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Mid-IR spectroscopy of T Tauri stars in Chamealeon I:
Evidence for processed dust at the earliest stages
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Abstract. We present mid-IR spectroscopy of three T Tauri stars in the young Chamealeon | dark cloud obtained with TIMMI2
on the ESO 3.6 m telescope. In these three stars, the silicate emission bandnai®ptominent. We model it with a mixture

of amorphous olivine grains of flierent size, crystalline silicates and silica. The fractional mass of these various components
change widely from star to star. While the spectrum of CR Cha is dominated by small amorphous silicates, in VW Cha (and in
a lesser degree in Glass |), there is clear evidence of a large amount of processed dust in the form of crystalline silicates an
large amorphous grains. This is the first time that processed dust has been detetected in very young T Talirivstgrs (
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1. Introduction for example, Weinberger et al. 2002). However, the first cle

vidence of crystalline materials in a low-mass object has b

Most studies of the dust composition in young stellar objec Dtai .
) tained only this year for the 10 Myr-old TTS Hen3-600A
have concentrated on Herbig /B stars (HAEBES), as theyHonda etal. (2003) using the 8.2 m SUBARU telescope.

are brighter than solar-mass T Tauri stars (TTS). Silicate emis- We are interested in extending the analysis of the silic
sion at 10um has been detected in several TTS (Cohen c‘:gbntent of discs to a large sample of TTS. bossibly voun
Witteborn 1985; Hanner et al. 1998), but the signal-to-noiﬁtf 9 P ' P y youn

of those observations was too low for an investigation of t an Hen3-600A. In this letter, we present mid-IR spectra
) o . 9 '} ree TTS in the young Chamealeon | cloud, already obser
properties of the emitting silicates. More recently, Natta et

i : L Natta et al. (2000). We show that the profiles aféedént in
(2000) have obtained low-resolution mid-infrared spectraiﬁ/e three objects with a varying ratio of amorphous versus cr
I

g ;;SS 'ghgng]esﬁ?s;g’ g;'ggiEnHzT'S ci):l]tebroire?egfalssgﬁe line materials. In one star (VW Cha) the ratio of crystallir
A, P to amorphous silicates is about 20%, comparable to the val

to a mlxture_ of amorphom_Js silicates of radigé um on the in tpe most evolved HAEBE stars and in solar system come
surface of circumstellar discs. In some cases, there was a hin

that a crystalline silicate component could be present, but the . .
poor quality of most spectra and their limited coverage of tife OPServations and data reduction

red side of the featurel(< 117 um) prevented any detailed\e used TIMMI2 at the ESO 3.6 m telescope to obtdiband
analysis. spectra of Glass I, CR Cha (also known as kkd32-20)

Claims of the possible presence of a crystalline silicaggg vwW Cha during the nights 16-/B%003. These are
component at 11.3m have been made for some old TTS (seghree well-studied TTS with similar spectral types, all Iy

Send gprint requests toG. Meeus, e-mailgwendolyn@aip.de ing in the Chamealeon | dark cloud. In Table 1, we Ii

* Based on observations with TIMMI2 on the 3.6 m at the Europezme parar_neters of our sample Stars_ (from _Natta et al. 20(
Southern Observatory, Chile; and on observations with ISO, an ESRe mid-infrared spectra were obtained with standard ch
project with instruments funded by ESA Member States (especialyng/nodding techniques along the slit with a respective thr
the PI countries: France, Germany, the Netherlands and the Uni@d10 arcsec. On source integration times were 1920 s
Kingdom) and with the participation of ISAS and NASA. Glass |, 2640 s for CR Cha, and a total of 7200 s f
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Table 1. Stellar parameters from Natta et al. (2000), apart from the
age of VW Cha, which is discussed in the text.

Object Spectral T L. M. Age
type K o) (Mo)  (Myn)
CR Cha K2 4900 3.3 1.2 1.0
Glass | K4 4600 1.6 0.9 1.0
¥ ‘ ‘ ‘ ‘ VW Cha K§K7 4350 2.9 06 14,

3. Observed sources

A summary of the properties of the three observed stars is given
in Table 1. Unless otherwise stated, they are taken from Natta
et al. (2000).

Flux [Jy]

-

CR Cha is a CTTS, for which no companions have been dis-
covered (Takami et al. 2003).

Glass | is a binary (separatior8); the primaryisa K4 WTTS
(Chelli et al. 1988), the secondary an IR G-type object
(Covino et al. 1997). Stanke & Zinnecker (2000) attribute
the 10um emission to the secondary. Since the secondary is
not visible in the optical, the age is estimated from the opti-
cal properties of the primary, assuming that they are coeval.

VW Cha is a @7 binary, with both members being CTTS; the
IR emission is attributed to the primary. Using adaptive op-

: ; m n s tics, Brandeker et al. (2001) discovered a companion to the

A [um] secondary at a separation dfl0 The age uncertainty for
Fig. 1. Observed TIMMI2 spectra of the three TTS, with a black body th's F’b]eCt derives primarily in the uncer_ta'nty of the ex-
fit, representing the continuum. tinction towards VW Cha: Brandner & Zinnecker (1997)

give Ay ~ 1.3 while Brandeker et al. (2001) state 3.0; the
larger the adopted extinction, the younger the derived age
of the object. Most likely, the age of the system lies be-
tween 2 and 0.4 Myr, values derived by these authors.

VW Cha. All observations were performed at airmasses be-

low 2, typically around 1.6. In both nights, HD 133774 Modelling and results

(K5l1l, N1 = 14.11), HD 169916 (K1lllb, N1= 38.71), and

HD 175775 (G@OIlI-Ill, N1 = 24.04) served as both tel-To determine the composition of the circumstellar (CS) dust in
luric and flux standard stars and were observed at simikur TTS, we have adopted the procedure successfully used in
airmasses as the science targets. These standards arein@rpreting the ISO spectra of HAeBe stars by Bouwman et al.
mary I1SO calibration standard stars, and are described(2901). We first fitted a black body to the continuum, as shown
detail athttp://www.ls.eso.org/lasilla/Telescopes/ in Fig. 1. The determination of the continuum idfdiult due
360cat/timmi/html/stand.html. The SED models usedto a lack of reliable measurements outside of the feature, and
are according to Cohen (1998). The atmospheric ozone fig estimate that it could be higher by 10% for VW Cha, the
ture at 9.54um was used for wavelength calibration. Thé&nost dificult case. This continuum uncertainty, however, has
cross-calibration of the telluric standards among each ott@ly a negligible &ect on the results discussed in the follow-
shows a smooth and reliable removal of the atmospheric barieig, We fitted the continuum-subtracted spectra with a linear
without introducing additional artifacts in the useful wavecombination of several dust species, namely:

length regime of 8—13m. Spectrophotometric calibration was . ) . .

achieved by observing each target in the N1 filter (central wavé: @morphous olivine ([Mg,Fe$i0,) with a size of 0.1 and
length~ 8.6,:m), and normalising the integrated flux in the cor-_2:0#M. representing small and large grains,

responding spectral passband to the observed value. We mgaSTysStalline silicates: magnesium forsterite (8¢0,) and
sured fluxes of £+ 0.4 Jy for Glass |, G+ 0.2 Jy for CR Cha _ Pure magnesium enstatite (MgSjo

and 08 + 0.15 Jy for VW Cha. 3. silica (SiQ).

The spectra are shown in Fig. 1. The profile of Glass I, thighese species are commonly found in the dust discs of Herbig
only star for which the ISO data have high quality, is very simAe/Be systems. Details of the procedure and references to the
ilar to that of Natta et al. (2000). adopted cross sections can be found in Bouwman et al. (2001).
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Fig. 2. Fit to the continuum-subtracted spectra, with each separ&i@. 3. Comparison of the Cha TTS spectra with that dfefient ob-
component shown. We also show the formal error on the data, whiets.Top CR Cha with ISM silicate bands (inverted absorption bai
has been determined from the background. The true errors are liketgfile towards Sgr A*), which are dominated by amorphous si
to be larger as the division by the standard star might produce agates (at least 99%, Kemper et al., in prepljddle: Glass | with
facts from telluric features. Light grey: sum of all components, dashe HAe star HD 144432Bottom VW Cha with comet Halley (data
dot: small @ = 0.1um) amorphous silicate, dashed: large=(2.0xm) from Bregman et al. 1987), which is a source of highly processed ¢
amorphous silicate, dotted: silica; and dash triple dot: forsterite. ~ (Bouwman et al. 2001). Halley’s data point at 21® has a problem-
atic ozone subtraction, according to the authors. The sequence sl
Table 2. Temperature of the black body (BB) representing the contif" Increasing amount of processed dust.
uum and mass ratios: large to small amorphous silicates/f 1),
crystalline to amorphous silicatemy,s/ms;) and silica to silicates
(Msioy,/Mil)- amorphous silicate grains — 11 times that of CR Cha an
times that of Glass I, and the largest amount of crystalline s
Object BB Mo/Mos  Miore/Ms  Meio,/My cates and silica — a factor 10 and 2 more for crystalline silica
and a factor 4 and 2 more for silica than CR Cha and Glas
respectively. In contrast, the spectrum of CR Cha is domina
Glass| 380K 0.92 0.08 0.03 by small amorphous silicate grains. Glass | is intermediate
VW Cha 460 K 257 019 0.07 tv_vee_n the _two. Natta et al. (2000) already noticed excess er
sion in their Phot-S spectrum of Glass | at 8.5 and Lin3and
attributed this tentatively to silica and crystalline silicates. O

We did notinclude Polycyclic Aromatic Hydrocarbons (PAHs r,ugher-quallty spectrum of Glass | confirms this suggestion.

since the PHOT-S spectra did not detect any feature between 6
and 8um, where the signal-to-noise was quite good (Natta et %I.
2000). '

Figure 2 shows the fits to the 10n spectra together with We compared our TTS spectra with objects dfatient evo-
the separate contributions of each dust component; the deriltgtbnary status: the ISM, a sample of 14 HAEBES studied
mass ratios of the ffierent species are listed in Table 2. In ouMeeus et al. (2001) and a few solar system comets. We fol
final fit, we did not include enstatite, as it did not improve tha good similarity between some objects and our TTS, as
fitting result. It is immediately clear thatftierent species con- shown in Fig. 3. These comparison objects were modelled
tribute in diferent amounts to the overall shapes. The valuBsuwman et al. (2001) who showed that they cover a brc
of these ratios vary significantly from one star to the other. hange in the amount of processed dust, going from practic:
particular, VW Cha has the largest fraction of large to smaimorphous (the ISM) to highly processed (comet Halley).

CRCha 350K 0.23 0.02 0.04

Discussion
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evolved stars or HD 179218, or considerably older, such as
Hen3-600A, the time-temperature conditions would be right to
readily form large amounts of enstatite.
1 Our results indicate clearly that dust evolvesin TTS in ways
CR Cha 1 very similar to those observed in HAEBE stars. The evolution
does not seem to depend on the luminosity, temperature or mass
of the central star. It is also fliicult to reconcile our data with
the idea that “age” is the only dominant factor. Our observa-
tions clearly show that the dusty disc of VW Cha is host of a
lot of warm processed dust. CR Cha, in contrast, has a simi-
lar age and spectral type but a lot of unprocessed dust. All our
A three stars are about ten times younger than Hen3-600A, the
8 9 10 11 12 only other TTS where crystalline dust was firmly detected.
X [pum] Interestingly, we note that VW Cha is a close binary sys-
Fig. 4. Continuum-divided spectra of the 3 objects. VW Cha clearlijnr:l’ m which the. Secondary.ls also a binary. The disc is cir-
has the weakest feature, CR Cha the strongest. _ pnmar_y_and is probably tidally truncated by the secondary
binary, as it is not detected at longar+{ 60 um) wavelengths
(Brandeker et al. 2001). Glass I, which has intermediate proper-
Even more interestingly, we find trends in our small santies, is also a binary, but with a larger separation than VW Cha.
ple of TTS similar to those that have already been identifigds possible that interaction with close companions may speed
in HAEBEs. The first of such trends is amti-correlation be- up dust evolutioras it induces vertical mixing, stirring up the
tween silicate grain size and strength of the banterpreted as dust from the midplane. This causes a (continuous) replenish-
a dust evolutionary process (van Boekel et al. 2003). Figurewent of unprocessed dust into the disc atmosphere where dust
shows that this is also the case for the three TTS. VW Cha lpgscessing in the form of thermal annealing is expected to take
the weakest feature and the smallest mass fraction of small giliace. Also, we would observe IR emission from larger grains
cate grains. CR Cha, on the other hand, has the strongest feadgrgrain growth occurs faster in denser regions, such as the mid-
and the largest mass fraction of small grains. plane. That dust processing in close binaries would occur faster
In a study of the 1Qum feature, Bouwman et al. (2001)is for the moment just speculation, since a much larger sample
derived acorrelation between the amount of silica and that aff stars is obviously required in order to investigate its viability.
forsterite and suggested a common origin in the process of
thermal annealing. This process is responsible for the conver-
sion of amorphous silicates into crystalline silicates, with siffi. Conclusions

ica as a k;]y-%roduct.hwr? filnd a similar corr?Ia_tli_on in ourfdatq,he 10pm emission feature is clearly detected in three young
as VW Cha has both the largest amount of silica and of crygrg iy chamealeon I. The dust composition, obtained by fit-
tallln(_a forsterlte. The ubiquity of the corrglatlon is mterestlnq-mg the shape of the feature with a mixture of materials, derived
also_m view of th? we_ll-known diiculty with the _thermal an” from detailed studies of HAEBE stars fldirs significantly in
nealing hypothesis, since the observed crystalline dust app§gLSiee stars. In particular, the spectrum of CR Cha is domi-
to be colder than_the minimum tempera_ture required for sucrlllgted by small, amorphous silicates. The spectrum of VW Cha
process to beficient. Laboratory experiments suggest a tenyy, s evidence of highly processed dust, as shown by the high
perature of 1000 K to anneal amorphous silicates into Cryge oo fraction of large amorphous silicates and of crystalline

talline on a time-scale of a month, while a slightly lower te ones. Glass | seems to be intermediate between the two other
perature (875 K) would require more than 30 Myr (Hallenbe

et al. 2000). This means that the dust, once crystallised, should

2.5

2.0 i
[ Glass1

Continuum—divided Flux [Jy]

VW Cha

This trend, as well as the correlation between the relative

posed as a way to do it (Wehrstedt & Gail 2002). HAEBE stars. Also, as in HAEBE stars, dust evolution does

We find no conclusive evidence for the presence 0fensta1}j1t t seem to be uniquely controlled by the stellar age. Our

in our TTS spectra, apparently C(_)ntradlctory to the re_sults Ehamaeleon sample consists of three stars of practically the
Honda et al. (2003) who found evidence for a substantial mass e spectral type and age and wideljedent dust. Looking
fraction l(_);el:ans'tEatltt(a dust in the H(:n3-6:)(t)¢ system. It-|ovk\)/ev%r possible clues to this unknown “trigger” of dust evolution,
among S the presence ot enstalile seems 10 be I3 oticed a correlation in our stars between dust processing

as well, as only one out of 14 studied objects (HD 17921 d the presence of close companions. Although a sample of

shc_)w_ed evidence for thls. dust SPecies (Bouwman et aI_. 200[ )ree stars is by far too small to provide any evidence, we sug-
This is probably due to its formation process: annealing e@-

periments of silicate smokes (e.g. Rietmeijer 1988; Hallenbe ﬁSt that this possibility should be explored further.

et al. 2000) show that the initially formed forsterite and silica

can produce enstatite only on a considerably longer time scaleknowledgementsGM and JB acknowledge financial support by the
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G. Meeus et al.: Processed dust in young TTSs L

(RTN-1999-00436, HPRN-CT-2000-00155). A.N. was partly su@ovino, E., Palazzi, E., Penprase, B. E., Schwarz, H. E., & Terrane

ported by ASI grant ARS/R/07301. This research has made use L.1997, A&AS, 122, 95

of NASA's Astrophysics Data System Bibliographic Services and thdallenbeck, S. L., Nuth, J. A., & Nelson, R. N. 2000, ApJ, 535, 247

SIMBAD database, operated at CDS, Strasbourg, France. Hanner, M. S., Brooke, T. Y., & Tokunaga, A. T. 1998, ApJ, 502, 8
Honda, M., Kataza, H., Okamoto, Y. K., et al. 2003, ApJ, 585, L59

Meeus, G., Waters, L. B. F. M., Bouwman, J., et al. 2001, A&A, 36
References 476

Bouwman, J., Meeus, G., de Koter, A., et al. 2001, A&A, 375, 950 Natta, A, Meyer, M. R., & Beckwith, S. V. W. 2000, ApJ, 534, 838
Brandeker, A., Liseau, R., Artymowicz, P., & Jayawardhana, R. zoog!etmeuer, F.J. M. 1988, in Lunar and Planetary Science Conferer

ApJ, 561, L199 19th, Houston, TX, Mar. 14-18, 1988, Proceedings (A8
Brandner. W.. & Zinnecker. H. 1997 A&A. 321. 220 36486 15-91) (Cambridgdouston, TX: Cambridge University
Bregman, J. D., Witteborn, F. C., Allamandola, L. J., et al. 1087, A&A, Presf.unar and Planetary Institute, 1989), 19, 513

187, 616 Stanke, T., & Zinnecker, H. 2000, in IAU Symp., 38P
Chelli, A., Cruz-Gonzalez, 1., Zinnecker, H., Carrasco, L., & Perrief akami, M., Bailey, J., & Chrysostomou, A. 2003, A&A, 397, 675

C. 1988, A&GA, 207, 46 Wehrstedt, M., & Gall, H.-P. 2002, A&A, 385, 181

Cohen, M. 1998, AJ, 115, 2092 Weinberger, A. J., Becklin, E. E., Schneider, G., et al. 2002, ApJ, 5
Cohen, M., & Witteborn, F. C. 1985, ApJ, 294, 345 409



