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Abstract. We report on 3.6 cm VLA and VLBA observationsMagnetic loops in excess df4 x 10'tcm (2 R;) have been
of YZ CMi and AD Leo, two nearby dMe stars. We resolv@bserved in metric U bursts (Labrum & Stewart 1970). Corono-
YZ CMi and can fit a circular symmetrical gaussian componegtaph observations in white light, however, do not regularly see
of FWHP of 0.98+0.2 mas, corresponding to an extent of thiops of that size, suggesting that they are shortlived. In gen-
corona above the photosphereldf7 x 10'° + 8.8 x 10° cm eral, large magnetic loops are confined to low latitudes and,
or 0.7+0.3 R, (R, refers to the photospheric radius). We obeonsequently, the radio image of the Sun is more extended in
tain an estimate of the brightness temperature.®fx 107 K, the equatorial direction.
which is consistent with that expected from gyrosynchrotron Very Long Baseline Interferometry (VLBI) has made it pos-
emission. For AD Leo the emitting region is unresolved. Wable to study the size and shapewdin-sequence stellar coro-
therefore set a conservative upper limit to its diameter of 1ne At 3.6 cm, Benz et al. (1998) have resolved the dMe star
times the photosphere diameter, which leads to an extent of thé Cet B at an higher and variable flux level into two compo-
corona above the photosphereoR.8 x 10'°%cmor< 0.8 R,. nents separated b4 x 10'%cm (4.4R,). One of the compo-
We compare the radio emitting dMe stars with measured sizemnts was spatially resolved with the size of about the stellar
with the Sun and conclude that these active stars have mptiotosphere. The orientation of the two sources was found to
more extended coronal radio emission than the Sun. The VLBA along the probable axis of rotation, strongly suggestive of
position of YZ CMi has been found to differ by 32 mas frontoronal enhancements extending at I@ask 10'°cm (2.1R,)
the positions calculated from the Hipparcos catalogue. The dibove the poles. Thus, UV Cet B differs considerably from the
crepancy is caused by large errors in the listed proper moti@un in size and shape of the radio corona.
An improved value is given. More VLBI observations of dMe stars have been reported
at 18 cm wavelength. For YZ CMi, Benz & Alef (1991) found
Key words: radio continuum: stars — stars: coronae —astrometayp upper limit of8.7 x 10'°cm, suggesting an extent of a cir-
— stars: individual: cular corona above the photosphere of less tharx 10'°cm
(0.74 R,). Two size measurements of AD Leo by Benz et al.
(1995) suggest a coronal extent of less tBarn 10'°cm (1.0
1. Introduction R,) and5.4 x 10'%cm (2.6R,) above the photosphere, assum-

, o ing a circular, concentric shape. A small total size of less than
Hot coronae are the enigmatic link between cool, convectiy&) .. 110¢m for EQ Peg (Benz et al. 1995) refers to an obser-

staérs apd their'environment. V\{hilg most of this hot plasma (,4tjon during a totally polarized flare, and an extremely large
10° K) is contained by magnetic fields, some may escape diee o2 2 » 10! cm was reported for the dMe close binary YY
to overpressure as a hot stellar wind along open field lines. Thg (Alef et al. 1997).
extent of intense coronal emissions in X-rays or radio Waves e yadio coronae of active, rapidly rotating dMe stars have
thus yields a lower limit to the size of closed magnetic 100Pgeen modeled to determine the emission process. It is generally
i.e. the size of the stellar magnetosphere. agreed (@del 1994; White et al. 1989) that weakly polarized

Radio emission fromsolar active regions at 3 cm wave- 4o emission is produced by the gyrosynchrotron mechanism
length originates from altitudes above the photosphere betwegl popylation of mildly relativistic electrons. This mechanism,
51010 x 10°cm, or 0.006 - 0.01%%, (€.9. Aschwanden et al. |, yever, cannot account for polarizations exceeding about 50%
1995). Itis generally attributed to thermal gyroresonance €mgnich may originate from a coherent process. Circular polar-
sion. The size of the radio image of the Sun increases at longeti s of up to 80% have been reported for YZ CMi at 20 cm
wavelengths. In soft X-rays and EUV line emissions, coronglq 18 cm (Lang & Wilson 1986; Benz & Alef 1991)

10 ' '

loops reacts x 10™cm (0.5Re) (e.g. Sturrock etal. 1996).  ere e report on the results of VLBA experiments of YZ

Send offprint requests®.R. Pestalozzi (michele@oso.chalmers.séyMi and AD Leo at 3.6 cm. These are well known, nearby,
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Table 1. Summary of the results from the observations and fits for YZ CMi and AD Leo. The sizes of the radio emission are labeled with the
name of the procedure used to obtain them (UVFIT in AIPS, gaussfit outside AIPS). The distances are taken from the Hipparcos and Gliese
catalogues, respectively, and the optical diameters are from Pettersen (1980). For the AIPS fit of scan 2 we constrained the program to fit a
circular gaussian because of the small number of visibilities. We also did a fit for AD Leo but it did not converge (see text).

YZ CMi 1997 AD Leo 1996
Spectral type M 4.5Ve M 4.5Ve
Distance 5.93t0.09 pc 4.90+0.07 pc
Optical diameter 0.58 mas 0.95 mas
(UVFIT all obs) 1.4<0.5 (£0.3%x0.25) mas
PA12.8 (+5.1)
(gaussfit all obs) 0.98#0.2) mas
(UVFIT scan 2) 0.8904£0.22) mas
(gaussfit scan 2) 1.0240.2) mas
pm and plx A« -0.32 mas A« -0.90 mas
during observations Ad:-0.16 mas Ad: +0.29 mas
VLBA Position a: 7" 44™ 4(522399+0.00007 a: 10" 19™ 36:401124+0.00007
(J2000) §:3°3310/1140+0.0005 §:19°52'12/10084-0.0005
Mean flux density
during observation 2.97 mJy 0.54 mJy
Brightness temperature  7.297 K >4.93-10" K

young radio stars close to zero-age main sequence (ZAM®)age phase center. Finally we deconvolved the stellar images
Some of their general properties are listed in Table 1. using CLEAN.
As a check of the reliability of the phase calibration, our
. . observations also included a second bright calibrator for each
2. Observations and data reduction star (0743-006 for YZ CMi, and 1013+208 for AD Leo, see Ta-

The single dMe stars YZ CMi and AD Leo were observed ddle 2). The maps of these secondary calibrators, made using the
1997 April 18/19 and 1996 December 12, respectively, with tiase solutions found towards the primary calibrators showed a
VLBA and the phased-up VLA as a joint VLBI system yieldinglynamic range of about 20:1. Since the separation between the
an angular resolution of better than one milliarcsecond (mag)vo calibrators is approximately the same as that between the

The VLA was also available in its normal interferometegtar and each calibrator, we can conclude that our stellar images
mode and was used for total flux measurements at very snii@ve also a 20:1 dynamic range and hence are in practice noise
baseline length which allowed us to monitor the changes in toliinited rather than dynamic range limited. We also produced
flux density and polarisation of both stars through the obsengglfcalibration maps and datasets of the secondary calibrators.
tions. 3C286 was used for the flux calibration of both stars. The plots of the fringe amplitude against-distance show the

The VLBI observations used a bandwidth of 8 MHz in botgame fall off than the ones produced from the phase referenced
left and right circular polarization at 8.41 GHz (3.6 cm) an€élatasets. This confirms the value of the dynamic range of the
two bit sampling, giving a data rate of 128 Mbit/s. In order tdnages of the targets.
reliably image such weak sources 8.0 mJy) the phase refer- ~ The source centroid positions of the phase referenced maps
encing technique was used (Beasley & Conway 1995) in whieh the secondary calibrators were within 0.5 and 0.2 mas of
we switched between the target and a bright calibrator (quag&g correlated positions (a-priori positions) for 0743-006 and
in cycles of two to three minutes. For our targets YZ CMi an8013+208 respectively (see Table 2). This is consistent with
AD Leo these calibrators were 0736+017 and 1022+194 resptte claimed accuracy of those correlated positions (0.5 mas,
tively (see Table 2), at 2.1 and 1.4 degrees separation from deénston et al. 1995). This test gives us confidence in the astro-
target. metric accuracy of our stellar positions (see Sect. 3.4).

The amplitude calibration was performed with AIPS, fol-
lowed by editing in DIFMAP (in order to flag more precisely
single, bad visibilities of the VLBA data) and by a continued. Results
analysis in AIPS (including all the mapping). We first madg
hybrid maps of our calibrators using closure phase methods'i
order to determine their structure. We then determined the ¥ CMiwas found at a surprisingly high, slowly decreasing flux
mospheric contributions to the phase of the calibrator data. Withnsity (average 2.9 mJy) during the whole observation (see
these solutions it was possible to phase-correct the stellar d&ig. 1, left plot). As previously noted (see Sect. 1), the emis-
We then made preliminary wide maps in order to find the stasi®n of YZ CMi is often considerably polarized. Throughout
and phase-rotated the data in order to bring the target stars tattig observation the polarization was predominantly left circu-

%. Total flux monitoring
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Fig. 1. Total flux density (stokes I) against time during the YZ CMi and AD Leo observations, extracted from the VLA data. The relatively large
average flux of YZ CMi is noticeable as are several flares. The horizontal numbered bars in the plot show thesgangdkiting which the
VBLI data were collected. Each scan is composed of subscans on the target star and the calibrator alternately.

lar (about 60% circular polarisation during the quiescent emigable 2. Adopted positions for the correlation of the primary and sec-
sion, and 90% during the flares). Two strong flares appear in tivelary calibrators of each target star. The primary calibrators were used
lightcurve obtained with the VLA. Their flux values reach up t8s reference sources in the phase referencing, the secondary calibrators
6.0 mJy. The detection of YZ CMi with both instruments wa@S check sources (see Sect. 2). All positions come from Johnston et al.
clear, as the rms noise in the VLA image was 0.063 mJy/beaﬂ’F?%)'

and in our high sensitivity VLBI maps made using only VLBA

VLA baselines the noise was 0.13 mJy/beam. Given these mp' Name of calibrator _ «(J2000) 6(J2000)
noise values the peak intensity of the star wag47the VLA YZ CMi 0763+017 07 39™ 18.0339 01° 37 04.619
image, and 1@ in the VLBA image. 0743-006 07 45™ 54.0823 -00° 44 17.538

The mean flux density value for AD Leo was at a morgp
typical level of 0.7 mJy (see Fig. 1, right plot). Similar fluxes at
18 cm have previously been reported (e.g. Jackson et al. 1989;
Benz et al. 1995). A weak flare appears in the VLA lightcurve
(2.1 mJy). The star was detected by both instruments despite its
IOW flux. The rms noise for_the VLA mapwas 0.035 mJy_/bea_rﬂhes to the phased VLA over the whole observation show no
while for the map made with only the VLA-VLBA baselinesit . ™" . L . .
was 0.18 mJy/beam. Peak map values were 4506 the VLA significant variation from zero. There is therefore no evidence

and 5¢ for the VLBA maps respectively. Tracing the IightcurV(?f,c\)/r anything other than a smg_le centro-symmetric component.
. ) . e searched also for other evidence for non-symmetrical struc-
of AD Leo from the interferometric VLA data was a delicat

task because of two strong sources in the field of view EEure looking at closure phases, but the SNR of these were too
' low.
Given the close to quadratic fall off of the fringe ampli-
3.2. Size and shape of YZ CMi tude withu,\~distance shown in Fig. 3 left plot it is impossible
4o distinguish between gaussian, sphere, disk or ring like mod-

Evidence for spatial resolution was found in this map. FurthgtS (Pearson 1995).We therefore fitted ope-componentgaus;mn
evidence for extended emission can be most clearly seen by@?—dels to th_e YZ_ CMi data. The _numer_|cal values for the fits
aming fringe amplitude versus baseline length obtained usf?in:qe Sxmg;]a\;'“z)i? dlr;r;rgvt\)/lesi# i;rar;(a]‘i?sin;(ragzlsn;ct)(fa;ptzet;zrdelzk:cn-d
the VLA-VLBA baselines (see Fig. 3, left plot). We obtained thil gl 18 1.6and 1.1 times the aaussian F?NHPvaIues (Pegrson
plot by first coherently averaging the data on each baseline-s % %’) .Tv’vo.wa S 01; fittin Were%ollowed' fitting in AIPS usin

(75 minutes) in order to increase the signal to noise ratio signifi- taék UVFITyand our (g)wn model fittiné o tr?e data. The fi?st
Iceing}lt)r/] ?E%:ﬁgu?r:tg' r\r/:ge;r?ear:nb;ﬁ& edit?ne eag::?]“t)l;geb?/vi?}rc?)?\f;g ed an elliptical gaussian and obtained for the whole data set

averaging. The error bars on this average were determined fr?% ajor axis of FWHP of 1'&0]3 mas and a minor axis qf 0.5
. .25 mas (& errors). There is therefore no strong evidence
the internal scatter of the data. L - ;
for ellipticity, and our subsequent fitting of the data outside of

The fall off noticeable in Fig. 3 left plot clearly indicates a . . . .
resolved source. What is more, the phase values on VLBI baé‘éE)S assumed only a circular gaussian. With such a model it

was possible to fit most of the data withinr1 The best fitting

Leo 1022+194 1024™ 44.8096 19 12 20.416
1013+208 10 16™ 44.325F 20" 37 47.336

The phase referenced VLBA map of YZ CMi is shown in Fig.
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Fig. 2. A contour plot of YZ CMi observed on April 18/19, 1997 (left) and AD Leo observed on December 12, 1996 (right). The maps have rms
noisec=0.13 mJy/beam and=0.18 mJy/beam respectively. The first contour is at &nd then at steps of ome At the bottom left of each
panel the clean beam is drawn, and the circle in the lower right corner represents the expected optical size of the star, indicated in Table 1.

4.0 T T T 7.0

6.0

5.0

Flux [mdy]
|
Flux [mdy]

2.0

0.0 . | . | . 0.0 . . . . | . . . . 1
0 50 100 150 o 50 100 150
u,v—distance [Mega wavelengths] u,v—distance [Mega wavelengths]

Fig. 3. Fringe amplitude versus,\+~distance of YZ CMi on the sensitive VLA-VLBA baselines. The solid line is the result of fitting a circular
gaussian (see also Table 1). Note the change in vertical scale of the right plot compared to the left one. The right pannel shows the amplitude
versusu, v-distance during the strong flare in scan 2. The solid line in this plot represents the same gaussian model used in the left plot except
for the total flux density value which has been increased to 5.1 mJy.

FWHP size of the corona was found to be 0498 2 mas, which during the flare. Independent gaussian fits to the data are also
corresponds to 1.20.3 stellar diameters. consistent with this conclusion (see Table 1).

Since the second VLBI scan corresponds precisely to one We should add that the contribution of the proper motion
of the two strong flares (see Fig. 1, left plot), it was interestirand of the changing parallax of the star during the ten hours of
to study it more closely. Fig. 3 (right plot) shows the amplitudebservation is -0.32 mas and -0.16 maa iandd, respectively.
versusu,wdistance. Of this scan we selected the subscan ©hese values are small enough that they do not give a significant
the target with the highest flux density value and coherentipntribution on the spatial extent.
averaged the data over it (3 minutes), obtaining one point per
VLA-VLBA baseline. The solid line corresponds to the samg
gaussian model fitted to the whole data set (see Fig. 3, left plot
except for the total flux density which was increased to 5.1 mAn image of AD Leo is shown in Fig. 2. It appears slightly
We find that this scaled model fits the data within the erroesongated. This image is probably affected by the star’s high
and therefore there is no evidence for a change in source gireper motion (Table 1), since the extension is exactly along

. AD Leo
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Table 3. Luminosity and coronal size of Sun and dMe stars at 3.6 cm wavelength.

star radio luminosity  extent of corona above photosphere reference

[ergls Hz] cm R,
Sun 5.7 x 100 7.4 % 108 0.011R, Aschwanden et al. (1995)
ADLeo  3.04 x 10" <2.8x 10" < 0.8R. this work
UV CetB 8.8 x 103 2.1 x 10%° 2.1R, Benz et al. (1998)
YZCMi 1.4 x 10" 1.77 x 10'° 0.7R. this work

the expected direction: the star appears blurred because oftit®iscussion and conclusions

motion during the synthesis observation. . . .
As shown in the flux curve of AD Leo (Fig. 1, right plot), theVLBA observations have spatially resolved YZ CMi and the

. . , . data could be fitted with a circular gaussian of a FWHP of 0.98
total flux varied by a factor of 3 during the observations. Addlngo.2 mas. The radio corona extentis? x 101048 8 x 10° cm

this fact to the high proper motion of the star, it is not surprisin . S
that attempts to fit a single gaussian to the-data did not a?oov? 3?&?%232?:; fgseos)hggfr\gfeﬂvuhsicﬁ g s;grsneeri;%be
give consistent results. The weakness and variability of the %a * ' : ’

as a larger photosphere, but was observed at a much weaker

make the estimation of errors on the size difficult. Howeve level, the corona was not resolved and we set a robust upper
fromthe image (see Fig. 2), we can note that the apparent FWHP, ’
ge( g.2) P jﬁt of 2.8 x 10'° cm above the photosphere (see Sect. 3.3).

perpendicular to the motion corresponds to the beam FWHP'In
this direction. The intrinsic FWHP size of the emitting region
is therefore likely to be less than half the beam FWHP or abolifl. The brightness temperature
1 mas, which equ_als the e?"”ﬁated optical diameter of the %E%rr YZ CMi (see Table 1) we obtain a mean brightness tem-
(see Table 1). This might indicate a very compact corona or 7 .

. peraturel, = 7.3 x 10° K, while for AD Leo we set an up-
an emitting spot on the surface of the star. A very conservatlee o 7

o . . r limit of 7, = 4.93 x 10” K. These mearY} values are
upper limit on the size of the corona in the former case would. . )

- . . . Sinaller than previously reported for YZ CMi by Benz & Alef

be to assume the emitting region to be an optically thin sph

instead of a gaussian (Pearson 1995) in which case the diam 5%?1) and AD Leo at 1.8 cm (Qackson_ etal. 1989). The lower
alues at 3.6 cm are still consistent with a non-thermal spec-

is less than 1.8 times the photosphere diameter, and it there]i(lr)ﬂ?n from gyrosynchrotron but do not formally exclude thermal
has an extent above the photosphere of less thaR 0.8 gyrosy y

processes. However the significant circular polarisation found
during the observations strongly argues for a gyrosychrotron
3.4. Astrometry emission mechanism.
The relatively large signal-to-noise ratio for YZ CMi and th(-%- The derlve_d extent of the coronae _above the photosphere of
. . . . the dMe stars is compared to the Sun in Table 3. The solar value
phase referencing to a calibrator with goedd(5 mas) posi- .
r(gers to stereoscopic measurements of the thermal gyroreso-

tional accuracy in the radio frame (Johnston et al. 1995) allowe . . .
y ( ) éance emission of active regions. The average value at 10-14

us to determine a precise position for this star. This position w,
compared with the position given by the Hipparcos catalog j‘ z reported by Aschwanden et al. (1995) has been used.

(ESA 1997). Correcting for proper motion and parallax, W% The experience frqm the s_olar radio emission makes '.t clear
. . : that the observed radio size is only a lower limit of the size of
found a discrepancy of 20.9 masdnand 30.4 mas in, thus

0l devton of 5.9 mas The proper moon of e tar{i° 1 S, Heverioess, e resus rte it e
given in the Hipparcos catalogue as -344.9.6 mas/yr ina, 9

and -450.8+1.75 mas/yr ind. Considering the time interval :26 Ssurne.allt:rrrl}lr?hili ? tEg[ ;ug:cdel\;l: zgife?; ?S;;’r):]setteerrsgr:glsvzed
between the two measurements of 6 years, the difference is qpsT ghelg . . : y
_ . fQ realize such extended coronae is by large distances between
o and thus within the accuracy of the proper motion error bars. . : .
Combining the VLBA and Hipparcos positions (courtesy of I otpoints as possibly seen in the case of UV Cet B (Benz et al.
1998). This indicates either that active regions are very large, or

Arenou), an improved proper motion of -348t®.6 mas/yr in . : ; . -
a, and -446.6:0.3 mas/yr ins can be derived. that active loops preferentially connect different active regions.

The position of AD Leo obtained with the VLBA was com-
pared with those available in the Gliese and Tycho catalogugsknowledgementsie thank F. Arenou for the combined evaluation
The latter showed a deviation with the VLBA position of 176.8f VLBA and Hipparcos astrometry data. The Very Large Baseline
mas and 100.0 mas inandJg, respectively. They are within oneArray and the Very Large Array are operated by Associated Univer-

standard deviation of the Tycho catalogue accuracy. sities, Inc. under contract with the US National Science Foundation.
The work at ETH Zirich is financially supported by the Swiss National

Science Foundation (grant No. 20-046656.96).
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