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Abstract. Observations of the Ophiuchi star forming region 1. Introduction

with VLT ANTU and ISAAC under (35 seeing conditions

reveal two bipolar reflection nebulosities intersected by cent

dustlanes. The sources (OphE-MM3 and CRBR 242383) .

can be identified as spatially resolved circumstellar disks view'@éo planetary systems. The am 1S to understand how the s

close to edge-on, similar to edge-on disk sources discovered stem evt_)Ived, gnq to determine how many other planet
systems might exist in the Galaxy.

viously in the Taurus and Orion star forming regions. Millimeter X . .
) . . The huge brightness difference of typically®1® 1 be-
continuum fluxes yield disk masses of the order of 0.4, M, r;tégen the central star and light scattered from the disk surf

%pe of the focal points of current astronomical research is t
r . : X .
search for circumstellar disks and a study of their transformati

about the mass deemed necessary fo_r the minimum solar onnhalter et al. 1995; Boss & Yorke 1996) makes it challen
ula. Follow-up spectroscopic observations with SUBARU a . . . .
ing to detect and resolve circumstellar disks in the optical a

CISCO show that both disk sources exhibit featureless continrllj L infrared. If the disk however. is seen close to edge-
inthe K-band. No accretion or outflow signatures were detecte(%lcts as a n;';ltural coron1a raoh ahd blocks out the i h? fr
The slightly less edge-on orientation of the disk around CRE!t e central star. The t ica?si pnature for such an ali gment
2422.8-3423 compared to HH 30 leads to a dramatic differ-",". " ypical sig g
. : a bipolar reflection nebula intersected by a central dust la
ence in the flux seen in the ISOCAM 4.fn to 12;;m bands. hitnev & Hartmann 1992 Sonnhalter et al. 1995 Burro
The observations confirm theoretical predictions on the eff ney ' ’ » B

. L al. 1996). Edge-on circumstellar disk sources have been
of disk geometry and inclination angle on the spectral ener X ) )
distribution of young stellar objects with circumstellar disks. §¥vered inthe Orion nebula (McCaughrean & O'Dell 1996) an

in the Taurus T association (e.g., Burrows et al. 1996, Lucas
) . ) . Roche 1997, Padgett et al. 1999, Koresko 1998, Stapelfeld
Keywords: stars: circumstellar matter —stars: formation —stars . .
. . .. al. 1998, Monin & Bouvier 2000).
pre-main sequence — Galaxy: open clusters and assomatlons]t has already become apparent that different environme

individual: rho Ophiuchi dark cloud y 1€ app at arterent envi
affect the evolution of circumstellar disks in various ways. |

dense regions with many hot, luminous early type stars lik

r . . R
Paranal (ESO Prop ID 63.1-0691). the NAOJ SUBARU telescope 8 l’] the Trapezium (_:Iu_ster in (_)non orthe starburstclu_ster N
Mauna Kea, Hawai'i, the ESA Infrared Space Observatory, and t 03, the harsh radiation en\_/lronme:nt leads to a rapid phot
NASA/ESA Hubble Space Telescope obtained at the Space Telescéporation of circumstellar disks (O'Dell et al. 1993; McCul
Science Institute, which is operated by the Association of Universitil@Ugh et al. 1995; Srzer & Hollenbach 1999; Brandner et al.
for Research in Astronomy, Inc., under the NASA contract NAS®000). The low-density Taurus T association, on the other ha
26555, is a more benign environment. Because of the high multipli

** new address: University of California at Berkeley, Department iy among T Tauri stars in Taurus (Ghez et al. 1993, Leinert
Physics, 366 LeConte Hall #7300, Berkeley, CA 94720-7300, USA

* Based on observations at the European Southern Observat
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Table 1. Coordinates and near infrared photometry (in the 2MASS photometric system) of the edge-on circumstellar disks.

(2000) 8(2000) J H K B
Target [hms] P [mag] [mag] [mag] [mag]
OphE-MM3 (disk 1) 162705.91 -243708.2 ... 1882 154:0.2

CRBR 2422.8-3423 (disk2) 162724.61 -244103.3>21.0 18.@:0.2 13.3:t0.1 9.#40.1

2 Comebn et al. 1993

al. 1993, Kdhler & Leinert 1998), however, the majority of cir- |

cumstellar disks might be affected by tidal truncation, like, e.g., et

HK Tau/c (Koresko 1998, Stapelfeldt et al. 1998) or HV Tau C ;

(Monin & Bouvier 2000). _ O(gihs"f'g’)”m
The p Ophiuchi molecular cloud complex is the formation ¢ | Elias 2—29—‘@ WL 16 |

site of a proto-open cluster with a gaseous mass of around '

550 M, (Wilking & Lada 1983) and at least 100 stellar mem- .

bers (Comein et al. 1993; Barsony et al. 1997; Kenyon et alg Y X

1998). Its stellar density is intermediate between that of tfﬁ 4 e :

Taurus T association and the Trapezium cluster. The absenceSof

hot, luminous early-type stars ensures that circumstellar disks SR ety 8o 54 ]
) y-lyp I ;

are not subject to photoevaporation. Th®ph region appears 4@ CRBR 2422.8-3423 (disk 2)

to be a more typical representative of the dominant star forma- 2 | e

tion mode in the Galaxy than the low density environment of e ’\V2247 Ooh *

the wide-spread Taurus T association with its high percentage P AR

of binary and multiple systems. : .
In an effort to identify spatially resolved circumstellar disks 0 i O ; :

in various environments, we carried out a VLT/ISAAC survey of 0 2 4 6 8

southern starforming regions (Zinnecker etal. 1999). The survey arcmin

also aimed at establishing a sample of circumstellar disk sour

which are suitable for detailed follow-up studies with the VL iines indicate the area covered by the two VLT/ISAAC pointings, and

Interferometer and the Atacama Large Millimeter Array. the solid lines mark the areaimaged by SUBARU/CISCO. The edge-on
disk sources are located in the center of the black circles.

|gs. 1.K-band finding chart based on 2MASS atlas images. The dashed

2. Observations and data reduction

. . stellar disk sources in Taurus and Orion, and in the following we

2.1. VLTNISAAC imaging refertothem as “disk 1” and “disk 2". A close-up of the two new

2.1.1. Observations edge-on disk sources, and a comparison to edge-on disks in Tau-

. rus is presented in Figl 2. Absolute positions were determined

Eegsr’-—lgf;acfg]‘t])rgléé-lb_alﬁmégHes[;‘Sy%_ulﬁSQsLtr:I]Iérasn:urIéZs using 2MASS data products and relative offsets measured on

so.uther.n star forming regions were obtained on 28 April 193%6 lSAA.C frame_s. The photometric calibration is based on the
X . . o servations of infrared standard stars, and photometric mea-

with the ESO VLT/UT1 (“Antu”) and the facility Infrared Spec- from the 2MASS point source catalod. Coordinates

trometer And Array Camera (ISAAC, Moorwood et al. 1998).urement§ P . 9.

The observations were carried out with the short-wavelen %Hd n_ear-mfrared photometry of the disk sources are summa-

o ) ; YDed in Tabl&™L.

channel of ISAAC, which is equipped with a 1024024

Hawaii Rockwell HgCdTe array. The pixel scale wds.87

pixel~! and the seeing was0/35 (FWHM) in Ks. Two fields 2.2. SUBARU/CISCO imaging and spectroscopy

were centered between Elias 29 and WL 19, and between W.

43 and 44, respectively. Total exposure times were 240s in

and 120s in Ks for the Elias 29/WL 19 field, and 640s in J, 32@®ng-slit K-band spectra were obtained on 18 June 2000 (“disk

in H, and 150s in Ks for the WLY 43/44 field. F{g. 1 illustrate®”) and 16 July 2000 (“disk 1") with the SUBARU telescope

the location of the two ISAAC pointings. and the Cooled Infrared Spectrograph and Camera for OH sup-

pression (CISCO, Motohara et al. 1998). CISCO is equipped

with a 1024« 1024 Hawaii Rockwell HQCdTe array and has a

pixel scale of 3111 pixel!. The slit-width was 1 and the slit

Two bipolar reflection nebulosities intersected by dark laness oriented north-south. Individual exposure times were 60s

were detected. The objects closely resemble edge-on circiame 100s, yielding a total integration time of 240s and 400s

[0)
S

.2.1. Observations

2.1.2. Data reduction and analysis
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OphE-MM3 (disk 1) CRBR 2422.8-3423 (disk 2)
8 r 8
| g Y
® 4 # — ® 4
21 2
0 VLT/ISAAC Ks 0 VLT/ISAAC Ks
0 2 4 6 8 0 2 4 6 8
arcsec arcsec
HH 30 IRAS 04302+2247
8 I 8
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Fig. 2. Edge-on circumstellar disk sources
in Ophiuchus and Taurus. In comparison t
2 r 2 isolated disks in Taurus, the Ophiuchus disk
HST/NICMOS F204M HST/NICMOS E205W and their reflectlon_ nebulosme_s are more
0 0 compact. For the disk sources in the Ophi
0 2 4 6 8 0 2 4 6 8 uchus region, North is up and East is to th
arcsec arcsec left.

for “disk 2" and “disk 1”, respectively. Deep dithered K’-bandSO archive and reprocessed using the latest versions (a
[1.96-2.3Qum] imaging data of disk 1 were obtained on 16 Julyune 2000) of the CIA and PIA software packages.
2000 (Fig[B). The seeing on the coadded 800s exposutdis 0 Disk 2 is detected in several ISOCAM observations towar
WLY 2-43 at wavelengths between 4.5 and 11.3:m. Large

area raster scans of the regions including disk 1 and dis
(Abergel et al. 1996) suffer from memory effects due to bright
The data reduction included sky subtraction, and a removalsafurces in the vicinity of the disk sources. It was therefore n
the geometrical distortion of the 2D spectra. Telluric featur@®ssible to derive precise flux values from the large area sc
were removed by dividing the spectrum of each disk by thghe ISOCAM fluxes of disk 2 and HH 30 are summarized i
spectrum of the standard star. As the observations were obtaifable2.
under a relatively high airmass of 1.6 to 2.0, the removal of the ISOPHOT maps at 60 and 1Q0n detect and resolve Elias
telluric features was not perfect. The instrumental response v2a29 and WLY 2-43. Disks 1 and 2, however, are located
removed by applying an appropriate library spectrum (Picklése wings of the point spread function of the much bright
1998). The resulting spectra are shown in Eig. 4. No variationsources (FWHM for ISO is 20and 3% at wavelengths of 60m
the spectra across the objects was seen, giving further evidesmee 10Qum, respectively), and were not detected as individu
that the objects are indeed reflection nebulosities. sources.

2.2.2. Data reduction and analysis

2.3. 1SO observations 2.4. HST/NICMOS observations

The Ophiuchus region has been observed multiple times BHET/NICMOS observations of HH 30 were retrieved from th
ISO (Kessler et al. 1996). The regions including disks 1 amST archive. The data had been obtained as part of GTO 7
2 were covered by pointed ISOCAM &Sarsky et al. 1996) ob- (PI E. Young). IRAS 04302+2247 was studied by Padgett et
servations and by larger scale raster scans with ISOCAM afi®99). The NICMOS data were processed using the stand
ISOPHOT (Lemke et al. 1996). HH 30 was also observed WRAF/STSDAS data reduction pipeline, and the most curre
ISOCAM and ISOPHOT (PI: K.R. Stapelfeldt, see Stapelfeldalibration files.
& Moneti 1999). Basic science data were retrieved from the
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o
'r'_J Table 2.1SOCAM fluxes of edge-on disk sources.
|_
L_I|J 4.5pum 6.0um 6.8um 7.7um 9.6um  11.3um 12pm 14.3um
Target [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy]
CRBR 2422.8-3423 26@:30 400+30 406+40 416t10 150t20 330+30 . e
HH 30 3.0+0.8 ... 2.1#0.8 .. 2.3:0.8 ... 2.#0.8 3.9:0.8
A % OphE-MM3 (disk 1) ]
25F 3
501 CRBR 2403.7-2948 g 1
. 7 20 =
40 o« 1.0;
0.5 é
0 ‘ SUBARU/CISCO '
g 307 2 " [ .2.00 210 220 2.30 240
a wavelength [um]
3.0F T T ]
; ' CRBR 2422.8-3423 (disk 2) 1
20 : [ 250 3
T 2.0; v é
; R telluric ]
10 ﬁ OphE-M M3 (dISk l) § 1'5? H, 1-0 S(1) Bry telluric E
< - 1'0? tellpric : i ’;
; 2 0s[- 3
0 | SUBARU/CISCOK ‘ : ‘ oo ‘ ‘ SUBARU/CISCO ]
0 10 20 30 40 50 2.00 2.10 2.20 2.30 2.40
arcsec wavelength [um]
Fig. 3. Deep K’ band imaging of disk 1 (OphE-MM3) reveals that the 6% LFAM 26 / CRBR 2403.7-2948 E
bipolar reflection nebulosity stretches out fob” above and below 55
the plane of the disk. LFAM 26 (CRBR 2403:2948) is associated _ ,E E
with a bipolar reflection nebulosity intersected by a central dust Ian'é
as well. Unlike disk 1 and 2, however, a central point source is visibleg 3* E
North is up and East is to the left. W af 5
) ) SUBARU/CISCO
3. Discussion o \ \

.
2.10 2.20 2.30 2.40
wavelength [um]

3.1. Disk 1 (OphE-MM3)
Fig. 4. K-band spectra of disk 1, disk 2, and LFAM26 obtained with

The position of disk 1 agrees to withir’ with the position syBaRU/CISCO. All three sources exhibit a featureless continuum
of the millimeter continuum source OphE-MM3 (Motte et aland show no signs of underlying stellar photospheres, or accretion and
1998). This millimeter source was detected as part of a detaidflow signatures (e.g.,4br Bry emission).
1.3mm continuum survey of the Ophiuchus star forming re-
gion. Because of the lack of any known counterpart shortward
of 1.3 mm, Motte et al. (1998) classify OphE-MM3 as a conen the 2MASS K-band atlas data. Because of its proximity to
pact starless core. Motte et al. (1998) note that the millimetiie K=6"8 source Elias 2-29 (1@9 south and 488 east of
continuum emission of OphE-MM3 is more centrally peake@phE-MM3), and the increased local background due to diffuse
and does not exhibit any inner flattening as other starless canear-infrared emission, however, it must have been overlooked
in their sample. in previous infrared surveys of theOph region. The deeper

The near-infrared counterpart to OphE-MM3 is easily dSUBARU/CISCO K’-band images of OphE-MM3 reveal that
tected on the VLT/ISAAC observations in H and Ks. The highthe bipolar reflection nebulosity extends fe&” above and
spatial resolution VLT data reveal that the relative faintneselow the plane of the disk (Figl 3). The K-band spectrum of
of OphE-MM3 is due to the orientation of its circumstellaDphE-MM3 does not show any strong emission lines (Fig. 4).
disk. The disk is seen close to edge-on, and appears as a cenFor young stellar objects, the mass in the disk and the in-
tral absorption band between the bipolar reflection nebulosfiling envelope can be derived from 1.3 mm continuum obser-
(Fig[2). The Ks-band peak surface brightness ratio between tlagions (Beckwith et al. 1990). Motte et al. (1998) measure a
southern and the northern half of the reflection nebulosity peak flux beam® of 60410 mJy for OphE-MM3. Assuming the
2.1 to 1. OphE-MM3 can also be identified as@a@etection standard set of parameters, i.e., T=30:Kz,,=0.01 cnig—!,
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a gas to dust ratio 0£100, and a distance of 150 pc yields 3RAS 04302+2247 (Lucas & Roche 1998, Padgett et al. 199
mass of 0.015 M, i.e., about the same mass typically assumétlith a 1.3 mm continuum flux of 35 mJy (Reipurth et al. 1983
for the “minimum solar nebula” (e.g., Yorke et al. 1993). the amount of circumstellar dust in HH 30 is comparable
CRBR 2422.8-3423, and somewhat less than in OphE-MM
The disk and envelope of IRAS 04302247 (F, = 150 mJy at
1.1 mm, Hogerheijde et al. 1997) is 3 to 4 times more massi
This source has been detected in previous near-infrared obser-The peak surface brightness ratio of the two parts of t
vations (CRBR 242283423 — Comén et al. 1993; [SKS95] bipolar reflection nebulosity of HH 30 in the HST/NICMOS
162422.8-243422 — Strom et al. 1995; BKLT J1627244103 F204M filter is 3.7 to 1, i.e., intermediate between OphE-MM
—Barsonyetal. 1997) andisincluded inthe 2MASS point souraad CRBR 2422.83423. The inclination angle of the disk of
catalog. CRBR 242283423 is located Y272 south and 375 HH 30 with respect to the line of sight as derived by Burrow
west of WLY 2-43. Similar to OphE-MMS3, the VLT/ISAAC et al. (1996) is<10°.
observations reveal CRBR 2422.8423 as a bipolar nebulos-  Fig.2 illustrates the morphology of four edge-on circum
ity intersected by a central dust lane. The source is detectellar disk sources. IRAS 04392247 is more extended and
on the ISAAC H- and Ks-band frames, but not in the J-bandppears to be in an earlier evolutionary stage than the ‘bal
The magnitudes derived from the VLT/ISAAC and 2MASS datdisk’ system HH 30. Similar to HH 30, the disk of OphE-MM3
are H=18'0 and Ks=133. The Ks-band magnitude is in goodexhibits a hint of flaring, whereas the central dust lane of CR
agreement to the measurements by Cdmest al. (1993) and 2422.8-3423 is flat. The extended reflection nebulosities ou
Barsony et al. (1997). In Ks, the peak surface brightness rdlitee the interface between an outflow cavity and the infallin
between the north-western and the south-eastern halves ofdineumstellar envelope (see, e.g., Wilkin & Stahler 1998). Lik
reflection nebulosity is 11 to 1. The larger brightness ratio indRAS 04302+-2247, OphE-MM3 and CRBR 2422.8423 are
cates that the disk plane of CRBR 24223123 is farther from more deeply embedded and thus appear to be younger than
an edge-on inclination than the disk of OphE-MM3. 30, which has already lost most of its envelope material.
CRBR 2422.8-3423 has very red near-infrared colours (Ta- Fig[3 displays the spectral energy distribution (SED)
ble(). The steeply rising continuum towards longer wavelengt@RBR 2422.8-3423 and HH 30 for wavelengths betweemnrt
is also apparent in the K-band spectrum (Elg. 4). No signs of and 1.3 mm. While both sources have very similar K ba
underlying stellar photosphere or accretion and outflow sigrgrightness and exhibit about the same 1.3 mm continuum fl
tures, like H or Bry emission lines, are present. There is also rthe overall shape of the SED is vastly different. The SED
evidence of a CO band at 2udn. The featureless K-band con-CRBR 2422.8-3423 is rising steeply in the NIR, peaks a
tinuum suggests that the observed K-band radiation is largekpund 5um, and is slowly declining towards longer wave
due to reprocessed photons from hot dust near the star. lengths. A sharp dip in the SED is apparent at816 The data
Motte et al. (1998) identify CRBR 2422-8423 as an un- confirm the classification of CRBR 2422.8423 as a Class |
resolved 1.3 mm continuum source with a peak flux beanf  source as suggested by Motte et al. (1998). The SED of HH
404+10 mJy. This corresponds to a mass of 0.0 fdr the disk peaks at around 2m and shows a shallow and very broad di
and the infalling envelope, again in good agreement with theound 1Q:m.
mass of the “minimum solar nebula”. As a preparation for the ISO and SIRTF missions, Boss
Yorke (1996) carried out extensive radiative hydrodynamic
3.3. LFAM 26 (CRBR 2403.72948) simulations t.0 stl_de the effect of disk geometry gnd physic
parameters like disk mass, stellar mass, dust opacity, or accre
The deep SUBARU/CISCO K’-band imaging reveals anothesite on the SED of circumstellar disks.
source with a bipolar reflection nebulosity40Q’ to the north The inclination of a disk to the line of sight has a stron
of disk 1 (Fig[B). This object has previously been detectediatpact on the overall SED. Close to edge-on, a disk source
infrared and radio wavelengths (LFAM 26 — Leous et al. 199&Imost entirely seen in scattered light out to wavelengths
[GY92] 197 — Greene & Young 1992; CRBR 2403.2948 — 20um. Edge-on orientation also causes the ice bandgamn 3
Comebn et al. 1993; [SKS95] 162403.8-242948 — Strom eind the silicate feature at 1@n to be seen in emisison. Mil-
al. 1995). Motte et al. (1998) measure a peak flux beanf |imeter fluxes are hardly affected by the disk’s inclination. For
75+10mJ at 1.3 mm. The disk/envelope around LFAM 26 thuess edge-on inclination the circumstellar envelope and the ou
appears to be the most massive among the three Ophiucpass of the disk become optically thin in the mid-infrared, an
sources discussed in this letter. The wide dust lane and the fagttinuum emission from the warm, inner disk is detected.
that a central point source is visible distinguishes this sourag&onsequence, the silicate feature can be seen in absorp
from the two edge-on disks. The simulations by Boss & Yorke (1996) also indicate that t
silicate absorption feature becomes more pronounced with
3.4. Comparison to HH 30 and IRAS04302+2247 creasing disk mass, as a higher disk mass leads to a higher ce

plane temperature of the inner disk.
The two best studied examples for edge-on circumstellar disks The simulations nicely explain the SED of the edge-on di

are HH 30 (Burrows et al. 1996, Stapelfeldt et al. 1998) ar@urces CRBR 2422-8423 and HH 30. HH 30 is seen so clos

3.2. Disk 2 (CRBR 2422-83423)
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