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Spectro-interferom etric observations of interacting
m assive starswith VEGA /CHARA

D .Bonneau, O .Chesneau, D .M ourard and P. Stee

UM R 6525 H . Fizeau, Univ. N ice Sophia Antipolis, CNR S, O bservatoire
de b Co6te d’A zur, Av. N . Copermnic, F-06130 G rasse, France

A bstract. W e obtained spectro-interferom etric observations in the visble of

Lyrae and Sgr using the nstrument VEGA of the CHARA interferom etric
array. For Lyrae, the digpersed fringe visbilities and di erential phases were
obtained in spectral regions containing the H and Hel 6678 lines and the H
and Hel 4921 lines. W hereas the source is unresolved In the continuum , the
source of the em ission lines is resolved and the photocenter of the bulk of the
H em ission exhibits o sets correlated w ith the orbitalphase. For Sgr, both
the continuum and H sources are resolved, but no clar binary signal is de—
tected. The di erential phase shift across the line reveals that the bulk of the
H em ission is clearly o set from the prim ary.

1 Presentation ofthe CHARA array and the VEG A instrum ent

High angular resolution observations by optical long baseline interferom etry,
com bined w ith classical technigques lke photom etry and spectroscopy provide
deep insight on the m orphology of the m assive Interacting binaries and new

constraints for their m odeling. H ere we present the rst spectro-interferom etric
observations of the interacting m assive binaries Lyr and  Sgr carried out
w ith the instrum ent VEGA on the CHARA interferom etric array. The CHARA[]
Interferom etric array w as constructed by the C enter for H igh A ngular R esolution
(G eorgia State University, Atlanta) Brumm elaar et al. 2005). Located at the
M ount W ilson observatory (California), it is form ed by six 1Im telescopes placed
by pairs on an Y shaped baseline. Base lengths of 34 m to 330 m allow to
reach an angular resolution =B up to 1:0 m as at near infrared wavelengths or
03 m as in the visble. The V isble spE ctroG raph and polArin eter (VEGA ) of
the C 6te d'A zur O bservatory is a beam com biner operating in the visible range
045 085 m ]and o ers three spectral resolutions (R = 30000;5000;1700). It

is designed to record sim ultaneously the spectrally dispersed interference fringes
w ith two photon counting detectors looking at two di erent spectral bands.
A polarin etric device can be inserted to record the polarized fringes. VEGA

currently recom bines 2 beam sbut 3 and 4 beam s recom bination is foreseen. T he
data reduction process allow s to m easure the squared visbility m odulis V2 or
the com plex di erentialvisbility Vel asa function of the wavelength. Spectro—
Interferom etric observations w ith the VEG A instrum ent are dedicated to stellar
physic program s for the determ nation of fiindam ental stellar param eters or the
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study of stellar activity and circum stellar environm ent. A detailed description
ofthe VEGA instrum ent is given by M ourard et al. (2008).

2 Lyrae

Lyr HD 174638) isa 129 d spectroscopic and eclipsing binary w ith evidence
of circum stellar m atter w thin and around the system . F irst interferom etric ob-
servationshave been carried out in 1994 w ith the G I2T interferom eter during the
m ultiztechnique cam paign devoted to the study of this system (Hamm anec et al.
1996). T he com bined analysis of the spectro-interferom etric, spectroscopic and
photom etric observations lead to the conclusion that the source ofthe H  and
H el em ission lines can be associated w ith m aterials outside the orbital plane
(Bt ke structure) of the binary. In 2005, the rst reconstructed in ages of the
H em ission at Jow spectralresolution were obtained by di erential phase refer—
encing w ith the NPO I interferom eter (Schm idtt et al. 2009). The rst resolved
In ages of the core of the system , the eclipsing binary, were cbtained in 2007 from
near nfrared observations (H band) wih the M IRC beam com biner, thanks to
the use of the longest baselines of the CHARA array. T he elam ents of the rel-
ative orbit of Lyr have been derived from these interferom etric observations
(Zhao et al. 2008).

T he observations of Lyr was dedicated to study of the m orphology and
the kinem atic of the H region. They were carried out during four nights in
2008 (orbital phases 0.5, 08, 09 & 02) with the medium spectral resolution.
For the observing dates the expected behavior of Lyr can be predicted using
the ephem eris from Ak et al. (2007) and the elam ents of the relative orbit (Zhao
et al. 2008). The observationsof Lyrwere bracketed by these of the calbbrator

Lyr. W ih the 34 m S1S2 baseline, the angular resolution was 4.0 or 3.0 m as
around H and H , regpectively. T he direction of the baseline projcted onto
the sky were nearly perpendicular to the orbital plane. T he data analysis have
been done using the m easurem ents of squared visibility m odulus in continuum
soectralbands and di erential visibility m easurem ents around the spectral lines
H and H eI6678 (R = 1650) orH and H eI4921 R = 1225).

In the spectral continuum , the binary Lyr isunresolved as expected from
the short baseline used and the orientation of the orbit. In the H lhne, at any
orbital phase, the dip of the visbility m odulus show s that the source is signi —
cantly resolved. T he di erential phase exhibits a signal in the line indicating a
shift of the source photocenter correlated w ith the orbital phase. In H eI6678
line, the source ism arginally resolved at any orbital phases but no clear photo—
center shift is detected. For the H  line, the source is resolved at som e orbital
phases and there is som e suspicions of a photocenter shift. For the H eI4921
line, there is no signal above the noise.

W ork is In progress to determ ne the true extension of the H em itting
source and its location in the system . These results will be com pared w ith
those of the ocbservationsof Lyrwith NPO I (Schm itt et al. 2009), taking into
account their low spectral resolution (R 40).



3 Sagittarii

Sgr (HD 181615) is the brightest of the extrem ely hydrogen-de cient binaries
stars (HdB stars), known as a 1379 d spectroscopic binary. A new orbital
solution and a better understanding of the the characteristics of this system were
obtained from spectroscopic m onitoring (K oubsky et al. 2006). The presence
of circum stellar m atter In the  Sgr system is evidenced by the complex H
absorption/em ission pro les and by a strong infrared excess. The rst m d-IR
Interferom etric observations of Sgr were carried out using the M D I/VLT I
Instrum ent (Netolicky et al. 2009). The dusty circum binary disk is resolved
in the N band w ith a typical size of 20 x 14 m as, an inclination i 50 and a
position anglePA 7 80 . U sihg these valuesto constraint the orbitalparam eters
clearly con m that Sgr isam assive binary wih a totalmass> 15M

The observations of Sgr were carried out during three nights in 2008
(orbital phase 0.06-0.09) with the m edium spectral resolution in spectral band
centered on 660 nm . T he appearance of Sgr (relative position of the com po—
nents, location oftheH eam ission) at the observing dates can be predicted w ith
som e accuracy using the orbital elem ents (K oubsky et al. 2006 and N etolicky et
al. 2009). W ith a lum inosity ratio > 100 the com panion isexpected to be aln ost
unseen Dudly & Je ery 1990). A 23 m S1S2 baseline ( =B ’ 59 m as) close
to the N =S direction wasm ainly used and som e data w ere also recorded w ith the
EW 100m W 1IW 2 baseline ( =B ’ 14 m as). The obsarvations of Sgr were
bracketed by these of the calibrators Sgr and Cap. For the S1S2 baseline,
the data analysis can been done using the di erential spectral interferom etric
analysis binned R = 660) around theH line.M odulusvisibility m easurem ents
were also done In the continuum ( = 13 nm at = 641;656 & 666 nm ) for
the two baselnes.

In the spectrum of Sgr,theH Iheexhibitsa P Cygni’pro leasexpected
at this orbital phase from K oubsky et al. (2006). For the two baselines, the
source appears alm ost resolved In the continuum . For the S1S2 baseline, a dip
of the visbility associated with a shift of the di erential phase of ¥ 25 1n
the H line show s that the em itting source is well resolved and displaced from
the continuum source. Prelin inary conclusions can be drawn from these rst
results. About 1020% ofthe total uxmay com e from an overresoled source
and 90-80 % from a com pact source. T he extended source could be related to
thedi use light from the nnerrim of the dusty circum binary disk. T he com pact
source is probably dom inated by the ux of the brigth com ponent. T he source
associated with the H eam ission is resolved and its photocenter seem s to be
located between the two com ponents as expected by K oubsky et al. (2006). No
sign of binarity is evidenced probably because of the di erence of ux between
com ponents.

W orks are in progress to estim ate the trueH extension and to convert the
phase shift Into photocenter position of the H bulk eam ission.

4 Conclusion

These rstVEGA/CHARA obsaervationsof Lyrand Sgrshow the potential
of this Instrum ent and the spectro-interferom etry technique for the study of hot
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Figure 1. Exampl of interferom etric observations around H line. Top:

Lyr. Bottom : Sgr Left: spectrum recorded by VEGA . R ight: result of
the di erential visibility analysis. N ote that the line Intensity can be biased
due to a local saturation e ect of the photon counting cam era.

com pact sources in general, and m assive Interacting binaries. To go further in
the study of these com plex systam s, the next step w ill be to carry out observa-
tions at longer baselines to resolve the binary system and also m ultibaselines
observations to m ore stongly constrain the m orphology of these sources.
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