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ABSTRACT

Aims. Studies of the debris disk phenomenon have shown that mst&rsyg are analogous to the Edgeworth-Kuiper Belt (EKB). éler a
rare subset of sun-like stars possess dust which lies, imasinin the terrestrial planet region. In this study we &indetermine how many
sources with apparent mid-infrared excess are truly hdstg&om dust, and investigate where the dust in these systamslia.

Methods. We observed using ground-based mid-infrared imaging wiMiM12, VISIR and MICHELLE a sample of FGK main sequence
stars previously reported to have hot dust. A new modellpgr@ach was developed to determine the constraints thdieart on the radial
extent of excess emission in such observations by demtingttzow the detectability of a disk of a given flux as a frantif the total flux
from the systemRgisk/ Frota) depends primarily on the ratio of disk radius to PSF widttl an the uncertainty on that PSF width.

Results. We confirm the presence of warm dust around three of the catedipy Corvi, HD145263 and HD202406. FgrCorvi modelling
constrains the dust to lie in regions smaller thah5 AU. The modelling constrains the dust to regions smétan 80-100AU for HD145263
and HD202406, with SED fitting suggesting the dust lies avaténs of AU. Of two alternative models for theCorvi excess emission, we
find that a model with one hot dust component at less tfa649 (<3 AU) (combined with the known submm dust population-at50 AU)
fits all the data better at the 266 level than an alternative model with two populations of dersitting in the mid-infrared: hot dust at less
than 019 (< 3.5 AU) and a mid-temperature componentd’66 (12 AU). We identify several systems which have a compa(ttbD65277
and HD79873) or background object (HD53246, HD123356 and28200) responsible for their mid-infrared excess, andHoze other
systems we were able to rule out a point-like mid-infrarearse near the star at the level of excess observed in lowelutém observations
(HD12039, HD69830 and HD191089).

Conclusions. Hot dust sources are either young and possibly primordigbasitional in their emission, or have relatively smadlites steady-
state planetesimal belts, or they are old and luminous wattsient emission. High resolution imaging can be usedstcain the location of
the disk and help to discriminate betweeffelient models of disk emission. For some small disks, intenfietry is needed to resolve the disk
location.

Key words. circumstellar matter — planetary systems: formation

1. Introduction have been resolved (e.g., Holland et al. 1998, Greaves et al.

. 2005, see also scattered-light imaging, e.g. Kalas et 8720
Analysis of the IRAS database over the last 20 years has sh Mke the dust is shown to lie40AU from the stars, and its

that th;rt(;are o_\r/ﬁr 300 rtna_lnl geq::]encift?rs;hithha\ée Skstl gort lifetime means that it must be continually replenishg
aroun em. This material 1S thought 1o be the debris 1efty 4 jjisional destruction of km-sized planetesimals &\

over at the end of the planet formation process (e.g. Malsmr]gent 2002). The inner 40AU radius hole is thus thought taearis

and Barlow 1998). The spectral energy distribution (SED) ﬂf ; :
. . . LN om clearing by an unseen planetary system, the existeince o
this excess in the best studied cases (e.g., VBdRictoris, gy P y sy

. ! ) which is supported by the presence of clumps and asymmetries
;?;ng:g?lgfcggﬁzggge?‘ﬁz lgggr;";&i:fir?? dlgrgallzlrrt]ﬁ :(T}Leseen in the structure of the dust rings (e.g., Wyatt et al9199
' ) 2 . Ofthef h | obj IRictoris al
belt (EKB)-like regions in the systems. The EKB-like loeti Wyatt 003). Ofthe four archetypal objects, ofilpictoris also

) . . _has (a relatively small amount of) resolved dust in this imee
and analogy is confirmed in the few cases where these dlal n (Lagage and Pantin 1994, Telesco et al. 2005), thought

to be there because this is a young (12Myr, Zuckerman et al.
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2001) transitional system in which these regions have yetdened carbon stars or Class 1l YSO’s (Lisse et al. 2002) g0 di

be fully cleared by planet formation processes. HoweveilAbgant galaxies (Sheret et al. 2004). Another possible soofce

et al. (2006) have recently presented interferometric stadsv- mid-infrared excess emission is reflection nebulosity d<adt

ing Vega (thought to be around 380-500Myr old, Peterson et al. 2002). Indeed it is now routine for papers discussingtte

2006) is likely to possess extended dust emission within 8Atkess sources found by IRAS to address the possibility tma¢so

and Di Folco et al. (2007) have also recently presented aeigle of these are bogus debris disks (Moor et al. 2006, Rhee et al.

for hot dust around the 10Gyr otdCeti. 2007). Thus it is imperative that we determine if the excesse
Zuckerman (2001) noted that out of a large sample afe real and centred on the stars.

main sequence stars that exhibit excess mid-infrared @niss  This paper is structured as follows: §& the sample selec-

(Mannings and Barlow 1998) half of these showed an exce#mn is described. 1§3 the various observational and analysis

at 25um only. While this seems to suggest a large fraction eéchniques employed for each instrument are outlined, mand i

systems host warm dust at a few AU, in fact the vast majority séction§4 a new method of placing quantifiable extension lim-

such warm dust systems are around the more luminous A atbn unresolved disk images is described. The resulttysiaa

B stars (see e.g. Rieke et al. (2005), Beichman et al. (200@0d discussion of individual sources are presentegbirand

and so despite the fact that the dust is warm, it usuallyrstill the implications of these results discussed@én Conclusions

sides at 10s of AU in regions analogous to the EKB. In contraste in§7.

hot dust seems to be rare around the less luminous F, G and K-

type stars. Four surveys have searched for hot dust aroghd su

stars by examining the emission at.5 above photospheric 2. The Sample

levels as measur_ed by 'RAS (Gaidos 1999), ISO (Laureijs ff, sample consists of F, G and K stars with IRAS published
al. 2002) and Spitzer (Hme_s et al. 2006; deen_ et al, 200§ ctions of excess emission at 12/an@5um. * A first-cut
All these surveys found evidence for hot dust with fractlonqvas applied to the list of all published detections cornsstif

i i = 4 i - - . . - . . g
Iummosnyf . L.'R/L’.‘ > 107 on]y 2:2% of §t_ars (f0r7com the following analysis to determine if the excess identifigd
parison the luminosity of the zodiacal cloud is'§6- 107"L, IRAS was likely to be real

Dermott et al. 2002). These systems could represent a depar-FOr all stars in the sample J, H and K fluxes are obtained

ture from the canonical picture that extrasolar debrisesyst from 2MASS and V and B magnitudes from Tycho2. The
are analogous to our own Kuiper belt, since the temperat%?chigan Spectral Catalogues or SIMBAD were used to de-

of.the du;t 'mp"‘?s that m_ost I|e§ in the region 2'2.OAU' Th rmine the stellar spectral type. This was used to model the
this dust is predicted to lie a.t dlstancgs from their staeq t hotospheric emission based on a Kurucz model atmosphere
WOL."d be between our asterom_l and Kuiper belts, an_d somn propriate to the spectral type and scaled to the K band flux.
region where we expect gas giant planets to form - just wh is allowed determination of the photospheric contriutio

we expect no dust. These disks pose several fundamental g S emission assuming there is no excess emission at K.

tions about the outcome of planet formation in these systems The IRAS fluxes were taken from the Faint Source

Are thgse the Kuiper beits of systems in which planet form&}atalogue, and the Point Source Catalogue when FSC fluxes
tion failed beyond- 10AU (e.g., due to a stellar flyby, Larwood . . . .
were not available (i.e. for sources in the Galactic plane).

a_nd Kalas 2001, or the rapid dispersal of the_ protop langiasy This information was then compared with fluxes extracted
disk, Hollenbach et al. 2000)? Or are we witnessing the-colli _. : :
. ) : ) . using SCANPI (the Scan Processing and Integration tbol)
sional destruction of massive asteroid belts or the sulbiima . . .
hich results in much reduced errors. This tool scans the raw

of comets in the middle of fully formed planetary systems? RAS data and averages individual scans to determine thm poi

dust from a more distant belt trapped in resonance with atgi%rg)urce flux and error of the object in question (as determined
planet (Moran et al. 2004)? Or perhaps these are systems e ) q

transitional (mid-planet formation) stage (Kenyon & Brewl y coordinates) in each of the IRAS bands (12, 25 60 and
2002)? P 9 Y e 100 um). The fluxes using dlierent extraction methods could

To begin to tackle these issues, we need to know the trt&]gs be analysed to give an independent determination of the

dust distribution in these systems. This can be determimex f significance of any excess measured to see if e.g., problems

SED fitting to multi-wavelength infrared photometry, andrfr with bap kground SUb.t raction weréfecting the results, Colour—
. ; i : correction was applied to the fluxes at the levels described
constraints provided by resolved imaging. There are severa

uncertainties regarding these putative disks, in additothe I the IRAS Explanatory Supplemedit Specifically colour-

- ) correction applied to the 12, 25, 60 and 100 fluxes was 1.43,
temperature of the dust emission. Most importantly, the e 20, 1.32 and 1.09 respectively. For stars willetive tem-

cesses taken from the IRAS database cannot be used at E;ecr%tures greater than 7000K (as determined by Kurucz erofil
i

value. It was noted by Song et al. (2002), who searched tf .
IRAS database for excess emission towards M-type stars, t gng), colour corrections of 1.45 and 1.41 at 12 andi26

when searching a large number of stars for excesses Clges%)ectively were applied. The colour-correction was iafipl

to the detection threshold, a number of false positives musi the sample stars are listed in the Debris Disk Database at
be expected due to noise. Also, there have been a few fp;mwww.roe.ac.ukukatgresearchiopicgdust.

stances in which the IRAS excess has been shown to be &-nttpy/scanpi.ipac.caltech.edu:9900

tributed to background objects that fall within the relativ 3 The IRAS Explanatory Supplement is available at

large IRAS beamsx30”). Such objects range from highly red-httpy/irsa.ipac.caltech.ediRASdocgexp.sup
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only to the stellar component of emission, through multgpli pattern the pixels would be unevenly illuminated irffelient
tion of the expected stellar flux by the colour-correctiocté®a nod frames and this would lead to inaccuracies in determinin
before subtraction to determine the excess emission. No ftire gain map. Any pixels showing a particularly high or low
ther colour-correction was applied to the excess emis3iba. gain (< 2/3 or> 3/2) were maskedfd This would on average
proximity of the IRAS sources to the stars was also checkegmove a few tens of pixels in addition to the previous mask-
given the quoted uncertainty error ellipse, since someeytsrv ing. In total an average of around 7% of pixels were removed
allowed excess sources to be up to 60 arcgEsepand have in the TIMMI2 observations, and around 4% of pixels in the
since been shown to not be related (Sylvester and MannifdECHELLE and VISIR observations. This level was much re-
2000). duced within the on-source apertures used %, as most of
The final sample consisted of 11 stars of spectral types Fil@& problem pixels were confined to the edges of the arrays, or
and K and these are listed in Table 1. HD12039, not includéal other regions which were avoided when deciding where to
in the IRAS catalogues, was identified as a warm dust host lngve the objects’ images on the array.
Hines et al. (2006), and included in the later stages of thidys In order to minimise theféects of changing conditions and
airmass, calibration observations were taken of standard s
within a few degrees of the science object, immediately teefo
and after each science observation whenever time cortstrain
3.1. Observations permitted. The standards were chosen from the list of K and
M giants identified by Cohen et al. (1999). In addition to pho-
The observations were performed using a combination of: thfnetric calibration, these standards were used to cleiset

Thermal Infrared MultiMode Instrument TIMMIZ on the ESGthe PSF and used for comparison with the science sources to
3.6m telescope at La Silla; VISIR, the VLT Spectrometer angbtect any extension (see section 3.2).

imager for the mid-infrared on the ESO VLT; and MICHELLE
on Gemini North.
All of the observations employed a chop throw of’i0 3.1.1. TIMMI2

the. North-Sou_th direction (_except for the MICHELLE Obser'The observations on TIMMI2 were taken over three runs on 11-
vations for which the chop is 15 and the chop throw was at

3(7). Telescope and sky emissions were removed by an a  September 2003, 19-21 November 2003 and 24-26 January
V) P . . Y an adiss (proposals 71.C-0312, 72.C-0041 and 74.C-0700). The
tional nod throw of the same size, taken in the perpendicular

direction for TIMMI2 and VISIR, and in the parallel directio ggp\gﬂg?}i or;rtfr:) (?rsneezl?:gsavr\]/s::rz vg;ﬁ;ﬁgzég?e%arggt:IaLgttz)-me
to the chop for the MICHELLE observations. P Y poorp

For the ob " ‘ di dicul d tric accuracy. For the nights in which accurate photometrg wa
orthe observations pertormed in perpendicular mode, *ﬁ'& possible, it was still possible to place constraints og-p

means that a straight co-addition of the data results in an ig?ble companiofbackground sources and extension with the
age with two positive and two negative images of the sour Ata

The parallel chop-nod technique results in one centratipesi A wid fthe | fil q d
image and one negative image at half the level of the central wide range of the Instruments filters were used to study
image on either side in the throw direction. A residual deKea th,'s sample (M, N1, N2’, 9.8, 11.9, 12.9). The pixel Sca.le. was
current) dfset was removed by subtracting the median in ea h3 for the_ M band/and.OlZ, for the If)nger )Naveleng_ths, gving
column of the array and then in each row (the areas around fis of view of 96 f( 64 and 64 x 48" respeciively. The
source images are maskeff when determining these medi- HMwas 089 i.a 12 inthe N band. .

ans). The resulting images showed statistical uncertaamty- Absolute pointing of the telescope is accurate to 8-10
ing by just a few percent across the central 20 square arcsgeWeVer, pointing accuracy of’tould be achieved by per-

ond region around the images for all instruments. Bad pixd@Ming acquisition at M (which almost always detects the
were determined by looking at the variations in individuasp  St&"S) @nd accounting forffisets between the filters by obser-

frames, first creating ‘empty’ images in which only the hdif o/ations of the standards.

a frame not containing the source would be used, togethbr wit

the opposite half of the frame from the following nod positiog 1 5> \/|gIR

(which would also be empty). Pixels with a variance across

the frames of 10 times more than the average were labellBue VISIR observations were carried out over three nights in
‘bad’ and masked f6. Regions towards the edge of the arraipecember 2005 (proposal 076.C-0305). The conditions were
were found to be particularly prone to such variations, aatew good over all three nights, and allowed good photometricacc
masked more frequently. Typically this stage would removeracy. The seeing was somewhat variable, with FWHM for stan-
few percent of pixels+{ 1000, array 320x240 or 256x256).dards in N band of’ 0465+ 0’161, and in the Q band’697 +

This was also used to determine the variation of the sky d@-166 over all observations. The PSF showed typical elliptici
ing the observation, and in turn to determine the respapsivties of 0.18 and 0.1 in N and Q respectively. The same elitptic

of individual pixels, so creating a gain map (in a perfect devas seen at the same position angle (regardless of on-sky cho
tector gain for all pixels would be 1). Note that in determmni angle) in the science and standard images and this insttamen
the gain map the regions on which the source emission fell artifact was well accounted for using the standard star @sag
the detector would be maskedt,cas due to the chop and nodas model PSFs (see sectigt).

3. Observations and Data Reduction
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Table 1.The Sample

Star name| Stellartype| Age Distance IRAS fluxes (mJy)
HD Gyr pc 12um 25um

10800 Gl2v 7.6 271 479+ 15 (20) 113+ 82 (18)
12039 G35V 003 | 424 Not in IRAS database
53246 GeV O(0.1F | 36.5 82+ 293 (30) 19+ 143 (26)
65277 K4v 4.2 17.5 184 - 46 (27) 43+ 83 (29)
69830 KoV 29 12.6 603+ 77 (26) 142+ 171 (33)
79873 F3V 1.5 68.9 157 - 21 (25) 37+ 95(38)

1 Corvi" F2v 1.2 18.2 1212+ 412 (42) | 283+ 420 (50)
1233568 Glv O(0.1¥ | 20.9 14+ 1270 (53) | 3+ 615 (56)
128400 G5V 0.3 204 260+ 178 (24) | 61+ 64 (23)
145263 FOV 0.009 | 116.3 19+ 422 (50) 4 + 583 (35)
191089 F5V 0.1 53.5 101 - 34 (29) 24+ 287 (55)
202406 F2IV/V 0.002 | 429.2 53+ 233 (33) 13+ 272 (48)

Notes:2=Fluxes are shown as starexcess (error), for HD65277 the Ln IRAS photometry suggests a lower flux than is expected fiwm t
photosphere, and so the excess is shown as nedatikge taken from Geneva-Copenhagen Surdeyidentified as having excess by Hines
et al. 2006¢= Binary object, see individual object descriptions, satfib; *=Age estimated by placing on colour-magnitude diagram
following the work of Song et al. 2000=Age taken from Valenti & Fischer (2005)%:=Beichman et al. (2006Y=HD 109085 also has excess
at 60 and 10@m; '= Age from Gaidos (1999);=Honda et al.(2004);=Age from Zuckerman & Song (2004).

Two filters were used for the observations; the N band fiB.2. Photometry and Background/Companion Objects
ter SiC with central wavelength 11.85m (bandwidth 2.34
um) and Q band filter Q2 with central wavelength 1842 The result of the data reduction was an image for each obser-
(bandwidth 0.88:m). The pixel scale used wa&@5, giving Vation consisting of four images of the target star (two fheesi
a 192x19'2 field of view. Observations of standards were petwo negative) if observed in perpendicular mode, or three im
formed before and after each observation, and standard-obgges of the target (one positive, two negative at half thellev
vations were used throughout the night to determine an asmaf detection) if observed in parallel mode. The multiple im-
correction. Calibration accuracy was 4% and 8% in N and &@es were co-added to get a final image by first determining
respectively. Acquisition was performed in the N band for athe centroid of each of the individual images. Photometrg wa
stars. Chopping and nodding were performed in perpendicuten performed using d'1radius aperture for the TIMMI2 im-
mode as described above. The detector array for the insttuneges and a'® radius aperture for the VISIR and MICHELLE
had several regions of very poor gain that were masked dmages. These sizes were chosen to just exceed the fulirwidt
by both the pipeline and our own reduction procedures, whigh half-maximum (FWHM) found for each instrument (as de-
required careful positioning of the stellar image on thegrr scribed in section 3.1). This minimises noise inclusionlsthi
particularly when also trying to image companion objects. including all the flux from an unextended source. Note that th
filters used in these observations were narrow band and so no
colour-correction was applied. Residual statistical imagise
was calculated using an annulus centred on the star with inne
radius the same as that used for the photometry, and outer ra-
dius of twice the inner radius (sd’ 2for TIMMI2 and 1 for

MICHELLE observations of; Corvi were performed in ser- VISIR and MICHELLE). Typical levels for statistical noisé¢ a
vice mode and taken on December 31st 2005 under propo@&l 1o level in a half hour observation were 44mJy total in the
GN-2005B-Q15 with filter Si-5 (1&um, bandwidth 1Lum). 170 radius apertur.e of TIMMI2, 4 mJy and 12mJy fqr tH&0
The detector array is 320x240 pixels, with pixel scalegp aperture of VISIR in N and Q respectively, and 6mJy in the 0
(resulting field of view is 3168x23'76). The FWHM of the aperture of MICHELLE.
standards was!@5+ 0702. Smaller apertures were used to search for background
sources and to place limits on detected sources. The apertur
An average of the two observations of the standard wsizes were chosen to maximise the signal to noise of a point
used for calibration, with an uncertainty @6.5% in calibra- source in the aperture as determined by testing the standard
tion factor found between them. No airmass correction watar observations. The sizes of aperture used w&@Qadius
necessary as the objects were observed at very similar &r-the TIMMI2 observations,’0} for MICHELLE, and 0'32
masses (1.3-1.25). As guiding is only possible in one of tlamd 0’35 for the N and Q filters for VISIR. Apertures systemat-
chopped positions with MICHELLE, one of the chop beanisally centred on each pixel of the array in turn were seaiche
was always much less resolved than the other, giving an imdge significant signal at the 3 level or above (based on the
of roughly twice the Full Width at Half Maximum (FWHM) statistical noise). Where none were found, the limits pdeme
found for the guided beam. Only the guided beams were ifre background object were based on theuhcertainty in the
cluded in our analysis. aperture plus calibration uncertainty. For the non-ph@ivit

3.1.3. MICHELLE
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nights, limits were based on calibration to the IRAS flux a§umed is Gaussianly distributed and which increas&€® for
the object. The upper limits to background sources arelliste longer integrations. This leads to an increase in {iNe@ the
Table 2. sourcex t%° (signal increasing t). This was characterised by
S,, the signal to noise achieved on a flkx within an aper-
ture of radiusg, and area, = 76%, where the noise per pixel
is assumed to be the background noise that is found across the
An important part of this study was to look for evidence cirray. Note that here we have ignored the photon noise con-
extension in the observation images, or use the lack of extefibution to the statistical noise term. This is because rwhe
sion to place limits on possible disk structure around thesst searching for residual emission after the point sourceraobt
For all observations we fitted a two-dimensional Gaussiantion the flux is likely to be faint and thus background limited
detected sources and compared the science image fit to Alng noise caused by incorrect subtraction of the point-seur
found for the standard stars. In addition for all observadithe is included in the second component of the noise described be
sources surface brightness profile was determined by edlculow. The definition oRR, thus implies that the signal to noise on
ing the average surface brightness in a series of annukcaht the disk flux in the same apertureSs (R;* — 1) if Fgisk lies
on the source of 2 pixel thickness by increasing inner radigatirely within the aperture. Note th&t, does not necessarily
from 0 to 3’. The resulting sizes and profiles for all sciencequate exactly with quoted instrumental sensitivitiessbich
observations were compared with those of the standards ti® region used for optimum detection must be considereg. Th
served immediately before and after the science obsenstigecond is the uncertainty in the PSFs due, e.g., to changes in
to search for any discrepancies in width. the atmosphere which we characterise by the uncertainhein t
To assess whether there is any evidence of extension in BEWHM dé leading to uncertainties in the flux in an optimal re-
science image the images of the point-like standard statedc gion of sizeA, of Ngs. These uncertainties were quantified as
to the peak of the science observation were used to motted diference in the flux in that optimal region when the PSF
what an unextended source would be expected to look like wis changed frorito 6 + df. We testedld/6 € [0.,0.1]. These
straight-forward subtraction of the model from the scieince noise sources were added in quadrature so that the final signa
age was then performed and the resulting image subjected to aoise in a region of are, is
test to check for consistency with noise levels as measured o
the pre-subtraction stellar image. Tests optimised foyiugr Sop = Fop/Nop = Fop/ /(Aop/Ag)NZ + N3, (1)
disk geometries were applied, choosing those that would giv . . .
the highest signal-to-noise detection should such disiet,@s WNereN« = F./S, is the background statistical noise in the

outlined in the following section. Note that since the PSF fperture 4) used on the point source. Hefgy is the flux in

scaled to the peak, then if the disk contributes to the peaiesotn® OPtimal region, which assuming accurate subtractiaheof
llar component in the PSF subtraction should be some frac

of the disk flux has been removed. Essentially we are testiﬁ@ k e - _
the null hypothesis that the source is unextended. tion of Fgisk, andNoy is the noise in this same optimal region.
For any given geometry, a broad range of aperture parame-

o o ters was considered and the one that gave the highest $tgnal-
4.1. A new method of determining extension limits noise detection as defined in equation 1 was chosen. We con-

Here we consider what levels of disk flux could be detected %leer a detection to be wheS, > 3.
an observation, given its geometry. To do so we made model
images of an unresolved star, at a le¥l, and a disk at a 4.1.1. Face-on ring

level Fgisk, Which we characterised by the paramefgr = ider th its of th dell h lied
Faisk/(Fs + Fais) = Faisk/Fuot (S€€ Figure 1 second cqumn).Here we consider the results of the modelling when applied to

The disk was assumed to be an annulus of radiasd width &ce-on rings. For large disks the symmetrical nature otea-fa
dr (so with inner radiusr — dr/2, outer radiust + dr/2), ©N ring means that the optimum region will be a ring of radius
with uniform surface brightness, at an inclination to oumeli ~ @nd widthA, sothaths, ~ 27RA. However, for disks close to
of sight of I. These images were convolved with model PSEE Smaller than the size of the PS7{ < 1), we find that _PSFf
(Figure 1 first and third columns). In this section we approx.cCUracy is often the limiting factor. The optimal region fo

mate the PSF by a Gaussian of FWHibut in later sections detecting residual extended emission would tend to a @ircul
we use the true observed PSFs. Models wiitr € [0.2,2.0], aperture. Using thB, A notation we note that wheR-A/2 < 0

the inner radius of the annulus becomes zero and the optimal
r/6 € [0.0836.67],1 € [0,90], andR,; € [0.001 0.99] were ) .
tested. A best estimate of the unresolved contribution o tff9i0n becomes a circular aperture of radis A/2. For the
image was removed by subtracting a PSF scaled to the p&f€-on disk case we find
surface brightness (centered on the star, Figure 1 forthwo). R/r = 1+ 0.5(r/6)"(d6/6)(dr /r)
The optimum aperture that would be able to detect the rekid 250/0) 23 1060/0)
disk emission given the uncertainties inherent in the olisgr ﬁr \/(dr/r) ) tz(l'_f_ (Odf(/rfe))),f”e)
process is then determined (Figure 1 fifth column). This-optop = (1 —(d6/6)°(r/6)™"R;")10°~ Faisk
mal region has aredg,. ] N2 + N2 2
We considered two sources of noise that hinder a detection® (Aop/AIN; + No @)

The first is the background noise on the array, which we adg = (d6/6)(dr/r)"110710C/OR 05,

4. Extension testing
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PSF Model Convolved image PSF subtraction Optimal region

Fig. 1. Examples of the models tested and the various stages usetietonihe the optimal testing regions for detecting extdrefaission.
The rows show three fierent model§op: Face-on, large radius middie: Face-on small radius bottom: Edge-on large radius The model
images (second column) are convolved with a PSF (first cojuinane approximated by a Gaussian to give the convolvedas@bird column).
The point-like component of the final image is then removedutytracting the PSF scaled to the peak of the convolved iitiagh column).
Finally a range of possible regions to test for residual sinisare determined by finding the shape and size of a regaamtaximises the /8l
on any residual emission on the array (black region, fiftlucol).

1.0000 F¥=-_3, 10000.0 F
o 1000.0 ]
0.1000 k., 3 Fs
E i 100.0 E
L E~
5
s 0.0100 ¢ E %) 10.0E i
I N
oF r Fo
i - IR | 1.0 ] : E
0.0010¢ dr/r=0.2, 46/6 = 0.001 - |q E dr/r=0.2, d6/6 = 0.001
F dr/r=2.0, d¢/6 = 0.001 — -~ — |7 r dr/r=2.0, d6/6 = 0.001 - - - -
dr/r=0.2, d8/8 = 0.1 «rerreeennes 4 0.1 dr/r=0.2, d6/8 = 0.1 «rereerneens H
s dr/r=2.0, d8/8 = 0.1 = === | E dr/r=2.0, d6/6 = 0.1 ===~
0.0001 I I I C L
0.1 1.0 10.0 0.1 1.0 10.0
r/6 r/6

Fig. 2. Limits on detectable face-on disks for varying disk pararetThe region above the lines represents the region oftdbikty. Left:
The disk flux required to get a 3 sigma detection of extensoulisks of varying geometry in a face-on orientation (disk fijiven in terms of
R, Fx = 10 in these plots) Right: The signal-to-noise required fsigaificant detection for varying,;.

with Syp determined from equation 1. With these equations vilthe main features of the plots can be understood as follows: A
can fit the numerical results f@,, to better thant 50% for can be seen in the equation &g, (equations 2) the signal falls

85% of the disks models tested. to zero whemr /6 < (dG/G)R;%. Thus even when the disk emis-
Notice that if the disk is larger{6 > 1) or the PSF sion completely dominates the signg},(~ 1) we cannot detect
perfectly known §6/6 = 0) thenNg = 0 and N,, = an extended disk to a smaller size than the uncertaintielseon t

PSF. The optimal size of a disk in terms of ease of detectybili
N N2. Also whenr /6 > 1, Fop =~ Fgisk and ¥ ) . g .
(Pop/Aa)N; /6> 1, Fop > Faisk (minimal requiredR, andS, ) isr/6 ~ 1. This is easily under-
Sop = S*(e/r)(ZA/r)‘O-S(Rf -1t (3) stood from an intuitive point of view, as larger disk&® > 1

have their flux dispersed over a wider area and so have reduced
L . surface brightness making them harder to de®gt & (r/6)72,
geometry o ge_t a significant d.eteCtIOﬁoﬁ. > 3), as well as equation 3), and smaller disks are more ad\?eﬁﬁl;caed by
the signal required for a detectlop for a gMBpare .Sho".V” N errors in PSF subtractiorNgy o« 1070(/9)  equations 2), as
Figure 2. These plots show the fitted functions given in YRl as by losing a large percentage of the disk flux in the
tions 2. As mentioned above these functions fit the numeri?j . . 0.1(r/0)L

: ak-scaled point source subtracti Fai 10701/~
results to better tham 50% for 85% of the disk models tested. P B3l Faisk o«

The required levels oR; as a function ofr/6 and disk
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equations 2). Similarly in the large disk case wider diskes aim general the detectability limits for an edge-on diskdulla
more dificult to detect as they have a lower surface brightnesimilar pattern to the limits for a face-on disk, as can bensee
(the statistical noise over the optimal region will be highe in the similarity between figures 2 and 3. Thefeliences can
(A/r)? « (dr/r)?). The sharp fall-& of Ngy with r/6 also ex- be understood as follows: The increasgdor S, required for
plains why this error term can be neglected in the case oflam significant detection is less steepritd than for the face-on
face-on disks, and why far/d > 1 the requiredR, (or S,) for case because in the edge-on case the loss in surface bsghtne
detecting extension with large or smd#l/9 tend to the same with increasing disk radius is slower than for a face-on disk
limits. The dependence dfyy « dd/6 (equations 2) means thatThus for a fixed, the signal to noise will be generally higher
for smaller disks a higher uncertainty in the PSF has a stroimgthe edge-on geometry than for a face-on disk. Also in the
effectin reducing the detectability of a disk (disks of a given gedge-on case there is no dependencélgfon dr/r, and so
ometry require much highd®, or alternatively highe8, to be for small disks there is little dierence between the detectabil-
detected). Notice also that &y o« (dr/r)~%, when PSF error ity of wide and narrow disks. Errors will be dominated by PSF
dominates over statistical noise wider disks are easieetisctl uncertainty (througtiNgg) in the small disk case provided

as less of the disk flux is lost in PSF subtraction and more disk

flux may fall outside the region of PSF uncertainty. S \/Aop/Aelolo(r/e) ROS(1-R)) 7)
In the small disks limit there are two contributions to thé * 10(do/0) A v

noise termNop, Ngg from the PSF uncertainty andAop/A,gN*
from 'the st'atistical noise in the optimal regipn. A high €8N 4 1 3. Inclined Ring

to noise will mean thalN,t = Ngy for small disks, as can be o _

seen by the convergence of the disk detectability limitshwiffhe case of an inclined disk, not edge on, falls between these
S, = 200 and 5000 when/@ is small. Conversely wheB, two extrema, and the optimal region can be determined by in-
is low the statistical errors can dominate even in the sniski d terpolation between the two models dependent on the sine of
limit and there is little diference in the detectable disk limitsghe disk inclination, sir(). The signal to noise for an inclined
for small or largedd/6, as can be seen in the limits f8; = 8. disk, and thus the disk flux required for a detection for agive
The dominance oy, for small disks and larg8, means that observation, also follows a smooth transition betweenwe t

for small disks there is a limit at which detectability cahngextremes.

be improved by increased observation time (incre&gdWe
can identify this point by considering whéNag > /Agp/AgN,,

) ; . . . 4.1.4. Summar
i.e. whenN, is dominated by PSF errors. UsifNgg as given y

in equations 2 we can see théf, dominates when The equations and figures in this section can be used as a guide
to what disks may be detectable as extended sources in single
[ 0(r/6)
S, > Aop/Ag(dr /1) 10° R3S(1-R)). (4) dish imaging. The plots oR; vs r/6 for different sensitivity
dé/e of observation (characterised I84) can be used to provide
guidelines as to how bright a disk must be compared to the star
4.1.2. Edge-on ring to be detected for flierent geometries. Any disks lying below

the lines shown cannot be detected as extended sources, thus

For an edge-on r".]g the opt|mum.reg|on ca}n be moc-ielled. b¥f%m observation shows no evidence of extension, the area be
rectangular box with side lengths in the major and mmorcdwelow the lines of detectability give the region of the paraenet

tions of Lmaj andLmin respectively. The orientation of the major, i which the disk i
o . o : : . The pl
axis is that of the edge-on disk, which in testing the moahed li space in which the disk can lie. The plotsf vsr/6 can be

o . X used to determine the required observational time to resalv
its is known as we know the input model. In the testing of dctug].sk in terms of the signal to noise required on the poing-lik

source |mages.for a disk, all orientations of major axis igdho%tar (combined with knowledge of the instrumental sensitiv
be tested. We find ity and an approximation of the PSF) if the disk parameters
Lmaj/T = 2 V2(dr /r)°5 + 0.5(r /6)~27 + 10R,(d6/6)(1 + r/6)-2 are known or can be approximated (for example from SED fit-
ting). Predictions based on these models for the resoltxabil

e 05 - =

Lmin/T = 2\/0~007(dzf/r) _;r (_01-3 (g-ic(ir%?ll?,i)(r/g) limits acheivable with 8m telecsopes and comparison with al
Fop = (1-(d0/6)"(r/6)"R;7)10° Faisk (5) ready resovled disks will be included in a forthcoming paper
Ngg = 0.1(d6/6)107 /IR OSF, (Smith & Wyatt in prep.).

. . . . The limits that can be placed on the extension of a disk for
with Nop andS,, determined from equation 1. With these equa- . : :
: ; . a given observation are dependent upon having a measure of
tions we can fit the numerical results 8p, to better thant R, Often the disk flux is poorlv constrained by the photome
50% for 80% of the disk models tested. Notice that as with the’ L poorly . y P
. ; try, and so this limits the accuracy to which the possibleseixt
face-on disks when/6 is largeF, ~ Fgisk and we have

of the disk can be constrained. If the disk flux is well known,
S. ~S.(0/r(R-Y — 1)L ,L - 6 then there are essentially two regimes when determining the
op = S+ (0/0Ry = )7/ Lmailmin/7 ©) detectability of disk extension. Whemié > 1, variations in
The required levels dR, as a function of /6 and disk ge- the PSF have littleféect on the optimal region and the signal
ometry to get a significant detection, as well as the signal te noise therein, and extension detection is limited pubsly
quired for a detection for a giveR, are shown in Figure 3. the background statistical noise on the array. Whgh< 1,
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Fig. 3. Limits on detectable edge-on disks for various disk paramseilhe region above the lines represents the region oftdbitty. Left:
The disk flux required to get a 3 sigma detection of extensdodikks of varying geometry in an edge-on orientation (fliskgiven in terms of
Ry). Any disk above the line of detection would be detected agwificant level. Right: The signal-to-noise required faignificant detection
for varyingR;.

the variation in the PSF dominates the noise throughNfe an infrared excess by Stencel & Backman (1991) based on the
term, and thus disk detections are limited by the degreeref clarge infrared flux in the IRAS catalogue. The excess is 412
tainty to which the PSF can be characterised. A disk cannotbet2 mJy at 12um and 420+ 50 mJy at 25um (Table 1).
detected to a smaller size than the absolute errors in the PgEorvi also has a sub-mm excess, at an approximate temper-
or obviously to smaller than the pixel scale of the images, rature of 40K, which has been imaged by Wyatt et al. (2005)
gardless of the signal strength of the observation. We agknousing SCUBA. The deconvolved size of this object is 100AU
edge that we are infiect talking about super-resolution of theat 850um. The 450um image can be modelled by a ring at
disks, as in our models we can detect extension just larger ti50AU. The SED of this object, having a large mid-infrared
a single pixel scale if the PSF is perfectly known. In realitgxcess shows evidence for a hot component in addition to the
however, variation in the PSF both in terms of absolute widtitool 40K component. However it is not clear if the hot compo-
and variation in shape will severely restrict the posdipilif nent is at a single temperature of 370K, as modelled by Wyatt
resolving disks of this size. Figures 2 and 3 also show thet tlt al. (2005) or at two temperatures, 360K and 120K, as sug-
optimal disk size for detectability changes fromr/6 when gested by Chen et al. (2006)

da/6 is very small to larger radii with larger and more realistic  This source was observed with TIMMI2 at 9.561, 10.54
values ofd6/6. It is worth reiterating that the value éfdoes um and 11.5%m. The images at 11.59m have the greatest
not encompass all of the information about the PSF, in paalibration accuracy and were previously reported in Wgatt
ticular any asymmetries or ellipticity O can dfect extension al. (2005). With these observations a background or coropani
limits, therefore when determining the limits placed ondhe source within the TIMMIZ2 field of view can be ruled out at the
served sources in this paper, we used the PSF determineddoel of less than 76 mJy, indicating the excess is indeett@dn
each source. For disks smaller than the limits to which we may the star.

reasonably expect a stable and unvarying PSF, single apertu Fyrther observations presented here using VISIR confirm
imaging will be unable to resolve the disk and interferometrthe presence of excess emission at N and Q centered on the star
observations will be needed. at a level consistent with that detected by IRAS and Spitzer
(Chen et al. 2006). The detected flux is 1956216 mJy and
814+ 85 mJy at 11.85 and 18.72n respectively (photospheric
emission expected to be 1243 and 505 mJy in these filters).
The observed sample can be divided into several sub-grouplse N band excess emission from the VISIR observation is
main sequence stars with confirmed hot dust; hot dust haats thigher than that of IRAS at 12m and IRS, but the large cal-
have been incorrectly identified as main sequence objeutls; ération error means that thisféérence is not significant. The
those with no excess or whose infrared excesses are actullZHELLE observation also has a high calibration error: the
due to backgrounidompanion objects or statistical anomalydetected flux is 1626 184 mJy and so does not confirm the
Table 2 gives a brief description of the results, and Table&sy excess at the 3 level of significance (photosphere expected
the best fits to the objects for which the excesses are cortfirmg be 1298 mJy). The limit on excess is in line with the IRAS
Sources are discussed individually below. measurements (see Table 1). These data points, togetter wit
the IRAS and SCUBA measurements of excess and the IRS
spectra presented by Chen et al. (2006) are shown in Figure
4. The observations allow us to place limits on possible back
The results confirm the presence of excess emission centredjmound companions within the field of view of the instruments
the star toward; Corvi which was originally shown to haveto less than 28 mJy at N and less than 23 mJy at Q.

5. Results and Analysis

5.1. Confirmed hot dust around n Corvi
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Fig. 4. The two alternative fits to the excess emission Gorvi. The symbols- 10um represent calibrated flux after subtraction of photospher
emission. Error bars are®. The grey dotted line represents the IRS spectra of Chen €Q06) after subtraction of the photosphere. The
dashed lines indicate blackbody emission modelling of tis& fux, left: model A; and right: model B; and the dot-dashiegs the total
emission from the multi-temperature disk.
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Fig. 5. The final images ofy Corvi and the standard star associated with it, andytBervi image after subtraction of the scaled standard star
image which is examined for residuals indicative of extehdisk emissionTop: The MICHELLE N band imagedottom: the VISIR Q band
images. All scales are linear. The images of the residuadson are shown with minimums (black) of e3and maximum (white) o#3 o
(whereo is the background noise level per pixel). While the Q bandteds appear to show a &2peak to the East (determined in ’s38
radius aperture, see section 3.2), this emission does petapfter subtraction of the first standard star image arilich is broader than the
standard star observation taken after obseryi@rvi (signal in same aperture is 0\
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Fig. 6. The surface brightness profilesip€orvi and the standard star images associated with thewatigers. Standard star profiles are scaled
to then Corvi profile. The profiles ofy Corvi are consistent with those of the point-like standaagss
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Table 2. The Observations

Star name Observation Exp. Photospherig Result§
HD A, um | Int.time, s | Instrument Flux, mJy Flux, mJy | Tot. Error, mJy| Stats. Error| Background limit, mJ¥
10800 11.59 1800 TIMMI2 513 477 54 15 <39
18.72 3762 VISIR 200 186 29 6 <14
12039 11.85 3588 VISIR 72 77 3 1 <2
53246 11.59 1800 TIMMI2 87 111 30 25 <62
65277 11.59 2400 TIMMI2 197 197 38 11 <31
11.85 1794 VISIR 188 182 4 2 <5
18.72 3762 VISIR 77 78 14 4 <10
Binary 11.59 2400 TIMMI2 55 33 17 11 /
11.85 1794 VISIRY 53 32 5 2 /
18.72 3762 VISIRY 21 14 6 4 /
69830 9.56 1980 TIMMI2 941 1255 135 32 <84
79873 11.59 1800 TIMMI2 167 160 18 11 <28
18.72 1881 VISIR 65 39 9 5 <12
Binary 11.59 1800 TIMMI2 14 0 11 11 /
18.72 1881 VISIR 6 0 5 5 /
n Corvi 9.56 1620 TIMMI2 1896 2883 240 63 <162
(109085) | 10.54 3600 TIMMI2 1565 2451 373 48 <84
11.59 840 TIMMI2 1298 2151 127 40 <76
11.6 1244 MICHELLE 1296 1626 184 5 <33
11.85 1076 VISIR* 1243 1951 216 19 <28
18.72 1881 VISIR 505 814 76 10 <23
123356 | 10.54 660 TIMMI2 [18]° 681 207 78 64 <164
128400 8.60 600 TIMMI2 498 469 92 41 <109
9.56 661 TIMMI2 406 507 118 61 <162
145263 8.60 1380 TIMMI2 37 426 57 25 <64
191089 | 12.21 1440 TIMMI2 98 92 27 16 <43
202406 9.56 1800 TIMMI2 83 270 43 12 <30
11.59 1560 TIMMI2 57 278 54 16 <43

The expected photospheric emission is determined by a Kumnadlel profile appropriate to the spectral type of the stdrsmaled to the K

band 2MASS magnitude as outlined in section 2 unless otkerstated in the individual source description. Errors areM band TIMMI2
observations were largely non-photometric and primardigdito improve pointing accuracy and thus are not listedigt#ible. Notes?
Errors are total errors (inclusive of calibration uncertgiand image noisey.Limits are 3r upper limit to undetected object including
calibration errors, or scaled to IRAS fluxes when conditimese non-photospheric. These limits are valid to withifi@ghe detected source
for TIMMI2 observations, 126 for MICHELLE observations and 14 of the source for VISIR observatiorfsHere the companion object is
brighter than the primary; we show the primary flux in braskef his observation wasfEected by rising cirrus, and so levels of noise on the
image are much higher than other observations taken wiHitter.

The final images for Corvi from the MICHELLE and ror 0/037 (4 sub-integrations) with Corvi having a median
VISIR Q band imaging are shown in Figure 5 together witRWHM of 07607 and standard error of @18 (observation di-
the average PSFs obtained from the standard star obsaatidgded into only 3 sub-integrations to have adequdie t6 de-
and the residuals after subtracting the scaled averagerB®&F ftermine FWHM). Thus, based on the FWHM measurements
the science images. The average PSF was determined bytkes Corvi images are not significantly larger than the PSF im-
addition of the individual images of the observed standtad s ages (at either wavelength). Futhermore, the residual ésag
It is possible to assess the level of PSF variability durimg twere subjected to testing using a wide range of optimal re-
observations since these bright sources can be easilycchagions as defined in section 4.1 to search for significant vasid
terised even in short integrations. Therefore we can coenpamission indicative of extension. No significant extensi@s
the FWHM measurements from 2-dimensional Gaussian fitaind at either N or Q. The residual emission in the Q band
to sub-integrations of the observations, that is dividihg t residual image which appears to havé2sigma significance
total dataset for any integration into shorter integratimi based on the ratio of signal to pixel-to-pixel statisticalse
equal length, for both the standard stars andorvi. For the is not interpreted as extended emission, since such a aalcul
MICHELLE N band observation the standard images havetian does not account for the uncertainty in the PSF. In faet,
median FWHM of 0357 and standard errof’ 0024 (20 sub- PSF of the standard star observed before eta Corvi looks very
integrations), and; Corvi a median FWHM of 0363 with similar to that of eta Corvi (see Figure 6), and when using thi
standard error’®03 (24 sub-integrations). Note that the Foindividual standard star observation (rather than thesmedras
the Q band observation with VISIR, the standard star FWHMe model PSF, the signal in the region previously highéght
observations had a median value d607 and standard er-for potential extension (centered er)/47, PA 72), is reduced
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Table 3. The fits for stars with confirmed excesses

11

Star name Fit as dust disk Limit on extension| fir = Lgusy/L* e
HD Temp, K | Radius, AU| Radius,” Radius x10°° x107°
1 Corvi 320 1.7 0.09 <07164 (0012 26 0.042
(109085) | 360+ 120 1.3+12 0.07+ 0.66 - 22+ 6 0.022+ 4.01
145263 290 1.8 0.015 <0769 1931 2033 7.0
202406 290 7.4 0.025 <0/33:021 371 22.9
12039 12¢¢ 5.05 0.12 - 8.9 23.3
69830 390f 0.33 0.026 - 25.4 0.0006
191089 110 11.5 0.21 - 233 47.4

Note that the objects with no extension limits have too loweational excess for the extension to have been detectée imiages regardless
of size. Estimates of radius are based on blackbody fits anld &@ up to three times larger than suggested (Schneider2&06). Limits
shown here are for a narrow face-on disk. Errors arise froigr@@ photometric errors - see section 4.1.4. Horizontadliimdicate division
into photometrical confirmed debris disks, suspected @ isequence stars, and sources for which our results growviastraints on the
disks (sections 5.1, 5.2 and 5.3 respectively).
Notes:? see section 6.2 for details of this limftFit suggested by Chen et al. (2006)}4AeBe Star ¢ Possible HAeBE star, see section 5%2 ;
Fit from Hines et al. (2006): Beichman et al. (2006) suggest Hale-Bopp type cometaryriahte
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Fig. 7. The 30 limits placed on the disk models by non-detection of extamgi the imaged_eft: The most stringent limits placed on possible
disk radius at N are achieved with MICHELLE due to the pooirsgef the VISIR observation. The parameters used in deténgithese
limits areS, = 325,60 = 0/36,d6/6 = 0.1.Right: The extension limits given by the VISIR Q band imaging. Theap@eters used in determining
these limits areS, = 81,6 = 0758 anddd/0 = 0.08. In both plots error bars represent the- &rrors onR, due to photometric uncertainty.
The shaded area is the area in which disk populations caulgiven the non-detection of extension. Note that the coid du40K imaged in
the sub-milimetre lies at approximately4® the line of sight, so between the edge-on and face-ondiprgsented here. See text for model
details and the implications of these limits.

to 29+ 37 mJy. Thus there is no extension beyond the uncéne disk. To determine the limits the non-extension places o
tainty in the PSF. This illustrates the potential to misAitify the diferent models the value &, = Fgisk/Ftotal IS Crucial.
extended emission if PSF uncertainty is not taken into aacouln the following limits discussion, the value &, adopted is
derived from the IRS spectrum at the wavelengths of the im-
The observed PSFs were then convolved with our rangges used (11.6n and 18.72m for MICHELLE N band and
of disk models described in section 4.1 and these convolWISIR Q band images respectively), as this spectrum previde
images treated in the same way to test which set of disk paere accurate photometry than our ground-based obsemgatio
rameters would have led to a significant detection in our-opiihe blackbody fits shown on the SED plots in Figure 4 act as
mal regions. Figure 7 shows the extension limits plots fer tta guide to an approximate temperature and thus locatioreof th
MICHELLE N band imaging (which due to better seeing pradust populations. For model A the excess emission at both N
vides more stringent limits than the VISIR N band imaginggnd Q is assumed to come from a single component at a single
and VISIR Q band imaging, which as discussed in section 4.1o¢ation. For model B the blackbody fits have been used to give
are strongly dependent on the level of fractional excesd, amlative contributions to the emission at each wavelengtin f
thus on the number of disk temperatures used to fit the exctéss two components. In both models the cold disk component
emission. We discuss these limits in the context of two posshaged by Wyatt et al. (2005) is fit by a 40K blackbody, and
ble interpretations, labelled model A and model B, in whictioes not contribute to the flux in the mid-infrared.
the dust emitting in the mid-infrared is at either A: one tem-
perature, or B: two temperatures, making the further assump Model A: The IRS photometry suggests fractional excess
tion that each temperature corresponds tofgedint radius in of R, = 0.24 and 0.47 at N and Q. The extension limits show
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that assuming a face-on narrow disk geometry, a single digquired by model B and thus the limits favour model A - a
component must be at less thdf164 + 0701 (from the tight- single hot component at 320K in addition to the cool 40K com-
est Q band limit, errors from uncertainty Ry from IRS spec- ponent already known. We were also able to set constraints on
tra uncertainty), which translates to a radifiket of 2.98 AU. the radial extent of the model A fit and the hotter component
Assuming a wide ring geometry the limit ig263 (4.6 AU, of model B. These limits suggest that the radial size of tkk di
see Figure 7). Using a single temperature blackbody to fit tleeat most 1.75 times that predicted from a blackbody inter-
hot component we find that a fit of 320K is best suited to opretation for model A, or 2.7 times the blackbody prediction
interpretation of the IRAS measurements, slightly lowenth for the hottest component of model B. Deeper observations at
the 370K found by Wyatt et al. (2005) (see Figure 4, left). TH@ are required to allow a clearerfidirentiation between the
luminosity of this F2V star as fitted by a Kurucz profile (seavo models. Components at 320K or 360K (models A and B
section 2) is 5.9, and thus assuming that the emitting grainespectively) are expected to be smaller or comparableeto th
behave like blackbodies, dust grains emitting at 320K waeld single pixel scale of VISIR and MICHELLE, and are unlikely
at a distance of 1.7 AU {@9). This small radial fiset is con- to be resolvable on 8m instruments. Mid-infrared intenfiero
sistent with the extension test limits. However there cambeetry is the only tool that currently has the potential to reso
difference of up to a factor of 3 between a blackbody fit and teenission on such a small spatial scale.

true radial dfset of a dust population (Schneider et al. 2006),

thus the limits from these observations show that a singte mi ] )
infrared component is not likely to be much hotter than the2- Confirmed hot disks around young stars.

blackbody fit of 320K (maximum of 1.3 or 1.6 times the , .

. : .Two of the sample are also confirmed to have hot excess emis-
blackbody temperature for narrow and wide ring geometries . N
respectively) sion. However, on further investigation these are reveatad

Model B: The two components of the mid-infrared emist_o be main-sequence stars of a similar age to the rest of the

sion in this model havegm = 0.20 andRyg73,m = 0.34 for  SaPIe: N |
the dust at 360K an®;g,m = 0.005 andRig7o,m = 0.105 HD14§263: Thg star was or!glnally proposed as a debris
for the dust at 120K, based on blackbody fits (see earlier $i$k hosting candidate in Mannings and Barlow (1998). It has
this subsection). The extension limits suggest an outet tin an IRAS excess at 12m of 422+ 50 mJy and at 2um of
0719 + 0702 for a narrow face-on ring (Q band limit) for the983 = 35 mJy (see Table 1). It was also studied by Honda et
hot component assuminga3limits (see Figure 7). This is con- al- (2004) using SubafGOMICS from 8-13um. No pointing
sistent with the 007 (1.3 AU) size predicted by a blackbodyeror is quoted by Honda et al. (2004), but the blind pointing
grain assumption. For the 120K component, the Q band lim§curacy of the Subaru Telescope is less thandnd so it
greatly restrict the possible location of the disk. In factre can be assumed that the crystalline silicate grains wittoadr
predicted 066 (12 AU) location from an assumption of blackfeature with shoulders at 9.3 and 114 seen in their spec-
body dust grains, this mid-temperature component is rulgd ¢rum are from a disk around the star. HD145263 is a member
at the 3.50 level assuming a narrow face-on ring. A narro@f the Upper Scorpius association, whose age is estimated to
edge-on ring is also ruled out at a significance of 3,4s is be 8-10Myr. It is close to the zero-age main sequence in the
a wide face-on ring at a lower significance of 2-although H-R diagram (Sylvester and Mannings 2000). The fractional
a wide edge-on ring is only ruled out at 2:3 Note that from luminosity as measured using the fits to the IRAS detecti®ns i
Figure 7 it can be seen that larger disks (within the factor bfr/L« = 0.014, smaller than is typical for T Tauri and HAeBe
3 expected from Schneider et al. 2006) are also ruled outSEs but larger than debris disk hosts (Honda et al. 2000 and
the > 20 limit. Thus at a significance of 2o these observa- references therein). Thus Honda et al. (2000) suggestttnis s
tions rule out this model for the mid-infrared excess ernissi could be considered a young Vega-like star.
of n Corvi. There remains some uncertainty in these limits, as The excess at 8,6m is confirmed with the TIMMI2 data,
these limits assumB, = 0.105 at Q for this dust component.finding a flux of 426+ 57 mJy (expected photospheric emis-
Photometric errors and errors in determination of the ikadat sion at this wavelength is 37 mJy). This result is consistettt
contributions to the excess emission from the 370K and 12@ke IRAS fluxes and also the spectra of Honda et al. (2004).
components respectively at Q mean that this could be as kigiThe data place a limit on undetected background or compan-
0.134, or as low as 0.057. These uncertainties include the ion sources of less than 64 mJy. Since the stellar photospher
certainty from the IRS spectra, although the dominant sounvould not have been detected, we can only confirm that the
of uncertainty inR, in this model is the poorly constrained relssource is centered on the star to withify the accuracy of the
ative contributions arising from the two components emgtti pointing. No extension is detected in the image of this seurc
at Q. A longer observation of this source at Q, with a signalpplying a blackbody fit to the excess emission gives a temper
to noise of at least double that achieved in these obsengticature of 290K (see Figure 8 left), and at this wavelengtiRan
would either resolve this component, or allow it to be ruletl oof 0.88. Though the disk flux is bright, the radidfset of the
at a more certain level of significance. dust is predicted to be 1.8AU, which at the distance of ttas st
To summarise, the observations do not allow a certain difs measured by its parallax is onl§015 on-sky. Such a small
ferentiation between the two alternative models for theeegc disk is beyond the resolution limits of even the 8m class-tele
emission. At the 2.6- level (assuming a reasonably favourablecopes, and could only be resolved using interferometry (se
disk geometry) we rule out the middle temperature componeng. Ratzka et al. 2007 for an example of a T Tauri star re-
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Fig.8. The SEDs of the two young confirmed excess emission sourbessdlid line gives the photospheric emission modelled bsukzi
atmospheres, and the flux levels plotted-aOum are measurements of excess after the subtraction of theggi@re. Limits and error bars
are 3 sigma. Dotted lines are single temperature blackbtxliofthe excess. The fits are described in Table 3.

solved using interferometry). The extension limits froredd 0”33 radius for a thin ring around this sourcéRatsg,m = 0.81,
observations are only very weak (see Table 3). corresponding to a radius of 99 AU. The shape of the emission
HD202406: Oudmaijer et al. (1992) identified this object'€® has been modelled by a blackbody. However, at the level
in a survey of SAO stars for IRAS excess. Its luminosity clagd 3 ¢ significance a simple power-law would fit this excess
in the Hipparcos catalogue is identified agWThe parallax flux equally well. Thus.we require _Ilmlts on excess at shorter
of this object is quite uncertain (2.38 1.44 mas), and gives wavelengths to determine a grouping according to the scheme
a distance to this object of 431%(2) pc, but assuming the starOf Meeu_s et al. (2001) and_tﬁerentlatlon_bejtween a flat_ and
has the luminosity of a main sequence F2 starl(2)Svould flared disk ge_ometry. This in turn may indicate evolutpnary
imply a distance of only 63 pc, which is incompatible with th&t@us, as a dip around 14n is thought to develop and widen
Hipparcos parallax. It is likely to be a subgiant or pre-msgn with age (see e.g. van deq Ancker et al. 1997). It ;hould be
quence object. There is no information in the literatureuabg0teéd however that we derivelag/L. of 0.00371, which as
rotational velocity or spectral lines for this object to bleaus 0r HD145263, is lower than typical T Tauri stars for which
to make a distinction between these two possibilities. Hawe V&lues ofLir/L. ~ 0.1 are more typical (see e.g. Padgett et al.
it does lie in the direction of a group of molecular clouds M4g006). This may indicate that these objects are in a transiti
M47 and M48, which lie at a distance af 290 pc (Franco St2de-
1989). The proximity to this cloud region suggests the dar i
more likely to be a pre—ma_in sequence star. We assume ag.ss_ Constraints on hot dust sources
tance of 300pc to be consistent with the molecular clouds im-
plying thatL. = 65L, which we adopt in the following discus-HD69830: Mannings and Barlow (1998) used the IRAS
sion. Using the stellar models of Siess et al. (2000) andhtpkidatabase to identify an excess around HD69830 in then25
an dfective temperature of 7000K (appropriate for an F2 starband, at the level of & (142 mJy photosphere, excess 171
likely age for this star is 1.6 Myr. This is in agreement witlet 33 mJy, see Table 1). There is no detection of excess at longer
evolutionary tracks of Palla & Stahler (1993) which suggest wavelengths, and an insignificant excess gtt2 SCUBA ob-
age of 3 Myr for this object. servations limit the excess at 8% to < 7 mJy (Matthews
The TIMMI2 observations of HD202406 detect the exce$¥ al. 2007). Beichman et al. (2005) observed this objedt wit
emission centred on the photosphere at abowead 9.56 and the IRS and MIPS instruments on Spitzer and found further ev-
11.59um. The detected levels of flux at these wavelengths deence for excess at 24m with MIPS, and between 8 and 35
270+ 43 mJy and 27& 54 mJy (photosphere expected to bgm With IRS. No excess was found at Zn. At 24 um the
83 and 57) respectively. A limit of less than 30 mJy can RXcess was measured to be#A2 mJy (aperture I5adius).
placed on any undetected background object at repand The IRS spectra between 8-8b reveals the presence of crys-
less than 43 mJy at 11.58n. Fitting the excess emission withtalline silicates (see dashed line Figure 9, right). Irgeie this
a blackbody gives a temperature of 290K (see Figure 8, righgurce has intensified since the discovery of 3 Neptune mass
which corresponds to a dust location of 7.4AU@25). Note Planets ak 1 AU (Lovis et al. 2006).
that should we have chosen dfdrent stellar distance, the dust  Unfortunate conditions mean the measures of the N band
offset in arcseconds would be the same (due to an increasechaission of this object are non-photometric. The objeckis d
minosity and thus radialffset of dust for the same temperaturéected at a 8 of 39, and find a calibrated flux of 1255135
blackbody fit at increased distance). Given this small ptedi mJy using just the standard observations immediately befor
size, it is unsurprising that no extension was detected én thnd after the science observation for calibration. As dio
images. Indeed the limit set from extension testing is leaat were very changeable over the course of the night, this may
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Fig. 9. Observations results for HD69830eft: The extension testing limits for the observation of HD 69886te that at the measured level
of fractional excess no limits can be placed on possiblensita (fractional excess level and errors taken from IRStspe The predicted
disk size is shown by an asterisk with error bars marking tkgfa photometric errors. The shaded area shows the poskd location.
Parameters used in determining these limitsSre= 39,6 = 0788 anddd/6 = 0.1. Right: The SED of this object, with excess measurements
shown after the subtraction of the photospheric contrilutihe blackbody fit to the excess shown by the dotted linegares the predicted
disk size shown in the left-hand Figure. The dashed line shibw photosphere subtracted Spitzer IRS spectra obtainBeibhman et al.
(2005). Note the strong silicate features are obvious fiumglot.
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Fig.10. The SED fits of objects with hot dust confirmed in the literatufor both objects the solid line is photospheric emisstomadelled

by a Kurucz profile. Symbols representing the excess memasunts are the measured flux minus the photospheric emissiorodelled by

the Kurucz profiles. Error bars and upper limits are at theggailevel. The dashed line on the plot of HD191089 is the plybévailable

low-resolution IRS spectra after photospheric subtractioginally presented in Chen et al. (2006). The dottedsliaee blackbody fits to the
dust emission with parameters described in Table 3.

mean the the errors are under-estimated. At this level offleix dicted disk model is shown on Figure 9 (left). Beichman et al
are within 30 of the predicted photosphere at this waveleng({2005) suggest a disk radius of 0.5AW (3}). Also Lisse et al.
(941 mJy at 9.5am). A 3 o limit of 84 mJy can be placed on (2007) model the IRS spectrum in detail and find a dust radius
any backgroungompanion object in the field of view, mak-of ~ 1AU (0’08). However given the expected fractional flux
ing it highly unlikely that the Spitzer photometric excessb- contribution at N is only 5%, it is unsuprising that the disk i
tained in a larger aperture are due to any such object. Thuswvgesolved. The small spatial scale suggested by theselsnode
can be confident that the excess emission is centered orathe stould require mid-infrared interferometry to resolve tmeig-

The source did not exhibit extension. The extension te$ioN (see section 4.1.4).
ing procedures were applied to this observation and thétresu HD191089: HD191089 was identified by Mannings and
ing detectability limits are shown in Figure 9 (left). Thenlts Barlow (1998) as a debris disk candidate based on its IRAS
show that a minimum extended contribution Rf = 0.107 photometry. This source has excesses of 287 mJy at2&nd
is necessary to place spatial constraints on the disk flug. TR35 mJy at 6Qum at the 5 and 1% levels respectively (as
SED fit of a blackbody at 390K translates to a disk radius &pted in Table 1). At shorter wavelengths there was no excess
0.33AU (@026), with a fractional contribution to the excess ofietected by IRAS.
R; = 0.05+0.01 at the wavelength of this observation seen in This object was observed at 12.2th with TIMMI2. The
the IRS spectrum of this source (see Figure 9, right). Thes pphotosphere was detected at a signal to noise of 5.75. The pho
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tometry is consistent with the predicted photospheric simis HD65277
(92 £ 27 mJy calibrated flux; Kurucz model profile predicts : ‘
98mJy from the photosphere). No other source was detected in
the field, placing a limit on undetected objects of less than 4
mJy. There are no bright 2MASS sources within the IRAS er-
ror lobe of 14 of this star which could be responsible for IRAS
confusion. These limits suggest it is highly likely that e

cess detected at longer wavelengths is indeed centerecton th
star HD191089. Publicly available Spitzer IRS low resanti
spectra (originally presented in Chen et al. 2006) is shdtem a -1 ]
photospheric subtraction on the SED of this object by a dhshe - . . 5 o 2
line (see Figure 10). This spectra shows that at less tham12 RA offset, arcsecs

there is no excess, which allows us to place limits on the-mini

mum radius and maximum temperature of the dust around the

star of no hotter than 110K (11.5AU;21) as fit by a black-

body curve (see Figure 10). The IRS data shows good agree-

ment with the blackbody fit at longer wavelengths (20u0),

but a steeper cutfbat the short-wavelength end (8-1n),

which may be an fect of grain properties such as chemical

composition and size. The predicted size and flux level af thi “

disk makes it an ideal candidate for imaging a5 with an 2509, ‘

8m telescope to determine the true size and nature of this dis 1979 %, —

i1 arcsec

Dec offset, arcsecs

The age of this source is subject to some uncertainty.
Isochrone fitting has given an age of 3Gyr (Nordstrom et al.
2004) or 1.6Gyr (Chen et al. 2006). However using X-ray and
lithium abundance data among other techniques, Zuckerman &

Song (2004) put the age of t'hIS sourcgsalOOMy_r. Moaor et Fig,11. The companion of HD65277 (images are North up, East left).
al. (2096) e_llso su_ggested th's_ _Source IS a pOSSIbIe membe : The N band VLT image of HD65277 and its binary companion
the Pictoris moving group, giving HD191089 a likely age Ofyset by 52 at position angle 56East of North. Bottom: A fit to the
12Myr. As membership of this moving group is not yet corypit of this companion, with the VLT data shown as 2005. Rlstar
firmed, we have chosen to adopt an age of 100 Myr for thigmbols represent measurefisets and grey symbols the position of
source. (The age of the system will have a bearing on the a&ak companion predicted by the orbital fit. HD65277 is showithe
culation of fax described in section 6.2; note that a youngéarge light grey star symbol. See text for full details of thbit.

age would increase the value B, and so make the interpre-

tation of this source’s emission as possibly steady-staa e

stronger. ) SED fitting to the MIPS detections suggests a dust temper-
HD12039: This star was identified by Hines et al. (2006&ture of 120K, corresponding to affset of 5AU (0'12) from
as having an excess at g/ of 7 mJy (30 detection) and no the star (see Table 3 and Figure 10, right for SED). This is in
excess at 7um. The target aperture used in the Spitzer olgood agreement with a model for the emission proposed by
servations was 14 at 24um. Further IRS spectra were takerHines et al., which adopts blackbody grains at 4-6AU from the
with Spitzer, with a 04 1 o uncertainty radius in the spectro-star. However, as pointed out in Hines et al. (2006), an-alter
graph slit. This spectra shows the infrared emission diggartnative model of a power-law distribution of grains with riadi
from the photosphere at 12-14n (see Figure 4 of Hines et al.between 0.4-10Qdm located between 28 and 40 AU from the
2006). star provides an equally good fit to the data.

HD12039 was studied with VISIR in the N band. At the N
band this source is detected with\NSof 26, and calibrated flux 5 4. No dust detection
of 77 £ 3 mJy; this is within 2o of the predicted photospheric
emission. We place an upper limit on the excess at 14n85f We now consider the members of the sample which were er-
14 mJy. No other source was detected within the field of viet@neously identified as having excess emission. Five ofethes
and we can place a limit & 2mJy on undetected sources. Oupbjects have companion or background sources which are re-
data agrees well with the Spitzer data in Hines et al. (2a06); sponsible for the IRAS detection of excess; one shows no evi-
Spitzer photometry limits excess to less than 32 mJy a3 dence for current excess emission.
The pointing accuracy achieved in the Spitzer observatibes HD65277: This star has a 2Bn excess at the 2.8 level,
lack of detection of additional sources within the field, &inel and no significant excess at Aéh (see Table 1). In the 2MASS
agreement between the VISIR photometry and that of Spitzetalogue there is an additional object 2MASS 07575807-
suggests that the IRS spectra and MIPS photometry are ind68d8491 (which for brevity in the following discussion dhal
measuring an excess centered on the star. be referred to as HD65277b) at a separatiorSf .

1908
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The primary object is detected at 1823 mJy and 78t to less than 114mJy (see Figure 12, top right, for SED). The
14 mJy in N and Q on VISIR. HD65277b is detected in the Mossibility of a companion within the TIMMIZ2 field of view of
and N band images of TIMMI2 at & and 3o respectively. It above 62 mJy is ruled out at thes3level.

is strongly detected in N by VISIR, with a calibrated flux of e attribute the significant excess emission to an additiona
32+ 4 mJy and is detected at Q at ther3evel (14+ 6 mJy \SX source (G234.4643-07.5741) at’8@osition angle -17)
including calibration errors, see Table 2). The N band VISIRetected at 8.28n at a level of 17% 19 mJy. The IRAS Point
image is shown in Figure 11. The companion id&=4/32+  goyrce Catalogue position for this object is between HD5324
0709,Adec= 291+ 07085. The observations place constraintgng the MSX source, fiset from HD53246 by 31 at a po-
on additional undetected objects within the VISIR field ®&wi  gjtion angle of 94. The error ellipse given in the catalogue is
of 2and 10 mJy at 12 and 18n respectively. 44 by 10" (with position angle 101). This is larger than aver-
The measured levels of flux for the primary are consisteg@e for the IRAS catalogue (estimated to b& 16 the cross-
with the expected photospheric emission (see Figure 12, igtyn direction and’3in the in-scan direction, Beichman et al.
left). We use the K band magnitude of the secondary as listeglgg), suggesting that the IRAS fluxes could be contaminated
in the 2MASS catalogue and assume a common distancey9femission falling outside the TIMMI2 field of view. We be-
17.5 pc with the primary to fit the spectral type of the coneve that confusion caused by the nearby MSX source is the
panion as M4.5. Note that this spectral type was found t0 fRaly origin for the excess. This MSX source has a very sim-
the best fit to the currently available data but remains stibj@ar |evel of emission to the star, with a flux of 12019 mJy
to great uncertainty. The model profile is designed to be réfr 8.6um compared to HD53246 with a flux of 164 mJy, but
resentative of the possible SED of the source only. The profilg gther published detections and so a spectral type caenot b
is modelled with a NextGen model atmosphere appropriated8criped. As the star is in the galactic plabe<( —7.6°), it is
this spectral type (Hauschildt, Allard & Baron 1999). The Mikely to be a background source. Assuming the same flux as
band detection of the secondary is calibrated to the expecige star at the IRAS wavelengths reduces the excess emission
flux of the primary photosphere and is measured as128 5 165 mJy and 114 mJy at 12 and2% respectively, with sig-
mJy, a little low compared to the expected 244 mJy which M@icance of 5.5 and 4.4 respectively, however the additional
be the result of a large filter widti\@ = .69um) and the TiO yncertainty of having no information on the MSX source and
absorption features seen in M-type stars at around this-waygs only estimated emission at the IRAS wavelengths means
length. The VLT N band flux of HD65277b is also a little lowjt js quite possible that the MSX source has higher flux at the
but scaling to the expected primary flux theéfeience is not |RAS wavelengths and thus we cannot view the IRAS photom-
significant above the & level. etry as evidence of excess emission.

Ad_d|t_|onal dat_a available for th's object allows us to mak_e HD79873: HD79873 has a marginally significant excess
a preliminary estimate of the orbit for HD65277b. This orbit U
%t 25um but no significant excess at shorter or longer wave-

is shown in Figure 11. The VISIR data is the point marke{ .
. ngths. The 2%m excess was 71 mJy at just below the-2
as 2005 (exact epoch 2005.935). The data from 1999 is ﬁ\%l (Table 1). This star also has a companion with V band

2MASS catalogue data (observed 12-01-1999). The earliar dd agnitude of 11 in the Visual Double Star catalogue at a sepa-

are listed in the Washington Double Star Catalogue (Worley & . , . :
Douglass 1997). The orbital fit has the following parameter%aitéo:oct)frsst'lggEiznpg'\r:zgshas a corresponding Vmag of 6.5.)

a = 95AU; e = 0.85;1 = 35°;w = 290°; Q = 100; with the ] ) .
last pericenter pass in 1885. The masses of the stars are take_The primary Is detect_ed in the TIMNII_Z f:_lnd VISIR obser_-
to be 0.69M,, for the primary and 0.23/, for HD65277b, as vations at N and Q, and find levels of emission consistent with
appropriate to their spectral types. The predicted flux efitih  the expected photospheric emission (1608 mJy and 3% 9
nary at 25um is 12 mJy, and subtracting this from the IRASNJY at N and Q, expecting 167 and 65 mJy from photosphere,
measurements leaves an excess of only520 mJy, an in- S€€ Table 3). The star was also observed in the M band filter
significant detection. Thus we conclude that the IRAS dete?f TIMMIZ2, in which the secondary/was detected at the 2.6
tion of excess is caused by inclusion of the binary and is ri§¥€l- The object is fiset by 255 + 0725 at position angle -28
indicative of circumstellar disk emission. +6°. The flux ratio of the primary to the secondary at M is 191
HD53246: This star has an excess at 4@ of 293 mJy at *+ 20. The N band detection at the location of the secondary
the 9.8¢ level, and at 24um of 143 mJy at the 5.5 level is not significant, at only 1.5, and the flux limits shown on
(Table 1) based on the IRAS catalogue. This star is detentedf1€ SED of the binary object (in Figure 12, binary plottedhwit
the MSX catalogue at 8.28n, with flux 164+ 19 mJy. This dashed line and limits with open circles) are those scaléuto
detection is consistent with the expected photosphereist tAhotosphere of the primary using the ratio of fluxes. In the Q
wavelength (168 mJy). band we find no detection of this object, and place a limit on

In the observations presented here a source is detedf&@mission accordingly. The V band magnitude of the binary
within 1”0of the expected source location at a signaise of object and the assumption that the object is at the samendésta
4.5, but calibration errors introduce high uncertaintyhia pho- 2s the primary (68.9 pc) are used to fit the spectral type as K5.
tometry. The calibrated flux is 114 30 mJy (expected photo-  The photometry of the primary is consistent with photo-
spheric emission from HD 53246 is 87 mJy). However thespheric emission only. The IRAS excess is at the limits of sig
is no evidence for excess as the fluxes are in line with that esficance, and once the secondary emission is taken into ac-
pected from the photosphere, and limit any undetected sxcesunt the excess falls to 68 39 mJy, a non-significant level.



R. Smith et al.: The Nature of Mid-Infrared Excesses Around-8ke Stars 17

100.000E j El 100.000E ! 3
F HD65277 IRAS excess limits x | F HD53246 IRAS Excesses X |
[ TIMMI2 primary detection & |] [ TIMMI2 detection & |]
VISIR primary detection ® MSX detection @
10.000 ¢ TIMMIZ binary limit & 4 10.000 ¢ Other MSX source O [
E VISIR binary limit O |3 E T 3
1.000 ¢ 3 1.000 ¢ 3
> F 3 > £ 3
- L | - L |
0.100 ¢ E 0.100 ¢ % T E
0.010¢ 3 0.010¢ 3
0.001 [ ] 0.001 L ‘ ‘ ]
0.1 . 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Wavelength, um Wavelength, um
100.000 E ! 3 100.000 E ! 3
F HD79873 IRAS excess limits X | F HD1 25356 IRAS excess limits X |
[ TIMMI2 primary detection & |] [ TIMMI2 detection & |]
VISIR primary detection B Primary limit &
10.000 ¢ TIMMI2 binary limit & [3 10.000 E
E VISIR binary limit O |3 E 3
1.000 ¢ E 1.000 ¢ E
= i ) ] = i ¥ ]
0.100 F i) E 0.100 F T E
L 4 L ‘\\ 4
0.010¢ 3 0.010¢ N 3
: : : N
0.001 I 0.001 I
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Wavelength, um Wavelength, um
100.000 E ! ! ! 3 100.000 ! 3
E HD128400 TIMMIZ photospheric detection & | F HD1 OBO@ IRAS excess limits % (]
[ Spitzer detection of Primary A |] L TIMMI2 detection & |]
Spitzer detction of MSX source O VISIR detection B
10.000 £ E 10.000 £ MIPS detections A [3
1.000 ¢ E 1.000 ¢ E
> : : > : ¥
0.100 ¢ 3 0.100 ¢ E
0.010 3 3 0.010 3 3
0.001[ ] 0.001 L ‘
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Wavelength, um Wavelength, um

Fig.12. The SED fits and limits for objects without confirmed hot ditotospheric emission as modelled by Kurucz atmosphegeshamwn
as a solid line. Dashed lines are the photospheric modeledfinary (modelled occasionally using NextGen spectre teset). Errors are 3
sigma, and upper limits are also 3 sigma.

Thus we attribute the excess detected in the IRAS obsenatialogues (2MASS 14073401-2104376, for brevity this shall be
to the inclusion of the secondary object in the beam. called HD123356b in the following discussion). HD123356b
is far brighter in the J, H and K bands (taken from the 2MASS

HD123356: Detections in the IRAS database of the Stadat?base), although it is fainter in the visual than HD18335

HD123356 suggest this object has excess emission at 12
25um of 1270 and 615 mJy respectively (detections of exce
are 24 and 11 respectively, Table 1). This star has an add{
tional object within 25 identified in the WDS and 2MASS cat-

.2mag compared to 10mag). Sylvester & Mannings (2000)
served HD123356 at UKIRT using a low resolution spec-
rometer. The aperture used for the UKIRT spectroscopyis 5
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meaning that the companion object is at the edge of the maad so presumably has its own excess. If the source was a main
sured region. They found around half the level of flux that wagquence star it would be at 3 pc, making it a truly remark-
expected from the IRAS detections. The authors suggesatd #ible object. However given that it is close to the galactmpl
all the excess emission may be centered on H123356b. (b = —13) we conclude that it is likely to be a reddened back-
This source was observed at 10/4% only, and an object ground object
detected at 20# 78 mJy ($N on source excluding calibration  Given the photometric results presented here, the longer
uncertainties is 3.2). As this object could not be acquited a wavelength Spitzer photometry and the size of the pointing
due to saturation of the filter, the pointing accuracy is el error in the IRAS data, we believe that confusion with the
to 5-10" here and so it cannot be confirmed which object W@&MASS source is the cause for the excess identification of
detected. A limit of 164 mJy can be placed on any undetectelth128400, as is confirmed by IRS spectra showing photo-
sources within the field of view. spheric emission only at 12m (Beichman et al. 2008, in
Given the expected flux from HD123356b from extrapgrep.).
lation of the 2MASS observations is 681 mJy it is extremely HD10800: HD10800 was reported as having an excess at
likely that we observed the secondary source HD123356b. T#®:m in the IRAS database of 82 mJy (45detection, see
limit placed on undetected objects in this observation i Table 1). This source was observed with MIPS by Bryden et al.
tent with the non-detection of the primary. We show the SER2006) at 24 and 7@m and no excess found, with a3ipper
of these two objects in Figure 12, with an M5 NextGen modgit to excess of 33 and 16 mJy respectively.
atmosphere shown as a representative fit to the secondary, al Emission centered on the stellar location to withfiofl477
though with so little information available on HD123356b an 54 mJy at 11.5%m and 186+ 29 mJy at 18.7:m is de-
identification of its nature cannot be made. The confusi@d Ckected. The predicted stellar photosphere at these waytbken
ated by the presence of this object is however the likely@®ulis 513 and 200 mJy respectively, thus there is no evidence for
of the IRAS excesses since although subtracting the M stardi{cess emission in these observations which place uppiés lim
to HD123356b does not account for all the IRAS flux, it ign excess of less than 126 mJy at 11,86, and less than 73
likely this source could be a reddened background object afdy at Q. The detections and those of Bryden et al. are shown
so have higher infrared flux than is suggested by the M star pg the SED plot (Figure 12). Furthermore the results careplac
file. Otherwise the excess emission of HD123356 would haygits on possible background sources of less than 14 mJy in
to belr/L. = 0.17, far brighter than any known debris diskhe Q band (39 mJy in N); the IRAS excess is therefore not
source. due to an unseen companion within &28quare of the source
HD128400: HD128400 has an IRAS excess at above 7 (field of view of VISIR). There are no bright 2MASS sources
at 12um of 178 mJy (Table 1). Gaidos (1999) suggests an agghin the pointing errors of the IRAS observation likely to
of 300Myr based on the star’s likely membership of the Urse the source of the additional IRAS flux (as for HD53246 or
Major moving group. HD128400). Thus there is no evidence that this source cur-
Poor conditions meant that photometry could not be pgently has an associated excess. It is possible that thiseou
formed from the TIMMI2 observations of this object. The stafas evolved in the terrestrial regions since the epoch of the
was at 469+ 41 (92) mJy and 50% 61 (118) mJy at 8.6 and |RAS observations, and so the emission has disappeared be-
9.56um respectively (parentheses indicate inclusion of calibrgond the detection limits of these observations. Altewdyi
tion error). We detected no additional sources within the €4 it may be that this object is a statistical anomaly, as theaet

48" field of view of the TIMMI2 instrument. This limits un- tion of excess from the IRAS catalogue is at only a moderately
detected background objects to less than 109 mJy at8.6 sjgnificant level.

However, there is an additional object in the 2MASS catadogu

at 83’ (2MASS 14421386 - 7508356, in the following discus-

sion this object shall be called HD128400b for brevity). Thé. Discussion

source listed in the IRAS Point Source Catalogue is at a dis-

tance of 23 from HD128400. Pointing errors for this obser8-1. Results summary

vation are listed as 28in major axis, 9 in minor axis, with

the major axis at position angle L The 2MASS source is at

a position angle of nearly 99almost exactly along the axis ofIn this study we have confirmed the presence of warm dust

greatest error. around three starg;, Corvi, HD145263 and HD202406. The
Publicly available Spitzer data analysed using the MOPHZXst two of these sources are young, around a few millionsyear

package (Makovoz and Marleau, 2005; Makovoz and Khaoid, and may be still forming planetary systems, althougds it

2005) indicates that HD128400b emits at a similar level twotable that these sources have relatively lgw/L.. compared

HD128400 at 24um, with the primary having a flux of 5% to typical T Tauri stars (Padgett et al. 2006) and so theselraay

6 mJy and HD128400b a flux of &9 mJy. At 70um the sec- transitory objects (transitioning between proto-planetand

ondary is detected at a level of 3% mJy, but HD128400 itself debris disk stages) Corvi, on the other hand, is around 1.3

is not detected giving an upper limit of 14 mJy. The emissidayr old, at an age where we would expect any planetary system

spectra of HD128400b & 24um is best fitted by a spectralto have finished forming (see e.g. de Pater and Lissauer)2001

type of M7, implying that level of emission from HD128400kl-or three other sources we have placed stringent limits en th

at 70 microns is much higher than expected (predietéanJy) possible level of any backgroufmdmpanion object within the

6.1.1. Hosts of mid-infrared excess
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fields of view of the instruments. From these limits and the-ph(as illustrated by HD128400) and is now providing more reli-
tometry of the IRAS catalogue and published Spitzer data, able large disk samples (see e.g. Meyer et al. 2006).

have concluded that the excesses in the mid-infrared nadigi

determined from the IRAS catalogue, are highly likely to be

centered on the stars for HD12039, HD69830, and HD1910%91 3. Extension limits

6.1.2. Background exclusion and the importance of Our new methods of testing extension limits have quantified
confirmation how for small disks the variation and subsequent unceytaint
in the PSF will provide the greatest restrictions in theighib
Five of the sources in the sample turned out to be the resulgftect the disk extension in a particular observation waseier
source confusion in the IRAS beam. For HD65277, HD7987arge disks detection is limited by th¢Nthat can be achieved
and HD123356 the source could be identified in the TIMMI@n the disk (which has decreasing surface brightness with in
and VISIR images (albeit without a detection of the primargreased angular size). The optimal size of a disk to be astect
in the case of HD123356). For HD53246 and HD128400, tlfee. the disk size requiring the least bright disk to be clete
source responsible for the excess measured in analysie ofah an extended source) is one with a radius approximatest equ
IRAS catalogue was: 80” away, and so beyond the field ofto the FWHM of the PSF (for disks at 18n the FWHM on an
view of TIMMI2. These examples show the dangers of trusBm telescope: 0’6 which translates to a diskiset of 12 AU
ing the IRAS catalogue without full and detailed analysis dér a systems at 20pc).
all pertinent catalogue data and follow-up observatiomdeéd
out of an initial sample of 11 sources believed to be hosts of Analysis of the observations presented in this paper in-
mid-infrared excess, only 3 were confirmed in this study,andluding: comparison of FWHM fits to image profiles; analy-
further 2 by other authors. sis of surface brightness profiles; and simple subtractains

HD10800 was shown to have no excess and no othersouFr’cSeFS (determined from standard star observations) from sci

which is likely to be responsible for the levels of the IRA§nCe Images and examination of the residuals, has revealed n

. T . %/idence for extension around any of the observed objects. A
detections. The significance of the excess as judged from e technique of extension limits testing can qive quaiiéia
IRAS measurements is not high, at 4-5Thus it is possible d 9 gveq

. . . . . cofnstraints on which disk models can be ruled out and at what
that this object never had an excess and is an illustration, © . . . S
level of certainty with such data. The extension testing lim

the potential errors to be found when searching close to the . : . .
significance limit for excess (Song et al. 2002). its” have t_)een used.to constrain t_he_ possible disk popugation
of n Corvi (see section 5.1). The limits suggest that model A,
The need for confirmation of debris disk candidates haswhich the mid-infrared emission comes from a single tem-
also been found by Rhee et al. (2007), who combined data frperature component is more likely at a 2:6level, however
the IRAS database, the Hipparcos catalogue and the 2MA&8eeper Q band image should either resolve or rule out the
catalogue to search for excess sources, finding a total of ¥hRl-temperature~ 120K) component of model B (the three
sources. Included in this paper are 97 sources rejecte@der temperature fit), as described in detall in section 5.1. Tdte h
sons including contamination by additional sources owusirr components of both dust models (409 and 007 for models
pointing inaccuracy of the IRAS measurements, and follpy-WA and B respectively) are comparable to the pixel scalesef th
with Spitzer showing photospheric emission only. Addi&ibn detectors of VISIR and MICHELLE (@75 and 0099 respec-
source contamination is a particular issue for sources én tlively). Disks on these scales cannot be resolved usingthes
galactic plane. In this study HD53246 and HD128400 are @ingle aperture 8m instruments (see 5.1 for further disonks
and near the galactic plane respectively, and have beed founand will require the resolving power of an interferometebéo
have been erroneously identified as hosts of debris. HD¥)58&solved.
identified by Lisse et al. (2002) as being a bogus disk due to
source confusion also lies in the galactic plandat —0.1. This extension testing method can be applied to future
Removal of bogus disks is important when attempting to peybservations of these and other potential disk sources to
form a statistical analysis on disk populations. Greaved adetermine what limits can be placed on unresolved disks.
Wyatt (2003) include HD128400 as a disk host. Removirgurthermore, the predictions of this modelling, as showseict
this disk changes their statistics fron22 to 322 young G tion 3.2.3, can be used to determine which sources, with pre-
stars hosting a disk (a total of [I77 G star systems possesdicted disk flux and radii, will be the most fruitful sources f
a disk as opposed to their quoted127). Though this is only imaging with single large-aperture telescopes. Work eipdp
the removal of a single disk the sample size involved is nthtis exciting aspect of the technique is underway and thétees
particularly large, and so the removal of only a few source$all be presented in a forthcoming paper (Smith and Wyatt,
can be significant and the additional uncertainty from bogus prep.). For now we note that this technique provides more
disks should be born in mind when considering statisticad-st quantitative limits on the location of dust, and note tha th
ies (such as analysing disk evolution over time or deperelermossibility of detecting extended emission is strondgfeeted
on stellar spectral type or environment) needing large snp by whether the dust is confined to a single radius (tempexptur
Fortunately the Spitzer Space Telescope has greater tiesoluor in a more broad distribution with multiple temperatures.
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6.2. The nature of mid-infrared excess sources be evolving in a steady state collisional cascade. With@sé¢h
o o limits, HD145263 and HD202406 could be steady-state disks
Four recent papers have looked at the statistics of miaied ;e their young ages. Their fractional excesses are high ¢
excess around Sun-like stars: Gaidos (1999); Laureijs.et §heq to typical debris disks however and it is possibleghes
(2002); Hines et al. (2006); and Bryden et al. (2006). All qfjisks are in a transitional phase from proto-planetary to de
these surveys found hot emission to occur aroum@%2 of s gisk (see e.g. Calvet et al. 2005). As shown in Wyatt et
FGK-type stars, with Trilling et al. (2008) finding 24n ex- 5 (2007), HD69830 ang Corvi (assuming the simple single
cess around 4%,% of Sun-like stars observed with Spitzerng.infrared component, see later in this section) havessc
although it is worth noting that these surveys are limited Rymission at a much higher level than would be expected fer col
their photometric accuracy and therefore there may be a"argsionally evolving disks given their age and radius, anastk

population of hot disks that are more tenuous and thus havg @ypected that there is a transient source for some of tite em
fractional luminosity below the current levels of detedigp ting material.

in these surveys. The sample of objects in the study presente There have been several suggested sources of transient
in this paper were chosen deliberately to be the objectsgtiougmission put forward in the literature. One possible soofce
to have excess following analysis of the IRAS catalogue rgsis emission would be the recent collisional destructibmvo
sults, and so does not represent an unbiased sample. Our(gremore) massive bodies (Song et al. 2005). In our own as-
tection rate cannot be compared with these statisticalt®sUergiq belt a collision large enough to more than double the
For any star observed in the survey papers mentioned ab@ygssion from the belt occurs approximately every 20 millio
and included in this paper the conclusions regarding thx;—pr9ears (Durda and Dermott 1997). The recent analytical mod-
ence of excess emission are the in agreement with the eXC8Rng of Wyatt et al. (2007) has shown that for the systems
tion of HD128400, which was included in the work by Gaidoﬁlith disks that are assumed to be transidgs( frax >> 1000)
(1999) as a positive detectio_n of excess. As shown in sectigp single massive collision hypothesis is highly unlikedy
5.4, the results show no evidence for excess, and a neagyapie to account for such a massive excess. It may be that
2MASS source is likely to be the source of confusion in thgese systems have recently undergone some dynamical stir-
IRAS resu_ltg This result does ngt change tr_]e validity of thrﬁ1g (orbital migration of a massive planet, recent stefliaby
2+2% statistic however, as for Gaidos (1999) it reduces the cg;é_) that has triggered a Late Heavy Bombardment-likeogleri
tected excesses tg3® (giving a hot emission occurrence OEGomes et al. 2005). The Late Heavy Bombardment was a pe-
0+3% from this paper alone). riod approximately 3.8-4 Gyr ago when the inner planets ef th
Many disks have been observed around T Tauri and Herljglar system experienced a greatly enhanced rate of akieroi
Ae/Be stars (see e.g. Meeus et al. 2000). Massive prot@ilision, possibly due to the orbital migration of Jupit€he
planetary disks have been observed around stars up to 10Myireme excess emission found around+#2D 307 (a star pos-
(see e.g. Meyer et al. 2007), at which point the disks rapidigssing mid-infrared excess notincluded in this studyisse)
disappear to leave at best a low fractional luminosity detit b js thought to have come from the excitation of a belt resgltin
The disks of HD145263 and HD202406 lie at an intermediaji¢ massive or frequent collisions (Song et al. 2005). As diote
evolutionary stage, having ages of 9 and 2 Myr respectivelyy these authors, this system has an extremely high fration
and exhibit a relatively high fractional excess (see Tab®B excess and would therefore be in an extreme state of cailisio
debris disks, but these values are low compared to disksidrodestruction. The recent sublimation of a massive cometavoul
typical T Tauri stars (Padgett et al. 2006). Recent work witllso produce a transient peak in infrared excess. Beichman e
Spitzer on clusters of similar ages to these two sources haye(2005) have performed spectroscopy of the HD69830 sys-
indicated that mid-infrared excess emission may be thdtresém. The resulting spectra showed marked similarities ¢o th
of planet building processes in the terrestrial region @&e emission spectra of the Hale-Bopp comet, with several peaks
Currie et al. 2007). Fitting the excess emission of HD145263 crystalline olivine identified. Further work by Lisse dt a
and HD202406 with a blackbody suggests that the dust lies(#ip07) has shown that the spectra is more similar to that of a
the terrestrial region, even with a 3 times underestimate®f disrupted P or D-type asteroid. Spectral analysis may be the
dust location for HD145263 (see table 3). It is thereforesposmost useful tool to analyse the possibility of cometary subl
ble that the dust is the result of planet building and not thee € mation or asteroid disruption for such systems.
lution of a small Kuiper belt. Further studies of these sesrc  However, the transient interpretation is highly dependent
may help to elucidate their nature. on the radial location of the dust as can be seen in the above
Analytical modelling by Wyatt et al. (2007) has demonequation forfyax, (frax o r”/3). In fitting the photometric re-
strated that there exists a maximum fractional excess whihits of excess emission we have made assumptions of grains
can be expected from a belt of planetesimals in a steady-stmitting as blackbodies at a single temperature. Such an as-
collisional cascade. This is because more massive diskshwhsumption may lead to an underestimation of disk size by up to a
could potentially produce more emitting dust grains precefactor of three, as emitting grains are typically small anttdr
themselves more quickly. The equation given for this predithan blackbody (see e.g. Schneider et al. 2006). Furtherra mo
tion is fnax = Lir/L. = 0.16 x 1073r"t;5.. The application extended dust distribution could lead to an over-estimatib
of this model to the stars with confirmed infrared excess tise disk size by assuming a single size and temperaturedor th
shown in the last column of Table 3. Within the uncertairemitting grains. The uncertainty remaining in the SED fits of
ties of this model, a disk witifig > 1000fa« is unlikely to these objects can only be avoided by direct observatiomal co
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firmation of the size of the emitting region. The example;of  the cool 40K dust at the 2.6 level (or lower or higher
Corviis an appropriate illustration of this issue. In moAdhe significance depending on the geometry of the dust belts).
mid-infrared emission cannot be explained by a steadg-stat . . . .
evolution (see discussion above and Table 3). In model B the Sources of hot dust emission fall !nto d|st|r_1c_:t groupings.
hot dust component at 360K is also likely to be transient,-ho fther the sources are young and possibly transitional kv

ever the mid-temperature component at 120K (12 AU) can S? tt.he dust CHaB f:522?0rdéah8rzégi Orgsult otfhsteady-st%t
explained by a collisionally evolving disk at 12 AU (Table 3)evo ution (e.g. an ), or they are o

Indeed this population of dust lies in an appropriate larato and sources of transient emissionGorvi and HD69380), or

. . . they are old and have relatively low radius steady-state-pla
be a possible parent planetesimal belt to the hot dust e:mlss'i . ) ;
according to Figure 4 of Wyatt et al. (2007). This would requi etesimal belt (HD12039 and HD191089, and possibly the mid-

aradial transport mechanism that would move the dust fram th_II_)ﬁ rature ﬁngorle_nt ofC_orw). ¢ be t
12 AU belt to a 1.3 AU location, which is not well modelled . € rare hot dust In main sequence systems may be tran-

or understood, but could be analogous to the inward scat%:F—m as suggefttladt. by. Cr? mpatr |fs on tt?‘ cglllzlgonabrrlllgdelllng.
ing of planetesimal material into the terrestrial regionsirt Owever, uncertainties innerent from the modelling pro

the Late Heavy Bombardment period initiated by the resopant o> mean that only by resolving the location of the emitting
egion can we deprive these systems of their enigmaticsstatu

crossing of Jupiter and Saturn (see Wyatt et al 2007 dism:mss% ; . X
for elaboration on this scenario). Thus the model with d tfta ur new method of extension testing allows us to constrast du
ations much more tightly than a simple comparison wigh th

three components (model B) could represent two steady s o . .
populations (the 12 AU mid-infrared component and the large F. Application O.f these techniques tq further opsemaﬂo
sub-mm disk) and a transient component, the source of wh 'ﬁd other SOurces s one way 0 _determlne th_e radial extent of
is currently unknown. This model is ruled out by current data 1€ dust emission and thus begin to determine the nature of

the 2.@r level, although it is important to note that whicheve$hese hot dust sources.
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