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ABSTRACT

Aims. Most of the known debris discs exhibit cool dust in regionalagous to the Edgeworth-Kuiper Belt. However, a rare subse
show hot excess from within a few AU, which moreover is oftefeired to be transient from models for planetesimal bedtigion.

In this paper we examine 2 such sources to place limits onldtion to help distinguish betweerfidirent interpretations for their
origin.

Methods. We use MIDI on the VLTI to observe the debris discs aroyr@brvi and HD69830 using baseline lengths from 44-130m.
New VISIR observations of HD69830 at 1817 are also presented. These observations are comparedsuithadels to place limits
on disc size.

Results. The visibility functions measured with MIDI for both souscshow significant variation with wavelength across 8#a3n

a manner consistent with the disc flux being well resolvethloly with a dip at 10-11,/8m due to the silicate emission feature. The
average ratio of visibilities measured between 10-drh.&nd 8—gm is 0.934-0.015 for HD69830 and 0.88M.013 forn Corvi over

the four baselines for each source, a departure of 4 arfcbdn that expected if the discs were unresolved. HD6983iesolved by
VISIR at 18.7:m. The combined limits from MIDI and 8m imaging constrain tham dust to lie within 0.05-2.4AU for HD69830
and 0.16—2.98AU fon Corvi.

Conclusions. These results represent the first resolution of dust arowsid sequence stars using mid-infrared interferometry. The
constraints placed on the location of the dust are consigtiéim radii predicted by SED modelling (1.0AU for HD69830chh. 7AU

for n Corvi). Tentative evidence for a common position angle figrdust at 1.7AU with that at 150AU aroundCorvi, which might

be expected if the hot dust is fed from the outer disc, dematest the potential of this technique for constraining thigio of the
dust and more generally for the study of dust in the ter@stegions of main sequence stars.
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1. Introduction Very few stars exhibit hot dust withir10 AU, i.e. in the

- . .regi h I have f [ Li
Debris discs are believed to be remnants of planet formatlcrg%%?& \'/:vojrreszuv;/\t/eesgazt\:}epszgiﬁerga;)c/)r hag/teduc;rtn;gu(ngagﬁn_llin

As well as providing a unique window on how a system Ma%ars b ; ; :
. S y looking for stars with a 2&m flux in excess of pho-
have formed and evolved, studies of debris discs can re“"’mmtospheric levels using IRAS (Gaidos 1999), ISO (Laureijalet

about the current status of a system: the location of thea@rst 52y ang Spitzer (Hines et al. 2006; Bryden et al. 2006). All
indicate possible configurations of any planetary systeum@ .,qj,ded that only 2 2% of Sun-like stars have hot dust with
the star (see e.g. Wyatt 2008); and the amount of debris m@atefyf »rad juminosities = Lz/L, > 10-. These hot dust sources
allows us to understand what physical conditions may be “%‘?ovide a unique opportunity to probe the terrestrial plase

for any habitable planets in the system (Greaves 2006).i®elr; ; AR
disc emission is seen to peak typically longwards qir6dm- lon of their systems (e.g. Wyatt 2002). Wyatt et al. (20a€)¥

this emission has been resolved around Sun-like stars fidwrs ; o ; i

; ; X analytical models for the collisional evolution of debrisas.
confllrmed to Ilelat>40AL|J (seee.qg., Hollland et al(.j_1998, Grr]eaveguhis model predicts that there is a maximum level of emission
et al. 2005; Kalas et al. 2007). Exoplanet studies on therothg,: 5 gisc of a given age and radius can have; discs that are
hand typically probe close-in regions for giant planetST@st jiaily more massive, which one may assume might end up
planets detected to date have been found through radiai#elo, jonter process their mass through the cascade morelguick
techniques with their inherent detection biases (see @ileiB ; o more massive discs have shorter collisional timesjal
et al. 2006). Detl)rls disc SFUd'eFS arhe therefore typlcallglnp:x_; Although Lohne et al. (2008) found that the analytical mode
melntary to exppdarg)e_t Sél_J |es.h urt erm_?jre, zon:jparls X may underestimate the levels of dust emission produced by de
Solar System's debris discs, the asteroid and Edgewortheku i giscs at ages afl Gyr by a factor of 10, they concurred with
belts, can help us further understand the likelihood of figdi 6 fingings of Wyatt et al. (2007) that for 4 of these 7 soutbes
Solar System analogues in our solar neighbourhood. level of dust emission is too high to be explained as the produ
of a steady-state collisional cascade in a planetesimatbii-
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cident with the dust at1AU, and must therefore be the producTable 2. Observations summary

of a transient event. Recent near-infrared interferometvser-

vations have also revealed 4 systems with hot dust emission_a

~0.1AU from the star (Vega, Absil et al. 2006Ceti, di Folco Dcatef‘?‘”d Baseline P%SEARIQ'F' Seeing Sﬂ‘gce Ttarget
et al. 20078 Leo and/ Lep, Akeson et al. 2009, although the 5 Oonz'gm grg;g 4005 060 | 61935 gps
hot emission aroundLep must be confirmed). Dust lifetimes in 9 3/ ' ' ' a
. : UT1-UT3 96.4 40.9 0.55 69830 Sci
these regions are very short and these dust populationdsare @  pq 102.1 38.4 095 | 95272 | cal
likely to have been produced in a recent transient event. 101.8 395 1.30 | nCorvi | Sci
A critical diagnostic to understand the origin of this trims 102.4 38.0 1.50 | 116870| Cal
emission is the location of the disc, and in particular whethe | 07/032007 59.5 113.4 1.15 | 61935 | Cal
emission is asymmetric. In this paper we examine two sour¢e&T3-UT4 60.4 113.7 1.30 | 69830 | Sci
inferred to have transient emission~atAU, HD69830, a KOV- A 59.8 114.3 1.25 | 73840 | CaP
type star with an age of 2Gyr (Beichman et al. 2006)a@arvi, 58.0 105.4 0.75 | 116870| Cal
an F2V-type star with an age of 1.3Gyr (Mallik et al. 2003)eTh 62.4 109.0 0.80 | nCorvi | Sci
predicted dust locations around both sources is 80—90 mam (f 08032007 1632(512 16132'15 8'88 16017923158 gz:
SED modelling of the IRS spectra of the targets, Beichmah etja UT1.UT4 130.2 62.8 075 | 69830 | Sci
2005; Chen et al. 2006), although there remains considergbl™ "~ 1301 633 0.75 | 73840 | cal
uncertainty in the true radial location of the emission. §far | yt1.UT3 | 100.2 315 115 | 116870 cal
8m imaging ofy Corvi suggests the dust lies within 3AU of the D2 102.3 38.3 1.60 | nCorvi | Sci
star (Smith et al. 2008). Here we present VISIR observatidns 102.2 36.5 0.70 | 116870 Cal
HD69830 and MIDI observations of both targets. 09032007 | 42.7 325 150 | 61935 | Cal
This paper is structured as follows. In section 2 we descripeJT2-UT3 44.4 43.8 1.55 | 69830 | Sci
our interferometric observations and data reduction jmocss. B 44.2 34.3 120 | 73840 | Cal
In section 3 we describe the results of the MIDI observatitms jé-i gg-g 8-22 11&%? gg‘
section 4 we present new VISIR imaging of HD69830 showing . . . n
that the excess emission at 18u®is not-extended, and discuss 46.6 424 115 | 107218] Cal

the implications for the maximum extent of the disc. In seTt
we discuss the results and the implications for the radéation
of the debris discs. We conclude in section 6.

Baselines and position angle (projected on the sky) arengagethe
mean for the observation.
& The first standard star observation on run D1 (of HD61935)vsldo

great variation in visibility with wavelength (see sectidml), and so

2. MIDI observations and data reduction

For readers unfamiliar with the basics of optjoatared inter-
ferometry, an outline of the basics and more detailed inédiom
on the VLTI in particular can be found iBbservation and Data
Reduction with the VLT InterferomejéMalbet & Perrin 2007).

2.1. Observations

Interferometric data were obtained on HD69830Corvi and

this was rejected as a suitable observation for calibration

b During run A the observation of standard star HD73840 coultbe
used, as the telescope beams showed poor alignment on tioeitea-
ray. Thus the observation of HD69830 was calibrated with HE¥S
only, since the next usable observation of a standard (HB20)6was
taken much later in the night after sky conditions had chdrgignifi-
cantly.

together with the MIDI prism dispersing element giving a
spectral resolutiom/AA, of 30 atd = 10.6um.

suitable standard stars in visitor mode at the VLTI under pro— After fringe centering, longer sequences of fringe dataewer
posal 078.D-0808 on 5th—9th March 2007. The expected levels secured. For the first few frames of each sequence, the de-

of flux from our target sources in the N band (see Table 1 and
Figure 1) required the use of the 8m UTs and the HIGH-SENS

observing mode (for details see below). As far as was passibl

we tried to observe on both short and long baselines at near pe

pendicular position angles so as to constrain the size anige
try of the sources. In addition, observations of the sci¢agets
were bracketed with observations of standard stars tosaasgs
variability of the interferometric transfer function. Tkeience
and standard star observations in this program are sunedaris
in Table 2.

lay line positions were altered so as to be significanfiget

from the zero optical path fierence (OPD) position to al-
low a determination of thermal and incoherent backgrounds.
Thereafter, the delay lines were returned to their nommal |
cations and typically a few hundred scans of fringe data were
secured. These data allowed an ongoing determination of the
OPD corrections needed to compensate for uncorrected side-
real and atmospheric motions. It this way it was ensured that
that the fringe packets always remained well centred.

— Finally, at the end of each interferometric data sequehee, t

In all cases data were secured following the sequence of same instrument set-up was used to determine the through-

steps outlined below. A more detailed discussion of thigetoer
with its rationale can be found in Tristram (2007), to whible t
interested reader is referred for greater detail.

— Initial acquisition, for pointing and beam overlap opti@iz
tion, was performed in imaging mode using the N8.7 filter
(central wavelength 8.64m, width 1.54um). We used a
standard chop throw of 1%or acquisition and observations
of the total source intensity.

put of the individual UT optical trains. For these "inteysit
calibration” measurements chopping of the secondary mir-
ror was used to suppress any thermal background. The chop
frequency and integration time before readout were varied
between the runs to try to maximise the signal-to-noise on
these measurement on a case by case basis.

In summary, each full dataset for a single observation of a

target comprised a fringe file (containing the interferamcetata

— Subsequently, fringe searching was performed using unfitem the combined beams) and 2 “intensity calibration” obse
tered but dispersed light. A slit width of B2 width was used vations (one for each beam). Similar data were also secured o



Table 1. Characteristics of the science and calibration targets.

Science targets
Source | Spec type| Age RA Dec F.at1Qum | Fgsc at 2Qum | Predicted disc sizg
HD Gyr mJy mJy mas
69830 KoV 22 | 081823.95| -213755.8 872 102 80
n Corvi F2v 1.3 | 123204.23| -161145.6 1736 371 90
Calibrators
Source Spectral type RA Dec F. at 10um Angular size
HD mJdy mas
61935 Galll 07 41 14.83| -09 33 04.10 9490 2.24:0.01
73840 K3l 0840 01.47| -12 28 31.30 12312 2.40:0.01
95272 Kl 1059 46.46| -18 17 55.56 9510 2.24+0.01
116870 K5l 1326 43.17| -12 42 27.60 10416 2.58:0.01
107218 M4l 1219 42.59| -19 11 55.97 7913 2.16+0.02

For science targets the stellar flux was determined by Kumedel profiles scaled to the 2MASS K band photometry. TotaleButaken from
IRS photometry of the targets were then used to determinditizeflux, with the predicted size being based on SED fittinthai blackbody.
For calibration targets the angular size is as given by th¥i€aool available at htty/www.eso.orgnstrumentgmidi/tools. Key:2 Age from
Beichman et al. (2006%; Age from Mallik et al. (2003): note that the X-ray luminosi§this star is close to the mean value for the Hyades cluster

which may suggest a younger age of 600—-800Myr (Stern et 85)19
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Predicted stellar flux
Total IRS spectra - - - - ]
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Total IRS spectra — - - -
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Fig. 1. The emission spectra of our science targets in the MIDI vemgth range. Left: The Spitzer IRS spectrum of HD69830 prteskin
Beichman et al. (2005) shows that the excess emission hageadiicate feature in the N band. Right: The Spitzer IREBpen of; Corvi also
shows a large silicate feature atllum. This spectrum was originally presented in Chen et al. §20Bor both sources the emission expected
from the stellar photosphere is taken from a scaled Kuruazeiarofile.

a standard star (i.e. of known flux and small diameter) so thduction package instead (see Figure 2). We then used the EWS
flux calibrated visibilities could extracted. The standawkre group delay analysito align the fringes before vector averaging
selected from the spectro-photometric catalogue availabl over time to derive theorrelated flux(for details see the EWS
line at http7/www.eso.orginstrumentgisir/tools and are listed user manual). The correlated fliggr was then compared to the

in Table 1. total source flux|t, to give the source visibilit¥ = lcor/ ltot-

2.2. Reduction with the MIA+EWS package 2.3. Total Source Intensity
Data reduction was performed using the EWS soffrotal intensity data were obtained with MIDI after the fringb-
ware, available as part of the MWEWS package (see,servations had been secured as described in Sec. 2.1. Titts res
httpy/www.strw.leidenuniv.nfk-neve¢MIDI /index.html and the showed a great degree of variation betweeffedént observa-
manual and details therein). tions of the same object, primarily because of backgrouridiwh
The first step in the data reduction involved compressing teuld not be perfectly subtracted. We found the backgrouehd d
fringe and total intensity frames in the direction perpentiir not vary linearly in the direction perpendicular to the Spaty-
to the spectral dispersion to obtain one-dimensional &iagd dispersed direction, and moreover varied with time durimg t
intensity spectra. Prior to compression, each frame wasi-mubbservations, suggesting that sky (&rdelescope) variations
plied by a mask to reduce the impact of noise. We found that thvere significant. As the total intensity measurements o§émee
default EWS masks provided for HIGH-SENS mode observirggience target could vary by50%, we chose to use available
gave a poor fit to the peak of the detected emission and wéiRS spectra of our science targets as the total intensityurea
much broader than the emission in the direction perpenalicuments instead. The IRS spectra (originally presented imnChe
to the spectral dispersion. We therefore used masks detedmiet al. 2006 and Beichman et al. 2005) were extracted along a
by a fit to the total intensity frames as provided by the MIA reslit of width 3’7 or 4’7 depending on the spectral resolution.
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Fig. 2. Total intensity from MIDI observations. Left: Coadded insity frames from an observation of a standard star in asiogtical train (in
this case HD61935 run D1 beam “A’ telescope UT3). The spectral dispersion runs along thedmtal direction (increasing wavelength from
right to left). Right: A cut through one of the spectral chalsn(at 8.xm). This shows the profile of the total intensity along thespitirection.
Overplotted are the EWS default mask (fixed based on obsemvett-up) and the MIA mask (determined from the intensitgage itself). It is
evident that the MIA mask fits not only the width of the trueedsed profile but also the location of the peak on the arrayhnnuiore accurately
than the default mask.

Our MIDI data were secured with a slit width of 82 and so it to the 10..xm flux listed in the spectro-photometric catalogue
was necessary to check whether the Spitzer aperture migét hgsee Table 1). The visibilities of the standard stars weleuea

included additional photometric signals not seen by MIDI.  lated assuming these could be modelled as uniform discs with
For both sources we found there were no background @ameters as listed in Table 1. o
companion objects in the Spitzer aperture that might bauebed The calibration of the correlated flux and determination of

by the MIDI aperture (Smith et al. 2008). The 3 Neptune mayésibilities for each observation were determined as
planets discovered within 1AU of HD69830 (Lovis et al. 2006[,}
are not expected to be brighter in the mid-infrared thar?EQ
(Burrows et al. 2004), and so would only contribute a diseregvherel cortar andlcorcal are the correlated fluxes in ADU (output
ancy of at most-1mJy at 1@m to our total intensity measure-of data reduction procedure) of the target and standardiseat
ment. A full analysis of the IRS spectra (Lisse et al. 2007) r@s a calibrator respectivelfconar is the calibrated correlated
vealed evidence for water ices which, due to their lower ®mp flux of the targetFical is the known flux of the standard star
atures, may reside at larger radidisets from the star than the(from Rayleigh-Jeans slope) aNg is the visibility of the stan-
bulk of the emission around HD69830. However, as pointed agird star which is dependent on the baseline length and wave-
by the authors the local thermal equilibrium temperaturéiie |ength. The visibility of the target is then

region of their best fitting model — a disc at1AU — is only

245K, cool enough that should the water ice be isolated flem tV = Feorttar/ Frottan (2
hotter dust particles it could be stabilised by evaporasivie-
limation. In addition a wide Kuiper belt-like location isled
out by the 7@m limits on the excess @3mJy, Beichman et al.
2005). The contribution of the water ice in the 8+h3 region
of the spectrum is at the level of 1-3% of the excess emiss
between 8-14Am, rising to 27% of the excess emission afh3.
Thus we believe thefiect of the water ice contribution falling
outside the MIDI beam can only have a significafieet on the
measured flux longwards of 1L#, if at all. The temperature
of the dust aroung Corvi is predicted by SED fitting to be at
around 320K, suggesting a small radifiiset from the star. The
alternative fit to the SED suggested by Chen et al. (2006) s

gests there may be dust at two temperatures of 360K and 12 igure 3. In the left panel we show the transfer functiontise

but the 8—-13m range is dominated in this model by amorpho%- - ; p ” :

L C ; ility determined for our “dummy targets” as a function bkt
ohvwles aft_tthe PhOtt?tr tempera(tjutr)e.gﬁus mt ellthezrotgg ?'r']"gm visibility predicted for this target\(;5 in equation 1). The abso-
perature fit or the fit proposed by Chen et al. (2006) the exCqgg, |eyels of this transfer function were found to have a mea
emission in the MIDI wavelength range is expected to be don}:{hd standard deviation of 0.990.10 (Figure 3 left) after cal-
nated by grains close to the star. Therefore for both scieamee . inq the weighted mean of each visibility over the g#h3
gets it is unlikely that significant emission appears in 'tRé;I range (excluding the 9.2— region which is dominated by
spectra that would be excluded from our MIDI observations. 0zone emission). The Weights were determined by splitieg t

fringe data into 5 equal length sets and calculating theavag
2.4. Visibility calibration between these subsets of data at every spectral channeb+hi
solute variation is the same as the 10% error typically etquec
The total source intensities of the standards, which weosef in calibration due to changing conditions between obsamat
for their lack of infrared spectral features as well as teaiall (e.g. Chesneau 2007). The visibility functions were fdiidy, as
angular size, were modelled by Rayleigh-Jeans functicagedc shown in the right-hand panel of Figure 3. The weighted mean

cortar = lcorrtar/ lcorrcal X Frotcal X Veal (1)

(Frottar again from Rayleigh-Jeans slope). For the case of the sci-
ence target& o 1or Was given by the IRS spectrum. We used the
average of the two standards bracketing each science aliserv
ito determine the calibrated visibilities, andfdrence between
fib two to determine our absolute calibration uncertantie

We also performed the above calibrations with the standard
star observations as “dummy targets” to: 1) determine thel le
of accuracy to which we could trust the absolute visibilitgan
surements; and 2) examine the visibility functions for evide
of changing visibility with wavelength. Examples of thertsfer
function of standard — standard calibration (where thedstieds
cre observed close in time and space to each other) areigiven
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Fig. 3. Plots of visibilities determined for standard star targetgg other standard stars. Pairs of standard stars olselagely in time were
considered as these are the pairings used for science atisarvalibration. Note that the shaded region 9.2#1@s prone to strong uncertainty
due to ozone absorption, and so should be ignored. For eadh@&arget’ and 'calibrator’ were chosen randomly. Ldfhe calibrator-calibrator
determined visibilities divided by the predicted visitylifor the target star. Perfectly calibrated data would giv&raight line at unity with no
variation with wavelength. We used the weighted mean (owrelength) for each calibrator-calibrator dataset to tifyathe quality of the
calibration and found a range between 0.86 and 1.12. Ridtgcking the absolute variation with wavelength for calibracalibrator visibilities.
All visibilities were scaled to 1 in the range 8§#8. The ratio of visibility between 10-11ufh and 8-@am was calculated to determine the
variation of visibility with wavelength. The maximum detian from unity for this value was 0.047, with some caliboat providing a much
flatter visibility.

of each visibility function between 848n was used to scale thewhen the disc is fully resolved. As can be seen in Figure 1 the
visibilities to 1 in the 8—2m range for this plot. The weightedvalue of Vies = FFT is expected to change across the spectral

mean for each function between 10-}irband 8-@m were range of MIDI, particularly in respect of the silicate fers seen
then compared. This ratio was found to be have a mean and staithe excess emission around both stars. As a result, aigy var
da.rd deV|at|0n Of 0993|: 0037 ThUS the ﬁﬁel’entlal V|S|b|||ty tion in Observed V|S|b|||ty as a function of Wave'ength V"bed

(i.e. the visibility as referenced to that at some fixed wewgth)  to pe corrected for this behaviour before it can be integarat
is typically known with~ 3 times better accuracy than the absqerms of any resolved source structure.

lute visibilities.

3.1. HD69830

3. MIDI results : oo
HD69830 was observed on all four baseline combinations used

We now present the results for each of the science targetsin t for this study. A sketch of the geometry of the baselines and

To help interpret our results, we consider how the visipililnc-  relative lengths is shown in Figure 4 (top left).

tion of a source is expected to behave if the source is made upThe calibrated correlated flux for all four baseline observa

of multiple components. HD69830 andCorvi have significant tions of this source are shown in Figure 4 (top right). The er-

stellar emission in the N band (see Table 1). Thus there will Bor bar indicates an average error measured across all &sex b

two components to the visibility function, the componemfr |ines. These errors are determined from two sources:isglitie

the stellar emission (where the visibilit§; = 1 as the predicted fringe tracking files into 5 equal subsets and performingréie

angular sizes of the stars are 0.63mas for HD69830 and 07 3@gction on each subset in turn to determine the variatioringé

for » Corvi based on typical radii for their spectral types angignal across the time of the observation (statisticalrgremd

their distances determined by parallax) and the componemt f the variation between correlated flux measurements agatib

the disc (where th¥;sc will depend on the resolution of the dischy different standard star observations where available. The two

flux). The total visibility of a stas- disc source will then be given sgurces were added in quadrature. The error is dominatealby ¢

by ibration error which is typically10% of the correlated flux (see
E = also 2.4).
Vit = =2V, + —C\/yee, 3) The correlated fluxes show variation across thffedgnt
Frot Fiot baselines, as can be seen in the levels of flux measuredmt 8

(whereF, is the flux of the star, etc.). As only the disc ComWhen correlated fluxes areffirent on diferent baselines there

ponents of our targets have the potential to be resolved en {f the possibility that these filerences represent reaférences
baselines used in this study the equation above predicsitalvi !N the resolution of the source. However, i@ the disc emis-

ity function comprising the sum of two terms. The first of thesSION iS €xpected to be very low (4 mJy arB), and so- 100% of

will vary solely on the ratio of stellar to total flux wheredmet the €mission at/m should come from the stellar photosphere.
second will depend both on the ratio of disc to total fand As the star is expected to be point-like and completely unre-
on whether the disc is resolved by the interferometric basel solved, the correlated flux should equal the total flux (merke

More precisely, the visibility function will tend to the vz of by a thick solid line) at this wavelength. Theﬁ@ire_nc_es i_n these
absolute values are at the expected level of variation iolates

— F correlated flux from changing conditions between scienak an

V Vies = — ; X
tot Viises0 S Frot ( standard star observations (see section 2.4).
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Fig. 4. The results of MIDI observations of HD69830. Top left: Theélines observed in this program. Top right: The calibratedelated fluxes
found in the MIDI observations of HD69830. The thick line repents the total IRS spectra, which represents the maxifioenwve should see.
Note that although the absolute values are varying )%, all runs show a fairly flat spectrum, with no evidencehef silicate features seen in
the IRS spectra. Bottom left: The visibility of HD69830. Tireasured visibilities on all four baselines are calculatgidg the IRS spectra and
the measured correlated fluxes. The prediction for whatigibility curve should look like if the disc flux is totally selved Vs, €quation 4) is
also shown by a thick solid line. Bottom right: The visibjiliof HD69830 scaled to an average of 1 between 89 Notice the shape across all
baselines is similar to thé.s prediction.

What is clear from Figure 4 (top right) is that for all baseTable 3. Measuring the significance of the dip in visibility of HD69B3
lines the correlated flux is flatter than the total flux meadume at 10-11.5um.

the IRS spectrum; there is no evidence of the silicate feateen

between 10-11.,6m in Figure 1. As shown by equation 4, if the | Baseline Visibility _

disc flux is totally resolved\{e¢ the correlated flux should con- name 8-9um 10-11.5um Ratio
sist solely of the stellar photospheric emission - with niderce g‘ g'gggf 8'882 8'32& 8'882 8'825 8'82?
of the silicate features seen in the excess emission spectie C 1093+ 0003 | 1.018+ 0004 | 0.931+ 0.028
indication that the disc flux has been at least partially Iesb D 0.839+ 0.006 | 0.803% 0.005 | 0.958= 0.039
on all baselines is made clearer by examination of the Viigibi Vies 0.990 0.860 0.860

function shown in Figure 4 (bottom left).
The values of visibility in each wavelength range are thegivid
L ) means taken over all spectral channels in that range, arettaities
The absolute values of visibility across all baselines @re guoted are the standard errors on the weighted mean froististt
average of 1.040.16. That this variation is a reflection of absouncertainty only (uncertainty in the absolute visibilis/higher due to
lute uncertainty and not evidence offérent levels of resolution calibration uncertainties). Final error on ratio includesor from the
is confirmed by the visibility at &m, which as discussed abovecalibrator ratios discussed in section 2.4 and a 1.3% err¢he spec-
should be 1 as the flux here is completely dominated by the st&dl slope of IRS observations (Beichman et al. 2006), as asthe
lar photosphere. Uncertainty at this level is to be expegizen statistical errors from each wavelength range. Vhe predicted visi-
typical uncertainties in calibrated visibilities of 0.1€k¢ Figure Pility arises from assuming thasc = 0 (see equation 4).
3) and the relative faintness of the target (total flux~df Jy
across the MIDI spectral range, see Figure 1). Beyond this un
certainty in absolute values, however, the visibilitiesasigred the resolved disc cas¥/ts) because of the lack of excess in this
on all four baselines can be seen to dip exactly in the regi@ns region.
would expect a dip if the disc flux was resolved. Thisdipismad The scaled visibility functions measured on the four base-
clearer if we scale the visibility function to 1 averagedmothe lines are shown in Figure 4 bottom right. The dip in visilyilit
short wavelength region (8u£n), as would be expected even inbetween 10-11.5m is now very obvious. To confirm the signif-



icance of this dip, the unscaled average visibility withie tL4 with the results presented in this section are discussegtiis
spectral channels between §: was compared to that in the5.1.
29 spectral channels between 10-1ixb(i.e., around the low-
est predicted visibility wheNyisc = 0). Table 3 presents these .
weighted means (the weights were determined from the statfe? 1 Corvi
tical variation within the 5 sub-integrations available f|ach 5 Corvi was observed on baselines A and B and on baseline D
spectral channel) together with their standard errorsbGdlon twice (see Figure 5, top left panel). The second observation
uncertainty is not included in these values. The visibileilios baseline D was carried out with an increased chop frequemty a
presented in the table are the ratio of these weighted medngegration time which led to greatly improved intensityiloea-
where we have included a contribution from calibration &30 tion data.
quadrature with the statistical errors in the 2nd and 3rdrools The calibrated correlated fluxes for all baselines are shown
when evaluating the errors in the final column. These calibrig Figure 5, top right, where we have included calibratiomes
tion errors arise from two sources. First, as we have used #g the variation across sub-exposures added in quadrihee
IRS spectrum to determine the visibilities, we included eore error bar shown is indicative of the average error observed o
of 1.3% typical of errors on the IRS spectral slope as medsurg baselines. Overplotted on these figures is the total IRS p
for sources with no observed excess emission (Beichman etiginetry presented in Chen et al. (2006), as also shown in&igu
2006). Second, we included the error on the ratio from cadibry .
tion as measured in the standard—standard calibratedlitisgh The correlated fluxes are very similar in shape across all
discussed in section 2.4. We used the standard deviatidreof four observations. The absolute values vary by the typitao
visibility ratio (3.7%, section 2.4), but for runs B and C whe we expect for absolute variation in correlated flux (seeisect
2 standard star observations were available for calibmatiis 2 4), but all show a spectrum consistent with photosphenise
was reduced by a factor of2. sion in the Rayleigh-Jeans regime. In common with the result
For all four baselines used to observe HD69830 the visjbiliHD69830, there is no evidence of the spectral feature sehein
ratio suggests a partial resolution of the disc - the ratlidber IRS total spectrum in any of the correlated flux measurements
than the 0.869 expected f¥fes but definitely lower than unity. This indicates that for this source the disc emission alpeaps
On baselines B and C thisftiirence from unity is significant at to be partially resolved. Again, the result is made cleayes)b
a level of~ 30~. When averaged over all 4 baselines the weightegnination of the visibility function.
mean of the visibility ratio is 0.934 0.015! Taken as a whole, The calibrated visibilities for all observationspfCorvi are
these data suggest that the observed visibility ratio fie@int shown in Figure 5 (bottom left), along with the visibility gar
from 1 at a level of &. We note in passing that the actual scadicted for a completely resolved disc component marked in a
ter between the four measurements of the visibility ratieeisy thick solid line {/es See equation 4). The dip in visibility at
small, suggesting that we have been conservative in assmria~11.5um is seen very clearly on all observed baselines. Again,
an error of 0015 to our final “best-estimate”. as expected, the variations betweefiadent baselines in terms
We do note, however, that the lower right panel of Figuref absolute values are an average-6f1, with a maximum dif-
4 also shows the visibility function of HD69830 rising beybn ference 0#~0.2. The visibilities scaled to thé.s prediction be-
~12umto above 1 in the scaled case, meaning the ratios betwé&ggen 8—@m are shown in Figure 5 (bottom right). Although we
the weighted mean visibilities between 11.5g8and between do not know what the visibility should be at §+8 for n Corvi
8-9um are on average greater than 1 (baseline A 1.045, B 0.9¢1s we do for HD69830) as there is significant disc flux in this
C 1.043 and D 1.098). For baseline D this ratio is larger tha@ange, this scaling allows the shape of the visibility fumctto
would be expected from any calibration error, as the error @& seen more clearly and allows easy comparison withv/the
the ratios over the same wavelength ranges from the calibratmodel.
calibrator visibilities (section 2.4) is a maximum of 0.09he In Table 4 the weighted mean visibilities in the short wave-
Vyes prediction shows that the visibility function in the casatth length region (8—@m) and the region in which the silicate ex-
the disc is completely resolved would be expected to rise, mess feature has the strongest contribution to the total( #l0x
visibilities should not ever be greater than 1 (see equatjon 11.5um) are listed. Standard errors and errors on the ratio in-
This is unlikely to be due to the water ice discussed in se¢luding calibration uncertainty are calculated as descrifor
tion 2.3, as if some of the excess emission measured in the IRB69830 in section 3.1. As is clear from the table thfedt
spectrum did fall outside of the MIDI beam we would be oveence seen in the measured visibilities at shorter waveteragid
estimatingly in our calibration, and this would lead to a falselynidway through the MIDI range (10-11uf) is significant. Not
low visibility. We consider that the lower signal-to-noigethe only this, but the size of the change is similar in all cases to
MIDI fringe measurements on this target at longer wavelesgtthat predicted for the case of completely resolved excess-em
(signal-to-noise is an average e70 between 8—@m, 37 be- sion, as can be seen in the scaled visibility function pleigi(re
tween 10-11,m and 15 beyond %in) is the cause of these5 bottom right). Results on individual baselines are incatip
high visibilities which causes a residual slope. Whether 4 ble with an unresolved disc (ratio 1) at a level of at least &
fects the 10—11/4m region is not clear but for this reason we dd¢see Table 4). Taking all the results together (see foothptiee
not consider that the results provide strong evidence faara pweighted mean dip in visibility is 0.88@ 0.013, incompatible
tially resolved rather than completely resolved disc. Tilvéts  with an unresolved disc at the-devel. The individual measured
we can place on the morphology of the HD69830 debris disatios and average result are close to the prediction foma co
pletely resolved disc\{es). Note that we do not see the same ev-
1 Note that these calculations assume that the visibilitylbbase- idence for a significant residual slope in th? visibility_ﬁninn as
lines is the same. Although this is not generally expectdmla};me case Was the case for HD69830. The observationg Glorvi benefit
it is true if the disc is completely resolved or unresolved ao these from a higher signal-to-noise even at longer wavelengtver¢a
calculations are used to determine the significance witlthvhie can  age signal-to-noise in the correlated flux measuremen23si
say that the disc is completely resolved or unresolved. 8—um, 75 at 10-11,6m and 31 at wavelengths beyonduh2).
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Fig. 5. The results of MIDI observations gfCorvi. Top left: The baselines observed in this program. fight: The calibrated correlated fluxes
found in the MIDI observations aof Corvi. The thick line represents the total IRS spectra, Whepresents the maximum flux we should see.
Note that although the absolute values are varying i¥)%, all runs show a fairly flat spectrum, with no evidencehef silicate features seen in
the IRS spectra. Bottom left: The visibility gfCorvi. The measured visibilities on all four baselines akewdated using the IRS spectra and the
measured correlated fluxes. The prediction for what théiisi curve should look like if the disc flux is totally resad (V,es, €quation 4) is also
shown by a thick solid line. Bottom right: The visibility gfCorvi scaled to the average visibility from thg.s prediction between 8-gm. This
scaling shows the four observations all show strong evielehteing similar to th&/.s prediction.

Table 4. Measuring the significance of the dip in visibility pfCorvi  the VLT under proposal 079.C-0259 off @\pril 2007 on the

at10-11.5um. emission around HD69830. The data were all taken in filter
Q2 (A = 1872um, Ad = 0.88um) with pixel scale 0075.
Baseline Visibility _ The observations were performed using a chop and nod throw
name 8-9um 10-11.um Ratio of 8. Chopping was performed in a North-South direction
Q 3'818:—: 8'882 8'223:—: 8'88g 8'235 8'83? and nodding was performed in the perpendicular directidre. T
D1 0.841+ 0.003 | 0739+ 0.003 | 0.879+ 0.026 observatlons_ consisted of two integrations of 2100s each on
D2 0.922+ 0.003 | 0.801+ 0.004 | 0.868+ 0.026 Hl_)69830, wnh_standard star observgtlons bgefore and adicir e
Vies 0915 0.784 0.857 science target integration (125s per integration). Fretjsen-

dard star observation was used to determine how the PSF was
varying through the observations. The standard star oaserv
tions were also used for photometric calibration. The staeshd
star, HD61935, was chosen from a list of mid-infrared spectr

. ... photometric standards (Cohen et al. 1999) and was also used
Though the levels of absolute calibrated flux and thus \Il-SIbﬁ.] the MIDI observations (Table 1). The observations are-sum

ity are not constrained to better than 10%, (see sectionte4) marised in Table 5
dip and its appearance at a significant level across all ipasel '
is consistent with the disc emission being completely resbl  The data were reduced using custom routines described in
on all observed baselines. The constraints we can placeeon d@tail in Smith et al. (2008). In summary, data reduction in-
morphology of this source based on these results are dettusgolved determination of a gain map using the mean values of
in section 5.2. each frame to determine pixel responsivity (maskilfigpixels
on which emission from the source could fall, equivalent to a
4. VISIR imaging of HD69830 sky flat). In addition a d_cﬁset was determined by cal_culati_ng
the mean pixel values in columns and rows (excluding pixels
Following the 8m limits on the; Corvi emission presented inon which source emission was detected) and this was suddract
Smith et al. (2008), we have new data obtained on VISIR &bm the final image to ensure a flat background. Pixels shgwin

A description of the calculation of the visiblities and egds given in
the caption to Table 3.



Standard HD69830 Residuals

©

Il Il Il L L L L . L L Il L L L L
15 1.0 0.5 00 -05 -10 -15 15 1.0 0.5 00 -05 -10 -15 1.5 1.0 0.5 00 -05 -10 -15
RA offset, arcsecs RA offset, arcsecs RA offset, arcsecs

Dec offset, arcsec
Dec offset, arcsec
Dec offset, arcsec

-1.5 -1.5 : : 15[ el !

Fig. 6. The VISIR images of HD69830 and standard star observed én @P. Left: The final image of standard star (HD61935) afteaddition
of 4 sub-integrations. This image acts as a PSF referenaid|®liThe final image of HD69830. Contours on this and thedstahstar are at
levels of 25, 50 and 75% of the peaks. No evidence of emissitamded beyond the PSF reference is seen in the image of FBD698e colour
scale on these images goes from 0 to the peak. Right: The iofd¢f269830 after subtraction of the PSF reference (standaade) scaled to the
peak. The colour scale has a minimum of 0 and maximunuop&r pixel. Contours mark any region sfsigma significance. The stripe to the
South East of the image is a detector artifact. No signifieamssion is seen after subtraction of the PSF which woulit#@te resolved emission
(testing over a range of regions ofidirent shapes which could detect a range fiedent disc geometries gives a maximum detectiorZef in
this image).

Table 5. The observations of HD69830 and standard star with VISIRverplotted on the images are contours at 25, 50 and 75% of
on the VLT. the image peak (brightness peaks were 7980/andyeé for
the standard star observation, 1033 yadyseé for HD69830).

ngrfgéfs Tar%etltype 'megratligg time (s) Comparison of the contour plots indicates that there is gio af
HD69830 Sa. extended emission around HD69830 that could be indicafige o

ci 2100 : . . e .
HD61935 Cal 125 _resolved _dlsc. Th_|s is con_flrmed by examination of the realisiu
HD61935 cal 125 image (Figure 6 right). This is the HD69830 image after sarbtr
HD69830 Sci 2100 tion of the PSF reference image (HD61935, Figure 6 left)estal
HD61935 Cal 125 to the peak of emission. The residual image shows no evidence

for emission beyond the PSF. Further tests comparing the pro
Observations were performed under proposal 079.C-023@b&krva- files of the observations, Gaussian andffdbprofile fits to the
tions were performed using filter Q2 and the small field detetixel images and comparisons of FWHM measurements all confirmed
scale 0075). this result. Diterent test regions (annuli offéiérent dimensions
for face-on disc geometries, rectangular boxes for edgdisms,
and intermediate shapes for discs with intermediate iatibms

high or low gain, or those which showed great variation tigteu to the line of sight) were also examined for any evidence@f si
out the observation, were maskeil ' he chop-and-nod patternnificant emission in the residuals image. No such emissian wa
adopted results in four images of the star falling on the det&found (most significant positive flux of just less tham &ignif-
tor. These images were co-added after determining theecen@ance was found in a region including a detector artifacte s
of each image by 2-dimensional Gaussian fitting and then th?ure 6).
sub-integrations were added together to give a final image o
HD69830 and the standard star which would act as a PSF refer-we followed the procedure of Smith et al. (2008) to place
ence. limits on the size of the disc after no extension was detected

The photometry was performed using circular apertures ohis procedure is described in detail in Smith et al. (2068}
1”radius centred on the peak of the emission. Statistical-badhvolves convolving the PSF model withfférent disc+ star
ground noise was calculated in annuli centred on the peakmbdels to determine what combinations of disc parameters (g
emission with inner radius”2 outer radius 4. Calibration un- ometry and emission level) would have resulted in a detectfo
certainty was estimated from the variation in calibratiewels extended emission. The limits depend strongly on the seitgit
from the four sub-integrations on the standard star, and waighe observation and the variation of the PSF, which wasrdet
found to be 9%. HD69830 was detected in the final co-addetined in this case from examination of the four sub-intégret
image with a signal-to-noise of 32, with the total photométr  on the standard star. The PSF was found to have a FWHM of
cluding calibration uncertainty of 37# 46 mJy. The IRS spec- 0/52+0.04, a variation of 7%. The individual integrations gave
trum of this source has a flux of 365 mJy at 1§:i#2(253 mJy four separate PSF models which were used in the limits tgstin
expected from the photosphere). No colour-correction vpas awith variations between the results being the limiting dacin
plied for this narrow-band filter. In addition, no correctifor disc detection at small disc radii. The results of this teptire
airmass was employed, as the standard star was observed sticavn in Figure 7. For a face-on disc assuming a narrow ring-
similar airmass to HD69830 and no evidence was found that tliiee structure (width ®@r wherer is the disc radius) the exten-
calibration factors from the sub-integrations on the sé&ddtar sion testing places a limit 0£0/19 + 0701 on the disc radius
were correlated with airmass. (<2.4 AU at a distance of 12.6pc). This limit is determined by

The final images of the standard star HD61935, used e size and variation of the PSF (limiting line at small disdii
a PSF reference, and of HD69830 are shown in Figure i6.near vertical as it is not strongly dependent on the disq.flu



same (within the errors) on all observed baselines. The same
\ TR ] resolution on near perpendicular baselines such as A @bd B
EL Face—on, wide - - - - - 1 (see Table 2 and Figure 4 top left) would not be expected if the
S00E Fdgeren, norew £ emission arose from a point-like source. Furthermore esiten
1 radial velocity observations have revealed only low-mass-
panions (Lovis et al. 2006) orbiting within 1AU, believedtie
Neptune-mass (although the masses could be larger if the sys
tem is observed face-on). Such planets cannot be the sofirce o
the observed change in visibility with wavelength due toltve
expected star:planet mid-infrared flux contrastdfo (see e.g
Burrows 2005; Burrows et al. 2006).
‘ ‘ The observed visibilities are consistent with a partiabhes
0.0 0.5 10 15 tion of dust emission around HD69830. Assuming that the stel
Radius, arcsec lar component has a visibility of 1, and that the valuek pfand
Fqisc are accurately given by a Kurucz model profile and the IRS
Fig. 7. The limits we can place on the geometry of the HD69830 fospectra from Beichman et al. (2005), the visibility raticzged
lowing no detection of extended emission in the VISIR Q bandg- in Table 3 can be used to estimate the disc location giveaicert
ing. Discs in the space above the lines should have beerteidiecour assumptions about the morphology of the emissiBor exam-
imaging, and those lying in the shaded region would have ireedaun-  ple, assuming that the disc emission has a Gaussian digribu
detected regardless of geometryfiBient lines representfiérent disc  gjyes a best fit FWHM of 10mas. As many debris discs resolved
geometries as given in the legend. Narrow discs have a dsthwi 5 gate have been found to have ring-like structure (see, e.g
O'fztrk{ V‘gqe d'TShCS a W'dtth é";@r' f‘l"’he’erd Ils th‘te. ’aofl'us ﬂLthesg‘égioh”t Greaves et al. 2005; Kalas et al. 2005; Schneider et al. 20@9)
or the disc. e expecte ISC TIUX and location frrom the e PERTIIT . . .
by an asterisk, Wit?] error bars representing the unceyt&inR, from a.lso mOd(.a".ed th? Observed.ws'b”'t'es assuming the dmse
errors in the IRS spectrum. sion to originate in symmetric, face-on rings with \(arylraagjn
and widths ofdr/r = 0.2,1 or 2 wherer is the radius of the
middle of the ring (see appendix A). Figure 8 shows the result

A PSF variation of 7% is fairly typical for Q band observationOf & x*-test of the goodness-of-fit of each model suggesting a
taken under good conditions based on previous observing BgSt-fit disc radius of 10-25mas, depending on the widthef th
perience (see e.g. Smith et al. 2008, 2009). Only obsenatig!Ng: Both tested morphologies predict a best-fit radius.af 0
taken under optimal (very stable seeing) conditions woliitha 0-3AU at 12.6pc which would place the dust in the middle of the
us to probe closer to the star, and then only by perhaps onePinetary system. A stability analysis by Lovis et al. (2P@%ed

at best two tenths of an arcsecor®(1-0.25AU). This limit as- Monte-Carlo modelling to determine locations where massle
sumes disc emission is 1325mJy (3 limit using errors from Particles could have long-term stable orbits in the presenfc
IRS photometry), as measured in the IRS spectrum assuming'@ 3 Neptune-mass planets, finding 2 long-term stable zames
Kurucz model profile for the photosphere and in agreemeiit wt-3-0-5AU and-0.8AU. Thus the visibilities suggest a best-fit
our photometry. Limits on broader discs arise from the gismsi location for the dust compatible with the inner stable zone.

ity of the observations, and could be improved with incredase However, uncertainties in the visibility ratios mean thze t
observation time. With the current limits, we can rule ouy arPbservations are also consistent within the uncertaimtigsa
disc brighter than 33mJy at a radius ¢50(6.3AU) with some bigger radial location (see Figure 8), particularly if thespible

dependence on the assumed disc geometry (Figure 7) Slope on theV|S|b|l|t|eS iS taken intO account (See Secﬁdﬁ.
Should the high levels of visibility seen at long wavelersgie

evidence of a residual slope, then the disc emission mayie co
5. Discussion pletely resolved on these baselines (in which case theilvisib
) o ) ity would match theV,es prediction). For this to be the case we
We now consider the implications for the geometries of th@oyid require a Gaussian of FWHM 22mas (0.28AU) on an
HD69830 andy Corvi discs in the mid-infrared following the ayerage baseline of 83m, or of at least 40mas (0.5AU) to be com

MIDI results and the constraints from 8m imaging. pletely resolved on baseline B (44m). These sizes are densis
both with the inner stable zone of Lovis et al. (2006), andgda
5.1. HD69830 radial location outside the orbits of the planets. A largetial

location is favoured from analysis of the IRS spectrum which

The MIDI correlated fluxes measured for HD69830 and the visuggests the emission originates in disrupted P or D-tyfgg-as
ibility functions determined from these are consistenhviite oids at a distance of 0.9—1.1AU (Lisse et al. 2007). If themxit
detection of photospheric emission only. The slopes argison a residual slope on the data, and the results are truly itigkéca
tent with a Rayleigh-Jeans slope, and there is no evideniteeof of a partial disc resolution, the dust would then be conséahi
silicate feature observed in the IRS spectrum. We thus adecl to lie within the orbits of the planets challenging curre®s
that the excess emission does not strongly contribute todhe models.
related flux and therefore this has been at least partiadtylved Regardless of the residual slope, the MIDI observations are
on the observed baselines. inconsistent with unresolved emission, and so limits can be

Evidence for resolved emission arouficAgl in the near- placed on the minimum radius of the dust emission. Using-ring
infrared was interpreted as evidence for a low-mass coropanjike models we find a& limit on the radius of~4mas (0.05AU),
object (Absil et al. 2008). We do not believe this is the erpla
tion for the resolved emission around HD69830, since th&semi 2 A detailed description of how the models were compared to the
sion spectrum is consistent with dust emission (Beichmaah. et observed visibility ratios and how errors were propagakedtigh the
2005; Lisse et al. 2007), and the observed visibility ragidhie analysis is given in Appendix A.
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Fig. 8. The limits on the HD69830 disc from the MIDI observationsftL&he confidence limits found comparing the observed ligjtratios on

all 4 baselines with those predicted by face-on ring-likedeis for the disc morphology (of radiusand widthdr). Lower values of? represent

a better fit to the data, and the horizontal dotted lines @etia level at which the models are consistent with the obsens at the 1, 2 ands3
levels as determined by the percentage points offrdistribution function with 4 degrees of freedom. The limdpend on the assumed width
of the ring as indicated in the legend. Right: Predictedailisy ratios for narrow @r/r = 0.2) ring-like models of radii 5, 10, 25 and 80mas (solid
lines). The ratio expected if the disc emission is compjetesolved (i.e., th&\es prediction) is shown by a dashed line. Observed visibiktyas
are shown with asterisks and-Error bars (Table 3). The modest level of significance witiciidifferent models fit the observations (seen in the
left figure) is due to the complex visibility function for grmodels, combined with sparse baseline coverage and laogetainties. See Appendix
A for details of modelling and error calculations.

or from Gaussian models we find & 3imit on the FWHM of e o
>4mas. The VISIR data (section 4) provides a complimentary [ HD69830, 80mas narrow disc Foce—on
upper limit on the disc radius 6f2.4AU. i a5
Adopting the radial size of 1AU from the SED modelling, we
compared the observations to model predictions for 1AUsing
inclined both edge-on, face-on and’456 the line-of-sight and at
different position angles to assess whether the observatiows sh
evidence for an inclined disc structure; measurement oflise
inclination would remove ambiguity in the planet massesiass
ing these were orbiting in the same plane. A narrow edge-sm di

lying at a position angle o£165° provides the best fit to the four °r " 4
observed visibility ratiosy? minimum of 1.3r, Figure 9; other -

disc widths provide worse fits to the data, albeit still witloib- 0 ‘ : :
servational uncertainties). Inclined discs at other pmsingles ° %0 position Angle “EoN 190

away from~60° also provide better fits to the data than a face-

on model, although a narrow face-on disc at 80mas is consistgig. 9. Comparison of inclined disc models to the observed visibili
with the observed visibilities at a level 063 Thus with the cur- ratios of HD69830 at a fixed disc radius of 80mas. Inclinatiare mea-
rent data we cannot place significant limits on the disc iacli sured from face-os 0°.

tion. The lack of significant dierences in the visibility ratios on

different baselines also means there is no evidence for clumapz . .
and asymmetric structure, although the uncertaintiesdrdéta & Planet of mass0.4Myyp with & period of 3 days or less, and a
mean that such structure cannot be ruled out. planet of mass-2.1Myp, with a period of 100 days or less (cor-

Taking the stability analysis of Lovis et al. (2006) and threspondlng ta<0.46AU for M, = 1.5Mo), at the 3- confidence

fevel (Lagrange et al. 2009)
SED modelling of Lisse et al. (2007) together with the MIDdan ST . . :
VISIR results presented here, we consider the emissionthiam The observed visibilities are consistent with at least par

X . . tial, perhaps complete, resolution of the dust emissior. ditv
system to be most likely smooth and symmetrie 28U radius. served visibility ratios were modelled in a similar manner t

HD69830. Assuming that the disc emission has a Gaussian dis-
5.2. 5 Corvi tribution results in a best fit FWHM of 27mas. The compari-

son with ring-like models is shown in Figure 10, from which
The MIDI correlated fluxes are consistent with Rayleighr¥eabest-fit disc radii are 20—-25mas for wider rings >&@0mas for
emission across the MIDI range. We see no evidence of the midirow face-on rings{0.91AU). A size of 20-50mas translates
infrared excess emission dominated by silicate emissidhen to a radius of 0.4-0.9AU at 18.2pc. Since the MIDI observa-
correlated fluxes and conclude that the data are consisidnt viions are inconsistent with unresolved emission, they eausied
all of the excess being resolved on the observed baselires.té derive a minimum size for the emitting region. Assuming a
for HD69830, we rule out a companion object as the source Ghussian distribution for the disc emission limits the FWIttM
the resolved emission due to the silicate emission feaega s>14mas £0.25AU; 3 limit from y? goodness-of-fit over all 4
in the IRS spectrum (Chen et al. 2006) and the lack of a knowaselines), whereas the ring-like models constrains tiesao
binary companion. Limits from radial velocity searchesralt >9mas (0.16AU, 3 limit).
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Fig. 10. The limits on they Corvi warm dust from the MIDI observations. Left: The confide limits found comparing the observed visibility
ratios on all 4 baselines with those predicted by face-og-like models for the disc morphology (of radiusind widthdr). Lower values of?
represent a better fit to the data, and the horizontal ddtied tlenote the level at which the models are consistentthétbbservations at the 1, 2
and 3r levels as determined by the percentage points of trdistribution function with 4 degrees of freedom. The lindespend on the assumed
width of the ring as indicated in the legend. Right: Prediatisibility ratios for narrow @r/r = 0.2) ring-like models of radii 5, 10, 25 and 90mas
(solid lines). The ratio expected if the disc emission is plately resolved (i.e., th¥.s prediction) is shown by a dashed line. Observed visibility
ratios are shown with asterisks and &rror bars (Table 4). The modest level of significance witliciidifferent models fit the observations (seen
in the left figure) is due to the complex visibility functionrfring models, combined with sparse baseline coverageaagd Lincertainties. See
Appendix A for details of modelling and error calculations.

There remains some uncertainty from SED modelling on the

location of the mid-infrared excess, with two models pragabs L 5 Corvi, 90mas wide disc Face—on 1
that suggest that either the hot dust lies in a single ringzZaU ro S 1
or in two radial locations at 1.3 and 12AU (Chen et al. 2006). Lo Fdgeron )
Smith et al. (2008) ruled out the 12AU component at ther2.6 H 8
level, since this was not resolved in VISIR 1807 imaging, so [E % mmmg -
that a single ring at 1.7AU remains the best estimate of ttiesa o BT o Se--cT 0 T -
of the hot dust from the SED, with unresolved 8m imaging con- F e e s
straining the location of a single radius componenkt8AU. i ]
Thus, like HD69830, the best-fit radius is smaller than, it n 2 P i
inconsistent with that predicted from SED modelling (90mas v ]
1.7AU, Smith et al. 2008); the narrow ring models are most con i
sistent with the SED models, however the errors on the data an 0 w w w
the complex visibility functions expected for ring-likestture 0 %0 position Angle “EoN
(Figure 10, right) mean that a large range of ring modelsidev ’

a good fit to the data within the errors. In contrast to HD6983fy 11, comparison of inclined disc models to the observed visibil-
no planets are known to be orbiting interior to the dust,@ltth ity ratios of 7 Corvi at a fixed disc radius of 90mas. Inclinations are
limits are not so stringent (Lagrange et al. 2009). measured from face-oa0°.

Adopting a radius of 1.7AU for the dust from SED mod-

elling, we compared the observations to model predictions fiines (Figure 5). This level is consistent with the excessigpe
1.7AU rings inclined both edge-on, face-on and &t 46d 70 completely resolved on all baselines (i.e., it coincidethwie

to the line-of-sight and at fferent position angles to attempty, . prediction). We note that this does not mean that the emis-
to constrain the inclination and position angle of such @.dissjon comes from a region which appears the same size on all
The best fitting disc geometry was found to be a broad edge@hserved baselines, but that on each baseline the emission ¢
disc at a position angle 6f120° (Figure 11). For narrow discs ers a large enough region to have been completely resolved.

all geometries are withindt of the best fitting model, and for  Taking the MIDI results and combining them with the results
broad discs only edge-on discs with a position angl®® are  from 8m imaging in Smith et al. (2008) and the IRS spectrum
outwith 1o c_)f the best fit. Thus other disc geometries cannot tiﬁ‘esented in Chen et al. (2006), we consider the emission fro
ruled out with the current data. However, it is notable thég t {y;g system to be most likely smooth and symmetric at 1.7AU ra

best-fit position angle coincides with that of a cold disc pom gjys, with tentative evidence for extension along a pasitingle
nent (at 13@10°) imaged in the sub-mm and inferred to be in &ligned with the cool outer disc.

150+20AU ring inclined by 4525° to our line-of-sight (Wyatt
et al. 2005). A common position angle would suggest that both _ o
dust components, over two orders of magnitude in radiugj-ori 9-3. Transient sources of emission

nate from planetesimals orbiting in the same plane. For both sources we infer the dust to lie at 1-1.7AU and so con-
There is no evidence from this data for asymmetric &fider that it must have a transient origin (Wyatt et al. 200fe

clumpy structure, since the visibility functions are catsint possible source for the transient emission is a recent mgassi

(within the errors) with the same level of resolution on @kb- collision within a coincident planetesimal belt (a poséippro-




posed for B3-20307, see Zuckerman et al. 2008, and referendagnties, including a possible residual slope, mean thaiiter-
therein). The emission from such an event might be expeotedotretation is not favoured at present given the SED consgiain
be clumpy or asymmetric as the dust would stéfrtoncentrated but if confirmed would present a challenge to the current mod-
in a small spatial region (rather than dispersed in a ring #k elling of the IRS spectra of this source.
asteroid belt for example). There is no evidence for suchua-st These observations highlight the viability of exploratioh
ture from the MIDI observations. Furthermore this scenats dust in terrestrial planet regions using mid-infrared rifem-
considered as possible but unlikely due to the expectediew fetry. Future MIDI observations of HD69830 ampdCorvi that
quency of s#iciently massive collisions and the lifetime of re-extend the baseline coverage would allow more stringent con
sulting dust particles from such events (Wyatt et al. 200us straints to be placed on the geometry of these debris discs, i
it seems more likely that the parent bodies of the dust seenchiding measuring the disc inclination for HD69830 (thus-co
~1AU originated in a planetesimal belt at larger distancesmh straining the masses of planet found by radial velocity istid
collisional timescales are much longer. The mechanisnsiramhe disc position angle foy Corvi (for comparison with that of
porting the dust into 1AU remains unknown, though one possie outer cool disc), and searching for the clumpy or asymimet
bility is a dynamical instability in a period analogous te thate structure that might be expected from a recent massivesimoili
Heavy Bombardment (LHB) in the Solar System (Gomes et &uch observations thus have significant potential to caimstine
2005; Booth et al. 2009), the cause of which could be a recetifferent theories for the origin of these unusual hot dust popu-
stellar flyby or the migration of giant planets in the system. lations.

The known cool dust population towagdCorvi (Wyatt et al.
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Appendix A: Modelling the MIDI observations on this term to be negligible. The third terrﬁg}%, comes from

. . . the standard star correlated flux measurements. As showgin s
Lr;st?gsr Zzlgﬁ?gé/vg? tﬁzt“er)](iégg g]n?itgggnufg ?htg '&cl)[r;}pg ;?am&)%n 2.4 this ratio should always be 1 but has an error of 31A%.

consider symmetric Gaussians of varying FWHM and ring mo 1ose instances |n_wh|ch an average calibration from two-sta
els. The ring models are face-on axisymmetric discs withexfix 9879 Star observatlonstas used this error can be reduced by a
width and varying radius. The disc is assumed to be centred@gtor of V2. The termz222 is given by the IRS spectrum of
the point-like star and has uniform surface brightness.t&hied each target. For this we must consider how well the IRS spectr
widths aredr/r = 0.2,1 or 2, with diferent disc radii, parame- captures the shape of a spectrum. Beichman et al. (2006show
terised byr, the mid-point of the disc (so disc has inner radiuthat for Sun-like stars with no excess emission deviatioosf

r —dr/2, outer radius + dr/2) with r between 5-200 mas. Duea photospheric slope were 1.3% in the range 8.p#i8fter re-

to the large range of possible non-axisymmetric disc madets moving the &ects of absolute calibration error (by scaling to the
example discs with brightness asymmetries or clumps, aethghotospheric model at 7x8). The stars included in this study
inclined to the line of sight at all position angles) we calesi are of the same or similar spectral type to HD69830 (which was
only a restricted range of discs outside these face-on raodéh fact included in the sample). Corvi was just excluded by
These were edge-on discs and those inclined at 45 ahdo70spectral type; the paper considered stars in the range FHK5
the line-of-sight. These discs were assumed to have a fixed w& do not consider an F2 star likely to be veryfelient to this
dius (80mas for HD69830, 90mas frCorvi; sizes from SED sample. We therefore use the error of 1.3% as the error onthe t
fitting) and had position angles on sky of O-1&hst of North tal flux ratio for the science targets. The te{f#2 is determined

in steps of 15, _ _ R by the assumed size of the standard star used for calibration

_ The excess region (Gaussian or ring) visibilities were etg these calculations is assumed to be perfect. In fact abean
httpy/www.mporzio.astro.je67ElicausiiVC/. Determination of - stars. This uncertainty is very small however (typicalymas)
the total model visibility then follows from equation 3, 888ing  and potential error on the calibrator visibility ratio isuthvery
the visibility of the star is 1 at all wavelengths. We detetet  smg| (<0.01%). We therefore neglect this uncertainty in our er-
the visibility for the models across the wavelength rangeu o calculations.
in the characterisation of the dips (i.e. gn9and 10-115m, To calculate the same ratio for each model we must use the
Tables 3 and 4). The models assume flux ratios for the star ggflowing equation (c.f. equation 3):
disc components are accurately given by the IRS photometty a
the Kurucz model prof”es_ Vmodratio _ (F*,tar,lo/ Ftot,tar,lo) + (Fdisqtar,lo/ Ftot,tar,lO)Vdisqtar,lo

(Fxtars/ Frottars) + (Fdisctars/ Frottars) Vdisctars

1+ Vdisc,tar,lo( Eii:rllg - ]’-)\ 3
As the absolute levels of visibility are poorly constraited the Fitars  Frottario 1+ Visctar8 (_FmeanB - )
ratio of visibilities at diferent wavelengths is constrained much ] o *lar
better (see sections 2.4, 3.1 and 3.2), we shall use coropari¢/here it has been assumed Wgeis 1 in both wavelength ranges
between the observed and model visibility ratios to deteemi(S€€ section 3). The errors on each term for the model ratio
the goodness-of-fit of dierent models. The sources of error foRIS0 require careful consideration. The first term in equmti

* tar,10

. . . F . .
this comparison must be carefully considered to allow amac.3, £, comes from Kurucz model profiles, and again as the

rate goodness-of-fit calculation. stellar emission in this range can be considered to have la wel
In this paper we have used the IRS photometry to calculatefined slope the error on this term is negligible. The second

visibilities. Following equations 1 and 2, each observethiity oy Fuws a4ain comes from the IRS spectrum of this source,

1 Ftot,tar,lo ’
Is calculated as and thus we again consider the errors on this ratio to be 1.3%

V = lcorrtar/ lcorrcal X Frotcal/ Fottar X Veal. (A.1) (see above). . . .
) ) o o The errors on the final term in equation A.3 are more com-

V\_/heln' we consider the ratio of VISIbI|ItIQS, we divide the tW(bIex. We consider that for each model the visibilyisciar iS
visibilities as averaged over the appropriate wavelergtiges perfectly known. However errors dfyiar/ Fx.ar in both wave-

length ranges come from a variety of sources, some of whieh ar
(A.2) systematic across theffiirent wavelength ranges considered. In

order to determine the error on this factor we used a MontdeCa
where the subscript 10 refers to the value of this term awetagnethod. For each model (each with a fiXéctars aNdVisciar 10
over the wavelength range 10-11m, and the subscript 8 refersfor each baseline) the value of this final factor was caledat
to averaging over the range §+8. We now consider the errorsover 1000 iterations, with the values B ar andF, 1o chosen
from each term in the above equation. as follows. The values d¥, 1ars andF ar10 Were determined by

A.1. Applying a goodness-of-fit test Fatarto  Frottars

Icorr,tar,lO Ftot,caLlO Icorr,caLS FtoLtar,S VcaLlO

Vob io =
sratio
|corr,tar,8 FtoLcaL8 |corr,cal10 I:tottar,lo VcaL8



using the Kurucz model profile for the correct spectral tygme(
Table 1). Scaling was determined by taking ffeminimisation
over a range of scalings to find the best fit to the B- and V-band
maghnitudes of the stars as listed in the Hipparcos catalagde
J-, H- and K-band magnitudes from the 2MASS catalogue. The
percentage points of the distribution were used to determine
a 1o limit on this scaling. The scaling used in the Monte-Carlo
testing was then taken from a normal distribution with a mean
given by the best fitting scaling and standard deviation at th
level of the b error. TheFgttars and Fiotar10 Values were de-
termined by averaging over the appropriate wavelengthasing
after the flux in each spectral channel was randomly sampled
from a normal distribution with a mean of the IRS total flux in
the channel and standard deviation the error in the chamael.
approximate theféect of calibration error the values &fottars

and Fottar10 Were then multiplied by a factor randomly sam-
pled from a normal distribution with mean 1 and standard-devi
ation 0.05 (calibration uncertainty for IRS typically 5%siort
wavelengths; Hines et al. 2005); the same “calibration &/alu
was used foFitarg aNd Fiottar10- The mean value of this final
factor in equation A.3 was checked against the its valuemassu
ing No errors orF i iar aNdF o and found to be the same. The
error term on this final factor was then taken from the stashdar
deviation over the 1000 iterations, and was found to be &llyic

at the 1% level for both sources averaged over all disc maukl a
baseline combinations.

To test how well each model reproduces the observed vis-
ibility ratios we use the/? goodness-of-fit test. Typically this
takes the fornE) (D — M)?/o where N is the number of data
points,D is some observed data with associated esr@nd M
is a model with no error. As botopsratio AN Vmodratio have er-
rors associated with them, we use the ratio of the observed to
model visibility ratios and compare them to 1 (as if the masel
a good fit to the data théWnodratio & Vobsratio). The errors from
both visibility ratios must be included in the value®f Our y?
calculation then becomes

4 o Ty
X2 _ Z (Vobsraho(')/Vmod,rauo(') 1 (A.4)

i=1 i
wherei labels the observations of each source, ani the er-

ror onVobsratio/ Vmodratio- CONsideration of equations A.2 and A.3
shows that thd= 1o term cancels when taking the ratio of the
observed and model visibility calculations, and thus tl3&der-

ror term does not explicitly appear in oyt calculations. Errors

on the IRS photometry do appear implicitly in the Monte-@Garl
calculation of the error on the final term in equation A.3 tigh

the calibration error and the statistical errors. The firsdlig of

o comes from addition in quadrature of all the remaining error
terms outlined in the above paragraphs. We use the pereentag
points of they? distribution to determine the valuesrothat pro-
vide a reasonable fit to the observed data for both sources. Th
results of this modelling are discussed in sections 5.1 ad 5
and shown in Figures 8 and 10.



