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HD 141569Ais a5 Myr oldHerbigAeBestarin transition
fromaprimordialtodebrisphase(Weinbergeretal.2000).The
disk aroundHD 141569Astill containsa substantialamount
of gasin CO (Zuckerman,Forveille, & Kastner1995). Yet
the amountof dust radiationin the infrared,
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=0.01,

suggeststhatonly about1 Earthmassof dustremains.Here,
we investigatethe dustquantityandcompositionof the disk
as a function of distancefrom the star. We combinespec-
tral information on the disk from R
 120 spatially resolved
spectroscopy of PAH moleculeswith Spitzerfar-infraredpho-
tometryof thesystem.

Spatiallyresolved mid-infraredspectraof thedisk encir-
cling HD 141569Ashow abundantpolycyclic aromatichydro-
carbons.Observationsweremadewith theLong Wavelength
SpectrometerattheW.M. KeckObservatoryon6–7May2004.
A 0.”5 wide slit wasplacedalongthemajoraxisof thedisk.
The instrumentprovided a spectralrangeof �
� ��������� ��� m
at resolutionR
 120andanunvignettedfield of view of 8.”6
with 0.08arcsecondpixel ��� . Thedisk wasdetectedout to 90
AU, i.e. outalmostto themaximumradiusof 100AU seenin
previousmid-infraredimaging.

Linesfrom PAHs aredetectedat every radius(Figure1),
and their line-to-continuumratios actually increasewith ra-
dius. We find a bestfit for the PAH spectrumusing small
ionizedPAHs of 0.45nm in radius,althougha rangeof sizes
upto 
 2 nmmaybepresent.Whenweattemptedto addsmall
silicategrain emissioninto the model, the bestfit tradedoff
continuumwith silicate absorption. No silicate emissionis
observed.

Qualitatively, the presenceof PAHs within 100 AU and
lackof crystallinesilicatestogetherfavor thecoldcoagulation
dustmodelof Li & Lunine(2003)for thedustproduction.In
this model, the large bodiesnow being evaporatednearthe
starformedin theinterstellarmediumandincorporatedPAHs
at that time. However, the increasein the PAH line strength
with distanceimplies a larger numberof PAHs at large dis-
tances.This is not possiblewithouteitherpileupor increased
production.Pileupis extremelyunlikely becausethesesmall
grainsaretheonesmostsubjectto radiationpressure.Evenin
thepresenceof gasdrag,they areejectedrapidly (Takeuchi&
Artymowicz 2001).

Moreover, theabsenceof silicatesis oddfor ayoungdisk.
Spectraof youngstellardisksaretypicallydominatedbyemis-
sion from small ( � 1 � m) amorphoussilicatedustsimilar to
thoseseenin SolarSystemcomets.During planetaryforma-
tion, this primordial materialgrows into planetesimals,and
may be modified by alterationin large parentbodies. De-
bris disksaregeneratedby collisionsof theselarger bodies,
andmostaredominatedby larger ( � 10 � m) grains(Juraet
al. 2004). In principle, thesizeandcompositionof this dust
shouldreflectparentbodyprocessesandcollisions.

OtherHerbigAeBediskshavebeenseenwith similarPAH
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Figure1: Spectraof theHD 141569Adisk startingwith one
centeredon thestar(highestflux) andextractedevery 24 AU
in radiusfrom thestarout to 120AU (solid lines). Thecon-
tribution from the photosphere,modelledas a blackbodyat
10000K hasbeensubtractedfrom the total spectrato reveal
thepurelydiskspectra.At every radius,thepresenceof PAHs
is observedby thepeaksat 
 8, 8.6,and11.2 � m.

spectra.However, thelack of silicatesin thesediskshasbeen
explainedeither by high optical depthsthat keep the small
silicatescold and thereforenot radiatingat 10 � m (Meeus
et al. 2001)or by dustdistributions that precludehot grains
(Meeusetal. 2002).Neitherexplanationreadilyapplicableto
HD 141569.Itsdiskisopticallythin,andthespatiallyresolved
spectraisolatethedustcontinuumat10–20AU, wheresilicate
grainswouldbe 
 200K.

Extensive modelingof thedisk hasbeenundertakenby a
numberof authorsto assessthegrainsizesandcompositions
(e.g.Marshet al. 2002;Li & Lunine2003). Infraredphotom-
etryprovidesacritical input to suchmodels.Thecombination
of emissionandscatteringdatahasresultedin estimatesof the
opticaldepthandalbedoof thediskgrainsandthesuggestion
thatthediskcontainswaterice(Weinbergeretal.1999;Marsh
et al. 2002).

Modelsof the SED have previously relied uponground-
basedandIRAS dataat 12 – 100 � m. In threeseparatemea-
surementsby two groups(seeFigure 2), the groundbased
10–12� m fluxesareonly abouthalf of theIRAS flux density
(Sylvesteret al. 1996;Fisheret al. 2000;Marshet al. 2002).
This problemhasbeentreatedasanuncertaintyin modelsor
overlooked. Thespectralenergy distributionof HD 141569in
the12 � m region is approximatelyflat with a color tempera-
ture of 
 200 K. Color correctingto this temperaturepushes
the12� m IRAS point higher, makingit morediscrepantwith
the ground-basedmeasurements.Finally, the ground-based
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Figure2: Spectralenergy distribution of HD 141569Ashow-
ing the infrared photometryfrom IRAS Faint SourceCata-
log (squares),Fisheret al. 2000 (diamonds),and Marsh et
al. (2002)(crosses).The stellarphotosphereis shown in the
solid line, asa NextGenmodel(Hauschildtet al. 1999)fit to
the Tycho-2and2MASS visible andnear-infraredphotome-
try (triangles).Thesehave not beencorrectedfor reddening.
Purely as an illustration of the color temperatureof the ex-
cessratherthanasa realmodelof thedustemission,a black-
bodycurveat175K is shown throughtheIRAS 12and25 � m
points.

18 � m measurementsdo not agreewith IRAS or eachother,
to within their stateduncertainties.

Onepossibleexplanationfor thediscrepancy isabeamsize
effect. Thegroundbasedimagesweremeasuredin beamsof
size 
 5 ' ' , while theIRAS measurementshave a beamsizeof

 1 arcmin.Thiswould imply a large12and25 � m flux from
very far from the star, wherethe disk grainsshouldbe cold.
Thiswouldbeplausibleonlyif HD 141569B andC,theM-type
stellarcompanionsto HD 141569A,hadsubstantialinfrared

excess.To testthishypothesis,weobservedall threestarswith
theKeckTelescope.Wemeasureda12 � m flux densityonHD
141569Bof 9( 3mJy, consistentwith apredictedphotospheric
flux densityof 10 mJy. We obtainedanupperlimit of 3 mJy
(1) ) for HD 141569C,consistentwith a 12 � m flux density
arisingpurelyfrom its photosphereaswell.

At 60–100� m,cirruscontaminationmaybepresentin the
IRAS imagesof HD 141569.HD 141569is locatedin projec-
tion nearmolecularcloudsthatcontainsubstantialmolecular
hydrogenanddustemission.

To resolve the uncertaintiesin the mid and far-infrared
flux from thediskandto searchfor disksaroundthecompan-
ions, we are obtainingSpitzer/MIPSphotometryof the HD
141569system. Theseobservationswerescheduled,but not
yetexecuted,by thetime of thePPVabstractdeadline.
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