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ABSTRACT

Context. HD 85567 is an enigmatic object exhibiting the B[e] phenoaren.e. an infrared excess and forbidden emission lines in
the optical. The object’s evolutionary status is uncertaid there are conflicting claims that it is either a youndastelbject or an
evolved, interacting binary.

Aims. To elucidate the reason for the B[e] behaviour of HD 85567 hexe observed it with the VLTI and AMBER.

Methods. Our observations were conducted in #ieband with moderate spectral resolution(B00, i.e. 200 kms). The spectrum

of HD 85567 exhibits By and CO overtone bandhead emission. The interferometri alattined consist of spectrally dispersed
visibilities, closure phases andidirential phases across these spectral features amd-thend continuum.

Results. The closure phase observations do not reveal evidence ofrasiry. The apparent size of HD 85567 in tkeband was
determined by fitting the visibilities with a ring model. Thest fitting radius, 8 + 0.3 AU , is relatively small making HD 85567
undersized in comparison to the size-luminosity relatigmbased on YSOs of low and intermediate luminosity. This fr@viously
been found to be the case for luminous YSOs, and it has be@oged that this is due to the presence of an optically thiskgas
disc. We demonstrate that thefdrential phase observations over the CO bandhead emigsigmdeed consistent with the presence
of a compact {1 AU) gaseous disc interior to the dust sublimation radius.

Conclusions. The observations reveal no sign of binarity. However, thta da indicate the presence of a gaseous disc interior to the
dust sublimation radius. We conclude that the data are stemsiwith the hypothesis that HD 85567 is a YSO with an ofiji¢hick
gaseous disc within a larger dust disc that is being phoap@ated from the outer edge.

Key words. Stars: individual: HD 85567 — circumstellar matter — Steoemation — Stars: variables: Herbig /B — Stars: emission-
line, Be — Techniques: interferometric

1. Introduction stellar environment of HABe stars (see elg. Meeus eflal. 2001;
: , . . Natta et al. 2001 Vink et al._2002; Millan-Gabet et al. 2001;
The formation and early evolution of massive stars fBalilt to Eisner et al. 2004: Acke et/al. 2005: MonHier 2005: Kraus et al
study and, as a result, still not fully understood. This istlpa 20084 b: Wsig elt et al. 201 1')_ An extensive overview of the
because sites of massive star fo_rmatlon are typically teitliat _structuré of the inner discs of Herbig A= stars is presented
greater distances than nearby sites of low mass star famati, Dullemond & Monnier [(2010). Here, we focus on the dif-

In addition, massive stars form rapidly, deep within thear n he ci I ; f HoXoi
tal clouds. These factors make detailed study of the smalésc(i'rzg;: 2?](? th;vr%?gn éee(ﬁgg;rggg ar environments of Hekbig
environment of young massive stars challenging. Consefyyen Based h sis of th " frared ¢ such ob
our understanding of how the star formation process depamds _Based on the analysis of the inirared excesses of such ob-
mass is incomplete. To address this issue, it is importactiao- jects, Meeus et al. (2001) suggest that the disks of /BAstars

acterise the circumstellar environment of massive youagsstan be split into two Groups: | & II. It has been proposed
and contrast this to the case of low mass star formation. that these two groups represerffelient disc geometries. Group
. . . | objects, objects with prominent mid infrared excesses, ar
Most studies on the comparison between low and high magg gt to possess flared discs. Group Il objects, which have
star formation have focused on Herbig/Be stars. These 0b-|egq irong excesses in the mid infrared, are thought tepsss
Jects ]:elre pdre—mam-seqduenc_e (_)bjelt_:ts |dengf|ﬁd by them;sg flatter disc geometries. While the majority of HAe stars das<
an infrared excess anc emission Ines anc have a mas sified as Group | objects, HBe stars generally belong to Grou
15 Ms (Herbig/196D! The et al. 1994). Herbig A= (HABe) | (acke etal. ).JWhether this dicf?otomy i)é due togthe enor °
stars span the transition from low to high stellar massexeSi 1o eyolution of luminous YSOs, a consequence of the depen
they are optically visible and relatively luminous, HBe stars - yonce of disc geometry on the temperature of the centrabstar
offer an opportunity to study the circumstellar geometry o ;ompination of these and other factors is not clear.

Il i Y i i high losii
young stellar objects (YSOs) at intermediate and high lasiin Another diference between the discs around HAe and HBe

ties. As a result, there have been many studies of the circum- . ; S .
objects was discovered with long baseline interferometry i

* Based on observations conducted at the European Southélg infrared. In the past _decade, the circums_tellar environ
Observatory, Paranal, Chile, which were obtained via thegram ments of many HA#e objects have been spatially resolved
089.C-0220 by interferometric observations in the near infrared (sag e
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Millan-Gabet et all. 1999, 2001; Eisner etlal. 2003, 2004,7200and thus that the separation is many times larger. Theréfise
12009,/2010/ Monniér 200%; Monnier et al. 2006; Malbet ét ahot clear if the companion detected is close enough to iatera
2007 Kraus et al. 2008b; Tannirkulam et{al. 2008; Benissilet with the primary, thus causing the B[e] behaviour of thiseuitj
2010; Renar . 2010; Kreplin etlal. 2012). It has beeadotAs a result, at present, it is still not clear whether HD 85667
that low and intermediate luminosity HAe and HBe objects fobone fide YSO or an interacting B[e] binary.

low a tight correlation between their size in the-band and High resolution observations have the potential to address

their luminosity. However, it has also been found that thesmap;s jssue by examining whether HD 85567 has an additional
luminous HBe objects appear undersized based on thismelaticomnanion at a smaller separation. Furthermore, highutisol

ship (Monnie 5). It has been proposed that this could Bgseryations also provide an opportunity to probe the &irac
due to the presence of an optically thick inner disc thatlghie o the gbject’s disc. With this in mind, we observed HD 85567
the outer dust disc from stellar radiation, allowing it toséX \yith the VLTI and AMBER. This paper presents the observa-
closer to the central star (Monnier & Millan-Gabet 2002)isTh ions and is structured as follows. The observations asepited

inner disc may represent an optically thick accretion d8W i, Sect[P. The results are presented in Sdct. 3 and discirssed
this hypothesis is consistent with broad-band, long baseti- Sect[#. The paper is concluded in SEEt. 5.

terferometry in the infrared (Monnlér 2005; Vinkovi€ & ki

[2007). Furthermore, such discs can provide a significant con

tribution to the NIR excess of their host star. Since thiseemi2. Observations and data reduction

sion originates from within the dust sublimation radiuswit ) )

also contribute to the object appearing undersized. Th HD 85567 was observed with the VLTI and AMBER in the
esis has been shown to be valid in a few casesl_(,sT_et%ys ekgiband using the medium spectral resolution mode. This pro-
2008b). However, since only a few high luminosity HBe starédes a spectral resolution & ~ 1500 orAv ~200kms* and
have been studied with high resolution, the structure antlev @ Wavelength coverage ef2.15-2.45:m. Observations were
tion of their discs is still not fully understood. Indeedisitstill  conducted using the UT1-UT2-UT3 telescopes on two occa-
not clear whether or not all luminous YSOs are undersizeel (sd0ns and the UT2-UT3-UT4 telescopes on two additional-occa

e.g/Dullemond & Monniér 2010). sions. In all cases, FINITQ (Gai et/al. 2004) was used to pie@vi
fringe tracking. The observations span a period of appratemy

The issue is further complicated by the fact that it can bg| months. In all cases. observations of HD 855674 6.7

difficult to determine the evolutionary status of luminous emig _ g 8) were conducted between observations of the calibrator
sion line objects. Several objects that may be Herbig Bes st bjecis HD 85313K = 5.3, K = 5.1) and HD 84177 = 5.4

could also be evolved objects (see e.q. etall2009). To'_ 5.3). The projected baselines are displayed in Fig. 1 and a
uncertain evolutionary status of such objects makesfitdit to log of the observations is presented in T4ble 1.

obtain an overview of the circumstellar environment of Inmis . .
YSOs. The data were reduced in the standard fashion for AMBER

i Tatulli et 8l 2007b:
To address these issues, we observed the Herbig Be CME 32&;3 %?Cls(ﬂ%‘iﬁon rates were usek()j' to
date HD 85567 using the VLTI and AMBER. HD 85567 (CPLxnoose frames of the interferograms for processing. Ateura
—60 1510, Hen 3-331) is a luminous B[e] object of uncertaiisipilities require a low selection rate, as loyN8 can bias the
evolutionary status. It is listed as Herbig Be star with $gc resyts, while precise fierential phases can benefit from rela-
type B5Ve by Thé et all (1994). The object was also listed ag;gely high selection rates. They are not biased in the samde a
HAeBle] star, i.e. a He% Be star that exhibits forbidder| s the precision can be increased by increasing the amount
emission, by Lamer 98). Based on the objectaialf of frames selected. Calibration of the data, visibilitiesi @lo-
SED,Malfait et al.|(1998) classify HD 85567 as an object wit§re phases, was performed using a transfer function catett
double dust disk. However, the lack of a significant dip b&we fom the observations of the calibrators. The transfer func
the near and mid infrared flux indicates that the disc of Hiyns were constructed assuming that the two calibratoBs, H
85567 is relatively un-evolved. Recently, Verffioet al. (2012) 84177 and HD 85313, can be described as uniform discs with

included HD 85567 in a sample of HAeBe stars observed in theyii given by 0435+ 0.031 & 0.449+ 0.032 mas respectively
N-band. These authors classify the SED of HD 85567 as th@nneau et al. 2005, 2011).

of a type Il object using the scheme of Meeus et al. (2001)s Thi
could indicate the presence of an optically thick inner diet

prevents the outer disc from flaring. Comparison of the transfer functions and observations of
The numerous studies mentioned above classify HD 85582 85567 (shown in Fig[CAll) reveals an apparent change
as a relatively luminous({, ~ 15000L,) YSO. However, there in the appearance of the target. In two cases (AB4Q6 and
is an alternative scenarlo. Miroshnichenko étlal. (20018 tltat 201303/04), the visibilities of HD 85567 are the same as the
HD 85567 does not exhibit a prominent far infrared excesgalibrators, indicating a compact source. In the other tages
These authors suggest that this could indicate that thescoly (20120506 and 201212/29), the visibilities of HD 85567 are
nota YSO and that the presence of warm dust in its environméeticeably lower than the calibrators, indicating an estah
might be attributed to mass loss driven by binary interatio source. If this behaviour were real, this would indicatet tha
However, this was only a conjecture as these authors do mbt fnvironment of HD 85567 was compact at the beginning of our
direct evidence of a companion. HD 85567 was later classifie@servations, became extended and then returned to i@l init
as a binary by Baines etldl. (2006). These authors presesan cRppearance.

photo centre shift of 29 milli-arcsec to the south over the H  The simplest explanation of this behaviour is that HD 85567
line. Assuming that the flux ratio in the optical is unity ah@t has a previously undetected binary companion and the pefiod

only one component exhibitsdHemission, this implies a sepa-the system is of the order of approximately 1 year. Howeber, t
ration of around 60 milli-arcsec (mas), approximately 100 A

at 1.5 kpc. However, it is likely the optical flux ratio is natity 1 Version 3.0.3, available at htfpwww.jmmc.ffamberdrs
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Table 1. Details of the series of AMBER observations.

Object Seeing Coherencetime DIT Telescopes Baselines PAs

@) (ms) (ms) (m) 0
2012/04/06
HD 84177 0.81 2.98 500.0 UT1-UT2-UT3 5M3.392.6 23.837.730.3
HD 85567 0.78 3.10 500.0 UT1-UT2-UT3 4§12.1/89.8 28.%43.1/35.2
HD 85313 0.78 3.11 500.0 UT1-UT2-UT3 4$0.588.7 32.147.339.1
2012/05/06
HD 84177 0.88 5.60 500.0 UT2-UT3-UT4 4]89.061.3 226.734.2108.8
HD 85567 1.06 4.95 500.0 UT2-UT3-UT4 4088.361.8 231.789.9113.6
HD 85313 0.55 8.52 500.0 UT2-UT3-UT4 37/86.562.5 242.9104.4127.9
2012/12/29
HD 84177 0.55 4.11 500.0 UT2-UT3-UT4 4488.456.1 205.758.283.4
HD 85567 0.52 4.35 500.0 UT2-UT3-UT4 4488.956.9 208.20.785.3
HD 85313 0.70 3.31 500.0 UT2-UT3-UT4 419.258.0 211.965.690.3
2013/03/04
HD 84177 0.86 4.33 500.0 UT1-UT2-UT3 5MB.392.6 23.737.630.1
HD 85567 0.55 5.80 500.0 UT1-UT2-UT3 4$92.690.8 25.840.032.4
HD 85313 0.54 6.64 500.0 UT1-UT2-UT3 4§2.290.1 28.943.§35.7

Notes. IDIT represents the Detector Integration Time.

100~

T T T T
4 2012-04-06

= 2012-05-06

e 2012-12-29

dates in question, poor fringe tracking resulted in an aidilly
lower fringe contrast for the observations of HD 85567, when
compared to the calibrator observations. Consequently,tba
observations when the fringgigdistributions of the target and
calibrator observations are similar can be calibrated.rincp

ple, the observations of 2012-04-06 and 2013-03-0draeli-

’ * 2013-03-04 able calibration. However, since the fringéNS of the obser-
o % ] vations conducted 2012-04-06 are relatively low, the réshe
4 . paper focuses exclusively on the observations obtaineden t
£, . " | date 2013-03-04. These data were taken after AMBER's perfor

-100

100

0
u (m)

-100

mance was improved in January 2013 and thus both the target
and calibrator observations exhibit relatively high fen§Ns

(see Fig[B.1).

3. Results

The interferometric observations of HD 85567 conducted on
2013-03-04 are presented in Hig. 2. The time averaged @osur
phase is close to zero. We conclude that there is no comgellin

evidence that the environment of HD 85567 is asymmetric on

the scales probed by these observations. The calibratiilivis

ties are relatively highy 0.7 — 0.8. This indicates that the envi-
tronment of HD 85567 is only marginally resolved. To deterenin

scenario. Therefore, we explored the possibility that zseokn- 1€ characteristic size of the continuum emission regtencl-
tional bias is &ecting the visibilities (this is discussed in App.Prated visibilities were fit with a geometric ring model. igfis
B) discussed in Sedt._3.1.

L P The K—band spectrum of HD 85567 exhibits,Band CO
It was found that when the target visibilities are signifitan . o P At
lower than those of the calibrators, there is a markéeéince in first overtone bandhead emission. Th&atential visibilities and

the distributions of ratio of the target and calibrator g@rsignal phases across the Band CO overtone emission are presented

to noise ($N). The SN associated with the fringes is the\sof ™ Fig.[3. In both cases, no conspicuous signature is observe
neconerent . andisan mperantguanty o conscenn 10 5199515 8L U =S o e ommum B
reduction o ate (Tatulli et &l. 2007a). We surmisatth . . ; - ’ . .
the diference between the target and calibrator observations;fé'lgfrllt chan%e o<:|purs n thhe f%g?)t'al d[;]hasdes qsspmat_lt_er?_ V\."ﬂ:j
these dates is a bias caused by the fringe tracking perfaenal © orzjglest asedme ;l)yerst c 5 andnead emission. TN 1S
degrading when observing the target. This is supported by {ruissed in more etail in SefL.B.2.

FINITO data recorded by the RMNREC software. The degra-

dation of FINITO’s performance when observing the targes wa; ; Ring model

likely due to two reasons. Firstly, the targetis a magnifaitger

than the calibrators in thid—band where fringe tracking is con-To fit the visibilities, the ratio of the infrared excess and
ducted. Secondly, the science observations were assbwiite photospheric emission was determined. This was achieved
poor seeing (especially on 2012-05-06). Itis surmiseddhdhe by analysing the SED of HD 85567, which was con-

Fig. 1. Projected baselines of the observations of HD 85567.

lack of a strong closure phase signal is not consistent \ith
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Fig. 2. Time-averaged closure phase and squared visibility obens of HD 85567. The panel on the left presents the closure
phases. The closure phase error bars shown represent tineemenin the measurements. A frame selection of 80 per cast w
used. In the panel on the right, we present the squaredlitisi A frame selection of 20 per cent was used. The erepeasent the
mean error in the calibrated visibilities. The solid linghe visibility profile of a ring with a radius of 0.69 mas, 1.QWAt 1.5 kpc.
The long-dashed line corresponds to a ring with a radius®8 thas (0.8 AU) with the addition of a background that accetmt

5 percent of the total flux.

Table 2. Adopted stellar parameters.

76 T T T
Parameter  Value Ref. [
Spec. Typ. B2 MO1 = B
Terr 19000 K M01 N
d 1.5+ 0.5 kpc MO01 g 1
R. 9+2R, V12 :0
Ay 11+01 V12 5
logL, 417+016L, V12 = o §
M, 12+2 M, V12 ~s o
Y]
Notes. MO1:[Miroshnichenko et al[ (2001), V12: Verhbet al. {20102) = < .

structed by taking data from the literature and using the
VOSA utility (Bayo etal.[2008). The SED contains data log,, A (um)

from 2MASS (Skrutskie et al._2006), AKARI (Ishiharaetal. _
2010; [Murakamietal.[ 2007/ _Onaka et dl._2007), DENIS8ig.4. HD 85567's SED. The data were de-reddened using an
(DENIS Consortium [ 2005), IRAS [ (Beichman et al. _1988Av = 1.1, and are shown with the predicted SED for the param-

Helou & Walker [1988), Tycho-2 al._2000), WISEetersTe=19000 and log=3.5.
(Wright et al. [2010; | Cutri & etal. 2),* al.

(2001), [Klare & Neckél [(1977), [(Schildetlal.[1983), . " , )
Mir_o_sl)mj_ch_enko_el_dl. [(2001), I)_M_&Lmllli_o_d_&_M_eLmjllj_d)d) resulted in a minimum chi squared value@ = 3.59 (using

(1994) and Verha@etal. (2012). The data were de-reddenddi€ rms o_f the visibility mgasurements). It was found thatfih
using)the extinction relationshi)p of Cardelli et &I, (1988)d could be improved by adding a resolved background component

values ofAy = 1.1,Ry = 3.1 (see Tabl&l2). The final SED is The minimum contribution from a totally resolved backgrdun
shown in Fig[#. flux that resulted in &2 < 2 was determined to be approximately
. . . .5 percent of the total flux. The resulting best fit ring radiwesw
~ To determine the ratio of the stellar and circumstellar emis _ 056016 mas, which resulted in a minimum chi squared
sion, we compared the observed SED to the stellar flux ex@ecteI f 220 168 The best fit visibility distributi di
for the spectral type of HD 85567. The stellar parameter&srtakv‘iI UedO_XRh— "h : el ??: ! %"S' ity distributions are dis-
from the literature, including spectral type arfteetive temper- played in the right panel of Figl 2.
ature, are listed in Tablg 2. Assuming affieetive temperature
of Tex = 19000, the ratio of the excess to stellar emission in ttg2. Differential visibilities and phases
K-band is 9.0.
The diferential visibilities across thejBine and CO bandhead
emission are presented in F[d. 3. No clear change in visibili
ties is observed across theyBme. There are some suggestions
The visibilities were then fit with a model of a ring, whichof an increase in visibilities over the line, indicating anguact
was assumed to be face on as the data do not show PA-relditeel emitting region. However, these are not consideredifig
V2 variations indicative of an asymmetric object. The best ficant given the lack of consistency of the position of these i

ring radius was found to be given by= 0.69'353 mas, which creases with respect to the line centre. Since baselinbssiit
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Fig. 3. Time-averaged dierential squared visibility (top) and ftierential phases (bottom) around theyBine (left) and CO first
overtone bandhead emission (right). Error bars shown sepiestatistical errors on the mean. A frame selection ofe2@ent was
used for the visibilities and a selection rate of 80 perceas wmployed to obtain the averaged phases. The individud 2R/
files were merged before frame selection was conducted. d$teed line alongside the CO emission represents the spelsefore
telluric correction.

ilar lengths and position angles (UT1-UT2 and UT2-UT3) eXength; a negative change on the blue side of the line and-a pos
hibit different changes in visibility in the approximate region otive change over the red side, is similar to that expectettién
the By line, the features observed are considered artifacts. Tégse of line emission originating in a rotating medium. Hesre
differential visibilities over the CO bandhead emission exhitBince the phases associated with the similar UT2-UT3 baeseli
several artificial changes across telluric absorptiorslifdnese (49 and 43 m at PAs of 26 and 4@espectively) do not exhibit
make it challenging to detect changes in the visibilitiesoas this behaviour, it is suggested that the phase signal disdus
the CO bandhead emission. also an artifact. In general, no prominerfset is observed in

the diferential phases across the CO bandhead. However, since

The diferential phases across theyBand CO bandhead the observed spectrum features several CO overtone toanssit
emission are also presented in Hiyj. 3. In the case of one bag-could increase the precision of thefefential phase obser-
line (UT1-UT2), it appears that there is a change in phasasacrvations by co-adding the data across the individual tremest
the Bry line. The behaviour of the phase variation with wavelhis was done using the data associated with the longest base
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line (UT3-UT1, 91 m) as these observations access the shalle
scales. The results are discussed in the following sed@idhl).

1.1p

3.2.1. Photo-centre offset over the CO bandhead emission

Flux

1.0

To increase the precision of thefldirential phase observations
obtained with the UT3-UT1 baseline, the phases across the 3 0.9r ‘ ‘ ‘
first bandhead transitions were averaged. The photo-cefiitre UT3-UT1, 90.8m, 32.37"
set associated with the resultanftdiential phase signal was cal-
culated usingp = —%%, whereB is the baseline length anal
represents the projection of the 2D photo-centre alongiea-o
tation of the baseline. The result is shown in Fig. 5. The Bbse
vations are consistent with a smalfset corresponding to ap-
proximately 1Quas occurring over the bandhead profile. In con- 2290 2295 2300 2305
trast, dfsets larger than approximately L@s can be excluded. A (pm)
Whether this can be used to constrain the location of the CO

bandhead emission was then exp|ored using the model de\Fég 5. Photo-centre fisets associated with the CO bandhead

oped i Wheelwright et all (2010, 2012). emission. This figure was constructed by co-adding the time a
eraged dierential phase observations obtained on the date 2013-

To reduce the running time of the model, it is assumed thgs_04 ysing the UT1-UT3 baseline across the first 3 CO band-
the average photo-centre shift associated with the fireetR0  eads. The uncertainty in thefidirential phase is represented
overtone transitions (2> 0, 3 —» 1 and 4— 2) could be mod- py the rms of the continuum measurements. The smaller model
elled as the shift over the first bandhead {2 0). This is a offset (solid line) corresponds to an inner disc radius of 5 stel
S|mpl|f|ca}t|on_byt ultimately, the em|SS|on_of theffdrent band- |5; radii (0.2 AU) and an outer radius of 1.0 AU (0.7 mas). The
heads will originate from the same location. Based on the %rger dfset (dashed line) was calculated for an inner radius of
citations requirements of theftérent transitions, this approach g'stellar radii (0.4 AU) and an outer radius of 4.0 AU (2.7 mas

will slightly over-estimate the averagéset. However, given the gjzes calculated assuming a distance of 1.5 kpc).
0.5 kpc uncertainty in the distance to HD 85567, this was not

considered significant.

Offset (uas)

To calculate the photo-centrefsets associated with CO4' Discussion

bandhead emission from a circumstellar disc, we used themothis paper presents new VI/AMBER observations of the B[e]
presented in Wheelwright etlal. (2012) and the stellar patars star HD 85567. Two scenarios have been proposed to expkain th
presented in Tablg 2. The source of the CO emission was rege] behaviour of this object. One scenario that explaiescth-
sented by a Keplerian disc with power laws describing theafadject’s infrared excess and line emission is that it is a YS@ i
dependence of the excitation temperature and surface mumdircumstellar accretion disc. The alternative scenartbas HD
density. The exponents of the respective power laws were 86667 is an interacting binary with circumstellar matetfait

to p = -0.5 andq = -1.5. Finally, the inclination was set to has been deposited though mass loss driven by binary interac
i = 35, which is based on fits to the CO bandhead emission ptisns. Here, we discuss our findings in the context of these tw
sented in[(lleé 2013). It is noted that this value is reldyivan- scenarios. We also briefly discuss the structure of HD 85567
certain as it was derived from a model fit to spectra of mo@eratircumstellar material and consider how this is evolving.

rather than high, spectral resolution. Nonetheless, iteseas a We note that our moderate spectral resolution observations

representative value and isfBaient for our purposes. Once thereyeal that HD 85567 exhibif€CO bandhead emission, but not

images of the disc at various wavelengths had been caldulat®c pandhead emission. In principle, the fact that the circum

the associatedftset was determined from the photo-centre Qfig|jar material of HD 85567 is not significantly enriched in

each image. 13CO favours the YSO Scenarim{@oog). However,
We calculated the photo-centréiets for two models. The We note that while the spectrum excludes ratio$%6f0/**CO

first with a relatively small inner radius, B,, and a compact below approximately 15, this is not Sicient to E'ace strong
outer radius of 1 AU, as predicted by the scenario of an ojpticaconstraints on the evolutionary status of HD 85 et
thick gas disc interior to the dust sublimation radius. Téeond )-
model featured a larger inner radius,RQ and a more extended  The closure phase observations provide an additional means
outer radius of 4 AU. This outer radius corresponds to the sae investigate the interacting binary hypothesis. HD 8566%
nario of an optically thin inner disc and a dust sublimatiadius already been shown to be a binary, although the estimated
that reproduces the size luminosity relationship of inediate minimum separation is:100 AU (and likely many times this,
and low luminosity objects. Baines et dl. 2006). Since this companion may be too distant t
5 induce mass loss from the primary, we used our high resalutio
‘observations to investigate the hypothesis that HD 8556 aha
additional, closer companion within the field of view of th& U
éelescopes (60 mas;100 AU). Since no closure phase signature
detected, the observations do not reveal an additionakcl
g?nary companion. For completeness, we note thatifheov-
erage of the observations discussed is relatively lin@aprin-
ciple, a companion could escape detection if it was aligrezd p
pendicularly to the projected baselines. However, thetetdil

The model photo-centrefisets are displayed in Fid.l
Clearly, the significance of the slighffeet observed is low, the
tentatively identified signature is approximately 4 times ton-
tinuum rms. However, it is evident that the data are consist
with the dfset associated with the smaller disc. Furthermore, t
data favour the smaller disc over the larger disc as the more
tended disc results in arffeet that is larger than that observed.
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closure phases associated with the nights of degraded EINIUsing this accretion rate and the parametersin Tdble 2, veérob
performance are also consistent with zero, and thus irel@ata predicted dust sublimation radius of 0.9 AU. This is caesis
symmetric source. This is a robust result as a bias in vig@sl with the best fitting ring radius of.8 + 0.3 AU. Therefore, it

will not affect closure phase measurements. Therefore, the dataertainly plausible that the size of HD 85567 in tkeband
support the conclusion that HD 85567 does not appear to havetiects the presence of an optically thick disc interiorte t
close binary companion, although a faint companion coulld stdust sublimation radius. This is supported by the finding tha
escape detection. We now investigate whether the data are @ gaseous disc 1 AU in size is consistent with th@edéntial
sistent with the hypothesis that HD 85567 is a YSO. phase observations over the CO bandhead emission. Gaseous

The observed visibilities are relatively high and can be reliscs with radii in excess of 4 AU, the location of the dust-sub
sonably reproduced using a point source and a ring model. \Waation radius in the case of an optically thin inner dise bt
report that the apparent radius of te-band continuum emit- reproduce the data well.
ting region of HD 85567 is = 0.56*)35 mas (0.8 + 0.3 AU). We conclude that the observations are consistent with the
Based on the luminosity of HD 85567 and the predicted dusypothesis that HD 85567 is a YSO while they do not support
sublimation radius when the inner disc is optically thire #x- the interacting, evolved binary scenario. We find that HD&55
pected ring radius is 4.2 AU. Therefore, this is considgrabappears undersized according to the size luminosity oelshiip
smaller than expected based on the size luminosity relatiasf YSOs and demonstrate that this could be due to the presence
ship exhibited by YSOs of low and intermediate luminosityf an optically thick gaseous disc interior to the dust suhlion
Mmm). This is a robust result as it is most likely inradius. Finally, we note that the presence of an opticalbktin-
dependent of a possible bias in the calibrated visibilities to ner disc and the absence of a far infrared excess suggestihat
the use of FINITO. As discussed previously, FINITO can big85567 is photo-evaporating its disc from the outside. Stipymp
the target visibilities to low values. Therefore, if theaate bi- the hypothesis that this is the fate of discs around Herbigt&es
ased, the true size of HD 85567 may be smaller, but not larg@lonso-Albi et al[ 2009; Verhaget al 201P).

Furthermore, HD 85567 appears undersized even when afjowin
for the uncertainties in its distance and luminosity (bgiprax- )
imately 30 percent). The undersized appearance of HD 8556P; Conclusion

similar to the case of luminous YSOs. For example, the Herbighis paper presents new VI/AMBER observations of the

Be star V1685 Cyg hasza luminosity of 21 409and aK-band enigmatic B[e] object HD 85567. Here we reiterate the salien
ring fit radius of 215223 AU, making it undersized by nearly regyits.

3 AU (Monniell2005). This was also reported o be the gase for The object’'s environment appears compact and symmetric
the early B type Herbig Be star MWC ZQJ_OALeig_&II_eIﬂ_a.L_%llzjn . pp p Yy

. : scales of a few to 100 AU. This does not support the hypothe-
ZQ;@;;r;;t;e;;{zgegf HD 85567 supports the hypothesisitisat sis that the object is an evolved, interacting binary. Theaagnt

, radius of HD 85567’s environment in thé-band is found to be
It has been proposed that the reason for the small sizes of Ju- 0.56216 mas (0.8 + 0.3 AU). This makes the object un-

minous YSO s that theirinner discs are optically thicke#ing  gersized according to the size luminosity relationshipeblasn
the inner rim of the dust disc from stellar radiation. This @ ys50os of low and intermediate luminosity. This has previgusl
low the dust sublimation radius to be located closer to théree  peen found to be the case for luminous YSO and thus the size of

star than would otherwise be the case. The optically thiokin i g5567 is consistent with the hypothesis that it is a YSO.
gas disc is associated with active accretion discs intéoidhe

ot ; : : We then investigate why HD 85567 appears undersized ac-
dust sublimation radiu5 (Eisner eilal. 2004; Morhier 2088)e . estigate why 0001 app \
we explore whether this scenario is applicable to HD 85567. kﬁ)ﬂ:l(ln%to (tjhe slz€ Iumln.osn_y relationship O.f rTShOS' Tr&e_escnz |
considering the combinedrect of stellar irradiation and viscous' '€ K ~Pand emitting region is congruous with the predicted lo-
heating| Millan-Gabet et Al (2001) present the tempeeaifian cation of the dust sublimation assuming an accretion diat th

accretion disc as a function of radius. The equations usethar i.S optically thick in t_he inner regions. Furthermore, théfefien- .
following: q tial phase observations over the CO bandhead are also teorisis

with a compacti( ~ 1 AU) gaseous disc interior to the dust disc.
T(r) = (T4 + T;‘ C)% (1) More extended discs do not reproduce the data as well.

rep c
To conclude, the data support the hypothesis that HD 85567
appears undersized according to the YSO size luminosigy rel

in combination with

13\(R, i tionship due to the presence of an optically thick gaseosis di
Trep=Tx 3 N r (2) interior to the dust sublimation radius. This indicatest tH®
85567 is indeed a YSO. If this is the case, the gaseous inser di
and may be identified as an accretion disc. The presence of an op-
3GM, Mace) - tically think inner disc and the absence of a far infraredessc
Tace = (T) r+ ®3) suggest that HD 85567 is photo-evaporating its disc from the
outer edge.

whereo is the Stefan-Boltzmann consta@tjs the gravitational
constant andM,¢ is the accretion rate. These equations can Beknowledgements. HEW acknowledges the financial support of the Max

used to crudely estimate the expected size of accretios tisc Planck Society. This research has made use ofA#BER data reduction
y P % ckage of the Jean-Marie Mariotti Center. This publication alsokesuse of

Qetermlnlng th_e radius Where_ the, tempe.rature falls to 1500 %SA, developed under the Spanish Virtual Observatorygetgupported from
i.e. the approximate dust sublimation radius. the Spanish MICINN through grant AyA2008-02156.
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Appendix A: Transfer functions

An example of the transfer functions at a particular wavgien

is presented in Fig_All. It can be clearly seen that in two
cases (201/P4/06 and 20183/04), the visibilities of HD 85567
are the same or similar to the calibrators, indicating a cachp
source. In the other two cases (200506 and 2012.2/29), the
visibilities of HD 85567 are noticeably lower than the cadib
tors, indicating a resolved source.

Appendix B: Fringe S/N distributions

The distribution of the fringe Bls of the science and calibrator
observations are presented in Fig.]B.1. The two cases wHere H
85567 appears resolved (2012-05-06 & 2012-12-29) are donsi
ered first.

It can be seen that in these cases, tfié @istributions of
the calibrators extend to significantly higher values thendis-
tribution of the HD 85567 observations. This is particutap-
parent in the case of the observations conducted on 2010605-
On this occasion, the fringe/I$ distribution of HD 85567 on
the UT2-UT3 baseline peaks af while the HD 84177 distri-
bution has a skewed distribution peaking-di8. This disparity
could be due to the fact that although theband magnitudes of
the target and calibrators are similar, HD 85567 is 1 magdeitu
dimmer than the calibrators in thé—band. The fringe tracking
is performed in théd—band. Therefore, the performance of the
fringe tracking was likely higher when observing the cadtiors
than when observing the target. Furthermore, the obsensdif
the target were associated with worse seeing than the agdibr
observations. This could also reduce the fringe trackirfppe
mance. Consequently, the high\®f the calibrator observations
is likely due the fringe tracking performing best when obgay
the calibrators. This hypothesis is substantiated by tiNdTD
data recorded by the RMNREC software. In the two cases where
the target visibilities appear significantly lower thangbof the
calibrators, the rms of the FINITO phases associated wih th
targetis up to 40 percent larger than that associated witbraa
tor observations.

The case of the two dates when the target appears close to
unresolved (2012-04-06 & 2013-03-04) are now discussed.

In the case of the observations conducted on 2012-04-06,
it can be seen that the target and calibrator fringé &istri-
butions are almost identical. This suggests that the cidor
is accurate. However, as can be seen, the typidds Sre rela-
tively low; all the distributions peak below 5. Thereforbese
observations are relatively noisy. It can be seen that thervh-
tions on 2013-03-04 are of higher quality with typicaNS of
approximately 10. In this case, the target and calibratstridii-
tions are not identical but there is considerable overldp¢ky
in conjunction with the high 8l, suggests that calibration in this
case should be reliable. The superig f the HD 85567 ob-
servations conducted on 2013-03-04 is attributed to the KRB
intervention of January 2013 which improved the sensjtioit
AMBER, particularly in theH-band where fringe tracking is
conducted.

The disparity between the fringgNbdistributions of the cal-
ibrator and science observations of 2012-05-06 and 2012912
could result in an inaccurate calibration. This could odnuhe
following manner. The lower fringe/N of the target observa-
tions could result in the target fringes exhibiting a lowengde
contrast than the calibrators, thus making the target apypa
more resolved than the calibrators, even if this is not treeca
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Fig.A.1. Examples of the transfer functions and raw science data avalength oft = 2.2 um. In the visibility plots, open symbols
mark calibrator observations and filled symbols mark theeplaions of HD 85567. In the closure phase plots, the obsens

of HD 85567 are marked by star symbols and calibrator datalley ircles. A frame selection of 10 percent was used, beit th
behaviour is independent of the frame selection used.

Indeed, as noted above, the raw visibilities of HD 85567 ob-
tained on these two dates are lower than those of the calilsrat
We surmise that the fierence between the target and calibrator
observations on these dates is a bias caused by the frirgle tra
ing performance degrading when observing the target.

We conclude that only the observations when the frinfe S
distributions of the target and calibrator observatiores simi-
lar can be calibrated. In principle, the observations of2202-
06 and 2013-03-04fter reliable calibration. However, since the
fringe Ns of the observations conducted 2012-04-06 are rel-
atively low, this paper focuses exclusively on the obséowat
obtained on the date 2013-03-04.
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Fig.B.1. Fringe 9N distributions for each observing date and each baselimefilled black histogram is the fringgi$distribution
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