	
  les	
  

demandes	
  de	
  temps.	
  
q Analyse	
  avancée	
  des	
  données	
  :	
  avoir	
  le	
  meilleur	
  rapport	
  

signal-­‐à-­‐bruit	
  possible.	
  
q Première	
  interpréta;on	
  astrophysique	
  des	
  observa;ons	
  

Une	
   interpréta=on	
   plus	
   approfondie	
   des	
   observa=ons	
   se	
   fera	
  
dans	
  le	
  cadre	
  des	
  collabora=ons	
  scien=fiques	
  entres	
  chercheurs.	
  



Assistance	
  et	
  forma=on	
  u=lisateurs	
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Service	
  à	
  coordonner	
  avec	
  les	
  futurs	
  
VLTI	
  Regional	
  Centers	
  
(cf.	
  exposé	
  G.Duvert)	
  

Ac=vités	
  associées	
  à	
  ceLe	
  par=e	
  du	
  service	
  	
  :	
  

q La	
  mise	
  en	
  place	
  des	
  algorithmes	
  d’analyse	
  avancée	
  de	
  
données	
  et	
  de	
  la	
  procédure	
  op=male	
  de	
  réduc=on.	
  

q  Interface	
  de	
  contact	
  et	
  procédures	
  d’accueil	
  des	
  
u=lisateurs	
  pour	
  la	
  réduc=on/interpréta=on	
  de	
  
données.	
  

q L’alimenta=on	
  d’une	
  base	
  de	
  données	
  réduites.	
  


