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ArWst(view(

Vinicius(et(al.(2006(

S. Kanaan et al.: Disk and wind evolution of Achernar: the breaking of the fellowship 793

Fig. 15. Normalized intensity as a function of the normalized DPS for
the 1991−2002 Vinicius et al. (2006) data period.

Since at the maximum of emission (in 1993), the DPS was
211 km s−1, the corresponding disk extension was 4.8 R⋆.

We gathered data between 1960 and 1990, from the literature
works of Jaschek et al. (1964), Andrews et al. (1966), Dachs
et al. (1977, 1981, 1986, 1992) and Hanuschik et al. (1988,
1996). Since the data quality varies significantly from one ref-
erence to another, we were unable to determine the DPS for all
of the 1960−1990 data, but only for data since 1973. Since the
global Hα line intensities were difficult to determine, we decided
to classify the profiles into three categories: lines in absorption;
central absorption and weak emission in the wings; and strong
emission. Presented in Fig. 16 including data from Vinicius et al.
(2006), these data indicate that both the DPS and line-intensity
variation appear to be quasi-periodic, with a pseudo-period of
between 12 and 16 years. As found by Vinicius et al., the varia-
tions in DPS and emission strength appear to be anticorrelated,
and the DPS minimum value, in 1979, of 250 km s−1, is close to
the 1994 value of 211 km s−1.

We note that for all models presented in Sect. 4, we verified
that the Hα line-profile, determined using SIMECA, in particular
for the polar-wind scenario, was weak and more or less consis-
tent with the observations. A typical, line-profile, with the global
parameters from Table 1, is plotted in Fig. 13.

5.2. 2D kinematical model

To test several hypotheses for the disk formation/dissipation pro-
cesses, we developed a simple, 2D-axisymmetric, kinematical,
model, assuming an optically-thin disk and without considering
the effects of either disk projection on to the photosphere or disk
occultation by the star.

We start by establishing the 1D expansion velocity field,
vr(r), in the disk (200 radial points corresponding to 12 R⋆).
These values can evolve in time but do not depend on any
forces, which is the reason that is called kinematic and not
a dynamic model. The 1D density distribution, ρ(r), is calcu-
lated for all radii using the continuity equation and assuming
ρ(1) = ρphot. This 1D density distribution is then used to create a

Fig. 16. Hα DPS (dotted line with error bars) and qualitative intensity
(dashed line and diamonds) variations between 1960 and 2002 from var-
ious authors: Jaschek et al. (1964); Andrews et al. (1966); Dachs et al.
(1977, 1981, 1986, 1992); Hanuschik et al. (1988, 1996); and Vinicius
et al. (2006).

2D axisymetric (200 × 200) grid. The rotational, velocity-field,
vφ(r) is defined by:

vφ(r) = Vrot.

⎛
⎜⎜⎜⎜⎜⎝

r
R⋆

⎞
⎟⎟⎟⎟⎟⎠

β

· (10)

Where Vrot is the stellar rotational velocity and β is the exponent
of the rotational-velocity law, β = −0.5 corresponds to Keplerian
rotation, β = −1 to momentum conservation, β = 0 to constant
rotation, and β = 1 to solid body rotation. According to the ob-
servations of Meilland et al. (2007), we assumed the Keplerian
rotation-law in our modeling.

The projected velocity Vx(r, φ), is then calculated by pro-
jecting both Vr and Vφ along the line of sight. The emission
line-profile is then computed by integrating the emission on an
iso-velocity bin between Vx − δv/2 and Vx + δv/2, where δv de-
pends on the velocity sampling. The reconstructed profile has
200 data points with values of velocity ranging from −2V sin i
and 2V sin i.

5.3. Disk formation

The disk formation depends only on two variables: the mass flux
at the equator, and the expansion, velocity-field. Assuming that
both are constant and that the expansion-velocity field does not
depend on the radius (i.e. Vr(r) = const.), we can estimate the
expansion-velocity value in the disk. Its creation timescale is
about 3−5 years (see Fig. 15), and at the maximum of inten-
sity the disk extension is about 4.8 R⋆, which was obtained in
Sect. 5.1 from the DPS, assuming a Keplerian, rotating-disk. The
average, expansion-velocity during disk creation is consequently
approximately 0.27 ± 0.08 km s−1.

In our modeling, we tested two distinct scenarios for the disk
formation. In both scenarios, we consider that the mass flux at
the photosphere,φM(0), is zero at the beginning of the process. In
the first scenario, φM(0) goes instantaneously from zero to φmax
and remains constant throughout the disk formation. In the sec-
ond scenario, φM(0) increases from zero to its maximum value,
with an adjustable, power-law and timescale. In both scenarios,
we consider that the expansion, velocity-field is uniform and sta-
tionary. Its value is fixed to obtain a disk-formation, timescale
that is compatible with observations (i.e. 2−3 years). In Fig. 17,
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BestGfit(parameters(of(Achernar(

A. Domiciano de Souza et al.: The environment of the fast rotating star Achernar.

Table 2. MELHORAR Results from model fitting with emcee code on the PIONIER data (TABLE XX) using CHARRON. The adopted models
are the RVZ (Roche-von Zeipel) alone (middle column) and the RVZ combined with an analytical close component (see text for details on the
models). The emcee parameters are: nwalkers, nburning, nmcmc, initial parameter distribution, parameter range. Following the discussion in
Sect. XX, we fixed the stellar distance (d = 42.75 pc; van Leeuwen 2007), mass (M = 6.1 M⇥; Harmanec; Domiciano 2003 2012, compatible
with binary paper in preparation), and surface averaged temperature (T e⇥ = 15 000 K; Vinicius; Domiciano) during the fitting procedure. The
best-fit values of the parameter are the mean values their final histogram distribution. The parameter uncertainties can be asymmetrical since
they correspond to a range enclosing ±34.15% of the parameter distribution relative to the mean value (this corresponds to the commonly used
68.3% rule for 2 standard deviations in normal distributions). We note however, that the positive and negative uncertainties are identical within
a factor < 2 in all cases. The final parameter distributions are available as online material (DISCUSS THE CORRELATIONS BETWEEN
THE PARAMETERS, Veq AND i IN PARTICULAR: DISCUSS THIS IN THE TEXT). — OLD CAPTION: Parameters and uncertainties
estimated from a Levenberg-Marquardt fit of our model to the VLTI/PIONIER observed on Achernar. The minimum reduced ⌅2 of the fit
is ⌅2

min,r = 1.8. The new HIPPARCOS parallax 23.39±0.57 mas (distance d = 42.75±1.04 pc; HOW TO INCLUDE ERROR IN DISTANCE
IN THE ANALYSIS; The fixed parameters are M, T e⇥ , and d : DISCUSS THEM. As a first approximation the uncertainty in the distance
can be added quadratically to the stellar radius, so that Req has an error of ⌃ 3% CHECK THIS) from van Leeuwen (2007) was adopted
to convert from linear to angular sizes. (see output20130531_0458.txt, r_mcmc20130527_0031_avg.txt)

Free parameters for Best-fit values Values computed
emcee fit with CHARRON model from CHARRON model with the ELR modela

Equatorial radius: Req (R⇥) 9.163+0.034
�0.026 9.163

Equatorial rotation velocity : Veq (km s�1) 298.8+6.9
�5.5 298.9

Rotation-axis inclination angle: i (⌅) 60.6+7.1
�3.9 �

Gravity-darkening coe⇤cient: � 0.166+0.012
�0.010 0.166/0.165 b

Position angle of the visible pole: PArot (⌅) 216.9+0.4
�0.4 �

Derived parameters Values Values
Equatorial angular diameter: /⇤eq = 2Req/d (mas) 1.994 1.994

Polar radius: Rp (R⇥) 6.780 6.780 (input)
Req/Rp; 1 � Rp/Req 1.3515; 0.2601 1.3515; 0.2601 (input)

Mean angular diameter: /⇤ (mas) 1.773 1.773
Veq sin i (km s�1) (put also value from correlation ? ) 260.2 �

Critical rotation ratec: Veq/Vc; �/�c 0.883; 0.980 0.883; 0.980
Keplerian rotation rated: Veq/Vk; �/�k 0.838; 0.838 0.838; 0.838

Polar temperature: Tp (K) 17 124 17 124 (input)
Equatorial temperature: Teq (K) 12 673 12 696

Luminosity: log L/L⇥ 3.4795 3.4676
Equatorial gravity: log geq 2.7720 2.7725

Polar gravity: log gp 3.5607 3.5613
Rotation period: Prot (h) 37.25 37.22

Rotation frequency: ⇥rot (d�1) 0.644 0.645

a The 4 input parameters of the ELR model (Espinosa Lara & Rieutord 2011) are M, Req/Rp, Rp, and Tp. The values of the input parameters were
taken from the best-fit CHARRON model.
b Derived from the co-latitude dependent e⇥ective temperature and gravity, as explained in Sect. 3.4.1 and Fig. 6.
c Critical (Roche model) linear (Vc) and angular (�c) velocities: Vc = �cReq,c =

�
GM/Req,c, with Req,c = 1.5Rp (critical Roche equatorial radius).

d Keplerian (orbital) linear (Vk) and angular (�k) velocities: Vk = �kReq =
�

GM/Req.

3.4.2. Radius and angular diameter

Compare with VINCI and AMBER. Section with model of small
disc.

AMBER versus PIONIER: discuss di⇥erences in inclination,
radii, vsini,

3.4.3. Inclination, rotation velocity and period

The inclination angle i measured in this work is compatible
(within ⌃ 1.5⇤i) with the values (i ⇧ 65 � 70⌅) estimated by
Vinicius et al. (2006) and Carciofi et al. (2007). UPDATE: This
value is lower than the value given by Domiciano de Souza
et al. (2012a): PRESENCE OF DISC ?

Several di⇥erent values have been previously reported on
the projected rotation velocity Veq sin i of Achernar, with mainly
3 distinct sets of values: Veq sin i ⇧ 223 � 235 km s�1 (e.g.
Slettebak 1982; Chauville et al. 2001; Vinicius et al. 2006),
Veq sin i = 292 ± 10 km s�1 (Domiciano de Souza et al. 2012a),

and Veq sin i ⇧ 410 km s�1 (e.g. Hutchings & Stoeckley 1977;
Jaschek & Egret 1982). The Veq sin i determined in the present
work (260 ± km s�1 CALCULATE ERROR AND DISCUSS
THE CORRELATION BETWEEN i AND Veq) lies between
the lower and intermediate values found in the literature.

Such discrepancies can be at least partially explained by the
fact that di⇥erent methods to estimate Veq sin i can lead to di⇥er-
ent results depending on their sensitivity to the non-uniform pho-
tospheric intensity distribution caused by the gravity darkening.
For example, it is known that, because of gravity darkening, the
Veq sin i obtained from visible/IR spectroscopy are generally un-
derestimated in fast rotating stars (Townsend et al. 2004; Frémat
et al. 2005). Moreover, the actual Veq sin i of Achernar seems to
significantly vary in time, as recently shown by RIVINIUS ET
AL. (2013) who put in evidence Veq sin i variations with ampli-
tudes � 35 km s�1 that are correlated to the B/Be phase transi-
tions.

Article number, page 5 of 9



Observed(x(modeled((
Fbol(and(photometry(of(Achernar((

Model(UBVJHK(photometry(of(Achernar(compaWble(with(
phtometric(observaWons((within(0.5G0.1(mag)(

A&A proofs: manuscript no. Achernar_PIONIER

Table 3. Observed and modeled UBVJHK photometry and bolometric flux Fbol of Achernar.

Catalogue or reference U B V J H K Fbol (10�9 W m�2)
2MASS a 0.815 ± 0.254 0.865 ± 0.320 0.880 ± 0.330

NOMAD Tycho-2 b 0.473 0.527
Johnson et al. (1966) 0.32 0.47

Code et al. (1976) 54.4 ± 4.3
Jaschek & Egret (1982) -0.36 0.30 0.46

Nazé (2009) 48.98
Best-fit model (Table 2) -0.279 0.339 0.472 0.783 0.828 0.886 53.05

a Cutri et al. (2003); Skrutskie et al. (2006).
b Hog et al. (2000); Zacharias et al. (2005).
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Fig. 3 Model of Achernar. With a 
rotation of 36.616 deg

Fig. 9. Image reconstruction of Achernar with MIRA using the best-
model as starting image. Chi2=1.5541, angle= 36.616 deg, mu=500,
dim=128, pix=0.072 mas, itmax=500, regul=quadratic, img0=model,
priori=lorentz. UPDATE IMAGE AND CAPTION

Include low spatial frequency data on image reconstruction
?

comparison between WISARD, MIRA, and BSMEM ?
All the necessary precautions taken, the reconstructed im-

ages agree (?) with the model fitting including an additional
component leading to an elongated structure with a PA of the
major-axis at XXX deg.

Although the spatial resolution of the image is rather low
(spatial frequencies restricted to the first visibility lobe) this is, to
our knowledge, the first reconstructed image of the photosphere
of a Be star so far.

5. Close environnement of Achernar: wind,
extended photosphere, residual disc

Residuals from PIONIER data and image reconstruction show
signal/trend indicating another component. The good quality of
PIONIER data allows us to push the analysis further, to measure
more subtle components in the close environment of Achernar

Why the radius derived from PIONIER data is 2 Rsun
smaller than the radius from AMBER HR Br� data(Domiciano
de Souza et al. 2012a), while all the remaining parameters are in

good agreement ? Can we explain the large Req from AMBER
HR Br� data with HDUST and a residual disc ?

5.1. Photospheric physical model plus analytical component
OR Evidences for close circumstellar component

Residuals from PIONIER data show weak (residuals less then
⇥ 3 sigma) but clear trend (remaining signal in the data) as pre-
sented in Figure XX. Interestingly, these residuals show a sim-
ilar structure to those from the previous VINCI observations,
before the inclusion of an additional component by Kervella &
Domiciano de Souza (2006), which was interpreted as a polar
wind. Based on the polar wind hypothesis proposed by Kervella
& Domiciano de Souza (2006), we thus added an analytical
component to the RVZ model and performed a new EMCEE
model fitting. This additional analytical component was cho-
sen to be have 2D Gaussian profile, but its size, elongation and
orientation were left as general as possible to allow EMCEE
to search for solutions with extended or compact components,
located at di�erent positions around the central star. The pa-
rameters and values of this additional analytical component are:
xxxxxxxxxxxxxxxxxxx

Comparison with VINCI H and K data; Domiciano de Souza
et al. (2003) and Kervella & Domiciano de Souza (2006). Agree-
ment with 2008 paper with Carciofi ? Is the VINCIdata still com-
patible with a higher Req/Rp ratio for the present best-fit model
?

Why Veq sin i is higher than values from spectroscopy (225
km/s from spectroscopy; e.g., Vinicius et al. 2006) ? E�ect of
gravity darkening and observation in di�erent lines ? Saturation
of the method using line profiles ?

6. Discussion and conclusions

Main results:
———–
inclination angular diameter equator and polar (flatten-

ing) orientation PA beta von Zeipel (discuss beta value com-
paring with theoretical studies and Che et al. paper) polar
wind/additional component binary position at AMBER observa-
tions (leave it to Kervella paper) use of MCMC: give histograms,
discuss errors, comparison with LM (PUT ALSO IN HDR)

ESTER models, discuss the evolutionary phase of Achernar,
internal mixing (hydrogen content in near the center), etc.
Achernar has probably just quit the main sequence: compare also
with paper Rieutord2013_1305.0496v1.pdf

MELHORAR: From the interferometrically measured fast-
rotators in Table 1 of van Belle (2012), Achernar is the only
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Vinicius(et(al.(2006(

654 M. M. F. Vinicius et al.: Activity in the Be star α Eri

Table 5. Ring radius Rr/Ro and V r
Ω
/Vo
Ω

as a function of RE/Ro and β.

β = 0.0 1.5 2.0 0.0 1.5 2.0
RE/Ro Rr/Ro V r

Ω
/Vo
Ω

2.0 1.5 1.4 1.4 0.83 0.85 0.86
5.0 3.0 2.3 2.0 0.62 0.72 0.76

10.0 5.5 3.2 2.6 0.48 0.66 0.72
15.0 8.0 3.9 2.9 0.41 0.63 0.70
30.0 15.5 5.5 3.5 0.31 0.59 0.69

Table 6. CE parameters from fits of Hα emission line profiles.

Epoch τo Rr/Ro H/R∗ V r
Ω

Vrad β

km s−1

1991 0.15 3.8 3.8 265 0 1.8
1993 1.18 6.0 3.5 197 0 0.2
1994 0.70 5.9 3.8 185 0 –0.1
1995 0.25 5.5 3.5 190 –10 0.1
1998 0.09 3.8 3.5 275 50 2.0
2000 0.08 3.8 2.2 220 255 –0.4
2002 0.13 3.7 2.5 270 –15 1.9

spontaneous emission rate. From Eq. (13) we see that the radi-
ation field of the underlying star determines entirely the value
of the source function, so that η1/2B∗/F∗ = 0.08, where F∗ is
the stellar continuum flux.

We assumed that in the CE the pressure broadening ef-
fects on the line can be neglected. The wavelength-dependent
Hα line optical depth is then written as:

τλ = τoΦ(∆λ) (14)

where Φ is the Gauss function. The wavelength displace-
ment ∆λ is produced by the total velocity of the ring projected
along the line of sight ±µVrad ± (1− µ2)1/2V r

Ω
, where Vrad is the

velocity in the radial direction; V r
Ω

is the ring rotational veloc-
ity; µ = cos (radial direction, line of sight); the signs are chosen
according to the quadrant of the ring facing the observer and
whether it concerns the front or rear part of the ring.

The observed Hα line profiles were fitted with the calcu-
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Fig. 12. Hα line profiles from 1991 (bottom) to 2002 (top). These pro-
files have the photospheric line component subtracted, so that the con-
tinuum level is set to zero. Observed profiles are in full lines and model
fits are in dashed lines. In the bottom the Hα line profile in 1999 is
shown that we considered to represent the photospheric absorption.

because we used the same absorption photospheric line profile
for all observed epochs.

5.2. Characteristics and evolution of the circumstellar
disc

In general, a non negligible ring/disc effective height H/R∗ ∼
3.4±0.6 is required. This is the consequence of the small source
function determined only by the stellar effective temperature
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Fig. 2.—Squared visibilities for the models of Table 2 (solid lines), along the polar (upper curves) and equatorial (lower curves) directions. The dashed lines
represent the K-band visibilities for uniform-disk (UD) angular diameters of 1.62 mas and 2.53 mas derived by D03; the corresponding !1 j uncertainties are
shown as light-color bands. These UD diameters indicate the maximum (equatorial direction) and minimum (polar direction) sizes measured on Achernar in the
K band with VLTI/VINCI. The vertical dotted lines indicate the maximum baseline available from the VLTI data. The insets show the model image in the K
band, in logarithmic scale. The bottom right plot shows the squared visibilities for a gravity-darkened Roche star at near-critical velocity (models 1–3) without
the disk and indicates, as shown by D03, that such a model does not reproduce the observations. [See the electronic edition of the Journal for a color version of
this figure.]

TABLE 2
Model Parameters

Model Q/Qcrit

r0

(g cm!3) Rd

H
( )R, R /Req p T /Tp eq

Ha EW
( )Å

PB

(%) EK

1 . . . . . . 0.999999 !111.0 # 10 13.7 0.45 1.5 5.8 0.10 0.02 0.17
2 . . . . . . 0.999999 !123.8 # 10 19.1 0.45 1.5 5.8 !0.34 0.10 0.14
3 . . . . . . 0.999999 !122.6 # 10 16.1 1.1 1.5 5.8 !0.27 0.12 0.12
4 . . . . . . 0.992 !111.0 # 10 13.7 0.45 1.4 1.8 0.20 0.31 0.15
5 . . . . . . 0.992 !121.7 # 10 13.7 0.91 1.4 1.8 !0.05 0.15 0.03

Model 1 corresponds to a small and relatively dense disk, with
given by equation (2); i.e., model 1 corresponds to a diskH0

in vertical hydrostatic equilibrium. For this model the visibility
curves match very well the observations and the polarization
is within the adopted limit, but the Ha emission is very weak,
as a result of the small disk size.

One way to increase the Ha emission is to make the disk
larger. For model 2 we adopted a larger value for , but theRd

density had to be decreased in order to keep the polarization
within the adopted limit. This model reproduces well both the
visibility curves and the Ha EW.

Another way of increasing the line emission is to raise the
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TABLE 1
Fixed Stellar Parameters

Parameter Value Reference

. . . . . . . . . . . . . .Rpole 7.3 R, This work
Tpole . . . . . . . . . . . . . . 20000 K This work
Luminosity . . . . . . 3150 L, This work

. . . . . . . . . . . . . .Vcrit 350 km s!1 Vinicius et al. 2006
Inclination . . . . . . . 65! Carciofi et al. 2007
Distance . . . . . . . . . 44.1 pc Perryman et al. 1997

Fig. 1.—Emergent spectrum for models 1–5. Top left: Visible SED. The
red triangles correspond to BVR photometry from the NOMAD catalog (Zach-
arias et al. 2005), for which no observational errors were available. Top right:
IR SED. The JHK photometry is from the 2MASS catalog (Cutri et al. 2003)
and the mid-IR photometry is from Kervella & Domiciano de Souza (2007).
The observational errors for the mid-IR data are of the order of 2%. Bottom
left: Continuum polarization. Bottom right: Ha emission profile. The red curve
corresponds to the residual emission profile of Vinicius et al. (2006).

stellar rotation rate, , the ratio between the equatorial andQ/Qcrit

polar radii is determined from the Roche approximation for the
stellar surface equipotentials (Frémat et al. 2005). For the grav-
ity darkening we use the standard von Zeipel flux distribution
(von Zeipel 1924), according to which F(v) ∝ g (v) ∝eff

, where and are the effective gravity and tem-4T (v) g Teff eff eff

perature at stellar latitude v. In HDUST, the star is divided into
a number of latitude bins (typically 50) that have an associated

and and emit with a spectral shape given by the cor-T geff eff

responding Kurucz model atmosphere (Kurucz 1994).
For the disk density distribution we assume the following

expression:

2 2r R R !z0 eq eqr(", z) p exp , (1)( ) ( )2! " H2pH

which is similar to the density distribution of an isothermal
viscous decretion disk in vertical hydrostatic equilibrium (e.g.,
Carciofi et al. 2006). In the above equation, " is the radial
distance in cylindrical coordinates, is the equatorial radiusReq

of the star, and is the disk density scale. We write the diskr0

vertical scale height, H, as

1.5"
H p H , (2)0 ( )Req

where is the scale height at the base of the disk. For iso-H0

thermal disks in vertical hydrostatic equilibrium H p0

, where a is the sound speed and the critical velocity,!1aV Rcrit eq

, is the Keplerian orbital speed at the stellar1/2V { (GM/R )crit eq

surface.
We chose a set of fixed stellar parameters, listed in Table 1.

The value for the polar radius came directly from the inter-
ferometry, once we fixed the stellar inclination angle to be 65!
after the recent work of Carciofi et al. (2007). It is worth noting,
however, that the results we show below are little affected if
we allow the inclination angle to vary within a reasonable range
(say, "5!). The value for the stellar luminosity was obtained
by fitting the available photometric data (see legend of Fig. 1).

Each model of the star plus disk system has four free pa-
rameters: (1) the stellar angular rotation rate, , (2) theQ/Qcrit

disk density scale, , (3) the disk outer radius, , and (4) ther R0 d

disk scale height, .H0

We have two well-known observational constraints, namely,
the 2002 interferometric observations (D03) and the 2002 Ha
line profile (Vinicius et al. 2006, fig. 12). Unfortunately, no
contemporaneous measurement of the linear polarization exists,
but we can impose, with a reasonable level of confidence, an
upper limit for the polarization based on the recent results of
Carciofi et al. (2007). In that Letter, the results of a polarization
monitoring of Achernar, carried out between 2006 July and
November, is reported. Those measurements were taken during
a period in which Achernar was active, with a tenuous circum-

stellar disk, as indicated by the weak Ha emission (Carciofi et
al. 2007, fig. 3). We adopt as an upper limit for the polarization
in our modeling the lowest value reported in Carciofi et al.
(2007), which was 0.12% in the B band. As we shall see below,
fixing this upper limit for the polarization level has important
consequences for the modeling.

3. RESULTS

Our modeling procedure is as follows. For a given set of
, , , and we calculate synthetic images in the KQ/Q r R Hcrit 0 d 0

band, centered at mm, the Ha line profile, the con-l p 2.15
tinuum polarization, and the spectral energy distribution (SED).
The model amplitude visibilities were obtained from the Fourier
transform moduli of the model images at 2.15 mm, normalized
by the total K-band flux of the synthetic image.

Since the Ha emission from 2002 October is very small and
the true photospheric profile of Achernar is not known, we
model, instead of the observed profile, the residual emission
profile of Vinicius et al. (2006, fig. 12). This profile was ob-
tained by subtracting from the 2002 October observations the
average profile of the 1999 period, which is believed to be
purely photospheric. The equivalent width (EW) of this emis-
sion profile is !0.29 .Å

In Figure 2 we show the visibility curves along the polar
and equatorial directions together with the corresponding K-
band images for five representative models that were chosen
to illustrate different aspects of our solution. In Table 2 we list
the model parameters, along with some model results, such as
the B-band polarization level, the Ha EW, and the K-band flux
excess, , which is defined as , where is thel l lE F /F ! 1 FK ∗ ∗
stellar flux without the disk at wavelength l.

Let us begin discussing models 1–3, for which the star was
assumed to be rotating critically. We have used Q/Q pcrit

( ) instead of 1 to avoid the un-0.999999 V /V p 0.9993eq crit

physical situation of having in the stellar equator.T p 0eff
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the true photospheric profile of Achernar is not known, we
model, instead of the observed profile, the residual emission
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average profile of the 1999 period, which is believed to be
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