N
N

N

HAL

open science

The nearby eclipsing stellar system delta Velorum - I.
Origin of the infrared excess from VISIR and NACO
imaging

Pierre Kervella, Frédéric Thévenin, Monika Petr-Gotzens

» To cite this version:

Pierre Kervella, Frédéric Thévenin, Monika Petr-Gotzens. The nearby eclipsing stellar system delta
Velorum - I. Origin of the infrared excess from VISIR and NACO imaging. 2008. hal-00338118

HAL Id: hal-00338118
https://hal.science/hal-00338118

Preprint submitted on 11 Nov 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00338118
https://hal.archives-ouvertes.fr

Astronomy & Astrophysicsnanuscript no. ms0565.hyper31166 © ESO 2004
November 11, 2008

The nearby eclipsing stellar system ¢ Velorum
l. Origin of the infrared excess from VISIR and NACO imaging *

P. Kervelld, F. ThéveniR, and M. G. Petr-GotzeRs

1 LESIA, Observatoire de Paris, CNRS UMR 8109, UPMC, UnivérBiaris Diderot, 5 Place Jules Janssen, 92195 MeudorgeéFran
2 Université de Nice-Sophia Antipolis, Lab. Cassiopée, RIBR02, Observatoire de la Cote d’Azur, BP 4229, 06304 Nicance
3 European Southern Observatory, Karl-Schwarzschild2S®-85748 Garching, Germany

Received ; Accepted
ABSTRACT

Context. The triple stellar system Vel system presents a significant infrared excess, whognas still being debated. A large
infrared bow shock has been discovered usfgzer/MIPS observations. Although it appears as a significantrinrtor to the
measured IR excess, the possibility exists that a circulast® excess is present around the stars of the system.

Aims. The objective of the present VISIR and NACO observations igéntify whether one of the stars of th&el system presents
a circumstellar photometric excess in the thermal IR doraathto quantify it.

Methods. We observed Vel using the imaging modes of the EBQT instruments VISIR (in BURST mode) and NACO to resolve
the A—B system (0/6separation) and obtain the photometry of each star. We aksin@d one NACO photometry epoch precisely at
the primary (annular) eclipse é6fVel Aa by Ab.

Results. Our photometric measurements with NACO (2uh7), complemented by the existing visible photometry alldwss to
reconstruct the spectral energy distribution of the thtaessWe then compared the VISIR photometry (8.6—LEn3to the expected
photospheric emission from the three stars at the correfipgrmvavelengths.

Conclusions. We can exclude the presence of a circumstellar thermalgdraxcess arountiVel A or B down to a few percent level.
This supports the conclusions of Gaspar et al. (2008)hizalR excess af Vel has an interstellar origin, although a cold circumstell
disk could still be present. In addition, we derive the sp@dipes of the three stars Aa, Ab, and B (respectively A%V and
F8V), and we estimate the age of the system around 400-500 Myr

Key words. Stars: individual: (HD 749563 Vel); Stars: binaries: eclipsing; Methods: observatipiiathniques: high angular reso-
lution

1. Introduction An infrared (IR) excess associated with i#heel A-B sys-
tem had been detected by IRAS (1986). This indicateddiiat
The southern staf Vel (HD 74956, HIP 41913, GJ 321.3, GJcould belong to the "Vega-like” class of objects, i.e. a mséa
9278)is the 4% brightest star in the visible sky, withy = 1.96, quence star surrounded by a optically thin debris disk. Hewe
and is located at a distance of 24.4pc+£ 40.90 + 0.38 mas; Gaspar et al.[(208) recently discovered a spectacufiaréd
ESA[1997). Amazinglys Vel was discovered only very recently(IR) bow shock around Vel at 24 and 7@m usingSpitzer/MIPS
by Otero et al.[(2040) to host the brightest eclipsing birsrs+  images. This very large structure (1) is explained by these
tem in the southern sky, one of the very few observable wittuthors as the result of the heating and compression of the in
the unaided eye. Its orbital period of 45days is exceptipnakerstellar medium by the photons frofivel, as the trio moves
long in terms of probability of occurrence, especially fack through the interstellar medium (ISM). From a detailed ntode
a nearby star. A historical note on the discovery and recent dng of the star—ISM interaction, Gaspar et al. conclud# the
velopments in the study @f\el can be found in Argyle, Alzner bow shock contribution is shicient to explain the observed IR
& Horch ), together with the orbital parameters of the Aexcess ob Vel without resorting to a circumstellar debris disk.
B system (orbital period ot 142years). In the following, we They also note that accretion of interstellar materiaBpotis
refer to the eclipsing pair asVel A, and to the fainter, visual phenomenon) could nevertheless take place ‘@el, although
component ag Vel B. The two eclipsing components of A areat a slow rate.
referred to as Aa and Ab, by order of decreasing brightness.
Kellerer et al. [2047) excluded the physical associatiothef

angularly nearby pair of stars sometimes label&! C and D In this article, we present the results of our search foueire
with the s Vel A—B system. stellar IR excess in the innével A-B system. Secf]2 is ded-

icated to the description of our high angular resolution \RIS

and NACO observations, whose analysis is presented in @ect.

Send offprint requests to: P. Kervella In Sect.[h, we compute the magnitudes of each of the threg star
* Based on observations made with ESO telescopes at the lza SAf the system, that are used to derive their physical paenset

Paranal Observatory, under ESO programs 081.D-0109(Bpahd- We present in Sedf] 5 our estimates of the thermal IR exce$ses
0109(C). 6 Vel Aab and B and a short analysis of the evolutionary state of

Correspondence to: Pierre.Kervella@obspm.fr the system.




2 P. Kervella et al.: The eclipsing stellar systérdelorum - I. VISIR and NACO imaging

2. Observations and data reduction Table 1. Log of the observations @f\Vel and its calibrators, HD
82668, HD 67582 and HD 80007 with VISIR. MJD is the mod-
2.1. VISIR ified Julian date of the middle of the exposures on the target,

} . minus 54 580. The Detector Integration Time (DIT) is given in
For the thermal-IR part of our program, we used the VISIR Ir{nrlilliseconds for one BURST imagé.is the seeing in the visi-

strument (Lagage et gl. 2404), installed at the Cassegoairsf c
of the Melipal telescope (UT3) of the E@@ry Large Telescope !ole (A = 0.5um) as me_asured by the observatory DIMM sensor,
(Paranal, Chile). VISIR is a mid-IR imager, that also presic in arcsecondsN exp. is the number of selected and averaged

slit spectrometer. VISIR can in principle reach a very high-s exposures. The airmass (AM) is the average airmass of the ob-

tial resolving power, thanks to the 8 m diameter of the telpsc servation.

Howe\’/er, under standard conditions at Parar_lal (med@ng;ee: e YNI] SEn Fter DT Nexp. 00) AM

of 0.8” at 0.5um), the 8 m telescope is notfttaction limited — 0.0134 SVel PAHL 20 10000 086 118
i i 4 ’ H H . . .

in the MIR (seelngw 047 vs. 0.3 diffraction). A feV\{ mov- g 0.0231 5 Vel PAH1L 20 10000 1.00 1.20
ing speckles and tip-tilt usually degrade the quality ofithege ¢ 0.0374 HD82668 PAHL 20 5000 1.10 1.20
(see e.g. Tokovinin, Sarazin & Smefte 2P07). To overcon®e thip  0.0603 HD67582 PAH1 16 10000 0.84 1.30
limitation, a specific mode of the instrument, the BURST modeE 0.0774 5 Vel PAH1 16 8000 0.70 1.33
(Doucet et al| 20074, 2047b), give the possibility to remp- F 0.0874  sVel ~ PAH1L 16 8000 067 1.37
arately a large number (several tens of thousand) very sikert G 0.0977 5 Vel PAH2 8 10000 0.60 1.42
posures £t < 50ms), in order to freeze the turbulence. The datad ~ 0.1093 Vel PAH2 8 12000 053 148
processing procedure we developed to reduce the resubiiag d 01206 ~ svel ~~ PAH2 8 10000 080 1.54

cubes is described in Kervella & Domiciano de SoOO?)l‘l g'llfgog 33577558822 lf::; 88 118888 11&? 2135

During the processing, the frames were precisely co-aligme | 7535 5 Vel Nell 16 10000 1.29 191
the position o Vel A. _ M 01860 HD80007 Nell 16 10000 1.12 1.6
We observed Vel and its three calibrators, HD 82668, HD N 0.1979 HD80007 Nell 16 10000 1.00 1.52

67582 and HD 80007 in visitor mode at Paranal during the night

of 23-24 April 2008. At that tim& Vel was out of ecplipse. The

sequence of the observations is presented in 'ﬂible 1. Weeatlo]

standard chopping and noddin¢fsets of 8, with respective

periods of 4 and 90s. The calibrators were selected from t

Cohen et al.9) catalog of spectrophotometric starsdfard

IR wavelengths, except HD 80007 (for the Nell filter). Forleac

observation o Vel and its calibrators, we selected during the

data processingg 40% of the total number of frames, reject-

ing those with the lowest Strehl ratio (estimated from thakpe

intensity in the frame). For instance, the first two obseovest

#A andB of § Vel (20000 selected frames) correspond to a tots

of 50000 frames before selection. The number of framesilistq

in Table[ll corresponds to the result of this selection. THesu

were then averaged to obtainffdaction-limited images in our

three filters: PAH1, PAH2, and Nell. that have respective-ce

tral wavelengths oft = 8.59, 11.25 and 12.8Im. The resulting

images ofs Vel and the calibrators are presented in Flg. 1. Theig. 1. Top row: VISIR average images fVel in the PAH1 (#A,

observation € of HD 82668 was fiected by saturation of the B, E and F in Tabl¢]1), PAH2 (#G, H, 1) and Nell (#L) bands.

array, and was not used for our anaysis. Bottom row: Calibrator images in the PAH1 (HD 67582), PAH2
(HD 67582) and Nell (HD 80007) bands.

2.2. NACO

We observed Vel at ten epochs in April-May 2008 using theC0-averaged providing 3.2 s integrated exposure time pegém
Nasmyth Adaptive Optics System (NAOS, Rousset ZOO%T)feW images 9 over 510 in total) wer&acted by the opening
of the Very Large Telescope (VLT), coupled to the CONICA in®f the adaptive optics loop, and were removed from the psaces
frared camera (Lenzen et &I, 1998), abbreviated as NACGsarhé'9- We obtained nine epochs outside of the eclipses, and one
observations were obtained to provide high-precisiietintial Precisely at the phase of the primary eclipse (on 18 May 2008)
astrometry of the eclipsing systefvel A relative to B, and we only 23 minutes before the center of the eclipse. As a rentiagk,
will analyze them along this line in a forthcoming article. primary eclipse (the deeper in photometry) is when the smaller,
We selected the smallest available pixel scale aP&3 coolgr star (Ab) passes in front of the b|gger, hotter staa)_(A
0.03magpix (Masciadri et al[ 2003), giving a field of view of causing an annular eclipse. Tseeondary eclipse (shallower in
13.6'x13.6". Due to the brightness af Vel, we employed a photometry) is when the cooler star is totally eclipsed by th
narrow-band filter at a wavelength ofiB6+ 0.023um (here- hotter one. The epochs of the primary and secondary ecligdses

after abbreviated as 2.17) together with a neutral densigy fi 6 Vel A are given by the ephemeris of Otéro

(labeled ND2_short”), with a transmission of about 1.5%. Min| = HID 245279857+ 45.1501E L)
Table[? gives the list of the observations. Each of our ten
epochs consisted in approximately 50 short exposures §URin I = HID 2452818200+ 45.1501E @)

over less than 10 minutes, with a detector integration tibi&)
of 0.8 s each to avoid saturation. Four such short exposwges w 1 httpy/ar.geocities.coywarsagdelta Velorum.htm
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Table 2. Log of the observations af Vel with NACO in the
NB2.17 filter. MJD is the average modified Julian date minu
54000, HID the heliocentric Julian date minus 2454000 an
¢ is the phase of the eclipsing binary (see tekt)is the num-
ber of frames. As in Tablg ¥, is the seeing in the visible and
AM is the airmass. The listed figures are median values oeer tf3

observations.
# MJID* HID®  ¢(Minl) Nexp. 6(°) AM
1 557.0224 557.5245  0.9582 51 0.80 1.157
2 560.9976 561.4996 0.0463 46 091 1.164
3  562.0121 562.5141 0.0687 51 0.67 1.156
4 563.0048 563.5067  0.0907 o1 089 1.158 Fig.3. Apertures (circles) used for the VISIR photometry of
5 576.9715 577.4732 0.4000 51 0.66 1.156 - - f
6 Vel A (left) and B (right) shown respectively on the PAH1 im-
6 579.0231 579.5247 0.4455 50 1.06 1.191 . .
7 580.9917 5814932 04891 51 124 1164 @ge #B and the subtracted image #B - #D (see text for details).
8 591.9748 592.4761 0.7323 51 059 1.175
9 593.9732 594.4744 0.7766 50 0.77 1.180
10 604.0442 604.5450 0.9996 49 0.76 1.479

the star position (Fig[|3, left). This small radius is inteddo
avoid the contamination of the photometry of A by component
B. Foré Vel B, we first subtracted a scaled version of the cali-
brator star at the position of A from the image before measpri
the flux through aperture photometry (Fﬂ;. 3, right). We thass
moved the contribution from the filiaction pattern (Airy rings)

of 6 Vel A at the location of B. This process left almost no resid-
ual thanks to the stability of the PSF.

We checked that the VISIR images ®¥el and its calibra-
tors present no detectabldidise background. This verification
was achieved by measuring the average flux at distances large
than 1’ from the central stars, to avoid the inclusion of the high-
order Airy rings. Based on this result, we did not apply a sky
subtraction to our observations, and as we used the same aper
tures for the photometry of Vel and the flux calibrators, no
aperture correction was required either. This non-deteatif
the difuse background was expected for two reasons: firstly due
to the chopping-nodding observing procedure that remowest m
of the large scale galactic IR background, and secondlyuseca
the sensitivity of our images is inflicient to detect the spatially
extended flux from the bow shock in the VISIR bands. The total
flux from the model proposed by Gaspar et @008) is atmos
3-4 mJy in this wavelength range (Seﬂ:t. 5), spread over acarf
of several arcmify far beyond our sensitivity limit.

The integrated fluxes ardfacted by diferent atmospheric
absorption due to the flierent airmasses compared to the cali-
brators. To take this into account, we used the empiricahfda
by Schiitz & Sterzik[(2095), that gives the multiplicatiiec-

With E the number of elapsed orbits. To retrieve the phases listé@n C(1, AM) to apply to the raw flux to remove the atmospheric
in Table[R, we converted the modified Julian dates of our oBbsorption:
servations into heliocentric Julian dates using the togl®an

Brutor?. The raw images were processed using the Yériokd ¢, AM) =1+
IRAF* software packages in a standard way. A sample image o(f '

¢ Vel is presented in Fig| 2.

Fig. 2. Median NACO image of the 51 frames &¥el obtained
on 2008-04-01.

0.220— %‘ (1-86um)| (AM - 1)  (3)

We corrected separately theffdirent observations af\Vel and
its calibrators.

3. Image analysis In order to absolutely calibrate the measurements, the PAH1
and PAH2 fluxes from the calibrator HD 67582 were retrieved
3.1. VISIR from the spectral template of Cohen et &l. (1999) at the akntr

We obtained photometry afVel A in the PAH1 and PAH2 Wavelength of our filters. For HD 80007 (HIP_45238), we ad-

bands using a circular aperture of 0. radius, centered on justed amodel spectrum from Castelli & Kuru§z (2003) toted t
photometry available in the literature to retrieve itsdieance in

2 httpy/www.physics.sfasu.edastrgjavascripthjd.html the Nell filter. We obtained 5.62 Jy (2 1013 W/m?/um) that
* httpy/yorick.sourceforge.ngt is within 7% of the value published on the VISIR instrument

* IRAF is distributed by the NOAO, which are operated by thgveb page (5.26 Jy). The statistical and calibration uncertainties
Association of Universities for Research in Astronomy,. Jnmder co-

operative agreement with the National Science Foundation. 5 httpy/www.eso.orgscifacilitiesparanainstrumentgyisir/
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Table 3. Measured thermal IR irradiances &¥el A and B in
S.1. units and in Jy. The relative uncertaintyon the irradiance
values is listed in the last column.

Star Filter A (um) 10 W/m?/um Jy o
PAH1 8.59 3693+268 910+066 7.3%
A PAH2 11.25 1238+ 122 524+052 9.9%
A Nell 12.81 670+ 0.74 368+041 11.1%
B PAH1 8.59 382+028 094+007 7.4%
B PAH2  11.25 138+ 0.14 058+0.06 10.4%
B Nell 12.81 056+0.19 031+011 34%

) ) ) Fig. 4. Aperture (15 pixels= 0.2’in radius) used for the integra-
of the measurements were estimated from the dispersioreof fiyn of the flux of5 Vel A (left) and B (right), the latter on the

different available exposures (e.g. #ABEF for the PAHL filtening-median subtracted NACO image (see text for details).
The uncertainty on the Nell measurement, for which only one

image is available, was taken as the dispersion of the aadidr 1 0% ,,

flux for apertures of 150, 300, 600 and 1200 mas. The resulting " e 1111
irradiances are presented in Tafjle 3. 10,5% | III

The ratiog = f(B)/f(A) of the fluxes ob Vel B ands Vel A Soonl IIII
in each band can be estimated more accurately than the &bsolia A T BN < £ oo
flux of each star due to the removal of the calibration unata 9,5% | - II‘II—;:I—%—I—;f—I—I——; R T R EEEL EEELORE
We obtain the following values in the three filters: 0.0m 1 oo

‘ : ‘ ‘ : ‘ ‘ 2‘4 2‘7 Sb 35 C;G ?;9 42
P 86um = 103+ 0.2%, (4) e e’ 1ipert1§re r:c;ius (pixels)
pi12sum = 111+ 0.4%, (%) Fig.5. Ratiop(2.17) = f(B)/f(A) at 217um as a function of the
prosim = 84+ 23% (©6) aperture radius (in pixels) used for the integration of tha &f

A and B. An aperture of 15 pixels was selected for the analysis
(square).

3.2. NACO . . .
To estimate the error bar of the flux ratio, we added quadrati-

We first obtained classical aperture photometry ®&l A us- cally the uncertainties due to the choice of aperture raalras a
ing circular apertures of 1 to 40 pixels in radius (singlegbix 10-15 pixel range (considered as systematic, thus not giveya
to 0.53’radius), for each of our ten epochs. Although the twout), and the dispersion of the measurements over the fitst ni
components ob Vel are well separated in the NACO imagesepochs (statistical). The flux ratio is assumed to be conhstan
the diffuse halo from the residuals of the adaptive optics correside of the eclipses, in order to average the nine measutemen
tion of 5 Vel A are not negligible at the position of B. For this(but see also Sedt. #.4). For the epoch of the eclipse, wedons
reason, the photometry of B cannot be measured directly®n #red as uncertainty the standard deviation of the raticesirodx
images. To remove theftlise wings of the point spread functionat the other epochs.

(PSF) of A, we subtracted from each point of the image its ring From this procedure, we obtain outside of the eclipse:
median at the corresponding radius fréivel A. With this pro-

cedure, we cleanly subtracted thdfdse background from A, £217um = 9.66+ 0.05% ()

mostly without introducing additional noise. Very littlesiduals  ¢4rresponding to a magnitudefigirence oAm = 2.537+ 0.005.

from star A are present on the subtracted image, thanks t0 f&ing the primary eclipse af Vel A, the flux ratio becomes:
good circularity of the PSF (Flﬁ 4). We then measured apertu

photometry using the same 1-40 pixels apertures as for A, cgni7,m(Eclipse)= 1450+ 0.12% (8)
tered on B, and computed the fiux rafio= f(B)/f(A) of the ing Am(Eclipse) = 2.097 + 0.009. The eclipse depth at

pair. We do not need to correct for the airmass, as both A amﬁ% X >
are dfected by the same atmospheric absorption. We checked'i 7um is thereforad(Am) = 0.440+ 0.011 mag. As a remark,

the images that the sky background is negligible due to thet sh'/€ did not deconvolve_our NACO images, as we did not pbtam

exposures and narrow-band filter. a PSF_callbrator for this purpose, and we leave the astrametr
The choice of the aperture radius is an important factor fgpalysns of these images for a future article.

the accuracy of the flux ratio measurement. In order to olbiein

best match between the two stars, it is essential to havathe s4, Photometric analysis

integration radius for both stars. Over the’G&tance between o .

the two stars, the variation of the PSF shape and Strehl rafid- Visible magnitudes

is negligible, especially for the good seeing conditionof ¢ o specified otherwise, we assume here that the photomet-
observatlo_ns. F'dJS shows the variation of th_e derived f?”Of .ric measurements of théVel system available in the litera-

as a function of the aperture radius. There is a clear inflexiq, ¢ a\ways include the A and B components, as their angular
point around 15 pixels in radius (0'R This corresponds 1o the g2 ration has been smaller thah far at least five decades.
radius at which the wings of the PSF of B reach the noise levglagggl 0) gives:

The increase op observed for larger apertures corresponds to
the inclusion of the residuals from A in the photometry. my(Aab+ B) = 1.96+ 0.02 (9)
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each star assuming (as a first approximation) thaktffkeix ra-

tios are identical to the.27um ratios, using the method des-
cussed in SecE.S. This gave us a first estimation of the-spec
tral types of the stars. We then used the Pickjes (1088pr-
ence spectra corresponding to their spectral types (A28 A
and F8V) to recover the corresponding broadband flux ratio.

The K band standard filter profile was taken from Bessell &
Brett (I98B). We observed that the true ratios inkhband are
very close to the ratios in theZ7 um filter, within 0.01 mag for

. all three stars, which is small compared to the other unicerta
Fig. 6. Measured value of(B)/f(A) at 217um for our 10 mea- ties. We thus neglect thisféierence in the following analysis.

surement epochs. Note the primary eclipse occuring at gte la The COBEDIRBE instrument measureBy = 1217 +

epoch. 11.4Jy at 22um (Smith et al[2004), corresponding iy =
1.77+0.10, and the 2MASS catalog (Skrutskie etlal. 006) gives
with an associated uncertainty £6.02 mag. an apparenk band magnitude afx = 1.72+ 0.26 for Aab+B,
The photometric observations froHipparcos (ESA [199F) equivalent toFx = 127+ 34 Jy. Averaging these two measure-
give the diferential magnitude of Aab (combined) and B in th&ents, we obtaimg = 1.76+ 0.10 and consequently:
H, band, that are dficiently close toV to consider the values
identical within their error bars:

Amyp(Aab/B) =~ Amy(Aab/B) = 3.58+ 0.07

8%
28/3/08

4/4/08  11/4/08 18/4/08 25/4/08 2/5/08  9/5/08 16/5/08 23/5/08

my (Aab) = 1.86 + 0.09 (19)

(10) my(B) = 4.40+0.09

Considering Bessel's data, this translates immediatety tine
following magnitude for Aab and B:

my(Aab) = 2.00+ 0.02

(20)

4.3. Photometry during the primary eclipse

(11) The primary eclipse of Aab in thi€ band observed with NACO
can give us the dlierence in surface brightness of Ab and Aa. As

(12) this eclipse is not total, but annular, we cannot derive Urigm

ously the brightness ratio of the two stars as it dependsein th

In addition, the combined visible photometry availablehia t ; : -
. ' o . angular diameters. In this paragraph, we consider thadipse
literature (see the compilation by Otero etlal. 3000) giethe | perfectly centered, thus neglecting a possibfiedential éfect

. X . i
ggg?}'gg? Aﬁ\beipggg.ltudes, the depth of the primary (1) ancgf the limb darkening (LD) of the two stars. As we observedgver
y (1) eclipses: close to the eclipse minimum and in tkeband, where the LD

my(B) = 5.54+ 0.08

Amy(l, Aab+ B) = 0.51+ 0.01 (13) is small (the LQUD correction is less than 3%), this appears as
a reasonable assumption. We also neglect the possibletitiato
Amy(ll, Aab+ B) = 0.32+ 0.01 (14) of the photospheres of Aa and Ab due to a possible fast ratatio

During the primary eclipse, the disk of Ab “replaces” part of
By removing the flux contribution of B computed precedentlyhe disk of Aa with a lower fective temperature (hence lower
we obtain the following eclipse depths for Aab only: surface brightness) “patch”. The eclipse depth in kéand
_ is 0.44 + 0.01 mag (Sectl 3.2). This can be compared with the
Amy(l, Aab) = 0.53+ 0.01 (15) depth of the primary ecltilge in the visiblém, = 0.53+ 0.01.
(16) The “color” of the primary eclipse is thereforemy — Amg =
0.09+0.02 mag. This corresponds to thefldirential diference”
As shown by the curve presented by Otero eOOO), the sircolor between the two stars between the visible and IR wave
ondary eclipse of Vel Aab is total, and we can thus derive imlengths. This leads to a magnitudeéfdience of:
mediately the visible magnitudes of Aa and Ab:

Amy (11, Aab) = 0.33+ 0.01

mk (Ab) — mx (Aa) = 1.02+ 0.04 (21)
my(Aa) = 2.33+0.03 a7

corresponding to a flux ratib(Ab)/f(Aa) = 39.2+ 1.4 % and:
my(Ab) = 3.44+ 0.03 (18)

Mk (Aa) = 2.22+ 0.09 (22)
4.2. Infrared magnitudes mg(Ab) = 3.24+ 0,09 (23)

In addition, our NACO observations (Se3.2) give us the-re
tive fluxes of Aab and B in the narrow band filter band 472:m ,
with a FWHM of 0023um: pp17,m = 9.66 + 0.05%. As this 4.4, Emergence of Ab from the secondary eclipse

wavelength corresponds to an absorption line of hydrogan th is interesting to notice that our 2008-04-23 NACO observa

is present in the spectra of hot stars, the conversion of &8 Mijon has been obtained only about 30 minutes after the erftof t

sured narrow-band ratios to stand&dband ratios requires tak- secondary (total) eclipse during which th¥el Aa component

ing the position of the quasi-monochromatic wavelengthbiwi covered Ab. The apparent disks of the two stars are therefore

the bands and the shape of the observed spectra into accouniioyching” each other. Our measurement shows a slight vari-
We thus proceeded in two steps to obtain the conversion bgmn of the photometric ratip = f(B)/f(A), as we measure

Starting from the narrow-band fluxes measured &el's com-

ponents, we computed the radius arftbetive temperature of

6 httpy/www.ifa.hawaii.edyusergpicklegAJP/hilib.html
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out-of-eclipse epochs 0f83+0.05%. This means thatthe mask-  co/
ing of part of the close environment 6el Ab by Aa results in
a slight loss of total flux of the Aab system. 1E08
Although of marginal statistical significance.{2r), this 1E09
measurement is the maximum value of the out-of-eclipsesati
we obtained. It could be due to the presence of a circumstella &1 -
flux contributor of unknown nature in the immediate vicinitly
¢ Vel Ab, accounting for @7 + 0.13% of the total flux of Aab.
If Ab is a fast rotator, and its rotation axis is perpendictgethe
orbital plane, one hypothesis could be that it is the sigeatd
a circumstellar disk made of gas (Ae episode).

i

1,E-12

m
w

Flux density (W/m2/mic)

1,E-14

4.5. Angular diameters, radii and effective temperatures 1,E-15

From our spatially resolved photometry of the three stassved 1E-16 1 -

(Aa, Ab and B), we can deduce their limb-darkened angular di- ; ; ,
ameter®), p, photospheric radiR and dfective temperaturéb Ry 10 100 100,0
using the surface brightness-color (SBC) relations cafdat by

Kervella et al. [2004) in\(,V - K) and theHipparcos paral- 160%

lax. The results are summarized in Taple 4. This approach al wos | - .-........i......... L
lows us to rely only on empirical SBC relations (calibratgd b e - i ,,,,,,,,,,,,,,,,,, .
interferometric angular diameter measurements) to coenigt ~ E100% } s %f%

parameters of the three stars. Another approach to determirg e ......................7....... 5 A
these parameters would be to adjust directly synthetictepec  eos | ... ol
to the photometry. While the comparison with such model spec 4

tra is necessary to determine the IR excess (ﬂect. 5), itthas o1 0 Wavelongth (mi) 100 1000
this stage the disadvantage of making the derived parasdger

pendent on the choice of one particular numerical modeiibr g 7. Spatially resolved photometry @fvel Aab and B com-
For this reason, we prefer to use the empirical SBC relations pared to Castelli & Kurucz[(20p3) models of Aab and B,

any case, the good agreement between the model spectraanddfisigering the stellar properties listed in Tafjle 4 (tam) the
measured photometry in the visible and near-IR domains Bhoygsiquals compared the observations (bottom).

in the bottom parts of Fid] 7 arffdl 8 indicates that both methods

give consistent results.
The parameters afVel are in good agreement with the val Table 5. Observed fluxes and excesse® &l compared to the

ues deduced for the combined systemBAfrom Spectroscopy Castelli & Kurucz [2003) modelNo is the measured excess

by Allende Prieto & Lambert@gfeff - 8700K,R= 3.9R,. expressed in number of times the measurement uncertainty.

The larger radius is naturally explained by the combinatibn
the flux from Aa and Ab (and to a lesser extent of B), while the

Band A(um) F (10 W/m?/um) F/Fuod (%) No

effective temperature is a weighted average of the values of t Zbng 8.59 407+ 0.27 99+ 7 0.2
three stars. They also find affective gravity of logy = 3.66  pppy> 11.25 138+ 0.12 98+ 9 03
and a mass oM = 2.51 M. The reliability of these values is gy 12.81 726+ 0.08 86+ 11  -1.3
uncertain due to thefiect of the orbital motion of Aab on the —agp
spectral line broadening. However, we do not confirm thedarg paH1 8.59 369+ 0.27 98+ 7 -0.2
radii derived by Kellerer et al[(20D7) for Aa and Ab (6.0 andPAH2  11.25 124+0.12 97+10  -0.3
3.3Ry) from interferometric observations of the trio. Nell 12.81 067+ 0.07 88+ 11 -1.1
B
PAH1 8.59 0382+ 0.028 104+ 7 0.5
; ; PAH2 11.25 0138+ 0.014 109+ 10 0.9
5. Discussion Nell 12.81 0056+ 0.019 74+ 34 -0.7

The IR excess detected aroudttel by IRAS was recently at-
tributed by Gaspar et al[ (2408) to interstellar dust &ediy
6 Vel. In this Section, we examine the possibility that onehef t squared limb-darkened angular diameter of each star (Fble
components of Vel A or B presents an IR excess of circum+rom these spectra, we derived the expected thermal IR flux
stellar origin. For this purpose, we compare the fluxes et¢th from the stellar photospheres of AAb and B in the PAH1,
from our spatially resolved VISIR observations to the expdc PAH2 and Nell filters corresponding to our VISIR observasion
photospheric flux from the Aab and B components. We can also add the CKO3 spectra of the three stars in or-
To retrieve the synthetic stellar spectra of the three $tans der to compare the predicted flux of the trio to the existing
the library assembled by Castelli & Kuruc 03), hergaftemon spatially resolved measurements ofBAfrom the litera-
CKO03, we used the parameters listed in Tajle 4. We read tiuee. The resulting spectrum is shown in Hip. 8. The photemet
tables for logy values of 4.0 fors Vel Aa and Ab, and 4.5 for ric measurements are taken from Thompson et|al. {1978; UV
B, and solar metallicities. The sensitivity of the modelsneall fluxes from TD1), Morel et aI.SU BVRI), Skrutskie et
variations of these two parameters is minimal. We would likel. 200p; 2MASSJHK), Smith et al. [[2044; COBBIRBE,
to emphasize that we did not fit these spectra to the availabbeir wavelengths from 1.25 to 4:8n), VISIR (8.6, 11.25 and
photometry, but we simply multiplied the CKO3 spectra by th&2.81um, this work), Jayawardhana et mand 182um
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Table 4. Properties obf Vel Aa, Ab and B derived from thel andK band magnitudes using the surface brightness-coloroakti

from Kervella et al.[(2044). The bolometric corrections fhe V band were taken from Bessell et dl. (1p98). The approximate
masses of the three stars are discussed in Bect. 5.

Star 6 p(mas) RadiusR) Ter (K) My BCy Mol L/L, Spect. M/M,
Aa 121+0.03 317+0.08 9000+400 Q39+004 -007 032+0.04 592+20 A2V 25+01

Ab  0.77+0.02 202+005 8600+350 150+0.04 0.00 150+004 200+07 A4V 20x01
B 053+0.02 139+006 6350+350 360+0.04 0.00 360+0.04 31+02 F8V 13x01

1,E-07

2,50

. . /200 Myrs .
1,E-08 - k '

1,E-09

1,E-10 § -

n

1,50

1,E-12

Log L (Lsun)

Flux density (W/m2/mic)
i
@

1,E-14
0,50
1,E-15

1,E-16

0,00

1,E-17 : 4,10 4,05 4,00 3,95 3,90 3,85 3,80 » 3,75 3,70
0,1 1,0 10,0 100,0 Log Teff (K)
fZZj ! ; , Fig. 9. Positions ofs Vel Aa, Ab and B in the HR diagram, with
N T the isochrones and isomass curves from Girardi et[al. {2000)
5 160% 4 - - - oo B
Braml S S S A { overplotted.
r /
w o
K] 120% 4 - - - - - - o oo e e - -
£ 100% o T ‘ I iy I rj%_f - . . ) ]
. - el } T 5 We notice a relatively large ultraviolet excess &wel in
-l e Fig.[8. A fast rotating star usually presents a UV excessdlite t
01 O gy 1 w00  Overheated polar caps (von Zeipéleet, see e.g. Aufdenberg et
laveleng mic,

al.[2006). A discussion on the rotational velocity of the pm

; ; ts ofs Vel A can be found in Argyle, Alzner & Horch (2002).
Fig. 8. Total model flux ofs Vel Aab+B (solid curve), together nen ; :
with the available photometry from the literature (squaersd OSI a irtemz?r\lf, iﬁ?y_er'légrfc & %Otmtﬁ-@m) f?#ndt adr?tzrit{ﬁnal
the VISIR photometry (filled circles). The dashed curve is thcﬁr?]f)ir{e?j S Sectru_m of th?’fﬁreg starssécglss(z)oa E:’ag mz;) bee
flux contribution of the IR excess model proposed by Gaspar resent P y

al. (2008). The bottom plot shows the relative photometrly'lwiIO :

: . The physical parameters derived for the three stars (fhble 4
respect to the combined photospheric model of the threx-z.starindicate thats Vel Aa already evolved away from the main

sequence. This_is confirmed by the evolutionary tracks from

bands), Gaspar et al_(2Q08pitzer/MIPS 24 and 7@m), and Cirardi et al. [2000), shown in Fid] 9, that give approximate
IPAC ; IRAS 12, 25 and @m). The additional flux from Masses of 2.5, 2.0 and IVB, respectively for Aa, Ab and B, and
the bow shock model proposed by Gaspar efal. (2008) issho@h 2ge of approximately 46600 Myrs for the system. This age
on both panels of Figﬁ 8 as a dashed curve. Its contributionGRmMpares well with the age of 330-390 Myr proposed by Rieke
the range of wavelengths sampled by our VISIR observatiofisal- 200B), while the masses are in relatively good agesm
appears negligiblex(0.1% of the photospheric flux). with Argyle, Alzner & Horch [2002), who (Egtermlned a totakdy

As shown in Fig[]7, Fig[]8 and Tab@g 5, the comparisop@mical mass of theVel AB system of 57* 1 Mo. We postpone
with our VISIR spatially resolved photometry 6iel A and B & more detailed discussion of the ages and evolutionanysstt
does not show a significant circumstellar IR excess in thdR/ISthed Vel stars to a forthcoming paper.
bands compared to the expected photospheric flux of eacle of th
two components, at a few percent level. The excess thatideris ;
longwards of 1um in Fig. [ comes from the flux contributi0n6' Conclusion
of the ISM bow shock at large angular distances that has be@ar VISIR photometry ob Vel A and B does not show the pres-
observed by Gaspar et a08). We note that the IRAS aedce of an excess of circumstellar origin in the thermal IR do
Jayawardhana et aEOl) photometry shows an excess camain (8-13um) at a level of a few percents. This result indicates
pared to their model between 12 andw2b. This may be a con- that these stars do not host a warm debris disk with a typical
sequence of the fact that the flux contribution from the ISkats temperature around 200-300 K. This supports the conclasibn
least partly) included in the large aperture measuremé&RE&sS  Gaspar et al.8) who attribute the IR excess detectéd w
in particular), but not in our narrow aperture photometry. Soitzer to the surrounding interstellar medium material. The ab-
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sence of a warm circumstellar disk in the ina&fel system may  Skrutskie, R. M., Cutri, R., Stiening, M. D., et al. 2006, A31, 1163
be a consequence of the gravitational interactions between g;nithlf)-l jf' Eri;e i ?rﬁ’ BakEerKR-(li hZOO4éApf Sluggld 456r-. 553458
three stars. They could have caused the dispersion of tueiags sj}prf. v L Ricke, o H?,SI’VIisseIYt, K_eA_', et'a‘f_ ;‘005’ Ap f‘%%7
C'rcumSt?”_a;r me}te”al from which they SFaI’S_ for_med' Hoa_‘ev Thompson G. I., Nandy K., Jamar C., et al. 1978, “Catalogisteafar ultraviolet
the possibility still exists that a cold debris disk is presas in fluxes (TD1)”, The Science Research Council, U.K. (1978)
the case of Vega (Su et 05) and Fomalhaut (Stapelfeldfexovinin, A., Sarazin, M. & Smette, A. 2007, MNRAS, 378, 701
al.[200H), but at large distances from the stars. In ordeegb tvon Zeipel, H. 1924, MNRAS 84, 665
this scenario, observations ®¥el in the far IR or submillimet-
ric domain similar for instance to those of Fomalhaut by Eiod
et al. (200B) would be necessary.

From the flux ratios in th& andK bands, we could derive
the physical properties of the three stars Aa, Ab and el
appears as a moderately evolved system, with the Aa compo-
nent currently leaving the main sequence. As suggestedeby th
vsini value of Royer et al[(2007), the ultraviolet excess &l
and our putative observation of near-IR circumstellar siois
close to Ab may indicate thatVel Ab (andor Aa) could be a
fast rotator, turning this eclipsing system into a prongsiiject
to map the polar brightening associated to the von Zeifiete
(von Zeipel|1924).
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