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ABSTRACT

Context. Only a few stars are caught in the very brief and often crustiagjies when they quickly traverse the Hertzsprung-Russell
diagram, and none has yet been spatially resolved in the trzesser phase.

Aims. We initiated long-term optical interferometry monitorin§ithe diameters of massive and unstable yellow hypergiafts)

with the goal of detecting both the long-term evolution dafittradius and shorter term formation of a possible pseldnegsphere
related to proposed large mass-loss events.

Methods. We observed HR5171 A with AMBERLTI. We also examined archival photometric data in the &lsand near-IR
spanning more than 60 years, as well as sparse spectrosizgic

Results. HR 5171 A exhibits a complex appearance. Our AMBER data tevsarprisingly large star for a YHG,R1315:260R,

(or ~6.1 AU) at the distance of 3:#8.5kpc. The source is surrounded by an extended nebulasitthese data also show a large
level of asymmetry in the brightness distribution of thetegs which we attribute to a newly discovered companion Isizaited

in front of the primary star. The companion’s signature soaletected in the visual photometry, which indicates artalrperiod

of Por,=1304+6d. Modeling the light curve with the NIGHTFALL program plides clear evidence that the system is a contact or
possibly over-contact eclipsing binary. A total currergtsyn mass of 33 M, and a high mass ratip>10 is inferred for the system.
Conclusions. The low-mass companion of HR5171 A is very close to the prynsgarr that is embedded within its dense wind. Tight
constraints on the inclination anini of the primary are lacking, which prevents us from deterngrits influence precisely on the
mass-loss phenomenon, but the system is probably expergeaevind Roche-Lobe overflow. Depending on the amount ofikamg
momentum that can be transferred to the stellar envelopesIHRA may become a fast-rotating Blejminous Blue Variable
(LBV)/Wolf-Rayet star. In any case, HR 5171 A highlights the pdesilbportance of binaries for interpreting the unstable Y&-#&ad

for massive star evolution in general.

Key words. Techniques: high angular resolution; (Stars:) individt 5171A, V382 Car; Stars: binaries: close; Stars: cirdeftss
matter; Stars: massive; Stars: mass-loss

1. Introduction exhibit episodes of strong mass loss (de Jager 1998; Ougimaij
. . . et al. 2009; Nieuwenhuijzen et al. 2012). Owing to their ¢arg

Yellow hypergiants (YHGs) are visually bright evolved sces |4 japility, both photometric and spectroscopic, andrtspec-

that have extreme luminosities of logllo) = 5.6-5.8, which ,0,5r spectral type evolution for some targets, thesecssu

- may deserve to be described as “Luminous Yellow Variables”

Send gprint requests t00. Chesneau in a similar manner to the so-called luminous blue variables

* Based on observations made with ESO telescopes at the ; s
Silla / Paranal Observatory under program ID 088.D-0129 and fro %VS)' About ten of these stars have been Qlear!y |der_1t|f|_ed
GeminjSouth Observatory under program GS-2011A-C-4 in our Galaxy so far. In some cases, uncertainty in their dis-
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tance estimation renders their classification as highlyirioons
sources diicult, and confusion may exist between classical yel-
low supergiants (YSGs) and these more extreme yellow hyper- V382 Car HR 5171
giant (YHGSs). Their spectra show many lines that originate i ~ ** ‘ N i
stellar winds and, in particular, the presence of the iefilaCan i i
triplet, as well as infrared excess from dus}). (They also show o 1 ] 2 ]
an overabundance of Na that is supposed to provide indivect e | *as T
dence of a post-red supergiant nature, because Na is piluce ¢ g " E T o -
the Ne-Na cycle in the high-temperature core of red supetgia 4 i, ’
Because of their transitory nature, YHGs provide a critadsll- T L
lenge for evolutionary modeling, so they are of great irdefer 1o s ] s ]
extragalactic studies (Neugent et al. 2012; Drout et al2201
These stars are also subject to important activity that is -#obn I P
characterized by time variations in the line profiles angstr utm) utm)
ing switches between emission and absorption in therda. GO
bands (e.gy Cas on the scale of months as reported in GorloVag- 1. UV coverage of the AMBER/LTI observations. Red triangles
etal. 2006). These violent changes are suggested to besthle rénéan medium resolution mode and blue squares low-resolotaxle.
of outbursts, which are caused by pulsations occurringhduai
period of instability. Occasionally or even permanentig wind S
density is such that it may lead to the formation of a modest-t 1.2~
strong pseudo-photosphere that might alter the star’'srappa i
position on the H-R diagram, as seen in Wolf-Rayet stars and
LBVs. Smith et al. (2004) speculate that the YHGs might be the
‘missing LBVs' in the HertzsprungRussell (HR) diagram,cgn
their true surface temperature is masked by the screenitigeof
wind. -
The instability of YHGs has traditionally been attributed 0.8
to the star having the first adiabatic index beloy3,4lead- I
ing to potentially strong pulsational activity (Stother812;
Nieuwenhuijzen & de Jager 1995). Lobel (2001) has provided
the theoretical framework of the Ledoux’s stability intagr
< T'; > atmospheric stability criterion in cool massive stars.
Another possibility, not discussed thus far in the literafts i
to invoke the additional influence of a companion star thay ma 04l
perturb a loosely bound envelope. -
The evolution of such stars across the Herzprung-Russell
(HR) diagram has so far been monitored thanks to photometric
and spectroscopic data taken on a roughly annual basis.dFhe a 02
vent of routine optical interferometry in the southern andin- |
ern hemispheres presents an opportunity to monitor theievol
tion of the angular diameter of the YHGs and also their blue
counterparts, the luminous blue variables that experithe:eq— _ ot 1s 220 228 . . ot
called S Doradus phase (Groh et al. 2009b). The large \amsti ’ ' " Wevelength in micron ' ’

in the photometric characteristics and spectral type MHDY Fig. 2. AMBER/VLTI medium-resolution (R= 1500) K band spectra
these stars should have measurable consequences on ffek ags \/382 Car (green line, level 0.4) and HR 5171 A (orange lieel

ent diameters. In this paper, we focus our work on one sourgg.compared to a GOIb and a G8lil template (levels 0.3 and @9,
HR5171A. We also observed the YSG V382 Car (HD 96918pectively). Note the striking Nal doublet at 2 in the HR5171 A

which we used as a reference for the interferometric data spectrum.
HR5171A, owing to their similaK-band magnitudes, 1.6 ver-

sus 0.9 mag, respectively, and similar expected extensitmei

sky in the range of 2-3 mas.

HR5171 A (V766 Cen, HD 119796, HIP 67261) is one ofime, it is probable that they both originate in the same mole
the first objects identified as YHG in our galaxy (Humphreyglar complex. The distance is reasonably well constrained b
et al. 1971; Warren 1973; van Genderen 1992) with a spectggveral independent estimates to be 86+0.5kpc (Karr et al.
type between G8laand K3lar, but it remains a poorly stud- 2009; Schuster et al. 2006; van Genderen 1992; Humphreys
ied object. This star and its widely separated BO Ib companiét al. 1971). At such a large distance, the estimated luritinos
HR 5171B, located 9.4” away, dominate the energy balancei$hlogL/Lo~5.7-6, making HR5171 A as bright as the famous
their local environment, causing a large photodissoaiatigion IRC+10420 (Driebe et al. 2009; Oudmaijer et al. 1996).
known as Gum48d (Karr et al. 2009; Schuster 2007). HR5171 A The cool temperature and the potentially high mass-loss rat
lies in the center of the HIl region and was most likely the donmof HR 5171 A have led to the formation of a complex circumstel-
inant ionizing source until its recent post-main-sequesvtdu- lar environment. It exhibits a large infrared excess dueustd
tion took place. It is not clear whether the companion is labunvith a strong silicate absorption, although no scatteigit kvas
at such a large separation, yet given their apparentlyairdis- observed around HR5171 A at visual wavelengths with deep
tances, their isolated location on the sky, and their shfert | HST images (Schuster et al. 2006).
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Our AMBER/VLTI observations, described below, revealedf JohnsorJ BV and Walraverl BLUW photometry, three un-
the extremely interesting binary nature of HR5171 A, whichublishedv BLUW observations made in 1977 (JD 2443248.5,
prompted us to thoroughly reinvestigate all published phatt- 2443252.5 and 2443269.5, Pel 2013, priv.comm.), Hipparcos
ric and spectroscopic datasets and to search for possiplébuin (Hp) photometry retrieved from van Leeuwen et al. (1998),
lished data. The analysis of such a large dataset cannot-bewpublished Stroemgreavby photomery by the Long-Term
haustive so we focus here on establishing the binary natureRhotometry of Variables group (LTPV) initiated by Sterken
the source by investigating its spectral evolution and h@-c (1983), unpublishe®¥-band photometry by Liller, unpublished
plex mass-loss history documented by visual and nearradra ASAS-3 photometry (Pojmanski 2002), and recent unpubtishe
photometry and spectroscopy. V-band photometric observations from Otero. After corragti

The paper is organized as follows. Section.2 describes fia¢ the contribution of HR5171 B, Liller'/-band observations
observations, consisting primarily of AMBFRLT| observa- were made fainter by 0.39 mag to match thecale. The reason
tions. This was complemented by archival optical and nRar-is probably the use of a non standard filter.
data, a few archival and recent spectra, together with anesro . o
graphic image of the source in the near-IR. Sections.3, 45and Owing to the extremely red color of HR 5171 A and its high
focus on the analysis of the near-IR interferometric, phb mterstella_r and circumstellar reddening, a transforarafrom
ric and spectroscopic data, respectively. Finally, in Seae the color indexv — B (VBLUW) to the B - V of the standard
discuss the implications of discovering such a low-mass-coi BV system is unreliable. It appeared that in order to match the
panion for the fate of this star, and the potential impacttitif s B — V color indices obtained with a genuine UBV photometer,

undiscovered companions in the yellow or red supergiagesta 0-1 mag should be added to the compuiedV (van Genderen
1992). No obvious dierence was apparent betwe¥(lJBV)

computed and/(UBV) obtained with arlJ BV photometer. To
match theV(UBV) magnitude scale, the Hp magnitudes were
corrected by adding 0.15 mag (van Leeuwen et al. 1998). The
2.1. AMBER/VLTI interferometric observations coincident overlap of part of thevbytime series withV BLUW

and Hipparcos data allowed us to derive the following cerrec

V382 Car and HR5171 A were observed during 1.5 nights fpns: add -0.07 mag tpto getV(UBV), and add+0.72 mag to
March 2012 at the Paranal Observatory. The VLTI 1.8m auxiy_ y to getB — V (UBV).

iary telescopes (ATs) and the AMBER beam recombiner (Petrov
et al. 2007) were used. On March 8 (3D2 455 994), ob- However, all these corrections should be considered with
servations were carried out using the low spectral resmiuticaution. The number of overlapping data points obtainetién t
mode (R=30) and providing a simultaneous record of thél, different photometric systems is usually small. Additionakig,
and K bands. On March 9 an additional half night of obseicolor dependence of transformation formulae and of the empi
vations was carried out in medium spectral mode=1B00) ically derived corrections should not be underestimatesl tou
centered at 2.3im and covering the 2.1Zm Bry line and the variable color of HR5171A.
the 2.3-2.4um CO bands. All data were recorded using the
FINITO fringe tracker that stabilizes optical pathffdirences The temporal sampling of Hipparcos measurements is very
due to atmospheric turbulence. The fringe tracker allovisgus  irregular. Therefore we averaged the measurements secured
longer exposure time and a significantly improves the sigmal within the same day, thereby improving the resulting data ap
noise ratio and overall data quality. The stars HD 96566dspegearance. Until JD 2453000, the ASAS-3 light curvéfeed
tral type G8lIl,¢=1.50:0.04mas) and HD 116243 (spectral typdrom saturation and cannot be used with confidence, but after
G6ll, $=1.37+0.04mas) were used as interferometric calibrdhis date the scheduling of observations changed from a sin-
tors and their diameters obtained from thearchCal soft- gle three-minute exposure to three one-minute exposutas S
ware (Bonneau et al. 2006). The observations log is pregen&s bright as sixth magnitude became unsaturated. The agree-
in Table A.1 and they, v) plan coverage for all targets is plot-ment with the visual photometry from Sebastian Otero is ex-
ted in Fig. 1. We reduced the data using the standard AMBERIlent, illustrating the quality of these amateur obstove.
data reduction softwaramdlib v3.0.3b1 (Tatulli et al. 2007; From the vanGenderen data, we selected the densest subset
Chelli et al. 2009). The average raw complex visibility ahac from JD 2446500 to 2448315 during which the mean magnitude
sure phase were determined using several selection arifdre  of HR5171 A was relatively stable. The datasets that incude
interferometric calibration was then performed using cost theV = 10.01 mag companion 9.4"away were corrected so all
made scripts described by Millour et al. (2008). the magnitudes correspond to the G8-K0 hypergiant withwoeit t
Medium resolutionK-band spectra were obtained as &ontribution of the BO supergiant.

byproduct of the AMBER observations. These spectra are com-
pared in Fig. 2 with two templates from the IRTBpectral li- TheV-band data were complementediand photometry
brary (Rayner et al. 2009). as much as possible. Unfortunately, only spdBdeand obser-

vations have been retrieved to complement the extensiaselat

published in van Genderen (1992). We retrieved a singlelepoc
2.2. Optical photometry of contemporaneolwBandV-band measurements in the AAVSO
a?[chives (obs: G. Di Scala at 392452456.09045).

2. Observations

The photometric observations of HR 5171 A are shown in Fig.

and the log of the observations together with some statistic e also searched for some historical measurements of the

information can be found in Table A.2. visual magnitude of HR 5171 A. The visual magnitude reported
The observations consist of several photometric data sets1875 by Gould (1879) is 6.8 mag, convertedte 6.51 mag.

a historical one gathered by van Genderen (1992), congistinhis agrees with Thome (1932) who reports 7.0 mag, and with

the photovisual magnitude of 6.23 mag from the Henry Draper

1 httpy/irtfweb.ifa.hawaii.edi+spexIRTF_SpectralLibrary/ catalog (Cannon 1936).
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Fig. 3. Visual light curve spanning more than 60yr. The colors arscdbed in Table A.2. The low flux events are indicated nanthedDean,
Sterken and Otero minima, which occurred-ihi975,~1994, and~2000, respectively.

2.3. Infrared photometry about 7.3kms!, providing a lower limit to the instrumental res-

. . i olution of R=41000.
We present unpublished near-infrarddHK L) data in Table A.2

and shown in Fig.4. They were obtained from 1975 until the Low- and medium-resolution spectra were acquired at
present with the Mkll infrared photometer, through a 36"rapeSAAQ in 2013 with the Grating Spectrograph at the 1.9m
ture, on the 0.75m telescope at the South African Astronamidtadclife telescope. Several spectra centered-a68nmwere
Observatory (SAAO) at Sutherland. The magnitudes are on tpletained with gratings 5 and 7 yielding a spectral resofuitib
SAAO system as defined by Carter (1990) and are accurateagput R=1000 and R=6000 over spectral bands of 370 and
+0.03 mag atJHK and +0.05 mag atl.. No corrections have 80nm, respectively. The low-resolution spectra were calél
been applied for the contribution of HR 5171 B, which is mpst/with a CuAr lamp and the medium-resolution ones with a CuNe

negligible. We also present some recent mid-IR data in Bectamp. A standard star, LTT7379 (GO) was also observed to pro-
in the Appendix. vide accurate spectrophotomeétry

Radial-velocity monitoring of the source would provide-cru
cial information about the binary. The only radial veloditgta
reported in the literature are from Balona (1982). The fadia
Visual-wavelength spectra of HR 5171 A are unfortunatelyegu locities were obtained by cross-correlating the spectseoéral
rare, although they can help characterize the spectral agpeyellow super- and hypergiants with a G211 templaid(A) and
HR5171A and thersin(i) of the primary star more precisely.he estimated his error to be 2.5kn s Thirty-eight spectra of
High-resolution archival AATUCLES spectra taken in 1992 andHR 5171 A were secured over 837 days, betweea2H23940
1994 were retrieved from the Anglo-Australian TelescopaTp (March 7, 1979) and 2444777 (June 21, 1981). Balona (1982)
archived. They were taken with UCLES, a cross-dispersg@ports a strong peak at a period of 263.2 d, and a radialisloc
Echelle spectrograph located at the coudé focus of the AAT ariation of~9km st.

fering high resqlution compineq with good wavglength COVET e initiated spectral monitoring with Pucheros (Vanzi et al
age. The 31.6 lingmm setting gives almost continuous WaveZOlZ), an optical spectrograph of the Pontificia Univerdida

length coverage at bluer wavelengths, with a short smﬂen%(}g\tolica de Chile (PUC). It is a fiber-fed echelle that presid

(6-15 arcsec). The data were reduced using IRAF. The qua : - ‘o )
of the wavelength calibration of the 1992 spectrum was (Iiesté ectral resolution R 20,000 in the visible (390-730 nm) and

using nearby observation of the stafrA and was compared
with archival UVESQVLT data. The wavelength calibration of

the 1994 data was morefficult to perform because no suit- ere executed on April 11, 2013. Five spectra were takerh eac

able ThAr reference could be found in the archive. The 19 : : . ; - S .
UCLESAAT spectrum covers the range 531-810nm, and tqﬁjfnvz\'/ti?hzgﬁq o gggllf%agon time, providing a combinedspe

two 1994 spectra cover the range 457-697nm. The width of tel-
luric lines has a minimum of 0.0168 nm at 687.8 nm, which is

2.4. Spectroscopic data

radial velocity accuracy of 0.1km'. The instrument is in-
stalled at the 50 cm telescope of the PUC Observatory located
near Santiago, Chile (altitude of 1450m). The first obsénat

2 httpy/apm5.ast.cam.ac.ldtc-binwdbyaat databas@bservationlog/make 3 httpy//www.eso.orgsciobservingtoolgstandardspectratt7379.html
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portant information at higher angular resolution. We perfed
some tests on the presence ofuse extended emission, or of
the existence of asymmetries in the data. The V382 Car data
are compatible with the absence of such emission down to the
6% flux (accuracy limit) and an elongation greater than 0.85% i
also excluded. In Fig. 5 (left), we show an illustration of thata
fit with our best UD model, which can later be compared with
HR5171A (right). The interferometric observations indéea
lack of significant emission around the star. This can be unde
stood if V382 Car is a normal YSG rather than a more extreme
YHG, since a significant contribution from the wind would be
expected around a YHG. This classification is also condisten
with its lack of infrared excess.

The HR5171A AMBER dataset shows cleaifeiences
compared to V382 Car.

— First, the source is larger in angular size, indicated by the
5 5 5 | systematically lower visibilities at the same spatial fren-
® ; ; ] cies.
5 5 5 — Second, the visibilities at various spatial frequenciesate
; ; ; strongly from the expected shape of a UD.
P v V3 § P ‘{ 1 = Third, aclosure phase signal is observed rising at highalpat
Pt 5&: P frequencies.

5%‘ Fourth, all visibilities and closure phases show significan
variations with wavelength, which are correlated with spec
: 1 tral features, particularly at the end of the K-band owing to
" 1 the CO first-overtone absorption bands. The source is much
: § 1 more extended at these wavelengths due to increased opacity
é 1 from a thick CO nebula.

Near-IR min.

Magnitude
N
T B e e LA e e e e L B B o B e R e

-

LA

| Dean min. Sterken min. 1 The medium-resolution data reinforce this view of complex
- 1 and spectrally rich information in the dispersed visibgkt and
L2 IS R R [ LI+ T phases. These data are shown and discussed more exteirsively
45000. 50000. the appendix (Sect.B). To exploit this spectrally rich datawe

JD - 2400000 used our softwaréitOmatic, a general-purpose model-fitting
tool for optical long-baseline interferometry. lfitOmatic,
the gradient descent algorithm is taken directly frbfiTpro.
The main diference with the publicly available tobLTpro is
the use of wavelength-dependent parameters and a global op-
timization method inspired by simulated annealing aldponis.
These two additions allow some flexibility in the fitting pess
when dealing with chromatic variations, as in HR5171 A. With
fitOmatic, we test for the fiect of wavelength-dependent flux

. . . _ratios between the flerent geometrical models used.
Observations of HR 5171 A were performed with the NICI M- We first tried to fit the HR 5171 A data with simple models

ager (Chun et al. 2008) on the Gemini South telescopehi

Fig. 4. SAAO near-IRJ, H, K, andL light curves compared to the near-
est observations in the V band (the full dataset is shown adl siots).
The visual magnitude of HR 5171 A is shifted by 3 magnitudedtie
sake of clarity. Remarkable flux minima are indicated.

2.5. NICI/Gemini South coronagraphic observations

€ dlich as a UD or a Gaussian Disk (GD) with a varying radius as
February 2011 under program ID GS-2011A-C-4 (P.I. N. Smith} ¢, i of wavelength. Both fits were of poor quality, pcbv

The dataset consists of a series of 0.4s and 7.6s coronazgramb inconsistent variations in the parameters with wavgtienA

exposures with filters probing the narrdé+band continuum fit with a uniform disk ; : :
. o plus a Gaussian Disk, with wavelength-
(KcontGO710, 2.2718m, A4 =1.55%) and the [Fe] line in the invariant diameters, but with varying flux ratios provideadadj-

H-band (FellG0712, 1.644m, A1 =1.55%). The Focal Mask tatively better results for the visibilities, though theatjty of the

F0.9” (G5711) was used. The mask is completely opaque Wih o 1ained poor because none of these spherical modelg coul
a minimum transmission of about one part in 300. Stars ceqz
Qg

X . y construction account for the smoothly varying closuraggh
gerzeg:ge*?t\ﬁdtgse mask are therefore dimmed by approxima a function of spatial frequencies, which indicates ammasy

metric source.

We incorporated this asymmetry in our models by adding an
offset point source with a mean flux fraction that converged to
about 12% of the total flux at 2uin. Allowing this point source
We analyzed the AMBER data with tHeTpro software and to be resolved (modeled as a UD) marginally improved theltresu
our own routinefitOmatic (described in the next section andf the fit but the angular resolution is infigient to provide tight
also in Millour et al. 2009). The two packages yield iderittea constraints on the secondary diameter apart from an uppér i
sults for V382 Car. Both show that the source is best desttébe Table 1 lists all the models tested together with the redyéed
a simple uniform disk (UD) model with a diameter of 2.29 masgalue obtained.
and an internal accuracy of 5% (redugée-3.4). We did not dis- Therefore, our best interpretation of this dataset (see5fig
card the noisier J band data in the analysis, since it previde provides a uniform disk diameter for the primary of 3:802

3. Fitting by geometrical models
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Fig. 5. The AMBER/VLTI datasets of V382 Car (left panel) and HR 5171 A (right inFor each star, the top panel shows squared visibilities
log-scale versus spatial frequencies. Red, green, anddguesent data points dispersed in the K, H, and J bandgatdsyy. The residuals are
shown below witht3 sigma indicated as dashed horizontal lines. The bottoralsows the closure phases versus the spatial frequeridles o
largest of the 3 baselines involved. The best geometricalatsare shown as thick and black solid lines.

maS(12.&0.5AUf0radistanceBs.6kpC),SUrrOUndedbyan . e b b b b H\HHMm\HH\HH\HH\HH\H£71E+03
extended envelope with a Gaussian full width at half maximum =
(FWHM) of 4.76+0.2 mas (1£0.7 AU) in the continuum. The *° =
close companion is visible in the limb of the primary, sepeda . 5 S| Laoo
from the center by 1.480.07 mas (5.180.25 AU), and its flux € o =
ratio is 12+ 3% (2.3 mag) of the total flux at Zuin(see the s =
model appearance at various wavelengths in Fig.6). The sec- S
ondary in the model would be smaller tha@.0 mas in diam- ~ =
eter, but this parameter is weakly constrained with ourictet! -5 =

uvcoveragé.

Assuming that the source is indeed described well by threé®
componentsif (i.e. the uniform disk, the Gaussian disk and the 10
offset point source with achromatic sizes and positions), ane ¢ s
analyze their relative fluxes; that were fitted for each indepené 0
dent spectral channel. Once these relative fli&ebave been g
obtained, it is straightforward to get the spectr@mnof each

component: 10
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Fig. 6. Interpretation of the near-IR AMBERLTI interferometric data

whereS, is the total flux (i.e. the spectrum of the source). We exSing a set of three geometrical models. The best model efrtfiting
tracted the spectra of the three geometrical componeratsve! source consists in a primary photospheric disk represdmtadiniform

. g . disk with a radius of 1.7 mas, a circumstellar environmeptesented
to the normalized total flux and discuss the results in Sdct.6 by a Gaussian with FWHM of 4.8 mas, and an unresolved companio

represented as a point source located at a projected distdnt.45
mas from the center of the primary. The relative fluxes arerdghed
for each spectral channel, representing for instance at?5830/12%
4. Photometry for the primary, circumstellar environment, and secondaspectively.

The detection of a companion passing in front of the primary
prompted us to re-investigate the archival visual lightveuof
this bright star. HR5171 A exhibits complex variations i th4.1. Light curve analysis

visible, as shown in Fig.3. The multicolor photometry was &4 statistical analysis of the full visual curve yields a mesn

tensively described in several studies and, in particutavan V=6.54 mag and a rms of 0.23 mag. However, this result de-

Genderen (1992). A large multicolor dataset has also bettn ga . '
ered from the blue to the near-IR. see Sect. 4.2 pends on the period of observations, and we also performed

the same analysis for each dataset. The results are shown in
Table A.2. This simple statistical analysis is importantdgse
4 Baselines longer than 150m are clearly needed. it reveals several periods lasting several years of eitbletive
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Geometrical Achromatic Flux ratio in percent Reduced
model parameters 1.68n 2.10um 2.33um ¥
UD+GD 3.674.65 mas 820 % 5050 % 3565% 30
UD+GD 3.394.76 mas 5857 % 58339% 30628 % 8.6
+offset PS  p:1.45 masg=-121°
UD+GD 3.394.76 mas 5B4/9 % 583012 % 296011 % 8.2
0:1.45 masg=-121°
+offset UD 1.8 mas

Table 1. The different sets of geometrical-models compared to the HR 5171 BBRIVLTI dataset. UD, GD and PS stand for uniform disk,
Gaussian disk and point source, respectivelsgndd stand for the separation and position angle of the secondepectively. The wavelength-
dependent parameters are provided for three selectedemaibt and the achromatic parameters (UD diameter, GD FWAAMIPS position) are

presented separately.

quietness or enhanced activities. One can identify seweiral 4.2. Color analysis

ima, which we called the Dean-2442584,~1975), Sterken . . . _ ]
(~2449330,~1993), and Otero~2451800,~2000) minima, The time _evolutlon of near-IR and visible colors indexes is
separated by-6716d and~2470d, respectively. These minimashown in Fig.7. The near-IR colors were computed from the sel
are all characterized by a magnitude increase to 7.5, 7@, &9nsistent SAAO dataset. TNe-K were computed by selecting
7.3 mag for the Dean, Sterken, and Otero minima, respe;ative?everm subsets (_)f the wsqal aikeband curves obtalned at sim-
The minima lasted about one year but seem to be followed t§ €pochs and interpolating. TH2- V dataset is self consis-
longer changes, an interpretation supported by the terhpera t€nt, mainly coming from the dataset reported in van Gendere
havior of the colors (Fig. 7, discussed in Sect.4.2). A brigh(1992). We also constructed two near-IR color-color-chags,
ness peak was observed a few years after the Dean and OfEkdK) versus (J-H) and (K-L) versus (J-K), that are shown in
minima, reaching a magnitude of 6.1-6.2 mag. The recensye#id- D-1 and briefly discussed in Sect.D.

probed by the ASAS and Otero observations (2000-2013) show The mean color are V — K >=5.78:0.028 mag< J —
that HR 5171 A was more active by a facta? compared to the H >=0.80+0.090 mag< H — K >=0.40+0.027 mag, anet K —
periods between 1950 and 1970 (Table A.2), and also betwder=0.59:0.039 mag. While th¥/-band curve appears complex
1980 and 1992 that appear relatively stable by contrast. and seemingly erratic, the colors show a much more coherent

The near-IR light curves shown in Fig.4 provide a clarifipehav'or' One can see in Fig.7 that- K, H ~ K, K ~ L and
cation of thev-band photometric behavior. The Dean minimund,~ H Vary with time in the same manner. The high rms for the
is very deep and observed in each band, fiérto L, sugges- Y~ K curve probably reflects the importance of the screening by
tive of a cooling of the envelope fnd an important optically dusty material in the line of sight. The rms is minimal b+ H
thick ejection of material in the line of sight. The Otero imin and thgn Increases fdfr.—.L. o
mum is less marked, but the imprint of the event can be seen Puring the Dean minimum, all color indices were very red.
in the J H,K, and L bands as a sudden 0.2mag decrease Thereafter HR5171 A became bluer until the high light maxi-
magnitude. The Sterken minimum is only noticeable in the ifum at JB-2443300 (the/ - K, H - K, K - L, andJ - H are
frared by a small decrease in the flux0(1mag) followed by a & that time the bluest of all data points, until now). Then be
rapid return to the the previous level. We also note thatthe itween 1985-1993 the reddening increased, after which tlee co
frared data suggest at least one minimum in addition to tresth indices became bluer again following the Sterken mimimuch an
described above An important decrease of the near-IR fluxe&sting until 2000. However, a causal connection betweeseth
appeared around 32446500 (1986), an event (called 'near-IRWO phenomena is uncertain. The Otero minimum seems to be
minimum’ in Fig. 4) associated with a surprisingly weak V minfollowe;j by a period of decreased reddening lasting up to the
imum. present.

. In this context, theB — V presented in Fig.7 gives an im-
A long-term evolution on the scale of several thousand dazg o

. : rtant insight. TheB — V dataset covers more than 60yr of
'250%%5(22/:?:} ;—Sh%g?]gi? isse p'?:g:é%ng&%%iwgﬁgfgggdasnddata, and a roughly monotonic temporal evolution is obskrve
more significant between 1990 and 2000, but the lack of obsg}?t gggtéaztfagmrf?oetv%omgﬁl n cgfrit(?éaspgherra(acl)Jlglrish(;l;ha/eufr
vations between Sterken and Otero minima prevents a defiq%z P b -ag

. : ; 2 to 1982 fronB - V~1.8 to B — V~2.6, then an apparent
answer. An anticorrelation would suggest a varying coluem-d o ' A
sity of dust in the line-of-sight causing absorption in theéand stabilization, although measurements are unfortunatésging

and excess emission in theband. Thel-band photometry ex- beévl\(/sgrr: égsgt% arzigZS%l)OMge_a\l}s?nf&légg '(;'f iaél(;mélsl)%"g ggfj N
hibits smaller variations with rms of 0.1 mag compared to rn’l] i y : :

. ; ned in 1942.29 and 1946.5, respectively, which proldre t
0f 0.15mag irk andL, and larger than 0.2 mag in theband. observed trend (diamonds in Fig. 7). The curve suggestsa dee

Turning to the earliest data recorded between 1953 and 1966ated phenomenon that can be interpreted in two ways: a spec

we note that the rms of-band magnitudes reported in Table A.2ral type change or a large variation in the circumstelldinex
is only 0.1 mag, as low as from Hipparcos. These two time-int&fon. The curve can be compared with the one shown in Fig. 11 of
vals are relatively very quiet, unlike the current epoch witee  Nieuwenhuijzen et al. (2012) which exhibits a similar chairg
source is more active (rms larger than 0.2 mag inMhEand).  the B-V for the YHG HR 8752 but in the opposite direction. This
important evolution oB — V is notaccompanied by an increase
in the V-band magnitude as would be expected for increasing

5 There might be many much less striking peaks, but is imptestib  circumstellar extinction. Assuming the classical relasibip be-
localize them with this limited dataset. tweenB - V andAy with a factor R=3.1, a similar trend should
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be accompanied by magnitude increase of at least 2.2 mag,
which is not observed. It also appears that the 1942-1966 lig
and color curves are more stable than observed subsequently
(see statistics in Table A.2). The long-term trend & a V in-
crease stops apparently around 1982 and then stabilizesdaro

B — V=2.6 mag for at least 10yr, and this is approximately the
current value. Interestingly, the Dean minimum, which appd

as one of the key events of the past 40yr, has a much lower
impact onB -V than the long-term trend. It reinforces our inter-
pretation that the cause of the gradBat V evolution is related
more to a gradual change in the underlying star than a vamiati

in the reddening, even though it is certain that the circeitest
material also has strongfects on the color curves that cannot be
ignored (see Sect. 5.3 and Sect. 6.2). Attributing the fulpk-

tude of the phenomenon (i£.< B-V >=0.8 mag) to a spectral
type change implies a significant change of spectral typen fr
GO/G2 to KIK3. This information is very important in the con-
text of the binary system evolution if one considers thathsuc
a large spectral type change implies an increase (nearlya do
bling!) in the radius of the primary star (Nieuwenhuijzeranv
Genderen et al., in preparation). In this context, one caothe-

size that the relative stability of thé-band magnitudes observed

in the 1950s and 60s is a consequence of the smaller dianfeter o
the primary, hence its lower sensitivity to the influence lod t
orbiting companion.

4.3. Detection of a periodic signal in the V band and the
radial velocities

We performed a Fourier analysis of the visual photometry-aim
ing to detect a potential periodical signal. Thefelent sets
were analyzed separately with theriod®4° package (Lenz &
Breger 2005).

We first used data from the ‘quiet’ period ranging between
1985 and 1992, which have a good temporal coverage and are
of good quality. A clear peak at a frequency of 0.001522d
(P,=657 d) was detected first in the Hipparcos dataset (see
Fig.8) with an amplitude 20.126 mag. For each detected fre-
quency, the amplitude and the phase were calculated byta leas
squares sine fit. We then enlarged the dataset to include the
period of relatively quiet behavior between the Dean and the
Sterken minima (i.e. JD 2443240-2448966). This analysis pr
vides a peak at frequency 0.00152438determined with an
accuracy of about 2% (correspondingRp=656+13d).

Photometry from recent years, including ASAS and Otero
data, exhibits more active behavior compared to the Hipgsarc
dataset. The Fourier transform of the ASAS data yields agtro
peak at £0.00038d! (P~3300d, &0.246 mag) thatfiects an
accurate determination of the peaks that are present nearby
Three peaks are also identified a6f001542d* (a=0.074 mag),
f=0.00102d! (a=0.0393 mag), anc=0.02751 (&0.0372 mag).

We imposed the=<$0.0015d? frequency in these data set and
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fitted the residuals with a little series of sinusoids. The® Wrig. 7. Temporal evolution of HR5171 A in several colors. The color
came back to the original observations and prewhitened thenling for the curves involving near-IR data is the same a8ign4.
with these sinusoids. The residuals correspond to the eteaTheB-V coming from a dferent dataset are shown separately, together
observations. This prewhitening yields a specific peak rmalouwith the corresponding B and V magnitudes. They witness g-term

F~0.0015d* with an amplitude of 20.122 mag, similar to the trend that seems independent of any reddening variation.

one found in the 1985-1992 dataset.
It was noticed that if the light curve is phased with the

P1 period, an important residual remains at the phases of gi¢cond one. A careful inspection of the Fourier diagrams re-
served lowest fluxes. This behavior is particularly cleatia Vvealed a half frequency peak. Phasing the data with the fre-
Hipparcos dataset where the first dip appears lower than thiéency £0.000761d" (Po=1314d) improves considerably the

6 httpy/www.univie.ac.gtopgPeriod04

quality of the fit that exhibits a striking 'double-wave’ pen
showed in Fig.8. The phased light curve is reminiscent of an



Chesneau et al.: HR 5171 A: a massive interacting systemnimmn envelope phase 9

the noise were observed, and the author reports the discofrer
a strong peak at a period of 263.2 daysQ{003799 d') from

the dataset. We performed a Fourier analysis \Pitlriod04
that revealed the presence of two peaks of similar ampligude
at f=0.003789d* and 0.001467d, the latter one correspond-
ing to a period R682 days, close to;PLeast squares fits gave
K=3.87kms?! and K=3.96kms?* for the amplitudes of the two
peaks, respectively, so our analysis suggests that a xadidaiity
signal with a period similar to the one inferred from the aku
light curve. In any case, the radial velocities variatiomgply
that the companion has a low mass compared to the primary or
that the inclination of the system is very low, although thibdr
hypothesis is inconsistent with the detection of eclipses.

By comparing the date of the zero point of the radial
velocities with the minimum of the Hipparcos light curve
(JD=2447335%40), we improved the precision on the period

P P — P P slightly. We obtained a value;P652+3 d, corresponding to an
o000 o008 Froqueney in 1/d oot *% orbital period Bp,=13046d. It is worth noting that the peak

corresponding to a period of 263d detected by Balona (1982)
represents one fifth of . In addition, van Genderen (1992)

0.08
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L L L L L
47000. 47500. 48000. 48500. 49000.
JD - 2 400 000

0.04

%0
I
A T S T S T Y R B

0.02

0.00 1

'0'25 1 identified two periods in their photometric data: a 430d qebri
2 R @ 4 1 during the relatively quiet epochs ranging from 1969 to 1972
01E i%\ T T4 1 (before the Dean minimum), and then a 494 d period afterward.
F i *++i§§:¢¢ e tﬁ 1 These periods were obtained by identifying extrema in thne-co
s © {ﬁ o I}*Qﬁ qﬁﬂﬁ *i#w 1 plex and active light curves, and they aféeated by uncertain-
E oop +&™ i ﬁﬁ‘iﬁf @’ + - ties potentially as large as 30d. The harmonic at one thiR} gf
?Z%ﬁ D S i 1 has a period of 435d.
o g;‘;‘&oi; N L Gla % The inferred ephemeris with,3=1304+6d days is given by
CERD
g """""""""""""""""""""""""""""""""""""""" 3 ® = 0.5+ (JD - 2448000) Pory
0.2t s s s s k|
0.2 0.4 0.6 0.8 )
Phase The light curves covering six orbital periods were used to

test the phasing of the variations. First, a secondary slgt
Fig. 8. Top panelDensity power from the Fourier transform of a subphase® =0.5, when the slightly hotter secondary is in front
set of the visual light curve used for the first search of kel sig- of the primary, occurred during the Hipparcos observatiains
nal. The dataset used, between the Dean and Sterken misistaywn  JD=2448029-30. Second, the AMBER observations represent
as an inset with the following label: Van Genderen data irchldi- 3 reference point where the secondary is observed at the-begi
amonds, Hipparcos data in orange stésttom panel Phased light ing or the end of the secondary eclipse, hence observed near
curves compared with twSIGHTFALL models. In addition to the Van phased ~0.4 ord ~0.6 (see Fig. 8). Using this ephemeris, the

Genderen and Hipparcos data (i.e., the most easily prenddje the . .
ASAS dataset is shown as blue crosses. The dashed horilinatahre AMBER observations were made at phase @884, i.e., at the

indicative of the deepest level of the primary and seconeatipses, €nd of the secondary eclipse. Third, we used the ephemeris to

at 0.13 and 0.06 magnitudes, with eclipse depth 0.21 andraghi- testand predict the latest maxima of the visual light cuBame

tudes, respectively. THeest 1landbest 2models are indicated as dottedmaxima were identified, but this technique remains highly un

and dash-dotted curves, respectively. certain since the light curve is currently severefigated by the
activity of the primary.

eclipsing system in contact or overcontact (Wilson 1994), i : .
Iinepwithgthg finding of the interferometric obs(ervationattthe) 4.4. Modeling of the light curve
source is seen in front of the primary. In this case, it is etg@ From the phased light curve shown in Fig.8, one can infer that
that the strong peak detected (namR]y corresponds to half the the distorted surface of the supergiant modulates thelgiflix
orbital period B, and hereafter we will consider thB=Porp. by 17 +5%, and from the mid-period eclipse the contribution
One may wonder whether the Period originates in a slow of the companion is estimated to be about 2% of the vis-
pulsation and not from the companion. In many pulsatingsstaible flux. This flux contrast is close to the one inferred in the
the amplitude of the pulsation depends on the wavelengthelf near-IR by the AMBERVLTI observation. The emissivity of the
P, period were associated to a pulsation we should detect tb@mpanion is greater than that of the primary, indicating h
frequency dependence in oBr- V data. When thé&/ data are ter star. Under the assumption that the emissive surfacée®in
fully or partly analyzed, a frequency peak close to 0.001tham visible and near-IR are rather similar, this implies that tom-
amplitude between 0.1 and 0.12 mag is systematically detectpanion surface temperature is only hotter by 150-400K than t
As a test, such an analysis was performed onBheV data. primary star's temperature of 3500-4500K. We also notettiat
While present in th&/ and B datasets, the 0.0015 frequency isecondary eclipse, when the secondary passes in fronds lo
missing in the color index data. about 0.15B, implying a strong inclination for the system.
The 38 radial velocities published by Balona (1982) cover As a consistency check, we performed an independent anal-
1190 days. Structured variations that are significantlydathan ysis based solely on the phased light curve withNDHTFALL
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cod€. This software (Wichmann 2011) is based on a generahble 2. Parameter space for the b&IGHTFALL models. The period
ized Wilson-Devinney method assuming a standard Roche ¢e=1333d is fixed.

ometry.NIGHTFALL is based on a physical model that takes the _
non-spherical shape of stars in close binary systems ictouat, Param. Best1 Best2 min max

as well as mutual irradiance of both stars, and it can handle a o 90° 75° 60° 90°
Fil.Fac. 1.03 0.99 0.98 1.04

wide range of configurations including overcontact systeives .

performed a fit of the light curve by minimizing the free pasm Mprim 62'\2/|@ 741'2@ 20'\4‘3 1202'\?
ters and exploring the various solutions found. We first amsi Mgec 3,\4; 6M@' 2M, 15M,
a circular orbit and fixed the periOd [10)) (i.e., 1333d) We then Se[? 2028 R, 2195 R, 1800 R, 2600 R,
used various sets of initial parameters such as a stronigaacl L12 1570R,  1599R, 1400R, 1800R

tion (from 45 up to 90), a total mass for the system ranging prim. Mean radius 1180k 1290R,~ 1000R,  1500R,
from 30 to 120 M, and an identical initial temperature for the Sec. Meanradius 312,R 401R, 200R, 550R,
two stars of 4000K. Regardless of the total mass adopted, the  Tprim 4717K 4927K 4400K  5200K
results are very similar. The lower mass range is only compat _ Tse¢Tprim 1.02 1.06 1.01 1.25
ible with large inclinations while a wider range of inclinat L ) ) )

accounts for the light curve with a mass around 120Mhe ~, Separation of the components (circular orbit assumed).

full set of solutions favors a primary with a large radiuse(i. ~ Fosition of first Lagrangian point, from primary center
>1000R)) in contact or over-contact with the secondary, involv-

ing a filling factor ranging from 0.99 to 1.04wo examples of

good models are shown in Fig. 8 and their parameters ard liste

in Table 2. The inferred properties for the primary and selaon

are fully consistent with the limits imposed by AMBRR.TI  5.2. Rotational velocity

measurements. The lower inclinations close t6 vield mass ) ) )

ratiosq between 0.8 and 0.5 and a large temperatufergince Thanks to_the high spe_ctral resolution of his spectra, Warre
for the two components BT prim > 2). However, such mod- (1973) n0t|ced_ that the Ilne_s are mucP broader (50-1_00Rr)_13
els predict radial velocities for the primary larger thak@Gs™* than in an ordinary supergiantg§kms ™). The stellar lines in

which are not compatible with the observed range of variatio the AAT spectra are obviously resolved well. A simple Gaassi

which is less than 10knt§Furthermore, a long-duration secfitting procedure performed on several lines including tleel F

ondary eclipse with a plateau is clearly observed in the qnihaé'nes around 600”{“ (such as 606.5nm) provides FWHM esti-
curve, despite the limited/S, favoring the interpretation with a Mates of 4a9kms .
large inclination. If one includes the constraint from theerfer- However, hypergiant spectra exhibit broad absorptiorsline
ometric measurements that the secondary must have a radiugftsibuted to large scale turbulence motion that may reaplers
most one third of the primary, then a restricted range ofrparaSOﬂiC velocities while the stellar rotational broadeniagon-
eters is found. A family of good models involves a high inalin sidered small (Lobel et al. 2003; de Jager 1998). The disgove
tion (i>60°), a large mass ratiay(>12), and a low-temperature©f a close-by companion raises a question about on whetaer th
difference between the primary and the secondad@QK). broadeningin HR5171 A has a rotational or turbulent origin.

Improved constraints on the system parameters would re- We therefore performed a Fourier transform (FT) anal-
quire more complete radial velocity monitoring, and we advgsis, following standard techniques (Gray 1992). This tech
cate coupled interferometric and radial velocity monitgrin nique is considered a robust way to disentangle Doppler
the future. TheVIGHTFALL modeling of the phased visual lightbroadening from other sources. From this analysis, valdies o
curve is consistent with the information provided by theifer-  vsini=57+15kms?! were estimated from these lines, the large
ometric observations, giving further confidence on therpree  error bar reflecting the rms of the measurements (fhiedBthe
tation that the system is a contact or over-contact binary. AAT spectra is about100). A value of 50km3, interpreted

as thevsin(i) Doppler velocity at the uniform disk radius in-
ferred from the AMBER observations would imply a period of

5. Spectral analysis P/sin(i)=1326 days, in fair agreement with our detected period
and derivation of a large inclination. The same techniquieg
to the Pucheros spectra at slightly lower resolution buhéig
The determination of an accurate spectral type using phetomS/N (~200) provide less scattered results with a mean value
ric data for such a variable and reddened objectfiscdit. The —of vsin(i)=40+4kms™ . Nonetheless, Simon-Diaz et al. (2010)
first published spectral classification of HR 5171 A was regbr showed that the determination of thein(i) by the FT tech-
by Humphreys et al. (1971) to be G8lgbut that was corrected hique is subject to important biases when the macroturbelen
by Keenan & Pitts (1980) to KOka The spectrum of HR 5171 A is significantly greater than thesini. We used the unblended
was extensively studied by Warren (1973), providing thé &ics Fe1557.2nm line as a good indicator of variable wind opacity
curate determination of theffective temperature,sf;=4900K. to perform a comparison of the AAT spectrum of HR5171A
None of the AAT and 2013 SAAO spectra mentioned aboweth a spectrum fronp Cas and HR 8752. HR 5171 A appears as
showed any TiO lines. The AAT spectra secured between 199pectroscopically very similar to these other extremesstais-
and 1994 are nearly identical. A comparison with Kurucz modhg doubt about our analysis. It is therefore verffidult to in-
els yields a best match with lag)(= 0 and T.+=5000 K for both fer this key quantity from spectroscopy alone. Importarth&t
spectra. The spectra were also compared to templates pTgvidAMBER/VLTl is able to detect this rotation in the fiierential

similar results. We include representative wavelengtioregin  phases without being biased by the pulsation signal (D@mei
Fig.9. de Souza et al. 2004; Chelli & Petrov 1995), provided that the

sourcevsin(i) is larger than 20 - 30knT$ (resolving power R
7 httpy/www.hs.uni-hamburg.dBE/IngPeyWichmanniNightfall.html  12000).

5.1. Spectral type
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Fig. 10. Left Separation of the medium-resolution K band spectra HR 51 Haged on their spatial properties resulting from the gedcadt
models analysis of Sect.3. The upper orange line is thepeltsum. The yellow line is the spectrum from the unifornkdigich its respective
normalized flux. The contribution from the Gaussian is cb@iézed by the strong CO emission lines, and the secondatysfithe bottom line
at about 12% level in the continuurRight The spectrum from the uniform disk is compared to the G8IbAREmMplate in dotted green and
the spectrum of Betelgeuse in dashed red. The depth of thebS@ptions is related to the large column of molecular maitéhiat is found
around the system. Obviously, the CO molecular lines, evese originating in the core of HR5171 A ardegted by the strong veiling from the
circumstellar environment and cannot be used for the sgesttssification of the primary.

5.3. Influence of the circumstellar environment be stressed that although qualitatively interesting, dpisroach
o _can hardly provide robust quantitative information. Thesp
In the near-IR spectra shown in Fig. 2, one can note the sirgiy| separation procedure relies on an accurate knowlefie o
larity between the GOIb near-IR template (HD 185018) and thgx-calibrated spectrum of the total source at that the tfithe
AMBER spectrum of V382 Car, whereas we observe numeshservations and the spatial distribution of the emissioply-
ous diferences between the G8lb template (HD 208606) afy} a full spectrally dependentimage reconstruction, sisqber-
HR5171A. The AMBER spectrum from HR5171A is charformed only once on the case of the SgB[e] HD 62623 (Millour
acterized by a strong sodium line Na |24 in emission and et 1. 2011). The formation of CO bands emission is very com-
narrow CO bandheads that are partly filled by emission. fiex and certainly their study by the technique describe h
similar Nal 2.2um emission is also reported and discussed Ryoyid imply a (time-consuming) dedicated imaging campaign
Oudmaijer & de Wit (2013) on other YHGs, such a€as We also found that the [N] 16548 and16583 emission lines
(Gorlova et al. 2006) or IR€10420 (Oudmaijer & de Wit 2013). of HR5171 A in the AAT-UCLES spectrum of 14 Jun 1994 are
This line betrays the presence of an extended region where fpatially extended. The spatial scale is 0.16 arcsec peiaspa
continuum forms inside the dense wind from the YHG, whichjixe|, and the [Nu] 16548 line is detected up to three pixels
veils the hydrostatic photosphere and may explain the wlusg.o.57), while the [Nu] 16583 line is seen up to five pixels
reddening and surprising decoupling between the photamet§yay from the continuum peak.8”). Extended [Ni] 16583
and spectroscopic data. emission is also observed in HD 168625 and in HR 8752 (Lobel
A UD is necessary to explain the zero visibility observedt al. 2013). It is interesting that both HR 8752 and HD 168625
in the interferometric data that implies the presence ofash are supergiant binaries. Interestingly, HD 168625 is afsbBV
(photospheric) border, but the particular shape of thedilisi  candidate with a triple ring nebula (Smith 2007) resembiirey
curve also implies an extended and dense environment. his éne around SN 1987A.
velope is also indicated by the striking visibility signdiserved To summarize, the interferometric data show that the ex-
in the CO lines and the Nal22n doublet (Fig.B.3), whereastended envelope has a strong influence on the spectral appear
no signal is observed in the Bidine. A comparison with the ance, complicating spectral classification. This envelgie as
same data for V382 Car shows tladitthe lines from HR5171 A a ‘pseudo-photosphere’ in the sense that it imprints a sigea
observed in this spectral region form in an extended envirofhat may have strongly influenced the spectral diagnoses pub
ment compared to the continuum, except foyBrhich seems lished so far.
to be the only photospheric line in this spectral domain.ifike
terferometric model presented in Sect.3 is the combinati@m ) ]
uniform disk, a Gaussian disk and affiset point source, whose 6. Discussion
sizes and positions were achromatically estimated in thiedit 6.1. HR5171A: an over-
routine and whose relative fluxes are estimated for eachrspec” ™ '
channel (see Sect. 3). These relative fluxes are shown iA®ig. The first surprise that came out of the AMBBRTI observa-
The UD spectrum exhibits deep absorptions in the CO bantisns was the large angular diameter for such a distant spurc
increasing with wavelength more rapidly than in the speutruwhich implied a radius of 13HP60 R, (~6 AU). Recent models
of Betelgeuse, used as template. This suggests that thimpavepredict that the most extended red supergiants reach 1500-1
renders any spectral classification dubious. The spectram f R, and have initial masses not exceeding 20-25(fEkstrom
the Gaussian is characterized by the same lines, now sgranglet al. 2012), while the radius of a YSG is expected to be 400-
emission as may be expected from an extended envelope it i3 R, . HR5171 A appears as extended as bright red super-

contact interacting binary
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o
already for these extreme objects (Nieuwenhuijzen et dl220
Klochkova et al. 1997; de Jager 1998). Unfortunately, weshav
‘ to rely on very few spectra for the spectral type characiéion,

6650 6700 6750 6800 covering three epochs 1971-1973, 1992-1994, and 2013. The
Nanometer (limited) analysis of the spectra shows that the spectps gnd
. . . effective temperature inferred were relatively similar (a pauni-
Fig. 9. Top:Comparison of the 2013 low-resolution SAAO spectrungon is shown in Fig. 9). The spectral determination remaimngec
(vellow) with two templates of similar spectral type. Thesspum of and largely complicated by the veiling issue. The analytibe®
HR 5171 Aiis discrepant in lacking somextdbsorption (vertical dotted agr-IR spatially resolved spectra from AMBER (Fig. 10)who
line). Bottom: Comparison between the 1992 AAT echelle SPectruh 5+ the veiling is verv strona. An alternative interm.eeliace-
(purple dotted line) overplotted with the 2013 PUCHEROScen nario would irgw ly a )s/tron ?ﬁcrease in the }nass—loss rate, th
(yellow curve). The spectra are very similar. The Bnd [Nu] 16548 . f Fl)y' v thi 9 ded I !
lines are indicated as vertical dotted and dashed linesectisely. creation of a relatively thin, extended gaseous enveldigea
ing the visual band only marginally, but strongly influergcthe
B - V color index. We discuss this issue further in the following

giants (Arroyo-Torres et al. 2013), such as VY CMa (Wittk&ivs Section.
et al. 2012; Smith et al. 2001, 142020R,) and has a radius
50% larger than the radius of Betelgeuse (Haubois et al. ,20 -
885+90R, ). Such a large radius for a G8 YHG seems inconsig’?z' Activity and mass loss
tent with a single star evolution unless HR5171 A just le& thThe photometric behavior of HR 5171 A is very similar to the ac
red supergiant stage. tivity of the archetypal YHGo Cas (Gorlova et al. 2006; Lobel
The phased light curve and the subseqii@GHTFALL mod- et al. 2003). The near-IR and visual light curves show logrgat
eling lead independently to a large diameter for the primawariations and shorter term minima. If one takes the Deanr min
and secondary in the context of a contact or over-contact maaum as the starting point for this analysis, one can intrpr
sive binary system. From Kepler's third law and for a very-lo the behavior of the photometric and color curves as an ositbur
mass companion of period 3.57 yr orbiting as close as 1.3 Bhat propelled part of the primary envelope into the circitmb
we infer the lowest current mass of the system to be®®l,. nary environment. The veiling lasted more than 20 yearsers se
Taking into account th&lightfall modeling constraints on by the decrease in th&— H or V — K curves until a new deep
the separation of the components and the optical interferonminimum was observed around 2000 (the Otero minimum) that
try constraints on the primary apparent diameter (and their apparently initiated a new cycle. The Otero minimum is nearl
certainties), we estimated the total mass of the system to identical to the millennium outbur&f-minimum of p Cas, in-
39f‘2‘gM@ (at D=3.6+0.5kpc). terpreted by Lobel et al. (2003) as resulting from a shelt-eje
The long-term evolution of th& — V curve that ended in tion or outburst event after which the star continued with it
the 80s suggests that contact may have happened relatdrelyusual pulsation variability. The gradual increase in Be V
cently, coinciding with a period of increased activity. Sug color index seems to be only slightlyfacted by the Dean min-
large change in color suggests a dramatic change in spgieal imum, suggesting that the star’s activity is a second-opeer
in a few tens of years, which is not at odds with what is knowturbation. Unfortunately, some B band photometry is mig$m
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probe the later stages (e.g., Otero minimum). What is the caystem is presented at maximum elongation for the sake if cla
nection between the short-term deep minima and the neasHR dty, and observations at these particular orbital phasereeded
ors? During the 1999-2000 outburst, tHEeetive temperature of to have the best view of the contact between the two compenent
p Cas apparently decreased by more than 3000 K and an incraafdbe system.
of its mass-loss rate froid~10"°to 54 x 10°M,, yr-* was in-
ferred (Lobel et al. 2003). The analysis of the SED suggébsts t : L
a 800K decrease can explain théeliences observed betweerp-3 Fypergiants and binarity
a minimum and the normal state. Intensive spectroscopi@andMounting evidence indicates that binarity has a decisivece
terferometric monitoring would be needed during the nestial  on the fates of massive stars and, in particular, on thedticot
mimimum of HR 5171 A to better understand the mechanism gite (de Mink et al. 2013; Sana et al. 2012; Kochanek 2009).
these mass-loss events. Binary mass transfer via Roche lobe overflow (RLOF) has long
The similarities of the photometric behavior and spectpal abeen considered a key channel for producing stripped-epeel
pearance of HR5171A with other YHG suggest that its actiwolf-Rayet stars, and the statistics of supernovae suestgpn-
ity and mass-loss rate are due to the same process, namelyfita¢the importance of the binary channel in producing s&ip
chaotic strong pulsations intimately related to the mean-adenvelope supernovae (Smith et al. 2011b). Similar conohssi
batic index deep in the atmosphefiéhe key question related are reached through the modeling of the light curves and-spec
to the discovery of a low-mass companion is to determine ita of SNe llb, Ib, and Ic (Dessart et al. 2012, 2011; Ensman
influence on the mass-loss process. Even a comparatively I@wvoosley 1988). Despite the crucial influence of strong bina
mass secondary can dramatically influence a massive — jteraction in the late evolution of massive stars, very éxam-
loosely bound and unstable — envelope through tides and ples of the phenomenon have been identified, and this system i
mospherigvind friction. As the more massive star evolves angb our knowledge, unique. Since the mass transfer phasesf ma
expands, the Roche lobe limits the size of the primary, amts pasive binaries is very brief{10* yr or so), these systems caught
of the envelope become unbound in a process that is currenithat phase are extremely rare and each one of them is very
poorly known. In particular, it is by no means granted thét thvaluable for studying the physics of the process.
process is smooth and steady. The complex and variable light Considering the current parameters for the HR 5171 A sys-
curve suggests large ejection events. The primary is forcedtem compared to binary evolution models suggests the faligw
have a surface temperature set by the uncoupled core luityinoscenario. During the main sequence, HR 5171 A was a detached
and the size of the Roche lobe. Binarity may therefore be a kKeyary system. When the most massive star became a YHG, with
component for other YHGs as well. a bloated and intrinsically unstable envelope, the sejoaratas
Even with the large dataset presented here, the issue of #fi# too large for the two components to merge or to exchange
rotation of the primary is far from trivial. We first suspedtev- large amount of mass. The primary envelope is now quite cool
idence of significant rotation from the large widths of lines and large, possibly under the decisive influence of the compa
the spectrum, but a comparison to other YHGs suggests thatidn. The convective layers span most of the star’s radius asn
large turbulence for these exceptional sources can eadidyeh suming convective motions at 10-20km s some material can
relatively large (e.g. 10-30kn1%) vsin(i). We note also that the reach the interior regions in 2-3yr, which is a time shortemt
presence of the companion is not accompanied by detectablebe orbital period. The Kelvin-Helmholtz time for theselste
ray emission (see Sect.C). Does this imply that the massfea lar envelopes is comparatively short, a few tens of years. Ca
process is relatively smooth and the X-rays cannot emeaye frthe convective envelopéfiently transfer the incoming angular
the dense envelope? These observations are correlatedackh momentum from the secondary deep into the primary staes int
of any emission in the optical and near-IR from hydrogenmeco rior? What is the competing influence of angular momentus los
bination lines. due to the mass lost by the system? YHGs are extremely unsta-
Recent NICIGemini-South coronagraphic images obtaineble and their observations show that a large pulsationniaityc
in the near-IR reveal a faint extended nebula with a raditi$mu can explain their high mass-loss rate even without invokireg
1.8"(Rsh=6500AU at D=3.6kpc) around the system (Fig. 11)influence of a companion.
This implies that a significant amount of mass has beenlastdu The system is probably undergoing Wind Roche-Lobe
ing past centuries. UsindST, Schuster et al. (2006) report a lackOverflow (Abate et al. 2013, WRLOF), i.e., the primary under-
of diffuse emission in the range 0.9-1.4"down to very low levefils its Roche lobe, but a significant fraction of its winddilt up
(5-7.5 mag). Using the assumptions in Fig. 4 of their paper, vand is gravitationally channeled to the secondary. Thisgss
infer a dynamical time for these radii in the range 300-1000ys by nature non-conservative; i.e., a lot of mass is loshi t
(corresponding to expansion velocities of 100 and 35Kmme-  process. Since the primary is close to Roche-lobe fillirsgsjiin
spectively). This observation is in line with the estimafi®sn should be tidally synchronized with the orbit rotation (igan,
early studies from Apruzese (1975) based on the first mid-fiivate communication), but an accurate measurement abthe
observations of this source. A model involving a shell at RDO tation of the primary is pending.
was considered as nottenable for explaining the IR flux aleser ~ The fate of the system depends on the orbital evolution. At
at 25-60micron, and a 100Q Bhell was preferred by the au-present, the orbit could shrink (if some mass flows onto tlee se
thors. At the distanc®=3.6kpc, this would represent a shell olondary) or widen (due to the mass lost by the system). If it
1.4’radius, in agreement with the more extended ffFemis- shrinks, the system could still develop into dynamical camnm
sion seen in the GemifNICl images. Does the presence of thenvelope interaction, and the binary could evolve into atsho
companion imply a long-term cycle with periods of activityda period WRrx system, where x is either a main sequence stars or
a high mass-loss rate followed by quiescent periods lastiew  a compact star. As such, it would have a small chance of form-
tens of years, during which time the diameter of the primary ing a long-duration gamma-ray burst (Detmers et al. 20G8). |
decreased and the mass-loss rate is much lower? the orbit widens, it would remain a long period system (Lange
In Fig. 12, we present a sketch that summarizes our view pfivate communication). If the common envelope is avoidad b
HR5171A following our best constraints on the system. Theesignificant amount of angular momentum transferred, then t
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20

Jupiter Uranus

Fig. 12. Roche-lobe model of HR 5171 A seen at phase 0.25 comparedangar scale in milliarcsecond (mas) and a distance sealstio-
nomical units (AU) compared with some solar system refezenthe model consists of two stars with a total mass of 39 smases separated
by 9.6 AU, an orbital period of 1304d (3.57yr). The mass rgttns./mpim Of 10 was arbitrarily chosen and a circular orbit is assurfiéeé.large
scales indicate the farthest extension of the circumstetigironment.

primary star could evolve to the blue and become an LBV spin- Itis possible that some of the other famous and unstable yel-
ning close to the critical speed. This provides a possiblefarn low hypergiants are experiencing (or have experiencedhéesi
fast-rotating LBVs such as AG Carinae (Groh et al. 2009b) atihary interaction. IR&10420 is a yellow hypergiant assumed
HR Carinae (Groh et al. 2009a) to come from binary evolutioto be in a post-red supergiant stage owing to its large-scalke
Martayan et al. (2012) review the binarity of LBV stars, mgti envelope, and the star has a current radius estimated td abou
that three of them are in close binaries, including the fasno@/3 that of HR 5171 A. The environment around HRT420 is

n Car. A circumbinary disk may also be in formation currentlalso known to be dusty and bipolar, with significant equatori
and one can wonder whether HR 5171 A may evolve to becommaterial (OQudmaijer & de Wit 2013; ffany et al. 2010). The

a rapidly rotating B[e] star. The B[e] phenomenon is chagact low inclination configuration significantly reduces the obas
ized by a B-type central star surrounded by a disk at therorigdf detecting a faint periodic signal in the radial velocitylight

of the large infrared excess and the forbidden lines observeurves or to detect rapid rotation. The influence of a putativ
This broad definition leads to a heterogeneous group (Lamemnpanion can only be inferred by careful monitoring via op-
et al. 1998), but despite this, there is a growing amount &f evical interferometry that we advocate for the few objectshig
dence that the evolved supergiants stars exhibiting theBje- extreme class. The yellow hypergiant HR 8752, whose appear-
nomenon (named SgBJ[e]) are most probably binaries having ence is very similar to those of HR5171A is also known to
cently experienced mass-exchange (Millour et al. 2@1Braus have a hot companion (Nieuwenhuijzen et al. 2012; Stickland
et al. 2013; Wang et al. 2012; Kraus et al. 2012; WheelwrigBtHarmer 1978). No periodic radial signature has been reglort
et al. 2012; Millour et al. 2009). As an example, HD 62623 iand the companion’s influence may have been overlooked. The
an interacting binary harboring an Alab[e] supergiant ateka newly discovered Yellow Hypergiant Hen 3-1379 (IRAS 17163-
massive stard ~20) orbiting very close in a 150d period. The3907) created two large shells, apparently circular (Hatdeers
interaction is at the origin of the fast rotation of the primmavith et al. 2013; Lagadec et al. 2011). There is no direct nor éudir

a circumbinary disk of plasma (Millour et al. 2011) surroedd evidence of binarity for this poorly studied source, busthy-

at larger scales by a dense dusty disk (Meilland et al. 2010). pothesis deserves to be carefully checked by high contrakt a

Only a few other interacting systems are known and for thoEégh angular resolution observations.

the interaction occurs at much closer separation and ttiecber

is much shorter. Recently, a unique system harboring twos/'S ;

was detected in a variability survey of M81. Prieto et al.q&p0 ?. Conclusions

discovered it to be an over-contact binary composed of tw Y3Jsing the AMBERVLTI observations of the YSG V382 Car
orbiting with a period of P271d, and they also noticed such as a reference star, we showed that the YHG HR5171A has
system in the SMC with FO supergiants in periocdlB1d. The a very extended photosphere of 13P60R, (at the distance
most studied massive system experiencing RLOF is RY Scaofi3.6+0.5pc) surrounded by afélise environment. A compan-
(Smith et al. 2011a), but this interaction occurred at a mearh  ion was discovered as a bright spot in front of the primark.dis
lier phase of the binary system’s evolution since the peisod Analysis of the visual band light curve confirmed the echigsi
only 11 days, and the primary is still in a blue supergiantsgha binary nature of the system, with a detected orbital perioaf o

A key difference between these sources is that the enveld@®d4:6days.

of HR5171A is convective. For RY Scuti the RLOF induces HR5171 A is an important system caught in the act of mass
wind focusing and short mass-transfer events that form aaletransfer and envelope-stripping. In this particular cades sys-
disk around the mass gainer (Grundstrom et al. 2007, see thiein is close enough to us that it can be resolved from ground-
Fig. 10). HR5171 A is to our knowledge the first system caughtised optical interferometry.

in this stage to have a resolved common envelope. Integhgtin -~ This system is undoubtedly very interesting and should be
the strong infrared silicate emission feature in HR 5171Mdst  investigated in more detail. Analysis of thi&— V curve sug-
similar to that seen in RY Scuti (Grasdalen et al. 1979). gests that the system began to interact strongly in the 1980s
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following a large increase in the primary radius. The mass @fruzese, J. P. 1975, ApJ, 196, 761
the system is high with some uncertainties related to theggxc Arroyo-Torres, B., Wittkowski, M., Marcaide, J. M., & Hausitdt, P. H. 2013,

tional configuration of the system with such a large primaay. s
Some time will be needed to infer the orbit from radial veloc

ties coupled to optical interferometric monitoring. Theelope
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Appendix A: Observation logs log(Lx/LgoL) ~ —6.5, a value typical of massive OB stars.

) ) ) In contrast, the evolved objects with strong winds, suchhas t
Appendix B: Medium-resolution AMBER/VLTl data | Bvs or WCs, are generally not detected (Nazé 2009; Nazé
The medium-resolution data from AMBER are very rich and d&! @l 2012; Oskinova et al. 2003). It is thus unsurprisirgf th
serve to be shown in detail. The atmospheric conditionsngurir iR 9171 A is not detected. There is also no evidence of a com-
the observing run were excellent and the standard deviatibn Panion or any evidence of energetic radiations from therinte
the dispersed @ierential and closure phases are better tifan £ction between the two components in this spectral range. In
We show in Fig. B.1 and in Fig. B.3 theftrential visibilities AU9ust 2001 the orbital phase was about 0.66, a potentially f
from five individual observations in the CO andhBregion, re- vorqble configuration for observing any emission from thea€o
spectively. The dataset consists of three dispersed rawilities  P2n10"N-
from a calibrator, and two sets of three dispersed visiesdifrom
V382 Car and HR5171A (Out Of ﬁVe l’e_COI’qed eaCh). Thﬁdi Appendix D: |nfrared photometry
ential and closure phases are shown in Fig.B.2 and Fig.B.4 in
the CO and By region, respectively. HR 5171 A shows dust excess (Humphreys et al. 1971; Apruzese

The comparison of the visibilities from these two sourcek275; Odenwald 1986; Stickland 1985). Since the early 70s,
shows the strong impact of the extended environment BR5171A has regularly been observed by space-borne ixffrare
HR 5171 A on the observations. We note also that a signal is dbstruments, and we report these measurements in TableD.1.
served in the visibilities from V382 Car through the CO linesThe aperture of these instruments is larger than severs¢@rc
but only at the longest baselines. This signal indicatesira tfPnds. Since HR5171A cleaned up a large cavity, one can rea-
molecular environment at a close distance from the photrsph sonably be confident that no other infrared source contbut
This must be some CO emission filling an already existing c&gnificantly to the infrared flux. The flux from the BOIla super
absorption since there is no significant signature of thisicO giant HR5171 B is also negligible at these wavelengths. Some
the spectrum. The strong phase signal of the CO lines shosi@nificant variability of the source is observed by compari
the spatial complexity of HR 5171 A. We recall that a UD sutthe MSX and WISE measurements obtairediSyr apart in fil-
rounded by a centered GD should yield a zero phase signal. @i with relatively close characteristics. The recent &/iBxes
can also see that a significant closure phase signal is aaser@e systematically lower at wavelengths shorter thapni2
only in data from HR 5171 A. Furthermore, the signal was otiNonetheless, the large variations observed between nstrts
served to strongly increase from one observation to the n&th filters covering the N band can be explained by the varia-
during the night, following the Earth rotation of the prdjed tions of the transmission that includefférent contributions of
baselines, clear evidence of binarity, but also an indicethat the very strong silicate features at 4.
the envelope of molecular gas also has a complex shape,not ac The JHKL colors of HR5171A are compared to those of
counted for our geometrical model. No signal is observetién t YSGs, i.e. Cepheid variables in Figs. D.1. They are verylaimi
Bry region (visibilities and phases). A weak phase signal clo#e JHK, but HR5171A has distinctly redder colors k- L,
to the noise limit is observed in the Nalgr2 sodium line of probably from the influence of circumstellar dust.

HR5171A.

Table D.1.Photometry of the total source.
Appendix C: Archival X-ray data

Instrument Ao Filter Flux Date
HR5171A and HR5171B were observed serendipitously by [micron] [Iy]
XMM-Newton during 40ks in Aug. 2001 (Rev number0315, RAFLGL 12.2 - 692 1971
thick filter used for the EPIC cameras). This archival ddtase RAFLGL 20 - 789 1971
(ObsID=0087940201) was downloaded and processed using [RAS - 12 605 1983
SAS v12.0.0 and calibration files available on July 1, 2002, f IRAS - 25 531 1983
lowing the recommendations of tixM teand®. A background MSX 4.29 Bl 17215 19961997
flare dfects the beginning of the observation, which was dis- m2§ %295 BAZ 213;&270 iggaigg;
carded. HR5171 appears as a single faint source near the top oy 121 C 67934 19921997
edge of the f|el<j—of—V|ew of the MOS2 and pn cameras. Itis \sx 146 D 51631 19961997
also near a gap in the pn dataset. The source detection was per psx 213 E 70349 19961997
formed using the taskdetecichainon the three EPIC datasets AKARI2 18 SI8 1123182 200@2007
and in two energy bands (sef6=0.3-2.0keV, hardH=2.0— AKARI 3 65 S65 9513 20062007
10.0keV energy band). The best-fit position for this sousce i  AKARI 90 S90 3&5 20062007
13:47:10.138,-62:35:16.11, i.e. at 8.6" to the NW of HR 5A71 AKARI 140 S140 1%6 20062007
a position compatible with that of HR5171B. The X-ray de-  WISE 3.4 w1 95 2010
tection is also compatible with current knowledge on the X-  WISE 4.6 w2 626 2010
ray emission of massive stars : O- and early-B stars, such as WISE 12 W3 29%39 2010

WISE 22 W4 808&7 2010

HR5171B, are moderate X-ray emitters. We infer the equiva-
lent on-axis count rates are 0.00&dbr MOS2 and 0.02 (< for
pn, which corresporid to fluxes of 1.5-2.5510 *erg.cn?s*
considering a plasma temperature of 0.6 keV. These valeds yi

Egan et al. (2003)
Ishihara et al. (2010)
Yamamura et al. (2010)
Cutri & et al. (2012)

The exposure is saturated.

a b~ W N P

10 SAS threads, see
httpy/xmm.esac.esa.isagcurrentdocumentatiofthreadg

1 conversion performed with HEASARC PIMMs, see
httpy/heasarc.gsfc.nasa.gdwolgw3pimms.html
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Observation Projected baseline Mode DIT? CT° Seeing Object
Date Time Triplet B(m) P.A.9 (s) (ms) @)
2012-03-08 03:03:47 KO-A1-G1 12878.981.7 -132.184.0-164.4 LR-K-F 0.05 4.5 1.37 V382 Car
2012-03-08 04:10:17 KO-A1-G1 129687.780.3 -152.060.4-178.8 LR-K-F  0.05 6.6 0.90 HR 5171
2012-03-08 04:52:51 KO-A1-G1 1247B.y77.4 -109.3107.2-147.8 LR-K-F 0.05 9.6 1.00 V382 Car
2012-03-08 05:31:29 KO-A1-G1 1287.479.4 -134.180.2-165.6 LR-K-F 0.05 9.5 1.01 HR 5171
2012-03-08 06:58:20 11-A1-G1 99/.735.6 -64.8134.7-111.1 LR-K-F 0.05 165 0.85 V382 Car
2012-03-08 07:46:53 11-A1-G1 106M.240.2 -88.8110.1-128.3 LR-K-F  0.05 17.2 1.02 HR 5171
2012-03-08 08:34.07 11-A1-G1 9218.1/28.4 -40.3156.6-93.0 LR-K-F 0.05 17.0 0.80 V382 Car
2012-03-08 09:20:49 11-A1-G1 103189.035.8 -67.3130.7-111.2 LR-K-F  0.05 221 0.99 HR 5171
2012-03-09 05:05:13 11-A1-G1 10%.541.1 -89.1110.6-129.8 MR-K-F  1.00 7.8 0.72 V382 Car
2012-03-09 05:28:39 11-A1-G1 10%37B.643.6  -118.80.8-152.4 MR-K-F 1.00 6.4 0.81 HR 5171
2012-03-09 06:11:.02 11-A1-G1 10280.037.9 -73.9125.3-118.0 MR-K-F  1.00 7.1 0.67 V382 Car
2012-03-09 06:38:46 11-A1-G1 10@777.242.2 -103.(96.2-139.9 MR-K-F  1.00 6.9 0.69 HR 5171
2012-03-09 07:27:36 11-A1-G1 9773.233.3 -56.7141.6-105.2 MR-K-F  1.00 51 0.88 V382 Car
2012-03-09 07:50:38 11-A1-G1 10%8®.439.9 -87.0111.8-126.9 MR-K-F  1.00 6.7 1.04 HR 5171
2012-03-09 08:55:19 11-A1-G1 1038D.037.0 -72.4125.9-115.1 MR-K-F  1.00 5.0 1.20 V382 Car
2012-03-09 08:34:23 11-A1-G1 9178.1/28.1 -39.4157.3-92.3 MR-K-F  1.00 6.7 1.05 HR 5171

Table A.1. Observations log of V382 Car and HR5171 A.

1
2
3
4

Projected baseline length B and position angle P.A.
Detector integration time

Atmospheric coherence time
LR-K-F: AMBER low-resolution mode (R= 30) in the K band, using the fringe tracker. MR-K-F: same withdium-resolution mode (R

1500)

Table A.2. Description of the visual light curve datasets. The colat symbol table are used to generate Fig. 3.

AW N P

o o

Reference Data First data Lastest data V magnitude
Nb. MJD date MJID date Coding median mean rms min  max

Harvey 54 34497 1953-04-28 41460 1972-05-22  Orange  6.64 6.62 010 6.27 6.80
Dear? 30 42584 1975-06-20 44299 1980-02-29 Green 6.81 6.75 034 6.17 7.50
Van Genderet 64 43248 1977-04-14 48315 1991-02-27 Red 6.75 6.72 0.15 6.41 6.97
Hipparco8 326 47871 1989-12-10 49011 1993-01-23 Darkblue 6.84 6.81 0.09 6.59 6.93
LTPV groug 21 48283 1991-01-26 49568 1994-08-03 Brown 7.08 7.00 019 6.67 7.17
Liller” 45 50899 1998-03-26 51602 2000-02-27 Gray 6.22 6.22 0.13 6.05 6.65
ASAS? 351 52980 2003-12-06 55088 2009-09-13 Yellow 6.61 6.56 021 6.11 6.87
Oter@ 510 50989 1998-06-24 56331 2013-02-07 Lightblue 6.59 6.61 022 6.10 7.32

J magnitude
SAAO 109 42491 1975-03-20 56390 2013-04-07 211 209 011 192 270

H magnitude
SAAO 109 // // // // 1.31 127 014 109 184

K magnitude
SAAO 109 // // // // 0.91 0.89 0.15 0.65 143

L magnitude
SAAO 106 // // // // 0.33 0.31 0.16 0.05 0.91

MJD = JD - 2400000

From Harvey (1972), included in van Genderen (1992)
From Dean (1980), included in van Genderen (1992)

From van Genderen (1992), including three unpublished VBLb&bservations made in 1977 (JD 2443248.5; 2443252.5 angPB45, Pel,

2013, priv.comm.)

Hipparcos data published in van Leeuwen et al. (1998, see238c

Private communication to van Genderen from ‘Long-Term Binattry of Variables at La-Silla’ group (Sterken 1983; Maidret al. 1991;

Sterken et al. 1993)

Private communication to van Genderen from W. Liller. Okagons performed with a CCD and a 20 cm private telescope$set.2.2).
From http//www.astrouw.edu.phsag Pojmanski (2002)
This study, http/varsao.com.g@€urva V766.Cen.htm
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Fig. B.1. Medium-resolution (R1500) AMBERVLTI data centered in the CO molecular band. Some unca#dratsibilities from a calibrator
are shown in the upper row as a visual noise estimate. Theatatansists of three dispersedfeliential visibilities scaled to the level of the
absolute visibility obtained using a calibrator. The spatt (in arbitrary units) is shown in color at the bottom of le@anel. The decrease in the
dispersed visibilities betray some extended emission.



20 Chesneau et al.: HR 5171 A: a massive interacting systemnimmon envelope phase

. sl . 1 . .
. . . Cly . ]
B= 100.2m, PA= -61.2° 4L B= 79.8m, PA= 136.6° 1 50 B= 34.3m, PA=-106.4° ] . HD 96566
. . . o . ]
g [
@ %4
£ g
5 s
5 z
o) o
£ o
a
6F 1 4 ]
L L . L L L L L L L N L L L L L L L N L L L L L L L . L L L L L
2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40
T T T T T T 10FT T T T T ] ol T T T T AR g0 T T T T T
60 . b . . .
B= 105.7m, PA=-118.5° 5 ‘B= 73.6m, PA= 80.8° B= 43.6m, PA=-152.4° . HR 5171
8 0 2
£ &
£ 5 o
5 2
@ o
ko k)
a -10 o
-15
400, L . . . L . L . . . . . L . . . . . L . . . .
2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40
ol T T T T IBans! 10T T T T T ] T T T T T T 60*‘ T T T T ™
B= 106.7m, PA= -103.0° B= 42.2m, PA=-139.9° . HR 5171
3
g 2
o <
£ s
5 z
2 S
a o
L L : L L L L L 20 L L N L L L L L 3 L L N L L L L L L L : L L L L L
2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40
T T T T T T Nas T T T T ] T T T T T T T T T T T T
. . . 6 . 9
. . 5 . 4 .
51 B= 102.7m, PA= -73.9° b ar B= 80.0m, PA= 125.3° 7 B= 37.9m, PA=-118.0" . V382 Car
. . . 4k . ]
4
2 3
& 2
2 :
g 2
@ o
8 k)
o o
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
. 6F . 1 : sk : 1
5r B= 97.3m, PA= -56.7° 1 al B= 79.2m,PA= 1416 ] 57 B= 33.3m, PA=-105.2" 1 : V382 Car
. . . qar . B
3
o
© 17
g 5
= @
S 5
Q 173
] L2
3 3]
Q
. L . . . . . L . . . . . L . . . . 60 L . . . L
2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.26 2.28 2.30 2.32 2.34 2.36 2.38 2.40
Wavelength in micron wavelength in micron wavelength in micron wavelength in micron

Fig. B.2. Same dataset and spectral region as that in the previous fifiie diferent panels show threefidirential phases and one closure phase
per observation.
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Fig. B.3. Medium-resolution (R1500) AMBER/VLTI data centered on the Brine. Some uncalibrated visibilities from a calibrator atewn

in the upper row as a visual noise estimate. The dataset atibece consists of 5 consecutive observations providingdch, three dispersed
visibilities (this figure), three dierential phases and one closure phase (next figure). Theadeoof the dispersed visibilities betray some extended
emission, particularly in the Nal sodium line of HR 5171 A wé&s no signal is observed in theyBine. No significant interferometric signal is
observed in the data from V382 Car.
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Fig. B.4. Same dataset and spectral region as that from the previaue fighe diferent panels show threefiirential phases and one closure
phase per observation.
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Fig. D.1. Near-infrared two colour diagrams. The full dataset is shetith the same color coding as in Fig.7 and the location ofte&fs (Laney
& Stobie 1992), after correction for interstellar reddenifassuming the reddening law from Laney & Stobie (1993) Apg0.15 E(B-V)] is
shown for comparison. The arrow shows tliEeet of correcting HR5171A for interstellar reddening of EB=1.13 mag (van Genderen 1992),
following the same reddening law. We note that there may beelidditional reddening due to circumstellar extinctionméertain characteristics,
evidenced by the spread (0.1-0.3 mag) of the temporal measmts. Nevertheless, the corrected colors are similaosetof the Cepheids, with
an excess of emission that increases at longer wavelengths.



