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ABSTRACT

Context. In star-forming regions like Taurus-Auriga, it has beenrfduhat most young stars are born as multiples, which theorie
for star formation should definitely take into account. ThEIR star-forming region has a small dark cloud with quite anber of
protostars, T Tauri stars, and some HerbigBestars, plus a number of weak-line T Tauri stars aroundltheldound by ROSAT
follow-up observations.

Aims. We would like to detect multiples among the young stars inamodind the R CrA cloud in order to investigate multiplicity i
this region.

Methods. We performed interferometric and imaging observationlie speckle camera SHARP | at the ESO 3.5m NTT and
adaptive optics observation with ADONIS at the ESO 3.6 nst&ee, all in the near-infrared bands JHK obtained in thesy&295,
2000, and 2001.

Results. We found 13 new binaries among the young stars in CrA betwekhdrcsec (the éraction limit) and 6 arcsec (set as an
upper separation limit to avoid contamination by chancgratients). While most multiples in CrA are binaries, there @so one
quadruple (TY CrA), and one triple (HR 7170) which may formunduple together with the binary HR 7169. One of the newly
detected companions with a large magnitudgedence found near the M3-5 type T Tauri star [MR 81 £ could be a brown dwarf
or an infrared companion with an edge-on disk. Among sevabig@e/Be stars in CrA, six are multiple.

Conclusions. The multiplicity frequency in CrA s as high as in similaristarming regions. By comparing with the period distributtio
of main-sequence stars and extrapolating to separatidrgroloed in this survey, we conclude that the companionfstguency is
(95 + 23) %; i.e. the average number of companions per primangis. 0.

Key words. Stars: pre-main-sequence — Binaries: close — Infrarers stinstrumentation: high angular resolution — Surveys

1. Introduction compared to other star-forming regions. In addition, thalr
. , , dwarf member Denis1859 is a known binary (Bouy et al. 2004).
The star-forming regio@orona Australis (southern crown), ab- — Therefore, we performed this new homogeneous multiplic-
breviatedCrA or RCrA, is today known as one of the nearest réry syrvey of most CrA members with the infrared speckle cam-
gions of ongoing anfdr recent intermediate- and low-mass stagra SHARP | and the infrared adaptive optics (AO) instrument
formation. The dark cloud around R CrA has an extinction of USDONIS. We explain our observations and the data reduction i
to Ay ~ 45 mag. The age ranges betweet Myrs for the pro-  sect, 2, Jist all results in Sect. 3, compare our observatifn
tostars to & 4 Myrs for some T Tauri stars (James et al. 2006)qytiples with previous observations in Sect. 4, and caelin
See Neuhauser & Forbrich (2008) for a recent review. Sect. 5.
Casey et al. (1998) determined the distance towards the
eclipsing double-lined spectroscopic binary (SB) TY CrA® . .
129pi 1% pc from their grbit solut?on. Bec)zfugse )this is consigt- Observations and data reduction
tent with other earlier estimates (see discussion in Nes#1a& e have observed the sample of 49 optically visible young mem
Forbrich 2008) and, at the same time, the best current eé&imaers of the R CrA association listed in Table 2. This list imeo
we use~ 130 pc as the distance for the young stars in CrA.  pijled from Glass & Penston (1975), Marraco & Rydgren (1981),
Neuhauser & Forbrich (2008) give a list of all known opHerbig & Bell (1988), Walter et al. (1997), as well as Neubgu
tically visible members compiled from various sources.yCml (1997) and Neuhauser et al. (2000).
few multiples have been published among the CrA members so The majority of our targets (Table 2) were observed with
far; see Table 1 for alisting. Hence, while six out of severtdite the speckle interferometry method during two observingsfian
Ae/Be stars are known or suspected to be multiple, only fiiily 1995 and July 2001 at the European Southern Observatory
T Tauri stars (TTS) were known to be multiple, a low numbgESO) 3.5m New Technology Telescope (NTT) on La Silla,
Chile. We used the SHARP | camera (System for High
* Based on observations obtained at the European Southéigular Resolution Pictures) of the Max-Planck-Institor f

Observatory, La Silla, proposal numbers 55.E-0968, 68360 and Extraterrestrial Physics (Hofmann et al. 1992). All obsdions
67.C-0213 were done in the K-band at2um; some of the stars, where a
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Table 1. Previously known multiples among optically visible yourgrs in and around CrA (c,d)

Designation Separation Position Brightness ratio (a) Bpoc Reference
[arc sec] Anglef] J H K daymonthyear
S CrA 1 135 04/07/1942 @)
1 134 (15)
141+ 0.06 157+ 2 03+0.2 (b) 1204/1995 2
1.37+0.02 147+ 2 1981.25 3)
13 149 April 1991 (€))
1.346+ 0.009 1445+ 0.2 2508/1996 (5)
1.34+0.04 147 0.45 0.41 0.39 06-8/1987 (6)
0.49+0.03 049+0.04 052+ 0.05 03/07/1996 (7)
TY CrAB-C eclipsing spectroscopic binary (13,14)
A-BC 4.1 138 (15)
A-D 0.294+ 0.007 1885+ 1 31/03/2002 (8)
R CrA spectro-astrometric binary according to Takami e2@03, but no binarity detected in Bailey 1998
TCrA >0.076+0.005 2730+14 26/08/1996 (5)
>0.140+ 0.009 2777+ 1.3 26/06/1997 (5)
VV CrA 21+01 48+2 0.96+ 0.02 (b) 1204/1995 (@)
2.08+0.025 465+ 0.12 19931994 9)
19 44 April 1991 4)
210 44 0.98 0.26 0.12 06-(B5/1987 (6)
0.1+0.02 03+ 0.03 095+ 0.06 03/07/1996 (7)
CrAPMS 3 45 58 April 1991 @)
4.66 58 0.12 0.13 0.15 06-(B5/1987 (6)
0.19 (10)
0.14+001 015+0.01 017+ 0.02 03/07/1996 (7
CrAPMS 6 371 20726 0.95 0.95 0.89 1997 (10)
RXJ1857.5-3732 <4 (11)
DENIS-PJ 0065+ 0.001 2792+ 01 24/092002 (12)
185950-370632.9  .057+0.0005 2791 +0.1 24/092002 (12)
0.066+ 0.003 2838+ 12 12/092000 (12)
0.059+ 0.003 2718+ 12 12/092000 (12)
HR 7169 spectroscopic binary (WDS, Worley & Douglass 19%93)arc sec CPM pair with HR 7170
HR 7170 spectroscopic binary (WDS, Worley & Douglass 19%93)arc sec CPM pair with HR 7169
HD 176386 ~4 ~ 137 (16)

Remarks: (a) Always< 1 here by definition. (b) For consistency, we give here théprecal value of the flux ratio given by Ghez et al. (c)
RXJ1846.7-3636 was listed as8” binary in (11), i.e. with separation above the 6” upper limged here, hence regarded as two separate stars
here. (d) The very low-mass star or brown dwarf CrA 444 mag bksa binary (Lopez Marti et al. 2005).

References: (1) Joy & van Biesbroeck (1944), (2) Ghez eflBY), (3) Baier et al. (1985), (4) Reipurth & Zinnecker (3R95) Bailey (1998),

(6) Chelli et al. (1995), (7) Prato et al. (2003), (8) Chauweiral. (2003), (9) Ageorges et al. (1997), (10) Walter etE9(), (11) Neuhauser et al.
(2000), (12) Bouy et al. (2004), (13) Gaposchkin & Greems(®D36), (14) Casey et al. (1998), (15) Proust et al. (1988) Dommanget & Nys
(2002)

companion candidate was detected, were also observedtit theal integration time of 240 s for each target. Both SHARP | and
and J-bands at2um and 16 um, respectively. For most targets ADONIS/SHARP 1l were used in a configuration with a field-
integration times of 0.5s per frame were used. For the brighitview of about 12 x 12”.

stars R and T CrA, the time was reduced to 0.2s to avoid sat- The detectors of the SHARP cameras use separate read-out
urating the detector. On each target, 500 frames were takensjectronics for the four quadrants, which leads to discurities
1995, or 600 frames in 2001, giving a total integration tinie ¢ the quadrant borders. To avoid distortions in the imagesio
100s for R and T CrA, and 250 — 300s for the other targetgars, we positioned the targets in the centers of one gotdra
To allow background subtraction and bad pixel correctio®, t This implies that companions at separations larger thantzyo
telescope was moved after half of the frames had been takenyfight be outside the field-of-view. To make sure we did nosmis
position the target at a fierent spot on the detector. any companions, we searched the 2MASS point source catalog

A few targets were observed in June 2000 with the AO sy&=Krutskie et al. 2006) for sources near our targets. We aid n
tem ADONIS and the SHARP Il camera at the ESO 3.6 m telnd any additional companions withirf 6
scope on La Silla. We used the K-band filter of this instrument Although speckle interferometry can be considered by now
which has a central wavelength oflZ7um. The observing a standard technique (Leinert 1994), no program for speckle
strategy was similar to that used for the speckle obsemstiodata reduction was publicly available at the time this sywas
i.e. we took many frames with short integration times. This astarted. Therefore we used apeckle program, which was al-
lows us to use the same programs and algorithms for dataredwady used for binary surveys in a number of other star-fogmi
tion. Since the AO system corrects the atmospheric turlselenregions, e.g. Taurus-Auriga (Kohler & Leinert 1998), Sias-
somewhat longer integration times of 1 — 2 s per frame could Bentaurus (Kohler et al. 2000), and Chamaeleon (Kohled 20
used. The targets were observed at #ledént positions on the In this program, the modulus of the complex visibility (ithe
detector. In total, 120 — 240 frames were recorded to obtain a Fourier transform of the object brightness distributicnjleter-
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Table 2. Stars observed in this work

No. Designation 2000 62000 Date(s) of Observation(s) Instrum.  Filter(s) Type (@) SpTWote
1 SCrA 19:01:08.6 -36:57:20 12 July 1995, 06 July 2001 SHARP HKJ c K6
2 TYCrA 19:01:40.8 -36:52:34 12 July 1995 SHARP K H B9
3 RCrA 19:01:53.6  -36:57:08 12 July 1995 SHARP K H A5
4 DGCrA 19:01:55.2 -37:23:41 12 July 1995 SHARP K c KO
5 TCrA 19:01:58.8 -36:57:50 12 July 1995 SHARP K H FO
6 VVCrA 19:03:06.7 -37:12:50 12 July 1995, 06 July 2001 SHARP JHK c K1
7 [MR81] Ha 10 18:58:51.8 -37:19:23 12 July 1995 SHARP K n K (b)
8 [MR81]Ha 6 19:00:01.6 -36:37:05 12 July 1995 SHARP K c M1
9 KnAnon2 19:01:06.9 -36:58:07 12 July 1995 SHARP K n GO (b)
10 V709 CrA 19:01:34.9 -37:00:57 12 July 1995 SHARP K w K1
11 [MR81] Ha 2 19:01:41.6  -36:59:53 12 July 1995 SHARP K c K8
12 V702 CrA 19:02:02.0 -37:07:44 12 July 1995 SHARP K w G5
13 CrAPMS 3 19:02:22.1  -36:55:41 12 July 1995, 4 July 2001 BRA JHK w K2
14 [MR81] Ha 14 19:02:27.2 -36:58:10 12 July 1995, 2 July 2001 SHARP JHK w  0-M
15 [GP75]RCrAe2 19:01:27.2 -36:59:09 2 July 2001 SHARP K T -M3
16 [GP75]RCrAf2 19:01:.09.7 -36:47:53 2 July 2001 SHARP K w K4
17 [GP75]RCrAn 19:01:47.9 -36:59:30 2 July 2001 SHARP K C
18 [MR81]Ha 12 19:00:01.7 -36:27:58 6 July 2001 SHARP K T M3-5
19 [MR81]Ha 13 19:02:00.1 -37:02:22 6 July 2001 SHARP K T M3-5
20 [MR81] Ha 15 19:04:17.3 -36:59:03 6 July 2001 SHARP K T M3-5
21 V721 CrA 19:09:45.9 -37:04:26 2 July 2001 SHARP K w K
22 [MR81] Ha 17 19:10:43.4 -36:59:09 6 July 2001 SHARP K T M3-5
23  CrAPMS 4 NW 18:57:17.8 -36:42:36 4 June 2000 ADONIS K w MO0.5
24 CrAPMS 4 SE 18:57:20.7 -36:43:00 4 June 2000 ADONIS K w G5
25 CrAPMS5 18:58:01.7 -36:53:45 4 June 2000 ADONIS K w K5
26 CrAPMS 6 18:59:14.7 -37:11:30 5 July 2001 SHARP K w M3-4
27 CrAPMS 8 19:00:28.9 -36:56:02 2 July 2001 SHARP K w M3
28 CrAPMS9 19:00:39.1 -36:48:11 5 July 2001 SHARP K w M2
29 RXJ1855.1-3754 18:55:12.0 -37:53:52 5 June 2000 ADONIS K w K3
30 RXJ1836.6-3451  18:36:39.5 -34:51:26 6 June 2000 ADONIS K w MO
31 RXJ1839.0-3726 18:39:05.3 -37:26:22 5 June 2000 ADONIS K w K1
32 RXJ1840.8-3547 18:40:53.3 -35:46:45 3 July 2001 SHARP K w M4
33 RXJ1841.8-3525 18:41:48.6 -35:25:44 5 June 2000 ADONIS K w G7
34 RXJ1842.9-3532  18:42:58.0 -35:32:43 6 June 2000 ADONIS K c K2
35 RXJ1844.3-3541 18:44:21.9 -35:41:44 5 June 2000 ADONIS K w K5
36 RXJ1844.5-3723 18:44:31.1 -37:23:34 6 June 2000 ADONIS K w MO
37 RXJ1845.5-3750 18:45:34.8 -37:50:20 6 July 2001 SHARP K JH w G8
5 June 2000 ADONIS K
38 RXJ1846.7-3636 18:46:45.6  -36:36:18 4 July 2001 SHARP KJH w/w K6-7 (c)
5 June 2000 ADONIS K
39 RXJ1852.3-3700 18:52:17.3 -37:00:12 6 June 2000 ADONIS K c K3
40 RXJ1853.1-3609  18:53:06.0 -36:10:23 5 June 2000 ADONIS K w K2
41 RXJ1856.6-3545 18:56:44.0 -35:45:32 6 July 2001 SHARP K JH w M2
6 June 2000 ADONIS K
42 RXJ1857.5-3732 18:57:34.1 -37:32:32 2 July 2001 SHARP K wWw  M5-6
43 RXJ1901.4-3422 19:01:28.7 -34:22:36 5 June 2000 ADONIS K w F7 (d)
44  RXJ1901.6-3644 19:01:40.5 -36:44:32 6 July 2001 SHARP K JH w MO
6 June 2000 ADONIS K
45 RXJ1917.4-3756 19:17:23.8 -37:56:50 3 July 2001 SHARP K w K2
5 June 2000 ADONIS K
46 HR 7169 19:01:03.3 -37:03:39 1 July 2001 SHARP K H B9
47 HR 7170 19:01:04.3 -37:03:42 1 July 2001 SHARP K H B8
48 HD 176386 19:01:38.9 -36:53:27 1 July 2001 SHARP K H B9
49 SAO 210888 19:04:44.4  -36:50:41 1 July 2001 SHARP K H B9.5

Notes: (a) c for cTTS, w for wTTS, T for TTS (unknown whetherT or wTTS), H for Herbig AeBe star, n for non-TTS. (b) Non-nizars

(Neuhauser et al. 2000). (c) Two separate TTS. (d) Foregkstar at 65 5 pc, not a member of the CrA association (Neuhauser et @0)20e)
All other stars are members.

mined from power-spectrum analysis, the phase is compwted u  If the object appeared unresolved, we computed the maxi-
ing the Knox-Thompson algorithm (Knox & Thompson 1974num brightness ratio of a companion that could be hidden in
and from the bispectrum (Lohmann et al. 1983). Figure 1 shotye noise of the data. The principle was to determine how far
examples of reconstructed complex visibilities. For a nage the data deviated from the nominal result for a point source
tailed description see Kdhler et al. (2000). (modulus= 1, phase= 0), and then to compute the maximum
brightness ratio of a companion that would be compatiblé wit
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A

RXJ1917.4-3756
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Fig. 1. Complex visibilities of new binaries reconstructed fronr &HARP | speckle-interferometric data. For each binarg, ifodulus of the
complex visibility is shown on the left, and the phase coreguising the Knox-Thompson algorithm on the right.

this amount of deviation. This was repeated fdfafient posi- to minimize the diference between modulus and phase com-
tion angles, and the maximum was used as upper limit for thated from a model binary and the observational data by rgryi
brightness ratio of an undetected companion. See Leinailt etthe separation, position angle, and brightness ratio ofribéel.
(1997a) for a more detailed description of this procedure. This was necessary because the reconstructed images are a co
plex function of the 2-dimensional separation vector and flu
ratio that cannot be solved to compute the binary paraméters
ctly from the data. Fits to fierent subsets of the data yielded

If the complex visibility showed the fringe pattern typiasl
a binary, we computed a multidimensional least-squaresfit
ing theamoeba algorithm (Press et al. 1992). Our program trie
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Fig. 2. Like Fig. 1, but for new binaries discovered in our ADONISalat N

an estimate for the standard deviation of the binary pararset — ’ N

We then subtracted the contribution of the companion froen t

images and applied the procedure described in the prevaras p o |

graph to find limits for the brightness of an undetected camp oW

ion. —
To derive the exact pixel scale and orientation of the detec-

tor, we took images of fields in the Orion Trapezium and thd9.-3. Our K-band SHARP | images of wide binaries in Corona

Galactic center during the observing campaigns at the NFig. TAUStralis. RXJ 1846.7-3636 NE-SW is not regarded as birattyis pa-

instrumental positions of the stars in the Trapezium wera-co gggé’ecaﬁjselgf the ? arcts)gc ”ppﬁr separation limit chosehl 846.7-

pared with the coordinates given in McCaughrean & Stau NE itselfis a close binary shown in Fig. 1.

(1994) by the astrometric software ASTROM he pixel scale

was 491 + 0.1 magpixel in 1995 and 4% + 0.2 magpixel in ot 5 (1997) for the astrometric calibration. The pixellsaaas
2001. In 1995, the detector was rotated.@00.1)° clockwise 49 6. 0.2 magpixel, and the detector was rotated (1§90.1)°
with respect to north on the sky, while it was rotated. 2¥0.2)°  qckwise.

counterclockwise in 2001. We crosschecked the results avith
astrometric calibration derived independently from in@githe
Galactic center (calibrated with Menten et al. 1997) andhtbu 3, Results
that they agree within the uncertainties. ) ,
During the ADONIS observations in June 2000, Orion coul¥e have observed the sample of 49 stars listed in Table 2. Only
not be observed during the night. Instead, we used imagesPoféW known TTS members of CrA were not observed by us,

fields near the Galactic center and positions given by MentBamely the stars Patten R1c, R17c, and R13a, as well as the M6-
8 objects LS-CrA 1 & 2, Denis1859, and CrA 432 & 444, all

1 see httgywww.starlink.rl.ac.ukstaydocgsun5.htysun5.html discovered after our runs. See Neuhauser & Forbrich (2fa08)




6

R. Kohler et al.: Multiplicity of young stars in and arouRdCorona Australis

Table 3. Companion candidates detected in this work

Designation Date of Filter Separation Position Brightness Remarks
Observation " Angle ] Ratio
S CrA 12 July 95 K 1.34& 0.003 149.3:0.1 0.432+ 0.014 known
6 July 01 K 1.330: 0.004 150.5: 0.2 0.401+ 0.016
6 July 01 H 1.34G 0.009 150.% 0.3 0.356+ 0.012
6 July 01 J 1.3340.003 150.3: 0.2 0.380+ 0.011
VV CrA 12 July 95 K 2.082+ 0.003 43.5: 0.1 0.515+ 0.004 known
6 July 01 K 2.079: 0.007 43.5: 0.2 0.358+ 0.013
6 July 01 H 2.083 0.006 43.7+0.2 0.111+ 0.008
6 July 01 J 2.07%0.015 43.8: 0.2 0.017+ 0.001
CrAPMS 3 12 July 95 K 4.40% 0.018 57.8: 0.2 0.146+ 0.003 known
4 July 01 K 4.442+ 0.003 57.5: 0.2 0.151+ 0.005
4 July 01 H 4.452- 0.007 57.5: 0.2 0.125+ 0.005
4 July 01 J 4.45% 0.009 57.4: 0.2 0.106+ 0.005
[MR81] Ha 14 12 July 95 K 0.2292 0.003 341.6:0.4 0.877+ 0.096
2 July 01 K 0.216: 0.003 158.9: 0.3 0.891+ 0.041
2 July 01 H 0.214- 0.005 339.4: 0.6 0.860+ 0.062
2 July 01 J 0.21% 0.003 338.% 0.6 0.830+ 0.034
[MR81] Ha 15 6 July 01 K 0.223- 0.022 278.1+:2.8 0.57 +0.285
[MR81] Ha 17 6 July 01 K 1.289 0.030 46.4:1.9 0.046+ 0.004
CrAPMS 4 NW 4 June 00 K 0.364 0.006 261.7%#0.2 0.178+ 0.018
CrAPMS 6 5 July 01 K 2.363 0.009 45.4: 0.2 0.835+ 0.043 known
CrAPMS 8 2 July 01 K 0.132 0.009 110.4-4.3 0.70 +0.300
RXJ1844.3-3541 5 June 00 K 0.220.003 184.6: 0.3 0.396+ 0.023
RXJ1845.5-3750 5 June 00 K 0.984.003 38.8:0.2 0.602+ 0.007
6 July 01 K 0.886+ 0.006 38.6: 0.2 0.542+ 0.039
6 July 01 H 0.898- 0.004 38.5:0.2 0.568+ 0.027
6 July 01 J 0.89% 0.003 38.5: 0.4 0.508+ 0.060
RXJ1846.7-3636 NE-SW 5. June 00 K 7.840.003 226.2:0.2 0.371+ 0.002
NE-SW 4 July 01 K 7.84@ 0.011 226.0:0.2 0.442+ 0.021
NE-SW 4 July 01 J 7.863 0.050 226.0: 1.0 0.454+ 0.003
RXJ1846.7-3636 NE AB 5 June 00 K 0.1#10.004 96.6+ 0.3 0.577+ 0.031
NE AB 4 July 01 K 0.172 0.003 99.9: 0.3 0.680+ 0.013
NE AB 4 July 01 J 0.168& 0.003 100.1-0.4 0.620+ 0.015
RXJ1853.1-3609 5 June 00 K 0.518.006 88.7+: 0.6 0.518+ 0.036
RXJ1856.6-3545 6 June 00 K 3.6%8€.013 88.2: 0.2 0.259+ 0.007
6 July 01 K 3.644+ 0.003 88.3: 0.2 0.226+ 0.003
6 July 01 H 3.661+ 0.003 88.3: 0.2 0.205+ 0.001
6 July 01 J 3.67@ 0.006 88.3: 0.2 0.223+ 0.003
RXJ1857.5-3732 2 July 01 K 2.8610.003 281.8:0.2 0.516+ 0.011 known
RXJ1901.6-3644 6 June 00 K 0.942.003 45.8: 0.2 0.458+ 0.010
6 July 01 K 0.931+ 0.003 45.3: 0.4 0.463+ 0.009
6 July 01 H 0.93%: 0.014 45.9+ 0.6 0.469+ 0.020
6 July 01 J 0.94% 0.012 46.2+ 0.5 0.478+ 0.018
RXJ1917.4-3756 5 June 00 K 0.148.005 198. 4 1.4 0.404+ 0.035
3 July 01 K 0.138: 0.003 194.2: 0.9 0.350+ 0.024
HR 7170 1 July 01 K 0.073 0.027 98.6+ 13.4 0.30 +0.153
HD 176386 1 July 01 K 4.104 0.004 137.4:0.2 0.128+ 0.013 known

the SHARP-I field-of-view. The stars CrAPMS 4 NW and SE are
R CrA. also two separate TTS, because their separation is aboarone
N inute. We are left with 47 separately counted R CrA member
Of those 49 stars or systems, we now dismiss two ([MR 8§ stems observed, seven HerbigBe stars, and 40 TTS. In this

Ha 10 and Kn Anon 2) from the statistical analysis, becau ' ,
they are nonmembers (Neuhauser et al. 2000). We also disre mple of 47 member systems observed, we find 19 binary stars.

RXJ1901.4-3422 from statistics, because it has a Hipparcos

measured distance of just &% pc; i.e. itis a foreground young

star, but not a member of R CrA (Neuhauser et al. 2000). (We Results on separations, position angles (measured from N
note that neither [MR 81] bl 10 nor Kn Anon 2 nor RXJ1901.4- over E to S), and the corresponding flux ratios in the filteedus
3422 was found to be multiple.) Then, the stars RXJ18463636are listed in Table 3 for all companions observed in this work
NW and SE are counted as two separate TTS, because their &&ph previously known companions that we detected again and
aration is about 8 arcsec, more than the outer limit we adoptrtewly discovered companion candidates. The newly diseaver
avoid contamination by chance alignments (see Sect. hRpd binaries are shown in Figs. 1, 2, and 3. Figure 4 shows séparat
two objects were observed in one single observation, bdtfinvi and brightness ratio of all companions.

a full up-to-date list of all optically visible young memIseof
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(=]

are confident we have found all companions with separatiens b
tween 013” and 8" and with a magnitude fference of less than
2.5mag.

e ——
S

0.8

0.5

0.6
Magnitude Difference in K

3.2. Chance alignments with background stars

We observed most of our companion candidates only on one oc-

casion; there is no way to tell from these data if two stargét

form a gravitationally bound system or if they are simply e

related stars that happen to be close to each other projected

: the plane of the sky. To confirm companionship, we would need

ol | T bl de a 2nd-epoch image some time later to show that both objeets ar
006 013 06 1 6 10 co-moving; or even better, one would have to find curvature in

Separation [arcsec] the orbital motion (see e.g. Neuhauser et al. 2008). Toness

Fig. 4. The results of our multiplicity survey in a plot of flux ratia o th® number of chance projections, we used the 2MASS point

magnitude dference vs. binary star separation. The data points ma#Rurce catalog (Skrutskie et al. 2006). Within the area osat

the detected companion stars, the thick line shows the geeeand the Vey (Right Ascension 279..294, Declination-41°... - 33),

thin line the worst sensitivity for undetected companidfise dashed the catalog contains 26180 sources brighter thatiXmag, the

vertical line at 013" shows the dtraction limit for a 35 m telescope at sensitivity limit of our imaging survey for close separafs

K. This is the limit for unambiguous identification of binastars. The 2MASS is complete down to about K 14 mag. This corre-

dashed horizontal line shows the Completeness limit in thtbo for the Sponds to a surface density of 218 sources per square degree,

whole survey. 1.7-107° sources per square arcsecond. Therefore, withai$

tance from one of our targets, we expect@®r-1.7-10° = 0.1

field stars. We conclude that we can safely assume that all the

companions we find are indeed gravitationally bound to their

The modulus of the complex visibility of a binary is a cosinePrimary.

shaped function (Fig. 1). If the separation of the binarygjaad

to the difraction limit (013" for a 35m telescope at K), ex- . . . .
actly one period of the modulus of the visibility fits withiheg 4- COmparison with previous observations

radius where the optical transfer function of the telesdepmt Among the 40 TTS observed, we detected the five known bi-
zero. Under good circumstances, it is possible to discoverb naries again and discovered 12 new binaries. TY CrA BC was
ries with even smaller separations, down to abouthalf et oyside the field-of-view of SHARP, and TY CrA D is too faint
tion limit. . _ _to be detected reliably, although we see some indicatiori-of b
However, in these cases we can only detect the first minjarity in our speckle data. There are no known multiples agnon
mum, but not the second maximum of the modulus of the Vishe three TTS not observed by us. There are no known triples or
bility. Therefore, we cannot distinguish a close binary stah  higher order multiples among these 40 TTS.
certainty from an elongated structure. Even more impoytaet We did not detect the companion to T CrA found in spectro-
cannot be sure that we firall companions at separations lesgstrometric observations by Bailey (1998) and Takami et al.
than the difraction limit. For these reasons, we limit ourselves 12003). This companion was also not detected in the IR speckl
companions in the separation range betwe@B0and 6'. The  gpservations of Ghez et al. (1997) and Leinert et al. (19975
upper limit was chosen so that contamination with backgdougompanion is only detected through it§egt in He, but Bailey
stars has little ect (see Sect. 3.2 for a detailed discussion ?1998) reports that the width and displacement of theliHe is
this problem). _ inconsistent with emission nebulosity or an outflow. Thep-co
_ Figure 4 shows not only the stars where we find compagrde that T CrA is a binary, and suggest that the companion
ions, but also the sensitivity of our survey, i.e. the maximu might have strong H emission, but is too faint in the K-band to
brightness ratio of a possible undetected companion asa fuge detected by speckle interferometry.
tion of the separation. This sensitivity depends on facli@es Among the 7 Herbig ABe stars observed, we resolved HR
the atmospheric conditions at the time of the observations a7170 (new) and HD 176386 (known, Dommanget & Nys 2002).
the brightness of the target star. We computed sensitivititd Among all seven known Herbig ABe stars in R CrA, there is
for each star in our survey, both stars where we find a compgje quadruple (TY CrA as eclipsing SB plus two resolved ob-
ion and stars where we do not find one. Fig. 4 shows the avergggs), one triple (HR 7170 as SB plus one new resolved com-
sensitivity limit and the maximum of all limits, i.e. the eztepe panion discovered in this work), and four more binaries (HR
of the worst cases. . 7169 and R CrA as SBs, T CrA and HD 176386 as resolved
_ Only the data of a few stars are too noisy to allow deteginaries§. Hence, among a total of 50 member systems (43 TTS
tion of all companions down to magnitudeferences to the pri- (ﬁlus 7 Herbig A¢gBe stars), there are one quadruple, one triple,

mary of 2.5mag (corresponding to a brightness ratio of 1:1Qng 21 binaries, i.e. 23 multipfesSince the triple system con-
These stars are [MR81]dAL3, [MR81] Ha 15, CrAPMS 8, and

RXJ1855.1-3754. Based on the number of companions actuaIB/ The two SBs HR 7170 and HR 7169 form a common proper motion
found, we expect less than 0.1 additional companions aboveai with only 13 arc sec separation, i.e. may form togethguiatuple
brightness ratio of 1:10 at separations 0.13”. Therefore, we (including the newly resolved visual companion to HR 7170).
4 Among the 13 newly discovered binaries, three are detectiychy

2 We detected a close faint companion 0.073 arc sec east of AR 720 with ADONIS, stars not observed with SHARP | in speckle mpd
(late B-type SB according to Wilson & Joy 1952), a projecteesation five binaries are detected with both ADONIS and SHARP | speak
of only 4 to 8 AU at the Hipparcos distance of 820 pc. terferometry; five detected binaries were observed onlji ®HARP |

Flux Ratio in K

0.2

2.5

3.1. Detection limits and completeness
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tains two, and the quadruple system three companions, éneresmall number of stars surveyed in CrA, this is not statififica

26 companion stars. In addition, among the five M6-8 type vesjgnificant.

low-mass stars and brown dwarfs known in R CrA, there are The TTS observed in our study have spectral types from

one to two binaries; however, we have left out the brown dsvar§5 to M6 with luminosity classes Il and IV and with ages on

and brown dwarf candidates in our statistics, because therbr the order of one to a few Myrs, so that they have masses be-

dwarf completeness is very poor in CrA. tween~ 0.1 and 1.5 M, according to Neuhauser et al. (2000).
Given 23 multiples among 50 systems, we have a multiplid¢hese are somewhat lower masses than in the DM91 sample.

ity fraction (number of multiples divided by number of sys®) Unfortunately, no multiplicity survey of M-dwarfs compile

of 46+10 %. Counting all binaries within triples and quadruplesn size to DM91 has been published. Reid & Gizis (1997) stidie

26 companions in 50 systems give a companion-star frequetieg largest sample so far, which contains 81 late K- or M-disvar

of 52+ 10 %. If we restrict these numbers to those systems obhey find 22 companions in the separation range of our survey

served in this work and to those companions within the coritt CrA, which yields a companion-star frequency of £8) %.

pleteness limits of this work (magnitudei@irence of lower than Within the errors, this is comparable to the companion{sear

2.5mag for separations between 0.13 and 6 arc sec), we havea@ncy of DM91 in the same separation range (although the

binaries among the 47 systems observed here, i.e. a pegeentverall multiplicity found by Reid & Gizis (1997) is lower &m

of 36 + 9%. Since we do not find any triples or higher ordein DM91). We conclude that the companion-star frequency in

multiples, the multiplicity and companion-star frequeacg the CrA is also higher than among main-sequence M-dwarfs, by a

same. factor of 13+ 0.3.

Since we have observed young CrA members both on the If we assume that the separation distributions of our sample
dark R CrA cloud and (new ROSAT TTS) around the cloud, wi& CrA and the main-sequence sample of DM91 are the same,
can also compare the multiplicity on-cloud witffeloud: We Wwe can extrapolate the number of companions to all sepasatio
have nine binaries among 30 on-cloud members-(18:56 to Of DM91’s 101 companions, 38.4 fall on average into the sep-
19:24 ands = 38° to 36"), i.e. 30+ 10 %, and also eight binariesaration range surveyed by us. This means that the extrapolat
among 17 &-cloud new ROSAT TTS, i.e. 4% 17 %. While the factoris 10138.4, which yields a total companion-star frequency
binaries percentagefecloud is higher than on-cloud, there is n@f about (95-23) %. This doesot imply that 95 % of the stars in
statistically significant dierence. CrA are multiple, but only that the average number of compan-

We can now compare these numbers to other star-forming {@2S Per primary is about 0.95. Since, e.g., triple systeonsain

gions, which have been observed before with a similar tegheni WO companions and one primary, the fraction of multiples ca
and similar completness and sensitivity limits. be lower than 95 %. We do not know the ratio of binary to higher

order multiples in CrA, therefore we have no way to extrafmla
the total number of multiples.
4.1. Comparison to Main-Sequence stars

The binary survey most commonly used for comparison is the ——— ‘ ‘
work of Duquennoy & Mayor (1991, hereafter DM91), who i :
studied a sample of 164 solar-type main-sequence stargin th - D Young stars in CrA
solar neighborhood. They used spectroscopic observatons
plemented by direct imaging; therefore they give the distri
tion of periods of the binaries. Before we can compare this to
our results, we have to convert it into a distribution of pro-
jected separations. We follow the method described in &bhl
(2001). In short, we simulate 10 million artificial binariegth
orbital elements distributed according to DM91. Then we €om
pute the fraction of those binaries that could have beerctite
by our observations, i.e. those having projected sepaisibe-
tween 013 and 6 at the distance of CrA (130pc). The resultis
that 38.4 binaries out of the DM91 sample of 164 systems fall
into this separation range, which corresponds to a companio
star frequency of (23 + 3.8) % (where the error is computed 5
according to binomial statistics). oldo v v b b e e L
Among the 47 systems in CrA, we find 17 binaries, which -1 0 1 ) E 3 4
corresponds to 38+ 8.8 companions per 100 systems,8£9.6 log(separation/AU)

more than among main-sequence stars. Thus, the companiqg-s. companion-star frequency as a function of projected séipara

star frequency in our sample is higher by a factor &4 0.4 The histogram shows the result of this work, and the curvevshbe
compared to main-sequence stars. Figure 5 shows the separafistribution of separations for main-sequence binaries.

distribution of our sample and the sample of DM91. The over-

abundance of binaries in CrA is somewhat more pronounced for

larger separations, which might indicate that the peake&#p-

aration d|str|but|on is shifted to larger separations i\@om- _ 4.2, Comparison to other star-forming regions
pared to main-sequence stars. However, due to the rejativel
Table 4 lists the results of multiplicity surveys in sevestdr-
speckle; among the new binaries found with SHARP |, five were dforming regions. Since the separation ranges where these su

tected only with speckle interferometry, not by simple skafdd imag- veys could detect companions are not always the same, it is
ing. not useful to compare the companion-star frequenciesttlirec

20

L~ Main—sequence stars

[%]

Fraction of Orbits
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Table 4. Multiplicity in di fferent star-forming regions

Region S:B:T:Q Multiplicity Companion-Star  relative  Sepigon Ref. Remarks

(a) [%] Frequency [%] toDM91 range ["]

Tau-Aur 60:39:3:2 483+64 490+ 6.9 19+03 0.13-13 (1) on-cloud
Tau-Aur  24:21:0:0 46 +102 467 + 10.2 38+12 0.09-25 (2) on-cloud
Tau-Aur 40:27:2:1 4®+55 486 + 8.3 19+04 0.13-13 (3) f6-cloud
Lupus 22:10:1:0 33+101 364+ 104 14+04 0.10-12 (4) on-cloud
Cha 19: 9:1:0 5B+166 579+ 174 22+07 0.10-12 (4) on-cloud
Cha 66:11:0:0 18+43 143+ 4.3 06+03 0.13-6 (5) @-cloud
Oph-Sco 13:11:0:0 48+138 458+ 138 29+09 0.09-25 (2) on-cloud
Oph 114:42:2:0 2B+42 291+43 12+03 0.13-64 (6) on-cloud
Sco-Cen 59:27:2:0 3@+6.1 352+6.3 16+03 0.13-6 (7) @-cloud
CrA 30:17:0:0 3&+88 362+88 15+04 0.13-6 (8) total

CrA 21:9:0:0 300=+100 300+ 100 13+05 0.13-6 (8) on-cloud
CrA 9:8:0:0 471+ 166 471+ 16.6 20+07 0.13-6 (8) dr-cloud

Remarks: (a) number of singles (S) to binaries (B) to trifleso quadruples (Q).
References: (1) Leinert et al. (1993); (2) Ghez et al. (19&3)Kohler & Leinert (1998); (4) Ghez et al. (1997); (5) Kér (2001); (6) Ratzka
et al. (2005); (7) Kohler et al. (2000); (8) this work.

Instead, it is standard practice to divide the companianfst- The multiplicity in CrA is high and not significantly fierent
quency by the frequency of binaries among main-sequence sfaom other similar star-forming regions like Sco-Cen or Fauwr.
(DM91) in the same separation range, and compare the mggulfrhe multiplicity among new ROSAT TTS around the dark cloud
relative factors. is high, just as it is in the case Tau-Aur. There is no significa
In most T- and OB-associations, the companion-star frdifference between on-cloud TTS arnfétoloud TTS in CrA, but
guency is found to be significantly higher than among maim-tendency to more binaries among tiiedoud TTS.
sequence stars, by factors of 1.5 — 2 or even more. CrA shows The multiplicity among the seven Herbig /82 stars is high:
the same high number of binaries and multiples, with a famtor one quadruple, one triple, and four binaries (from SBs tocé ar
1.5+ 04. sec separation). If going out to 13 arcsec separation, wédwou
If the separations of all the binaries found in two surveys agven have one quintuple. However, the sample of known Herbig
published, it is possible to count the companions in the rgepaf€/Be stars in CrA is too small to compare to other regions. All
tion range common to both surveys and to compare the numbigigles and quadruples known in CrA are hierarchical.
directly. We did this with our survey in CrA and the survey in For a comparison of the distribution of separations (or or-
Taurus-Auriga by Leinert et al. (1993) and Kohler & Leinerbital periods) found here in CrA with those of nearby solavet,
(1998). The separation range in CrA’(B — 8’) corresponds Mmain-sequence stars (DM91), see Fig. 5. We can extrapalate t
to 16.9 — 780 AU, or 012 — 57 at the distance of Taurus-the total companion-star frequency (at any separation)ri C
Auriga. This range is fully covered by the survey of Leingrile being~ 95 %, also similar to Sco-Cen and Tau-Aur.
(1993) and Kohler & Leinert (1998). They find 65 companiongcnowledgements. We thank the referee A. Brandeker for a thorough ref-
in this separation range, resulting in a companion-stgueacy eree report. This research has made use of the SIMBAD datatuger-
of 37.4 + 4.6 %. In CrA, we find 3& + 8.8 %, which is almost ated at CDS, Strasbourg, France. This publication makesofigkata prod-

; : FaA ucts from the Two Micron All Sky Survey, which is a joint projeof
:gzr;tlﬁglhvgg ﬁ?;ﬂ::g?;?:ﬁ z‘r(])?rﬁ%rgrr)ggilggssmr frequemQrA the University of Massachusetts and the Infrared Procgsaimd Analysis

CentefCalifornia Institute of Technology, funded by the Natioderonautics
and Space Administration and the National Science Fourmlati
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