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ABSTRACT

Aims. The aim of this study is to investigate the nature of radiasesiassociated with young stellar objects (YSOs) belagngithe

R CrA cluster. By combining the centimetre radio data with tealth of shorter wavelength data accumulated recentlyisie to
refine estimates of the evolutionary stages of the YSOs.

Methods. The region was imaged at 3, 6, and 20 cm using the Australestepe Compact Array. Fluxes and spectral indices for the
brightest radio sources were derived from these obsensmti®ome of the 3 and 6 cm data were obtained simultaneousighis
useful for reliable spectral index determinations of valéasources.

Results. Eight pointlike sources were detected. Seven of them carsfigreed to YSOs, which have counterparts in the X-rays,
infrared or submm. One of the YSOs, Radio Source 9, is a Class@idate, and another, IRS 7B, is suggested to be in the Clas
0/l transition stage. IRS 7B is associated with extended riaties at 6 and 20 cm. The lobes may have a gyrosynchrotrorsiemis
component, which could be understood in terms of Fermi aatite in shocks. The Class | objects detected here seemeartieed

lot. One of these, the wide binary IRS 5, shows a negativetisaésdex, rapid variability, and a high degree of circupalarisation
with V/I ~ 33 % on one of the days of observation. These signs of magamtiity suggest that at least one of the binary components
has advanced beyond the Class | stage. The radio sourcaitfB® assigment, Radio Source 5, has been suggested to bera br
dwarf. The radio properties, in particular its persistérdargg emission, do not support this classification.

Conclusions. The radio characteristics of the detected YSOs roughlyeagith the scheme where the dominant emission mechanism
changes with age. The heterogeneity of the Class | group assitpy be explained by a drastic decline in the jet actigiying this
stage, which also changes thfé@ency of free-free absorption around the protostar.

Key words. stars: formation — ISM: clouds — ISM: individual objects: RAC:loud — ISM: jets and outflows — radio continuum: ISM

1. Introduction 0 objects to pre-main sequence (PMS) siars (Wilking et &719
Nisini et al. 2005; Nutter et al. 2005). The R CrAregion isrthe

The presence of a protostar in a molecular cloud core is inglre tayourable for studies of the dependence of radio nanth
cated by compact centimetre radio emission, a bipolar molggyission on the stellar evolutionary stage.

ular outflow, angbr near- or mid-infrared (NIPMIR) emis- .
sion [André et al. 2000). Centimetre continuum radiatidn o II:andr?r?eegz)yoen?e;si'Fgelglrugftgtro?;\(igssfll)n LhaeveR tg:erQnC(s)trSc'jggo
served toward YSOs originates in most cases from thernd) Y Y NS

free-free emission from partially ionized stellar winds jets extensively In X-rays, |‘r_1.the |nfrared,subm|.ll|metr¢, andadm;
andor accretion surfaces. Non-thermal gyrosynchrotron ra: Hgm.aguch} etal. 2000; Nutter et al. 2005: Forbrich et ai20
ation has been observed towards the YSO IRS 5 in the 7iForbrich & Preibisch 200[7; Groppi et al. 2p07). It haf_s b
CrA cloud (Feigelson et al. 1998). Synchrotron emission hg8me ewderr]l_t talat SO'T‘%IO“ the [;a'dly? andIX-ray SOUI‘CGfS(ItI:]the
been identified via detection of linear polarisation toveasd regufm are Ilg y variable. Ford.nc et al. ((12007.) ﬁJero me
very young T Tauri star by Phillips et al. (1996) (see als@e |frs;] S|rr|1utane0u§ é(-ray, rg‘ 10, NIRE).an O.pt'C? MORIto
Massi et al. 2006). There is also evidence for extended S)}H? ot t Fcuit%r, a(;' T(ra]tecte s_evenfo J%(.:ts sr;mu tat_t;eufu_sf
chrotron protostellar jets presented in the triple radiorse in % WaVe en%t anas. ihese dsenqs or stu 'ef] ave giver ini g
Serpens (Rodriguez et al. 1989). mation on the processes and emission mechanisms associate
with various stages of early stellar evolution, and helpedd-

The Corona Australis (CrA) dark cloud is a nearlay ¢ certain the evolutionary stages of most of the cluster mesbe

170 pc, Knude & Heg 1998)low- and intermediate-mass stary,, over the Radio Sources 5 and 9, first detected by Brown
forming region, where the R CrA core represent the mostacti

site of star formation. The evolutionary stages range frdas< E%%?Zé’srﬁ\ﬁebgoﬁ e%i;%i?g;g%”;@%l;gyvﬂ)gcﬁzsglge\'";r S.ese tw

In this paper we present centimetre continuum imaging of

1 There are also shorter distance estimates for the CrA starifig the R Cr_A core performed at the Australia Telescope Compa(_:t

region. Marraco & Rydgren (1981) derived a distance of org pc Array using the wavelengths 3, 6 and 20 cm. The purpose of this
for the R CrA dark cloud. Also, Casey et al. (1998) derivedmailsir  Study was to determine the radio spectral indices of theuari

distance of 129 11 pc for TY CrA. In the present paper, the Hipparcosources in the region, and thereby remove some uncertainty ¢
distance~ 170 pc is adopted. cerning their nature. At the same we add a couple of measure-
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ment points to the time series of the varying sources. In.Sethe shock crossings lead to a systematic gain of kinetic en-
2 of this paper we review briefly the radio continuum emissioergy. Besides having a negative spectral index, gyrosyiam
mechanisms associated with YSOs. The observations and datassion is characterised by rapid variability, moderatgrde
reduction procedures are described in Sect. 3. The regwéts @f circular polarisation|{/|/| < 20 %), and very high bright-
presented in Sect. 4. In Sect. 5 we discuss the results, andéss temperaturél§ > 10° K) (see, e.g.. André et al. 1996;
Sect. 6 we summarise our conclusions. Forbrich et al. 2006).
Partial linear polarisation characteristic of synchrotradi-

ation from ultrarelativistic electrong/(> 1) was detected by
2. Radio continuum emission from YSOs Phillips et al. (1996) (see Sect. 1), which implies vefiyogent
electron acceleration. As a distinction from the gyrosyntifon
radiation, the degree of circular polarisation (which tderof
Radio emission from young protostars usually has a specti@gnitude amounts te ™) of synchrotron radiation is low
inded, «, in the range [-0.1, 2.0]. This range is characteri¢Dulk 1985).
tic for thermal free-free emission from partially ionizedsy The observed spectral index mainly describes the source av-
(ny+/ny ~ 0.1, see Martin 1996; Anglada et al. 1998 and referage opacity and in the case of inhomogeneous source,-the ra
erences therein). The’ dependence represents optically thicklio emission can originate from both optically thin and khic
free-free emission, whereas optically thin emission isasim regions. Thus, the spectral index alone gives only a rouag)-di
independent of frequency (e.0., Guidel 2002). Conformiith w nostic of the nature of YSO radio emission (André et al. 1996
this emission mechanism the brightness temperatures meghsiinglada et al. 1998).
for protostellar sources are moderafg € 10* K). The emis-
sion can originate in ionized jets from protostars or in $tsoc
produced by jets penetrating into the circumstellar makéeig.,
Curiel et al. 198]7). Other possible sources are ionizedwlisl

(e.g.,[Martin 1996) or accretion shocks on circumstellaksli The dominant radio continuum emission mechanism is sug-
(e.g., [Winkler & Newman 1980_Neufeld & Hollenbach 1996gested to change with the age of the Y$O (Gibb 1999). In the
see alsp Ghavamian & Hartigan 1998). Class @I stage, the principal emission mechanism is thermal
The predicted spectral index of the so-called standafig¢e-free emission (accretion and outflowing jets). Caniim
spherical stellar wind (i.e., fully ionized and isotropitels emission from Class Il objects (classical T Tauri stars, S3)T
lar wind with constant velocity) is 0.6 at cm-wavelengthgt cm-wavelengths is caused by thermal free-free mechanism
(e.g./ Panagia & Felli 1975). According to the model of Batto in strong ionized winds. In the Clasgllphase, possible non-
(1983) also accretion can produce a spectral index of 018isn thermal component is likely to be free-free absorbed in thre s
model the region emitting at radio wavelengths is photaedi rounding dense ionized gas. The detection of a non-thernal ¢
by soft X-ray and EUV radiation from an accretion shock aurponent becomes more and mor#idilt towards higher frequen-
a protostellar core. In contrast, in the model of Felli e(#882) cies where free-free absorption is accentuated (Glideé1)200
accreting ionized circumstellar envelope produces a flatsp Later, in the Class Il stage (weak-lined T Tauri stars, W)[S
trum with spectral indices in the range®t —0.1-0.1. when circumstellar disks and ejecta are very weak or absent,
Reynolds (1986) has modelled continuum emission froAbn-thermal gyrosynchrotron emission from the exposed sta
both collimated and accelerated spherical flows. According can dominate at radio wavelengths due to increased stellar
these resultsy can increase above 0.6 for an accelerated flomagnetic field (seé Feigelson & Montmerle 1999; Gibb 1999;
but a collimated ionized flow produces a flat spectrum witfVilking et al. 2001).
a < 06. In the model of collimated ionized flow, the opac-  Free-free emission can dominate gyrosynchrotron emis-
ity decreases with the distance to the central source (s®e a&ion not only if the density is high (free-free absorptiot
Anglada et al. 1998). also if the temperature is low or the magnetic field is weak.
Several YSOs show negative spectral indices< —0.1, Moreover, diferent frequency depencies may cause switching
in the radio, characteristic of non-thermal gyrosynclootr petween the dominant emission mechanism at a certain fre-
emission (see, e.d.. Forbrich et al. 2006; Stamatellos 208 quency [(Dulk 1985). Furthermore, Gibb (1999) suggestet! tha
and references therein). Gyrosynchrotron emission afises the apparent correlation between radio continuum emissioh
mildly relativistic electrons (Lorentz factoy < 2 — 3, see evolutionary stage could be due to source geometry andabptic
Dulk 1985) gyrating in magnetic fields close to the YSO/and depth éfects.
to the star-disk interaction region. Thus, non-thermalradhis-
sion indicates magnetic activity around protostars.
Also shocks can accelerate electrons to mildly relativisti- 3. Observations and data reduction
ergies ¢ 1 MeV). Clear evidence offgcient electron accelera- . )
tion associated with YSOs have been found in the Serpetis triphe R CrA star-forming region was observed at 3, 6 and 20
source (see Feigelson & Montmerle 1999). Gyrosynchrotmen €M continuum with the Australia Telescope Compact Array
diation can be generated in jet induced shocks by FermiacddTCA), located near Narrabri, Australia. The observations
eration of electrons. In the so-calledfdiive shock accelera-Were made during two observing runs in 1998 and 2000. The
tion (DSA) electron scattersflomagnetic irregularities frozen dates, configurations, phase centres, calibrators, aret ot
in to the local plasma flow. This interaction can change the derving parameters are given in Table 1. The correlator gonfi
rection of electron, which can result in several encountgtis ration used provided at each frequency a total bandwith 8f 12

the shock front enabling several encounters with the shodtHz recorded as a 16 channel spectrum. Four products of the
linearly polarised feeds were recorded (XX, YY, XY and YX),

2.1. Spectral index and polarisation

2.2. Relation between radio continuum emission mechanism
and evolutionary stage of the YSO

2 The spectral index is defined &s « v*, whereS is the flux density
andv is the frequency. 3 Operated by the CSIRO Australia Telescope National Fgcilit
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and thus all the Stokes parameters can be solved from the cali 500" | ‘3 o ]
brated data. ,
The data were calibrated and imaged using the Miriad soft- 30" | g
ware packagel (Sault et al. 1995). The visibilities were gran I \
formed into maps using natural weighting. The image decon- 570" - ]
volution was done with the Miriad taskfclean. Primary beam " Brown 9., TR Cra
correction was finally done for images (Miriad tasknmos). 50" RS 7B® @ ms 7 © IRS 5 ]
Intensity maxima exceeding 3 times the local rms are consitle s ,
as detections. For non-detections we giveupper limits. 8 s500" | ]
8 r +IRS 1
A |
30 B
4. Results 59'00" | R
[ @ Brown 5
The 3 and 6 cm continuum images from 1998 JA)@re shown e i
in Figs[1 and®, respectively. The 3 and 6 cm images from 2000 —
May 31 and Jun 9 toward the IRS 7 region are shown in[Hig. 3. _ ., .| o
A comparison of the 20 and 6 cm images from 2000 Jun 10 and —— — — — —
1998 Jan A0 showing the radio lobes associated with IRS 7B 1971756 52 48 4 40
are presented in Figl 4. Altogether 8 radio sources werdiiden RA (72000)

fied by inspecting the maps visually. The sources are listed g; ;
S X . . o= g. 1. Map of the 3 cm continuum made from the 1998 JAI09
Table2. This gives their J2000 coordinates, identificatiafth  \igipjjity data toward the R CrA star-forming region. Theyto

previously known sources, and suggested classifications. frithmic grey-scale range from 0.15 to 5 mJy beAnThe con-
The flux densities are given in Taljle 3. These were obtaintmirs are from 0.29 mJy beaf(307) to 2.9 mJy bearrt in steps
from Gaussian fits using the Miriad taskfit. For the point- of 0.29 mJy bearnt. Shown at the bottom right-hand corner is
like sources 1 — 6 the flux density is the peak of the Gaussidhe synthesized beam: FWHM3/4 x 3’1 and P.A= —31°0.
whereas for the somewhat extended sources 7 and 8 we give the
integrated intensity over the pixels above thel8vel as calcu- o ‘ ]
lated byimfit. The errors are determined in the fitting proce- 5600 - , om
dure. As can be seen from Table 3, only Brown 5, IRS 5, and the ]
IRS 7A/B pair are visible at all three wavelengths. 30" - ]

© IRS 6
We also obtained spectral indices between 3 and 6 cm o
(@5°m), and 6 and 20 cnu@2CM). For the determination of these T e )
spectral indices, the maps at the two frequencies were bmw/o . a@ IRS 7A IRS 5
to the same angular resolution using the Miriad taskvol. o 1ms ol

On May 31 and Jun 9, 2000 we used configurations which ga§e o ]
similar synthesized beams at 3 and 6 cm in order to derive re- 5890 | il

liable spectral indices for extended sources. In 1998, J&b, 9 & g ]
the 3 and 6 cm observations were done simultaneously, and in 30" - 1
this case the spectral indices should be more reliable foalvia ]
point sources. The spectral indicg&™ anda22¢™, and their Ir 59'00" | 1
errors are given in Tabld 4. The error estimates are basdukon t Brown 5 ]
rms errors of the flux densities, and do not take into accdwnt t 30" - | 4
possible errors caused byfidirent beams or source variability. ¢ ]

—-37°0000" |- o-

19%1756° 52° 48° 44° 40°

RA (J2000)

Fig. 2. Map of the 6 cm continuum made from the 1998 J4r09

All the eight sources detected in the present study are kno}giPility data toward the R CrA star-forming region. Theg®
from previous radio survey5 (Brown 1987 (2 and 6 cm, VLA r;|thm|c grey-scale range from 0.1to 5 mJy beénThe contours
Suters etal. 1996 (2, 3.5, 6, and 20 cm, VLA and ATCAR'€ from 0.24 mJy bearh (30) to 2.4 mJy beant in steps of
Feigelson et al. 1998 (3.5 cm, VLA Choi & Tatematsu 2004-24 MJy bear. Shown at the bottom right-hand comner is the
(0.7 cm, VLA); [Forbrich et al. 2006; 2007 (3.6 cm, VLA)).Synthesized beam: FWHM 675 x 57 and P.A= ~196.

Five of the sources, IRS 5, IRS 6, IRS 1, R CrA, and IRS

7A, have counterparts both in the ngaid-infrared and X- S

rays. Moreover, IRS 7B, has been recently detected in the mfil- Comments on individual sources

infrared (but not in the NIR) and X-rays. Brown 9 correspon ;

to a submm peak (Groppi et al. 2007). Brown 5 has only be%hl'l' The IRS 7 region

detected in radio, but it may be associated with a near-IRcgoulRS 7 is the most active complex in th@oronet cluster. A
(Wilking et al. 1997). In what follows we discuss the radiopr dense, bipolar molecular outflow and a large rotating maolecu
erties of the detected sources in detail. lar disk (outer radius- 3900 AU atd = 170 pc) were detected

5. Discussion
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Table 1. Observational parameters.

Date of observations 1998 Jafio 2000 May 28 2000 May 31 2000 Jun 9 2000 Jun 10

Time (UT) interval 19:06:05-08:40:55 09:56:35-23:11:45 9:3B:35-21:56:25 09:26:15-22:21:55 09:25:55-22:03:35
Wavelength 3and6cm 3cm 3cm 6 cm 20cm
Bandwith 128 (16< 8) MHZ?
Configuration 1.5A 1.5A 1.5A 6B 6B
uv-distance range 5-149 and 2.6-7425 k 5-149 ki 5-149 ki 3.6-99.5k 1-30 k1
Phase centre fo1min4s4 19'01Mn565 19'01Mn565 19'01Mn565 1901565
(220000, 620000) -36°5840'3 -36°57'28" -36°57'28" -36°57'28" -36°57'28"
Flux calibratof PKS 1934-638 PKS 1934-638 PKS 1934-638 PKS 1934-638 PKS-6384
Phase calibratoPs B1849-36 B1933-400 B1933-400 B1933-400 B1933-400
Image processing Naturally weighfed
FWHM of synthesized beam 78X 3’1 and 85x 5’7 4'4%x 3’3 4'4x 32 4'2x2'3 13'1x 66
Beam position angle -3120 and-196° 25 9 -2'8 o1
rms noise levelfJy beam?] 97 and 81 76 a7 44 120

a Used in all cases.

b Calibrator flux densities are the following: PKS 1934-63Bs;., = 2.84 Jy, Seem = 5.83 Jy, Spoem = 1495 Jy; B1849-36:
Szem = 042 Jy, Seem = 0.70 Jy; B1933-400:Szecm = 2.09 Jy, Sgem = 1.38 Jy, Spoem = 0.81 Jy (from the ATNF web site
http://www.narrabri.atnf.csiro.au/calibrators/).

¢ The diference between the beam position angles is due to flezatit amount of flaggeav data.

Table 2. Positions, identification and the class of the detectedrsolirces.

Peak positioh
NO.  @a0000 [N:M:S] 620000 [°1] Source ID Source class
1. 1901 43.3 -36 59 13 BrowR 5 unclear
2...... 1901 48.0 -36 57 22 IRS5 Class |
3o 190150.5 -36 56 38 IRS 6 Class Il (CTTS)
4. 1901 50.7 -36 58 10 IRS1 Class |
5...... 190153.6 -36 57 12 R CrA HAe
6...... 190155.2 -36 57 17 Browr 9 Class0?
7. 190155.3 -36 57 22 IRS 7A, IRS TW Class |
8...... 190156.4 -36 57 28 IRS 7B, IRS7E Class @I

a These positions refers to peak positions at 3 cm observezhunaly 1998.
b Source number in Brown 19B7.
¢ Source used in Forbrich et al. 2006; 2007.

Table 3. Flux densities with+10 errors of the detected radio sources at 3, 6 and 20 cm. Thes/ahe corrected for the primary
beam response.

Source 1998 Jary®0 2000 May 28 2000 May 31 2000 Jun'9 2000 Jun 10
S3 cm [mJy] SG cm [m‘Jy] S3 cm [m‘Jy] S3 cm [m‘]y] SG cm [m‘]y] S20 cm [m‘Jy]
Brown5 096+006 142+0.10 140+ 0.13 149+ 0.20 105+001 180+0.02
IRS 5 081+003 106+0.04 187+0.21 070+0.04 062+0.03 040+0.04

IRS 6 - 046+ 0.04 - - - -

IRS 1 033+ 0.04 - 062+0.21 052+ 0.06 021+0.02 -

R CrA 0.39+0.03 - 046+ 0.02 035+ 0.04 029+0.03 -
Brown$® 0.74+0.14 - 188+ 0.08 193+010 158+0.11

IRS7AY 4.19+007 549+012 600=+0.02 590+0.01 560+0.09 510+0.08
IRS7B° 256+006 275+0.03 365+ 0.07 370+0.07 342+0.06 367+0.06

a8 Blended with IRS 7A at 6 cm in the dataset 1998 JA®9and at 20 cm in the dataset 2000 Jun 10.
b For these extended sources we give the integrated flux densiter the pixels above ther3evel as calculated by the Miriad tagfit.

in the IRS 7 region[(Anderson et al. 1997a; 1997b). Groppi discussed by Wilking et al. (1997), Choi & Tatematsu (2004),
al. (2004) found that the envelope surrounding the disk shddamaguchi et al. (2005), Forbrich et al. (2006), and Groppi e
signs of infall in the HCO(4 — 3) spectra. The region containsal. (2007). Brown 9[(Brown 1987) is located Borth of IRS 7A
three compact radio sources, IRS 7A, IRS 7B, and Brown @50 AU atd = 170 pc). Brown 9 and IRS 7A are blended in the
The rotation axis of the molecular envelope coincides with Gcm map from 1998 and in the 20 cm map from 2000.
string of HH objects|(Hartigan & Graham 1987; see Fig. 10 in |RS 7A has not shown much radio variability. The flux den-
Anderson et al. 1997a). These features suggest ongoingrpovéfties of IRS 7A are very similar to those observed by Brown
ful accretion and possible shocks associated with infeab@m (1987), Feigelson et al. (1998) and Forbrich et al. (2006 T
accretion disk. flat spectrum withe$S™ = 0.19 + 0.04 and 011 + 0.03 and
IRS 7A and IRS 7B are the brightest radio sources in th%%ﬁ{“ = 0.34 + 0.02 can be explained by optically thin emis-
whole cloud. The evolutionary stages of these sources heste bsion from ionized circumstellar envelope or a collimateadIRS
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Table 4. Spectral indices witl: 10 errors of the observed sources.

Source agcm a 6cmb 20cmc
cm =
Brown5 -034+012 Q76+029 —030= 001
IRS 5 -0.12+ 007 026+0.16 054+0.08

IRS1 - 196+ 0.32 -
R CrA - 041+0.33 -
Brown 9 - Q43+ 0.19 -

IRS 7A 019+0.04 011+0.03 034+0.02
IRS 7B 038+002 017+0.06 -0.05+0.01

2 o§m derived from 1998 Jary®0 data using convolved flux densities.
b @5M derived from 2000 May 31 & Jun 9 data using original flux deasit
¢ @29%¢m derived from 2000 Jun/20 data using convolved flux densities.

7A has been detected both in the near-infrared and in the applying a Gaussian taper which produces a resolutionaimil
ray band. In view of the relatively bright radio emissionesk to that in the 20 cm image. Thel$ratio is, however, too poor
characteristics suggest that the source represents ttustmitar to compare individual features at 3 and 6 cm. The extendestemi
Class I. sion was already detected by Brown (1987) at 6 cm and by Suters

The relationship between IRS 7A, Brown 9 and the neart§ al- (1996) at 20 cm. The radio lobes may be associated with a
10um source between the two (Wilking et al. 1997) has been d&age prior to the formation of a HH objeCt (Curiel et al. 1p93
cussed in Choi & Tatematsu (2004, hereafter CT). They suggé¥e fact that the lobes are more prominent at 6 and 20 cm than at
that these sources belong to a system formed by a central St&M or shorter wavelengths suggests a negative specteal ind
(close to the 10m source, associated with the = 6.9 mm and consequenly, a possible gyrosynchrotron emission éemp
source No. 3 of CT) and ionized jets (IRS 7A and Brown 9) ofient. This led Harju et al. (2001) to suggest that the sourakc
its both sides. By inspecting the map of CT, the 3.6 cmmap be a distant radio galaxy or a Galactic microquasar. Later ob
of Forbrich et al. (2006), and the SCUBA 4&%n continuum Servations have, however, ruleq out this possibility. Bppt(_jan
map of Groppi et al. (2007), one agrees that the three sourégl. (2003) detected IRS 7B in the 4.6 absorption lines
can be physically connected. It is, however, unlikely thet X- of solid CO, which cle_zarly originate in cwcumstellar_ madr
ray source IRS 7A and the submm source Brown 9 would ju¥oreover, Hamaguchi et al. (2005) pointed out that it woled b
be jets arising from the 10n source associated to IRS 7. In alVery unlike to observe AGN with X-ray flux of IRS 7B in the
other near-IR sources of our sample the hottest spot, eexth IRS 7 region. Also the X-ray spectra of IRS 7B does not resem-
ray source, shows the location of the central protostar.@n tle those of AGNs. Many properties of IRS 7B, e.g. the large
other hand, the submyfar-IR spectrum of Brown 9 is not possi-equivalent width of the fluorescent X-ray iron line and thesp
ble to explain with free-free emission from plasma, butéhar- tral energy distribution, suggestit to be a Class 0 soureob-

acteristic of a Class 0 protostar (see Fig. 8 in Groppi etG07}. ject between Class 0 and Class | phase (Hamaguchi et al. 2005;

The flux densities of Brown 9 at 3 cm found in the preseulu\!mer et al. 2004; Groppi et al. 2407).

study are mostly similar to those found in the previous stud- Given the spectral indices and other properties of IRS 7B,
ies [Feigelson et al. 1998; Forbrich et al. 2006). Howevee, tthe continuum radiation is probably coming from the suribun
source shows a significant brightening (by a factor of twogsi ing gas which is shock-ionized by the high velocity jet. The r
the observation of Brown (1987). The spectral ind@g(gm = dio lobes associated with the thermal radio jet possible tzav
0.43+ 0.19, is consistent with thermal free-free emission origgyrosynchrotron emission component. This could be undedst
inating in a collimated ionized flow. The source of this flow igh terms of DSA of electrons (see Sect. 2.1).

likely to be embedded in core detected with SCUBA.

The IRS 7B flux densities derived here ar8.5-1.5 mJy
higher than those reported by Brown (1987), Feigelson et

(1998) and Forbrich et al. (2006). Thisfiirence can be at- g j5 the Radio Source 5 detected by Brown (1987) using the

tributed to source variablity. The spectral indices bem@and /| A at 6 cm. It has been suggested that the infrared coun-
el { .

6 cm aren; ¢ = 0.38+ 0.02 and 017+ 0.06. The spectral indeX o hart of Brown 5 could be a brown dwarf if it lies in the R

between 6 and 20 cmZ2%" = —0.05+ 0.01, is close to the limit CrA cloud (Wilking et al. 1997; [Feigelson et al. 1998, see also
of thermal emission and non-thermal gyrosynchrotron emss [Forbrich et al. 2006). The infrared source has been detected in
(e = -0.1). We note, however, thaf} i is derived from simul- theH andK bands only, withK = 16.4, andH — K = 1.45. The
taneous observations (1998, Jgh®) and is much more signif- yajue ofH — K suggests a large interstellar or circumstellar red-
icant than the value fa#Z2°" (507) based on observations fromgening (H - K)o ~ 0.5 for an MOV dwarf Wilking et al. 1999).
two consecutive days. Therefore the object is likely to lie in the cloud or behindlit
IRS 7B is associated with weak, extended radio emissicshould be noted that brown dwarfs are seldom detected ip radi
The lobes on the northeastern and southern sides of the pésate, e.g.| Gildel 2002; Osten & Jayawardhana|2006). During
source are clearly visible on the 6 cm map from 1998 and the f2@res the flux densities of nearby £ 10 pc) brown dwarfs can
cm map from 2000 (see Figl 4). These two maps were obtairiadrease to a few millijanskys, but the average value is deror
using configurations with the shortestdistances (see Talile 1).of magnitude lower (radio luminosity, scH, < 10'° ergs st
Traces of these lobes can be seen in the 3 and 6 cm images fkunt). Assuming that the object lies at the distance of the CrA
2000 (Fig.[B), which represent the highest angular resoiuticloud its (nearly constant) radio luminositylis s gy, ~ 3 - 10
available here. The lobes become visible also in these datadsgs s* Hz™*. This high luminosity would be characteristic of a

gll.z. Brown 5 - a brown dwarf ?
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Fig. 3. Top: The 3 cm contour map made from the 2000 May 3&ig. 4. Top: The 20 cm contour map made from the 2000 Jun
visibility data toward the IRS 7 region. The contours arenfro 10 visibility data toward the IRS 7 region. The contours are
0.14 mJy beart (30) to 1.4 mJy beart in steps of 0.14 mJy from 0.36 mJy beant (30) to 3.6 mJy beart in steps of 0.36
beant®. The logarithmic grey-scale range from 0.15 to 5 mJymJy beam. The logarithmic grey-scale range from 0.23 to 7
beant®. Shown at the bottom right-hand corner is the syntheaJy beam!. White crosses shows the 3 and 6 cm peak posi-
sized beam: FWHM: 4’4 x 3/2 and P.A= 1°9. Bottom: The 6 tions. Shown at the bottom right-hand corner is the synteelsi
cm contour map made from the 2000 Jun 9 visibility data towatgeam: FWHM= 13’1 x 6/6 and P.A= (21. Bottom: Blow-up

the IRS 7 region. The contours are from 0.13 mJy béai@o) of Fig.[2 showing the IRS 7 region. Shown at the bottom right-
to 1.3 mJy beantt in steps of 0.13 mJy bearh The logarithmic hand corner is the synthesized beam: FWEM5 x 5/7 and
grey-scale range from 0.1 to 5 mJy beanShown at the bottom P.A= —-196.

right-hand corner is the synthesized beam: FWHM!’2 x 2’3

and P.A= —-28.

X-rays (Forbrich et al. 2006; Forbrich et al. 2007) makesoeor
nal emission from a late-type star a less likely alternative
The fluxes observed here are similar at all wavelengths to
magnetically active star rather than a brown dwarf (GUOEZ). those observed by Suters et al. (1996), Feigelson et al8§199
On the other hand, the fact that Brown 5 has not been detettedmnd Forbrich et al. (2006). On one day Suters et al. detected a
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unusually high 3 cm flux, and later on, Forbrich et al. (2006ays [(Forbrich & Preibisch 2007). This together with theidap
found that the source is variable on timescales of days tdimson variability make the determination of the spectral indiaeser-

The radio spectral indices ST = —0.34+0.12 anda2%¢™ = tain. Nevertheless, the radio properties of this sourcgesighat
-0.30+ 0.01, indicate optically thin gyrosynchrotron emissionat least one of the components has advanced beyond the Class |
and so magnetic field activity in this object. The former $p@c stage.
index is similar to that found by Suters et al. on Jul 12, 1992
(—0.28+0.30), but our 620 cm index is very dierent from their
values ¢22¢™ ~ 0.1). Spectral index derived from 2000 May 81 5 1 4. Other detections

Jun9 dataag cm=0.76+0.29, is probably not meaningful since

the;ourcg_ls v?rlagletwnh atsclalefgfggyih hiah ob i The T Tauri stad RS 6 was detected only at 6 cm in the 1998
Jocarding o Suters et al ( I'k) ihe _hiah obscuraliofsisility data with the flux density @6+ 0.04 mJy. Thus, the
and rapid variations make It more likely that Brown 5 Is %pectral index cannot be determined. Theupper limits of the
PMS star rather than an extragalactic source. However-extg - fux density are 0.02 and 0.03 mJy (on JA091998, and
galactic nature cannot be totally ruled out as interstaltan- ;.. 5631 2000, respectively), and the-Zipper limits of the
tillation can cause so called IntraDay Variability (IDV,ese g 41420 com flux densities are 0.13 and 0.10 mJy (on J1@,9
Gabanyi et al. 2007). 2000). There are no reported radio emission from this source
before Forbrich et al. (2006). Forbrich et al. (2006; 2003pa
5.1.3. IRS 5 found very low fluxes of 0.1 mJy at 3.6 cm.

The Class | protostar IRS 5 is known to be a highly variableorad IRS 1 is another Class | object in th€oronet cluster
source. Our ATCA observations yield mainly similar flux den{Wilking et al. 1986[1992). It is also known as HH 100-IR, and
sities to those observed by Brown (1987), Suters et al. (1998 likely a driving source of the HH flow consisting of HH 96,
Feigelson et al. (1998) and Forbrich et al. (2006; 2007). @&t 27, 100, and 98. The flux densities of IRS 1 in the present
cm we found a flux of 0.40 mJy, over 2 times lower than theork are very similar to those observed by Brown (1987),
lowest value found by Suters et al. (1996). Suters et alotisde Suters et al. (1996), Feigelson et al. (1998) and Forbrich et
a flare of 6.6 mJy at 6 cm in 1992 and concluded that IRS&. (2006). At 20 cm IRS 1 remained below the Bevel of
experienced an outburts in mass loss. The radio spectiatimd 0.36 mJy. The spectral index;d" = 1.96 + 0.32 is consis-

of IRS 5 found in the present study awégm = -0.12+ 0.07 tent with the valumggm = 1.67 + 0.72 derived by Suters et al.
and 026+ 0.16 anda32¢™ = 0.54+ 0.08. We note that the latter (1996). This high spectral index suggests optically thidet

two values can be deceptive since the source is highly Jariafree emission, which can attributed to shocked materigh IR
Suters et al. found spectral indiceggm ~ 0.1 and~ 0.9, and has been detected as a hard X-ray source (Koyama et al. 1996;

a2¢Mvaried from~ —0.01 to-0.1, all very diferent from those [Neuhauser & Preibisch 1997). Even though IRS 1 does not show
derived here. On the other hand, the indices of Suters eaw hsignificant radio variability, it shows clear signs of X-ragri-

rather large errors. ability (Suters et al. 1996; Forbrich et al. 2006). Accoglito
IRS 5 has been detected in X-rays (Koyama et d\isini et al. (2005) a very high fraction of the bolometric lu

1996; [Neuhauser & Preibisch 1997), and recently Forbrich @inosity of IRS 1 is due to accretion. In view of these resitlts

al. (2006; 2007) found it to be the most variable source in }X€€MS possible that the cm emission originates in an awaret

rays in the R CrA region (see also Forbrich & Preibisch 200710¢k in the circumstellar disk.

Feigelson et al. (1998) detected circularly polarised timrmal

emission from IRS 5 at 3.5 cm, which is also the first such de- o ‘i

; . ! N . several surveys, indicating long-term variability (see

E;%t(')%r)] fcb)L tair:ieszr(g'stiTnhlf WtiserlztS\/ragoggr()mggcggigr?rvt\)/ﬂgz ;;gForbrich et al. 2006 and references therein). Our 3 cm flux den
, ' X gly, (here wa ! ; sities are somewhat higher than those observed by Forhtich e

did not show circular polarisation in their observationsthe al. (2006: 2007). The 6 cm flux of R CrA was2® + 0.03 mJy.

present study, the Stok&semission of IRS 5 was detected only,. ! ' o .

at 3 cm on May 31, 2000, with the flux density a8 0,04 ¥T'he source was not detected at 20 cm above thie@el of 0.36

mJy, the polarisation fractioV/1, being as large as about 33 %.mJy.

The 3r upper limits ofV emission at 3 and 6 cm observed in  Koyama et al. (1996) detected hard X-ray emission close
1998 Jan ALO, at 3 cm in 2000 May 28, and at 6 and 20 cm ig, the position of R CrA and Forbrich et al. (2006) clearly de-
2000 Jun @10 are about 0.07, 0.20, 0.18, 0.06, and 0.04 M}ycted X-ray emission from R CrA in all of the@handra and
respectively. The corresponding upper limits\f are about 9 xvm- Newton datasets. As Forbrich et al. (2006) pointed out,
and 19 % at 3 and 6 cm in 1998 Jai0, respectively, and aboutihe X-ray emission from this star does not fit into our under-
10 % during other measurements in 2000. standing of stellar X-ray emission mechanisms (magnéyical

The slightly negative spectral index between 3 and 6 ciriven corona or shocks caused by strong stellar wind; see al
and circular polarisation suggest that the radio emiss@sa [Forbrich & Preibisch 2007).

substantial non-thermal gyrosynchrotron component. Tois

forms with the fact that IRS 5 does not appear to be power- Given the substantial error in the spectral indeggm =

ing an outflow|(Feigelson et al. 1998; see also Wang et al.)200d.41 + 0.33, it is not possible to make firm conclusions about
Detectable non-thermal emission implies that the immediahe emission mechanism for this continuum radiation. Haxev
surroundings of the star are relatively free of opticalljckh since R CrA should not drive very strong stellar wind, the up-
ionized gas (see Sect. 2.2). The classification of IRS 5 per limit of the spectral index~( 0.7) is excluded. On the other
complicated by the fact that it is a binary with a separdrand, since R CrA is likely to be a driving source of collinthte
tion of ~ 076 or 102 AU at 170 pciChen & Graham 1993, outflow (see, e.gl., Suters et al. 1996), radio emission isgily
Nisini et al. 2005). The binary is also marginally resolved produced by a collimated, ionized flow.

The Herbig Ae starR CrA has remained undetected
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5.1.5. Non-detections X-rays to radio, are required to understand the nature of the
oungest protostars _(Forbrich et al. 2007; Groppi et al.7200

t the same it is evident that in the radio regime, higher sen-
itivity and angular resolution than available now are kit

IRS 2: The Class | protostar IRS 2 is one of the strongest X-r
sources among the objects studied by Forbrich et al. (200@).

non-detection is probably due to primary beam attenuagon faetect a significant fraction of YSOs in a dense cluster like R

from the observation’s phase centre. C : ; -
_ rA, and to study the physical processes which determirie the
IRS9: The Class | protostar IRS 9 remains undetected at r&;,ution. ey physicalp whl I

dio also in previous radio observations (see Forbrich €2G06).
T CrA: The Herbig Ae star, T CrA, of spectral FOe is one oficknowledgements. We thank the ATCA st for their help during the ob-
the most massive stars in the R CrA core. The non-detectiorfggvations, and the referee for very helpful comments aggestions. The

; ; ; ; Helsinki group acknowledges support from the Academy ofdfid through
g?rgg;%r)]t with the earlier studies of Brown (1987) and Swge grants 1117206 and 1210518,
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