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Abstract. Although 70% of the stars in the Galaxy are M-dwarfs, theramalssion searches for cold debris disks have been
conducted mostly for A-type and solar-type stars. We repporhewd = 1.2 mm continuum observations of thirty M-dwarfs,
using the MAMBO-2 bolometer array camera at the IRAM 30mdetpe. For a statistical analysis, we combine these data
with our prior SCUBA and MAMBO-2 observations of 20 other Mirfs. Our total sample divides in M-dwarfs in moving
groups, with relatively young ages, and in nearby M-dwarfdfhwnknown ages. Only one cold debris disk (GJ842.2) was
detected significantly. We compare the implied disk abundanstraints with those found in two comparable subméten
surveys of 10 to 190 Myr old A- and FGK-type stars. For the 1@ngest (ages less than 200 Myr) M-dwarfs in our sample,
we derive a disk fraction of 81> %, compared to 1512 % for FGK-stars and 233 % for A-stars. Hence, for this age group,
there is an apparent trend of fewer cold disks for later ateylpes,.e., lower star masses. Although its statistical significance
is marginal, this trend is strengthened by the deeper $étsivf observation in the M-dwarf sample. We derive a coldkd
fraction of < 10 % for the older (likely a few Gyr) M-dwarfs in our samplenglly, although inconclusively related to a debris
disk, we have found a complex millimeter structure surrangdhe position of the M1.5 dwarf GJ526.
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1. Introduction Our current understanding of debris disks has been recently

reviewed by Wyatt (2008). Mutual collisions between plaset

Cold debris disks around main sequence stars are left-oyfn s i gebris disks produce second-generation dust grain
planetesimals (comets) that could not agglomerate iNGRAIr o+ are ohservable through their thermal emission or et

planets during the initial phase of planet formation. They ajiyht since the discovery of a first debris disk around the A0

assembled as a belt in the periphery of the system i_n a Malkin sequence star Vega by IRAS (Aumann et al. 1984), debris
ner analogous to the Kuiper Belt. The study of debris diskgigyq have been searched for photometrically with the iatta
including warm disks such as the asteroid belt in our Solah) satellites IRAS, ISO and Spitzer. In such observatiang

System, advances our knowledge of the origin and evolutig)y . cass above the photospheric level is interpreted és em
of planetary systems around other stars, similarly to thdyst sion from warm (50- 100 K) circumstellar dust
of the Kuiper Belt. It is well recognised that its preseny-da '

structure and dynamics retain important information orftine Through Spitzer observations it was found that:83%
mation and evolution of the Solar System. For example, thé160 A-dwarfs show a 7@m excess (Su et al. 2006), while
low mass and expanded size of the present-day Kuiper Belt @iy 16'55% of 225 observed FG-dwarfs show excess emis-
be traced back to the outward migrations of the giant plane$#n (Bryden et al. 2006; Trilling et al. 2008). Submillireet
which exchanged orbital energy with an initially more cormipaphotometry has shown that some A-to-G type stars with no de-
and more massive disk (Hahn & Malhotra 1999, Tsiganis et &ctable IRAS excess do however show cold {180 K) dust

2005, Morbidelli et al., 2005, and Gomes et al. 2005). emission (Wyatt et al 2003; Najita & Williams 2005). Imaging
of scattered light with the HST and of thermal continuum emis
Send offprint requests to: J.-F. Lestrade, e-mail : jean-sSion with SCUBA has measured disk radii between 50 and

francois.lestrade@obspm.fr 150 AU (Smith & Terrile 1984; Kalas, Graham & Clampin
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2005; Holland et al. 1998; Greaves et al. 2005) ; 22 debbgam of 107 FWHM at A = 1.2 mm. We have therefore im-
disks have been imaged preserthAzimuthal structures have aged each field with the 117-channel Max-Planck Bolometer
been detected in a few of these disks and are thought todreay (MAMBO-2; Kreysa et al. 1998) of the 30m telescope
caused by dust associated with planetesimals trapped in mea Pico Veleta, Spain (2900 m). MAMBO-2 has a half-power
motion resonance with an orbiting planet (Wyatt 2003, 2008pectral bandwidth from 210 to 290 GHz, with dfeetive fre-
Reche et al. 2008), or by dynamical perturbations from adist quency centered at 250 GHz (1.20 mm) for thermal emission
stellar companion or passing stars (HD141569A: Augereauspectra. The féective FWHM beam is 1@”, and the under-
Paploizou 2004). sampled field of view of the array is.4\We used the standard

Although low-mass M-dwarfs are the most populous (70%n-the-fly mapping technique, where one map is made of 41
stars in the Galaxy, they have so far received little attenti azimuthal subscans of 60 sec each, with a scanning veldcity o
mostly because their low luminosity makes the thermal emig”/sec and an elevation incremental step’gfuthile chopping
sion and scattered light from their disks moréidult to detect. the secondary mirror at 2 Hz by 60n azimuth. The bolome-
In a SCUBA survey of young stars of tiePic moving group ters are arranged in a hexagonal pattern with a beam separati
and of the Local Association, Liu et al. (2004) detected tist fi of 22”. This scanning pattern produces time streams of data
two debris disks around M-dwarfs, AU Mic and GJ182. Usinthat are converted to a fully sampled spatial map with’3
SCUBA and MAMBO-2, Lestrade et al. (2006) surveyed 3gixels. Our observations were done within pooled observing
relatively young M-dwarfs of moving groups and newly deruns spread over the winter and summer periods from 2005
tected one disk around the M0.5 dwarf GJ842.2. Using Spitzer 2007. Atmospheric conditions were generally good during
Gautier et al. (2007) surveyed 62 nearby M-dwarfs a4 the observations, with typical zenith opacities betwedrad
and subsamples of 41 at gfh and of 20 at 16@m, and found 0.3 at 250 GHz and low sky noise. The telescope pointing was
no firm detection. AU Mic was also imaged in scattered lighthecked before and after each map by using the same nearest
revealing an edge-on, structured disk (Liu, 2004 and Kiist leright point source, and was found to be stable to better than
al., 2005). 3”, except in a few occasions for which we discarded the data.

Here we present new MAMBO-2 observations of nearbijhe absolute flux calibration is based on observations of sev
M-dwarfs, and combined them with our previous survey to aefal standard calibration sources, including planets, @me
alyze a total sample of 50 M-dwarfs (Table 1) in terms of theifipping curve (sky dip) measurement of the atmospheric opac
cold debris disks abundance. ity once every few hours. The resulting absolute flux catibra

We present the new M-dwarfs surveyedi®, we describe uncertainty is estimated to be about 10% (rms).
the observations i§3, and results for debris disks but also for The data were analyzed using the mopsic software pack-
background sources in the fields of some of the M-dwarfglin age written by R. Zylka at IRAM. The double-beam maps
Finally, we compare the detected fraction of cold debriksliswere combined to a single map using the shift-and-add pro-
around the M-dwarfs of our sample with the fractions for otheedure. Compared to a proper image restoration this praduce
stellar types to discuss whether or not the characterisfitd maps with about a factor 2 better sensitivity, at the expense
dwarfs— mass and luminosity lower than solarimpact the of no sensitivity to emission structures in scan directibatt
formation of debris disks around them or their detectapilit are larger that the wobbler throw of 80In our sample, the

shortest integration time per field is 30 minutes, yieldimgy a
2' Sample Of new|y observed M_type dwarfs rms noise IeVeI Of\‘ 25 mJy/ll” beam in the Central part Of
the map ( < 60”), steadily rising to~ 5 mJy/11” beam at

To complement our first survey of M-dwarfs, which are ifg edge ( ~ 140”). This non-uniform noise across the maps
moving groups of ages 600 Myr (Lestrade et al 2006), weresylts from the fact that the scanned field is about twice as
observed the most nearby M-dwarfs, irrespective of age. Wage as the bolometer array size, so that more data is taken
selected single M-dwarfs at a distance less than 6 pc andrafhe central part of the map than near the edges. Due to this
6 > —1I°, and added five M-dwarfs binaries and six singlgon-uniformity, it is judicious to present Signal-to-Neisaps
M-dwarfs between 6 and 10 pc that are in common with thgther than intensity maps. The longest observation, hyéat
Spitzer survey by Gautier et al. (2007). The five binariesin 020 hour duration and was on GJ628, yielding an rms noise level
sample are: GJ725 (M3 and M3.5) separated by B3 AU), of ~ 0.5 mJy/11” beam in the central part of the map and
GJ234 (M4.5 and M8), separated by (5 AU), GJ412 (M2 _ 12 mJy/11” beam atr ~ 140’. The sky area covered by
and M6), separated by 32160AU), GJ569 (M2.5 and M8.5), each map corresponds 01700 independent antenna beams.
separated by "1 (10 AU), and GJ65 (M5.5 and M5.5), sepa-he residual noise in the map was found to be nearly Gaussian.
rated by 2 (5.2 AU). These angular separations are so smadlance, a 4 detection in our maps is statistically significant.
that a single MAMBO-2 map can cover both components. Tlg|ow, we describe the procedure we used to extract discrete
ages of the targeted near-by M-dwarfs are presently unknowdprces and to search for extended emission.

3. Observations 4. Results

The diameter usually adopted for debris disks is 120 AU, whi

for near-by stars is larger than the IRAM 30-meter telesco%Ithough initially intended, our complete survey of 50 M-

@fvarfs turns out not to be flux-limited, which makes its sta-
1 httpy/astro.berkeley.edikalagdisksitg¢pageggallery.html tistical interpretation not straightforward. First we peait the
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Table 1. The 50 M-dwarfs of our two (sub)mm surveys. Survey | was aygaresented by Lestrade et al. (2006) but its data werededin
the statistical analysis of this paper. New data were aeduir survey Il with MAMBO-2. Selection criteria are age$00 Myr for survey |
and the nearest M-dwarfs but of undetermined ages for sutvages are based on Moving Groups (Local Association{280 Myr), IC2391
(35— 55 Myr), AB Dor (100-125 Myr), Castor (200 Myr), Ursa Maj (500yr) and Hyades (600 Myr)) identified by Montes et al. (2004l a
Zuckerman & Inseok Song (2004a,b). Some stars were obsenth surveys.

Name Spectral Binarity Selection Observed in  Bolometer Pulilica
criterium survey # arrays
GJ82 M4 Single 20~ 150 Myr I SCUBA Lestrade et al. (2006)

GJ212 MO0.5
GJ507.1 | M1.5 " ? | " "

GJ696 MO " 8 I " "

GJ876 M4 K § I MAMBO "

GJ628 M3.5 K " I " K

GJ402 M4 " " I " "

GJ234 M4.5+M8 Binary " 1&1 " Lestrade et al. (2006) and this work
GJ285 M4.5 Single K | SCUBA & MAMBO Lestrade et al. (2006)
GJ393 M2 " 8 I " "

GJ9809 | MO K § I " K

GJ875.1 | M3 K 35 — 55 Myr I SCUBA ”

GJ856A | M3 " 100-125 Myr | MAMBO "

GJ277B | M3.5 K 200 Myr | SCUBA K

GJ842.2 | M0.5 " ! | " "

GJ890 M2 " 8 I " "

GJ1111 M6.5 " " 1 &1 MAMBO Lestrade et al. (2006) and this work
GJ408 M2.5 " ! 1&1l " "

GJ4247 | M4 " 8 1&1 SCUBA & MAMBO

GJa47 M4.0 K 500 Myr 1&1 MAMBO K

GJ625 M1.5 " ! 1&1l " "

GJ569 M2.5+M8.5  Binary " [&1l " ”

GJ873 M3.5 Single " | " Lestrade et al. (2006)
GJ65 M5.5+M5.5  Binary 600 Myr | " ”

GJ3379 | M4 Single " | " "

GJ849 M3.5 K " I " K

GJ791.2 | M4.5 " ” | " "

GJ109 M3.5 " 8 1 &Il " Lestrade et al. (2006) and this work
GJ699 M4.0 Single 1.82 pc 1] MAMBO this work

GJ406 M6.0 " 2.38 pc Il " "

GJ411 M2.0 " 2.54 pc Il " "

GJ905 M5.5 K 3.16 pc Il " "

GJ725 M3+M3.5 Binary 3.57 pc Il " "

GJ54.1 M4.5 Single 3.72 pc Il " !

GJ273 M3.5 K 3.79 pc Il " "

GJ83.1 M4.5 " 4.44 pc Il " "

GJ687 M3.0 " 4.53 pc Il " "

LHS292 | M6.5 K 4.54 pc Il " "

GJ1002 | M5.5 " 4.69 pc Il " "

GJ412 M2+M6 Binary 4.83 pc Il " "

GJ388 M3.0 Single 4.89 pc I K ”

GJ445 M3.5 " 5.38 pc Il " "

LHS1723 | M4.5 " 5.43 pc Il " "

GJ526 M1.5 K 5.43 pc Il " "

GJ251 M3.0 " 5.57 pc Il " "

GJ205 M1.5 K 5.71 pc Il " "

GJ213 M4.0 K 5.87 pc Il " K

GJ908 M1.0 " 5.93 pc Il " "

GJ581 M3 " 6.27 pc Il ” "

GJ102 M4 " 7.75 pc Il ? "
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discrete millimeter sources detected in four MAMBO-2 mapso radio counterpart within thecSMAMBO-2 position un-
(Figs 1, 2 and 3, and Table 2), and we discuss the nature of teetainty (105”) in the NVSS catalogue (Condon et al., 1998)
intriguing cluster of sources around GJ526. Second, weeptesto the flux density limit of 2.5 mJy at 1.4 GHz, except for
the deep search for faint debris disks made by averaging-intéiM163007-123942 (GJ628W) at the. 4 level in position
sities over an fective area in the 42 MAMBO-2 maps of our(object flux density= 5.6 + 0.5 mJy) as already reported in
complete survey (Tables 3 and 4). The 8 other M-dwarfs welrestrade et al. (2006). Finally, we have found no IR couragrp
observed in wide photometry with SCUBA (Table 5) and wenithin the 3- MAMBO-2 position uncertainty in the 2MASS
already discussed by Lestrade et al. (2006). We use the cdkii-Sky Catalog of Point Sources (Skrutskie et al., 2006).
plete sample of 50 M-dwarfs to estimate the fraction of cad d

bris disks around M-dwarfs and upper limits of their fractid ) .

dust luminosities. Three stars (GJ285, GJ393 and GJ4247)4rt-2. A bright millimeter source

in common between Tables 3, 4 and 5. The source MM184222593828in the field of GJ725 has a flux
density between 30 and 63 mJy (Table 2), which is bright com-

4.1. Discrete sources and structure around GJ526. pared with millimeter sources found previously in emptydel
_ mapped with MAMBO-2 (Greve et al., 2004, Bertoldi et al.,
4.1.1. Source extraction 2007 and Voss et al. 2006). These lower and upper limits were

gtained by using dierent atmospheric correlation lengths in

In Table 2, we summarize the characteristics of the dlscre&e skynoise reduction within theopsicdata reduction pack-

sources detected W!tB/N > fl n th? .42 .f|elds mapped with age, yielding similar detections 8/N ~ 7. Systematicsféects
MAMBO-2, each being- 400’ x 400" in size and centered on . s
the accuracy of the flux measurement for this source, which is

the position of an M-dwarf. The source extraction was done b . . . .
searching each map for any pixel WBiN > 4 to select a block ar the edge of the map. This source is poss'|bly resolvdd wit
a source FWHM between 12and 1% depending on the re-

Or: 7;; gxels ge;tered on |Ct).5Then, we n;mlmlzg?:lbzetwe;an duction parameter used. Although this is rare, it has régent
the 2-D Gaussiak x exp(_—' X [(X,_ Xo)” + (¥ = Yo [/7°) bheen shown that submm galaxies can have multiple compo-
and the measured intensities over this block by varying akp nents (Tacconi et al., 2008). We shall discuss this source to

f!ux F, the parameter (FWHM: 2.350) and the pgak posi- gether with complementary observations in a forthcoming pa
tion (Xo, Yo) by less than a pixel from th8/N > 4 pixel. We

used the mean brightness computed from the 32 pixels sur--

rounding the 7 7 block to remove any constant level. With

this scheme, this level is determined from pixels that are fa.1.3. Structure around GJ526

enough from the 2-D Gaussian peak to be at the map floor

since the Gaussian FWHM is 3 to 5 pixe|S '('1_]._ 17”) for The map of GJ526 is shown in F|g 1. Five sources are de-
our sources. This correction amounted to between 5% and 2t@%ted withS/N > 4 and an ellipse almost centered on the
of the integrated flux density. The integrated flux densities Star can connect all but the one to the SW. Precisely, there ar
sources in Table 2 a8, = 2roF. We have extracted 13 dis-four robust sources wit’/N > 4 that can be connected, and
crete sources witls/N > 4 for F in 4 fields out of the 42 an additional one, farthest to the SE that is only detected at
MAMBO-2 maps ; 8 sources are newly found in the fields ¢3-5 times the rms noise level, and possibly real since statis
GJ526, GJ725 and GJ569. They are shown in Fig. 1, 2, difelly less than 1 positive noise peak is expected at tivisl le

3. The 5 others sources are in the field of GJ628 as alredler the whole map if dominated by gaussian noise. To estimat
reported in Lestrade et al. (2006) ; typographic errors &irth whether this is the case or not, we have identified the negativ
coordinates in this first publication are corrected in Tahlén noise spikesS/N < -3 and the positive spikes 8 S/N < 4

this Table, the lowest integrated flux density i8:80.7 mJy and in our 440’ x 420" map ¢ 2050 beams). The total of 7 such
the highest is between 30 and 63 mJy. There is no optical cofifise spikes found in the map is consistent with the 6 theo-
terpart within 77 (20 MAMBO-2 position error) to any of these retically expected fofS/N| > 3 for gaussian noise. Also, the
sources in the USNO-BL1 catalogue (Monet et al. 2003), excésesence of the SE source is found robust since it appears at
for MM163007-123942 (GJ628W) at therlevel in position the same position in the two independent maps we made by
(object | mag= 1892) as a|ready reported in Lestrade et dﬂ_alVing the data. There is also-a3c source to the West close
(2006). Additionally, we have searched the fields of GJ526 aff the ellipse but this source is not robust to data selecon
GJ569 that have been imaged in the Sloan Digital Sky Surw¢ have disregarded it.

(SDSS). In the field of GJ526, there is only one SDSS object (z The ellipse is @set by two pixels in right-ascension from
mag= 20.4) which is as close a$ Trom MM134540+145446. the position of the star, its semi-major and semi-minor axes
However, the confusion limit is reached over such a sepamea = 98’ andb = 15”, and its orientation is PA-3(°.

tion since the density of SDSS objets~22000 objectsleg This structure might be the projected ring of a clumpy debris
as measured over thé 4 4’ area centered on the star positiondisk, its inclination being 8&1from the plane of the sky. The

In the field of GJ569 33000 SDSS objeqed), there are offset between the star and the center of the ellipse is only 2
two SDSS objets (mag £19.9, g=21.6) as close as”’8from pixels and might be caused by position uncertainti¢garat by
MM145428+160439, but again confusion prevents identificaeal source structure. The 5 connected sources appear not to
tion with the MAMBO-2 millimeter source. We have foundbe embedded in any extended emission as expected for a de-
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Table 2. Sources found in our MAMBO-2 surveyS(N > 4). The IRAM30m beam is ¥1at A = 1.2 mm. The flux density of
MM184222+593828 is provided as lower and upper limits because thecedsrocated close to one of the borders of the map where some
systematics remain in the data (see text).

Source name Star Field | «(J2000)? 5(J2000)*  Integrated flux density S/N Source
at 1.2 mm (mJy) FWHM
MM145428+160439 | GJ569 14 54 28.2 16 04 39 B8+11 4.9 1r
MM184222+593828 | GJ725 18 42 22.7 59 38 28 3063 67-73 13 -15%
MM184253+593756 | GJ725 18 42 53.3 59 37 56 9+19 5.1 1r
MM134539+145139 | GJ526 13 45 39.0 14 51 39 3+0.7 4.4 1r
MM134540+145446 | GJ526 13 45 40.7 14 54 46 .83+0.8 5.2 1r
MM134541+145417 | GJ526 13 45 41.3 14 54 17 B8+10 6.1 1r
MM134543+145317 | GJ526 13 45 43.1 14 53 17 .8+07 4.9 1r
MM134546+145240 | GJ526 13 45 46.7 14 52 40 B+0.7 8.6 1r
MM163007-123942 | GJ628° 16 30 07.6 -12 39 42 7B3+12 6.2 14+ 47
MM163022-123925 | GJ628" 16 30 22.3 -12 39 25 B+09 4.4 17+ 5"
MM163019-123830 | GJ628° 16 30 19.7 -12 38 30 41 +0.8 4.9 1r
MM163015-123911 | GJ628' 16 30 15.6 -12 39 11 48+0.8 6.2 17
MM163013-124057 | GJ628° 16 30 13.7 -12 40 57 B3+10 4.8 1r

2 The MAMBO coordinate uncertainties axe3.5”.

b Flux density (mJy) is integrated under the fitted 2D-Gaussia

¢ d e f a:these sources were found in survey f)is GJ628-W, {) is GJ628-E, ) is GJ628-NE, () is GJ628-NW, and¥) is GJ628-SW in Fig 2 and Table 3 of Lestrade et al.
(2006). Note that there are typographic errors inrtieute column of declinations in Table 3 of Lestrade et al. (2006)e Positions of the GJ628 sources given now are correct and
supersede this first publication. Also, the flux densitiethis first publication were peak flux densities while they iategrated flux densities now.

bris disk though. The mean brightness over a rectangular taxces are< 60’ as already mentioned, o= N = 4 and
220" x 40” (92 beams) oriented at PA-30° and centered on the probabilityBy that background sources can produce such a
the staris 1+ 0.073 mJy11l’ beamj.e. ~ 3o-. Actually, this number of small distances is as low as 0.1%.

mean brlgdhtness matc':t;('es t:etr)neap 3f thg S ﬂtrjlx densgzsdof theAs a second test, we use the elliptical pattern connecting
connected sources within the box, indicating that any N 6 submm sources recognisable in the North-West part of the

emission must have a brightnes$ x 0.073mJy11” beam at ~~gMOs field mapped by MAMBO-2 and displayed in Fig 2
1.2mm. of Bertoldi et al. (2007). This field is 2@0 arcmirf in size

We now test whether or not such a source cluster can arfd the mean occurence of ellipse of major-axis2@8 in the
from the distribution of background sources. We carry outfigld of GJ526, is 120x20 arcmin?. We compute the Poisson
first test to estimate the probability that the connectedcasi probability to find a similar ellipse in a field that we take as
around GJ526 can cluster as tightly as they do in Fig 1 if thégnall as 208200 arcsetto account for the fact that the ellipse
were background sources. For this test, we use the statistround GJ526 is found in an area restricted to the centrabpar
analysis of spatial point patterns developed by Diggle 800the mapi.e. centered on the position of GJ525. This probability
This analysis is based on the nearest neighbour distanee, if@.7%. This test is only indicative because the COSMOS field
fined as the distance between a point (a source for us) andi been mapped at the level of 1 rinam rms while our map
nearest neighbour. For GJ526, all the nearest neighbour dsstwice as deep for the field around GJ526.

tances for the 5 sources connected by the ellipse &@’. The In summary, the five sources in Fig 1 that are symmetricly
probability thak distancescbe < 60” amongN distances ifthe |gcated around GJ526 are connected by an ellipse almost cen-
mean frequence of occurence fox 60” oveLthe whole sky is tered on the star. The two tests carried out above provideand

f, is given by the binomial distributioBy = (k) fk (1 - f)N-K. tions that this structure is statistically unconsisterthviinown

We can derive the mean frequence of occureiideom the spatial distributions of background submm galaxies. Heate
three empty fields (ELAIS N2, Lockman Hole and COSMOShis stage, we cannot rule out the hypothesis that the searee
mapped by MAMBO-2 (Greves et al., 2004 and Bertoldi et abhssociated with the star. In this case, the 5 connectedesurc
2007). We found there are 9 distance$0” between the 71 could be indicative of azimuthal structures in an inclined d
sources of these three fields, andfse= 9/(71 - 3) = 0.13. bris disk around GJ526 whose extended emission is not seen
The factor (71-3) is the number of nearest neighbour diggsndecause the map is not deep enough. Complementary obser-
for 71 sources distributed in the 3 separate fields. For tlee fivations at 85Qum, and at shorter wavelengths with Herschel
sources around GJ526 in Fig 1, all 5-1 nearest neighbour dittould attempt to detect the extended emission of the disk.
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Table 3. New MAMBO-2 observations at 1.2 mm for nearby M-dwarfs. Thblé includes mean brightness determined by averaging map
intensities over anfeective area to search for faint debris disks that are notilgeagparent. Not shown in this table are the five emission
clumps symmetricly located around GJ526 that might be aimied debris disk (see subsection 4.1.3)

Name Spectral D Gal.l. Integration Map rms Mean brightnesg/o, 3o flux density
type (pc) ¢) time (mJy11” beam) JTE 2) upper limit (1.2 mm)
(hours) (mJyL1l” beam) (mJy)
1) (2) 3)
GJ699 M4.0 1.82 14 15 1.22 -0.080.08 -0.36 <79
GJ406 M6.0 2.38 56 25 0.99 -0.180.08 -2.29 <4.9
GJ411 M2.0 2.54 65 6.5 0.67 0.06 0.06 0.97 <31
GJ905 M5.5 3.16 -17 0.5 2.30 0.090.24 0.38 <8.6
GJ447 M4.0 3.34 59 15 1.19 -0.090.13 -0.69 <4.2
GJ725(*) | M3+M3.5 3.57 24 1.0 1.44 0.280.17 1.69 <4.7
GJ1111 M6.5 3.62 32 1.0 1.75 0.020.20 0.44 <57
GJ54.1 M4.5 3.72 -79 15 1.49 -0.380.18 -1.86 <4.7
GJ273 M3.5 3.79 10 0.5 2.13 0.1¥0.25 0.68 <6.6
GJ234 M4.5+M8 4.12 -6 25 1.03 0.32 0.13 2.23 <29
GJ83.1 M4.5 4.44 -46 15 1.40 -0.3¥0.18 -2.11 <37
GJ687 M3.0 4.53 32 4.0 0.76 0.260.11 2.18 <29
LHS292 M6.5 4.54 41 0.5 2.29 -0.361.52 -0.23 <5.9
GJ1002 M5.5 4.69 -69 0.5 2.23 0.140.33 0.43 <5.6
GJ412 M2+M6 4.83 63 0.5 2.26 -0.22 0.36 -0.58 <54
GJ388 M3.0 4.89 54 5.0 0.73 0.28 0.06 3.25 <1.8
GJ445 M3.5 5.38 38 1.0 1.55 0.050.28 0.18 <34
LHS1723 | M4.5 5.43 -27 0.5 2.23 0.490.42 1.17 <4.8
GJ526(**) | M1.5 5.43 72 16.0 0.58 -0.020.12 -0.16 <14
GJ251 M3.0 5.57 15 1.0 1.54 0.140.29 0.48 <17
GJ205 M1.5 5.71 -19 1.0 1.86 -1.020.37 -2.93 <20
GJ213 M4.0 5.87 -9 0.5 2.19 -0.31 0.44 -0.70 <24
GJ908 M1.0 5.93 -57 0.5 2.01 0.240.39 0.61 <22
GJ581 M3 6.27 40 0.5 1.96 -0.720.43 -1.75 <21
GJ625 M1.5 6.58 43 5.0 0.69 0.380.15 2.53 <0.7
GJ408 M2.5 6.62 64 2.0 1.13 0.420.14 3.05 <12
GJ109 M3.5 7.55 -31 3.0 0.98 0.320.22 1.48 <11
GJ102 M4 7.75 -32 0.5 2.20 -0.02 0.60 -0.15 <24
GJ4247 M4 8.96 -21 35 0.74 0.62 0.25 2.56 <0.8
GJ569 (*) | M2.5+M8.5 9.81 59 2.0 1.09 -0.46 0.37 -1.25 <1.2

(1) rms estimated for < 60" in the map ;

(2) mean brightness and uncertainty of mean computed by averagensities over anfiective disk of radius 60 AU ;
(3) the 3r flux density upper limit is computed also over the sarfieaive area (radiuss0AU).

(*) : background sources in map (see Table 2) ;

(**) : possibly a large debris disk (see Fig 1 and subsection.1.3

Eventually, astrometry should detect the same prope motieerved for example around the young close binary GG Tau
for the 5 connected sources as for the star GJ528’( in  (Dutrey, Guilloteau & Simon, 1994). In the model proposed by
the SE direction) if indeed they are part of a debris disk. THéenyon and Bromley (2004a), icy-planets successively form
mid-epoch of our MAMBO-2 data is early 2007, so that thevaves outward in the disk producing larger and larger dusty
5 sources should have moved in concert with the star by a frihgs from collisional cascades. In their model, the pldoet
IRAM-30m beam by 2011, providing definitive proof of a diskmation timescale is 15 20 x (Zo/Zmmsn)+(a/30 AU)® Myr
Such a debris disk would have a radius as large 880 AU  in a quiet disk (their eq (4)). Assuming fa@p as much as 15
at the distance of GJ526. We examine whether or not ttigies the surface density of the minimum-mass solar nebula
is conceivable. First, we note that exceptionally largeridebZmmsn as required for the formation of Jupiter in the solar sys-
disks, 520 AU and 600 AU in extent, have recently been fouttiéem (Lissauer 1987), the timescale for planet formatioeszh
around the 184 Myr old AO-type dwasf Oph at 7Qum (Su et 500 AU in the GJ526 system is 5 Gyr. The stellar diame-
al. 2008) and around the main sequence B8¥ri at 870um ter of GJ526 measured by the optical interferometer CHARA
(Liseau et al. 2008). Second, protoplanetary disks whena-pl (Berger et al., 2006) is about2arger than the ZAMS diam-
etesimals and planets form extend to almost 1000 AU as atier predicted by Chabrier & Baffe (1997) and Siess et al.
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Table 4. M-dwarfs associated with moving groups observed at 1.2 msuiney | with the MAMBO-2 facility and already presented in
Lestrade et al. (2006) but reanalyzed here in a consistshida with the new data of Table 3.

Name Spectral D Gal.l. Integration Map rms Mean brightnesg/o, 3o flux density
type (pc) ¢) time (mJy1l” beam) nEoy, (2) upper limit (1.2 mm)
(hours) (mJy11” beam) (mJy)
@ @ 3

GJ65 M5.5 2.6 -76 1.0 2.30 -0.1%0.17 -0.87 <10.4
GJ628 | M3.5 4.5 24 20.0 0.51 -0.06 0.08 -0.74 <13
GJ876 | M4 4.7 -59 0.5 2.80 0.1% 0.46 0.37 <7.0
GJ873 | M3.5 5.0 -13 0.5 231 0.330.38 0.86 <54
GJ3379 | M4 5.4 -10 0.5 2.57 0.0% 0.56 0.09 <5.6
GJ285 | M4.5 5.9 13 1.0 1.74 -0.88 0.35 -2.52 <19
GJ402 | M4 6.8 55 1.0 1.81 -0.8& 0.39 -2.18 <20
GJ393 | M2 7.2 47 15 1.51 -0.5@ 0.33 -1.50 <16
GJ849 | M3.5 8.8 -45 0.5 2.71 0.66 0.89 0.74 <29
GJ791.2| M4.5 8.9 -17 1.0 1.70 -0.8% 0.57 -1.53 <138
GJ856A | M3 16.0 -20 1.1 1.50 -0.56 1.50 -0.37 <16
GJ9809 | MO 24.0 03 0.5 2.20 0.36 2.20 0.16 <24

(1) rms estimated for < 60" in the map ;
(2) mean brightness and uncertainty of mean computed by averagensities over anfiective disk of radius 60 AU ;
(3) the 3r flux density upper limit is computed also over the sarfieative area (radiuss0AU).

(2000). If such a deviation of onlyc2is real, it is an indica- Table 5. M-dwarfs observed at 850m with JCMT/SCUBA and al-
tion of youth instead for GJ526, and this would pose a problewady presented in Lestrade et al. (2006) but reanalyzelihercon-
for the Kenyon and Bromley model applied to the hypotheticgistent fashion with the new data of Tables 3 and 4.

debris disk around GJ526. Note that, with the dust surfaoe de

. ! 32 o .
sity profile 1Smmsn x (r/ro)l ,.the mass (.)f SQIIdS N a fng Star Sp. Dist. Integration Flux densify SizeP
atr = 500 AU and 01r in width is 1 M, which is enough to h
. . ; type (pc) time 85Q:m (AU)
form planetesimals. Finally, the dust mass correspondiriget (hrs) (mJ
B . y)
emission of the 5 sources is betweel and~ 10 lunar masses
as derived in the Appendix for dust grains with a Dohnanya siz
distribution and heated both by the stellar luminosity dmel t Ggjg2 M4 12.0 2 2.0+ 1.4 84
interstellar radiation field. The dust mass{22 lunar masses GJ212 | M0.5 125 2 1314 88
if derived conventionally for grey body dust with a mass opac GJ285 | M4.5 5.9 1 -0.7+ 1.9 41
ity of 1.7cn?g! at 850um ande« A7t for 4 > 210um, and  GJ393 | M2 7.2 1 19+1.9 50
with the single dust temperature 4.9K at large radius froen th GJ507.1| M1.5  17.4 1 -0.4£2.0 121
star { = 500 AU) where the interstellar radiation field domi- 3696 | MO 21.9 2 0.8:0.8 150
nates the heating process of grains (see Appendix). GJ9809 | MO 24.9 4 -5.262.3 174
GJ4247 | M4 9.0 1 1.1+ 2.1 63
GJ277B | M3.5 11.5 1 -2.1+1.8 80
.. . GJ842.2| M0.5 20.9 4 25.0-4.6 300
4.2. Deep search for debris disks in the MAMBO-2 GJ890 | M2 21.9 2 26+ 1.6 153
maps GJ875.1| M3 14.2 1 0.52+ 2.1 99

We searched for faint debris disks in each MAMBO-2 map bb‘}Fqu density from wide photometry.

averaging intensities over a disk of increasing radius3 ngfs'zltgg;zggj:/;’é %mb:agl(sjlf;isnlaT;gtﬁeassgtl;éefscmUm )-

to see whether or not the mean brigthness peaks at some an-

gular radiusd. The radius limit of 30 comes from the shift-

and-add reduction method and the wobbler throw used 6f 6This method is similar to the one used to determine extension
for the observations. The intention with this averaging weas limits of debris disks in the mid-IR surveys of Sun-like star
find a disk whose structure is not directly apparent in the mapnducted by Smith, Wyatt & Dent (2008), although, we do
but whose mean brightness is statistically significantuldly, not have the complication of having to accurately substieet

no information on its structure can be recovered with th@ prphotosphere at = 1.2 mm. Following this procedure, we plot-
cedure. The optimum sensitivity of this method is for facded the mean brightness as a function of angular radifcs

on disks while highly inclined disks might escape detedioneach star of Tables 3 and 4. All the curves were inspected and
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Fig.2. MAMBO-2 Signal-to-Noise ratio map of the field around
the binary GJ725 (M3+ M3.5 dwarfs) atd = 1.2 mm. The pixel
Aaxcos(8) offset (") size is 35” x 3.5”. The noise rms isr = 1.4 mJy/11” beam in

the central regionr( < 60”) and increases towards the edges of
Fig.1. MAMBO-2 Signal-to-Noise ratio map of the field around thehe map,~ 4.3 mJy11” beam atr ~ 170’. The contours are

M1.5 dwarf GJ526 aft = 1.2 mm. The pixel size is.83” x 3.5”. The 40,30, -20, —10 (dotted lines), and &, 20, 30, 40, 50, 60, 70
noise rms isr = 0.58 mJy11” beam in the central regiom & 60”) The source MM184222593828 westward has an integrated flux
and increases towards the edges of the maf,3 mJy1l” beam at density between 30 and 63 mJ$/N ~ 7). The other source,

r ~ 140’. The contours are-4c, —30, -2, 1o (dotted lines), and MM184253+593756, has an integrated flux density of 9.7mJy and a
10, 20, 30,40, 50, 607, 70, 80-. The ellipse & = 98", b = 15" and /N of 5.1. The field is centered on the position of GJ725A of early
PA=-30) is almost centered on the star position and connects figg06 :(J2000)= 18h 42m 45.48s ané{J2000)= 5938 017" (red
sources that might be clumps of a debris disk inclined to thee star). See Table 2 for integrated flux densities and cootetnaf the

of the sky by 81 (see subsection 4.1.3). The field is centered on tk@urces.

position of GJ526 of early 2006a(J2000) = 13h 45m 44.52s and
6(J2000) = 14°5320.6” (red star). See Table 2 for integrated flu

densities and coordinates of sources X(Wyatt 2008). In these conditions, fractional dust luminos

is :

found to wander around zero mean with excursigrgr for 6 Las 9% 10°C%  \ir 4
comprised between 12 and 30, indicating thatnonewdisk | = 50— (e"/Te — 1) T~ X @
was found by this method.
In Fig 4, we provide the distribution of thewean bright- the normalization cd@cient is such that the measured flux den-
nessu / uncertainty of meair, listed in Tables 3 and 4 andSity Sy is in Jy, the star distancd in pc, the stellar radiuR.
computed foré corresponding specificly to the adopted disk? M, the dust and stellarfiective temperaturefy andT.. in K,
radius 60 AU at the distances of the stars. The correspondtfi§ Planck and Boltzmann constahtandk in J x sandJ/K,
Gaussian probability density function is also plotted ig.F. the speed of ligh¢ in m/s, and the frequency of observation
Comparison between the two distributions indicates theze ah HZ
more high positive and negative ratiogo, than expected al- ~ The standard argument used to fix dust temperaluri
though they stay withia-3c-. It means that there are still someMid-IR surveys of debris disks is that observations are most
systematic errors in the maps but at a low level, likely cdusg&ensitive to the dust emission peak, dids derived from the
by remaining atmospheric fluctuations. Wien law. In the (sub)mm range, this law is not appropriate fo
Tq4 since we observe in the Rayleigh-Jeans limit. To keep full
o ) L generality, we avoid choosing a dust temperalirat some ar-
4.3. Upper limits on fractional dust luminosities and on pjtrary radius but plot in Figs 5 and 6 fractional dust lungio
dust masses of the debris disks ties and dust masses as functions of disk radigsmprised
between 1 and 1000 AU following the approach by Bryden et
n% (2006) and Wyatt (2008). At disk radiuswe use the dust
temperature :

The fractional dust luminosity is the fraction of the steHadi-
ation absorbed and reprocessed to the infrared and (subym
the dust grains ; it is proportional to the fraction of the sky-
ered by dust as seen from the star (Dominik and Decin 2003). _ 0.
We used the Stefan-Boltzmann lavblack body emissior to Ta = 278x (L7*) x (r™°%) 2)

estimate dust luminosity, and modified it by emissivit}X1l, from black body equilibrium wheré., is the stellar luminos-
with X; = 1 for A < 210um andX, = 1/210 ford > 210um ity in Ly andr is in AU (Backman & Paresce 1993). Note that
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Fig. 3. MAMBO-2 Signal-to-Noise ratio map of the field around theM€a@noy for the 42 M-dwarfs observed with MAMBO-2.e. 11/a,
binary GJ569 (M2.5- M8.5 dwarfs) atl = 1.2 mm. The pixel size listed in Tables 3 and 4. Here, the mean brightneisscomputed over
is 35" x 3.5”. The noise rms is~ = 1.1 mJy/11” beam in the cen- & disk of radius 60 AU adopted for each star. The Gaussiarapibb

tral region ¢ < 60”) and increases towards the edges of the n%lp,ity density function superimposed is scaled so that itsgirtieis 42.

2.8 mJy11” beam at ~ 140". The contours are4c, —3c-, — 2, - 1o Comparison between the two distributions indicates theeenaore
(dotted lines), and &, 20, 3, 4. The source MM145428160439 high positive and negative ratigg/c,, than expected although they
has an integrated flux density of 5.3 mJy ang/Al of 4.9. The field stay within+3c-. It means that there are still some systematic errors in

is centered on the position of GJ569A of early 200§J2000)= 14h the maps but at a low level, likely caused by remaining atrhesp
54m 29.35s and(J2000) = 16°0603.2” (red star). See Table 2 for fluctuations. No mean brightness is retained as statibtis@nificant

integrated flux density and coordinates of the source. in the sample.

by combining egs (1) and (2), one gets the expression for frdtactional dust luminosity over a large extent of disk r&dii
tional dust luminosity given by eq (8) of Wyatt (2008) wheréhe dozen of M-dwarfs common to the two data sets. In Fig. 6,
the stellar luminosity., cancels out. we present the corresponding dust masses as a function of

We adopt the & flux density limit for S, in eq (1) by in- for both samples computed with the optically thin emission
tegrating brightness over a face-on disk of radiuer ¢ at the model g.g. Zuckerman 2001) and the mass opagifyecc 4™+
distance of the star. If@®> 11” (i.e.> IRAM 30m beam) : for > 210um andkesq.m = 1.7cnPg .

Sp=3xrmsx(20”/11") (mJy) 5. Discussion

This formula takes into account that the mean brightness
certainty o, improves asms/ y/number of beams while the
integrated flux density increases msmber of beams of the
disk area. Now if 2 < 11" :

uﬂie single cold debris disk found in our surveys (GJ842.2, se
details in Lestrade et al. (2006), and excluding GJ526 at thi
stage) makes the detection fraction to amountﬁ‘l‘cg% in our
sample of 50 M-dwarfs. The limits are based on the Binomial
distribution for a small number sample and are such that 68%
of the probability is between the lower and upper unceriént
We have used the rms of Tables 3 and 4 that correspond to émel the peak probablity is the observed fractigh] following
central part of the maps, thus underestimating slightlygyger Burgasser et al. (2003). We recall that Gautier et al. (20d)
limits computed. no detection in a sample of 62 nearby M-dwarfs airddand no

In Fig. 5, we show the resulting fractional dust luminositgetection in a subsample of 41 of them arg, i.e. rate< 7%.
upper limits forr comprised between 1 and 1000 AU. ThesBifferently, Forbrich et al. (2008) have detected photometric
functions first show a steep negative slope as longdas 21”7 excesses at g4n tracing warm dust around 11 M-dwarfs in
making Sy constant in eq (1), then these functions levéfl othe young open cluster NGC2457 (20-40 Myr) that represent
whensS, linearly increases witl#, finally they increase when 4.9j:§ % of the 225 highly probable member M-stars identified
the dust temperature saturates at 4.9K because the iterdbeit.
lar radiation field becomes dominant over the stellar fieee(s  To discuss how detectability of cold debris disks depends
Appendix). In this figure, we have added the upper limits @n the mass of the central star, we have compared our re-
the fractional dust luminosities for the 41 M-dwarfs obsatv sult with the observed fractions of cold debris disks around
at 70um by Spitzer (Gautier et al. 2007), computed in a simstars more massive than M-dwarfs. In the literature, we find
lar fashion from their 3 flux densities. The figure shows that~ 30 cold debris disks around A-to-K type stars detected by
the two sets of data are complementary, and lead to a unifosmbmm observations (see Fig 3 and caption of Wyatt 2008).

Sy=3xrms (mJy)
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Fig.5. Constraints for the dust luminosity fraction versus disk raFig. 6. Constraints for the dust mass versus disk radius. Note ligat t
dius. Note that the x-axis shows the single radius corredipgnto x-axis shows the single radius corresponding to the simgigtrature
the single temperature of a disk (ring) assumed infinitelyrava in  of a disk (ring) assumed infinitely narrow in our model. We sider
our model. We consider the wide range of radii from 1 to 1000a8J the wide range of radii from 1 to 1000 AU as plausible for rirafs
plausible for rings of debris. Upper limits are shown as @aislines, debris. Upper limits are shown as dashed lines, detectiersobd
detections as solid lines. Blue linesrrespond to the (sub)millimeter lines. Blue lines correspond to the (sub)millimeter obatons and
observations i.e. our sample of 50 M-dwarfs for which dark blue isorange lines to the Spitzer 7@n observations as detailed in the legend
used for "young” M-dwarfs (ages 200 Myr) and light blue for "old” of Fig.5. The mass opacity used to convert flux density to chess
M-dwarfs (likely a few Gyr) ; the two submm disk detected ardu with the standard optically thin emission modekis= 1.7cn?g? at
AU Mic and resolved (Liu et al., 2004, Liu 2004) marked by aghin  850m ande 271 for 2 > 210um. Additional information are in the
blue dot ; the submm disks detected but not clearly resolvedra text. (This figure is available in color in electronic form).

GJ182 (Liu et al. 2004) and around GJ842.2 (Lestrade et 86)20
the submm transition disk detected around the pre-maineseguM1 — . ———— . .
dwarf TWA7 (Matthews, Kalas, & Wyatt, 2007) was also incldde M—dwarfs (< 200 Myr) : Lestrade et al 2006 and this work
Orange linesorrespond to Spitzer 7@0m observations i.e. the sam- | Fek—dwarfs (< 200 Myr) : Najita & Williams 2005

ple of 41 M-dwarfs of Gautier et al. (2007) and the detectibthe A—dwarfs (< 200 Myr) : Wyatt et al 2003

MO dwarf HD95650 (Smith et al. 2006). There are 16 M-dwarfs in 3
common between the two samples. These two sets of data are cora
plementary to constrain the existence of warm dust arourdinerfs

at moderate radii€ 20 AU) and cold dust at large radii-(20 AU).
Disk diameters probed by the observations are limited byatigular
size of 60 for the MAMBO-2 maps, of 28 for SCUBA wide pho-
tometry and of 38 for Spitzer aperture photometry (Gautier et al.

100

e (%)
80

Debris Disk detectio
40
T
1

2007). Some curves are terminated at less than 1000 AU becdus Qr FOK : 15 £11.5% .
these angular limits. The calculation of the fractionaltduminosity L M—dwarfs : 5.3 *105__ %

is described in the text. (This figure is available in coloelactronic : L ‘

form). ° o 0.2 0.5 1 2

Stellar mass (Mg)

But most of these detections come from JGEBTUBA sur- Fig. 7. Detection rates of cold debris disks versus stellar massek (
veys of IRAS biased sampleise. targets with prior IRAS ex- |ar types) for stars younger than 200 Myr. These rates andrtaio-
cess detections, unlike our M-dwarfs, for which no suchprigies are for disks having dust fractional luminosities &rthan the
knowledge was used in the selection of the sample. There tméts shown in Fig. 8 of the (sub)mm surveys used.

only two submm surveys of A-to-K type stars that are unbiased

in this respect and that have depths~df-3 mJy at 85Qum,

comparable to our sensitivity at 1.2 mm : the JCMT survey kstructed by Spitzer surveys where the age factor is cruoral f
Najita & Williams (2005) of thirteen F5-to-K3 stars (10 Myrdetectability of warm debris disks, we selected the 19 yeshg
< ages< 180 Myr, 10 < d < 78 pc, 3 detections) and theM dwarfs which have ages between 20 and 200 Myr in our sam-
JCMT survey by Wyatt, Dent & Greaves (2003) of nine B7ple. The disk fraction for these "young” M-dwarfs is351%° %.
to-A0 stars (86< d < 938 pc, 2 detections) and of thirteenTherefore, for this age range, there is an apparent trerfteset
F3-to-K5 stars (2 d < 250 pc, 1 detection) that are all parthree fractions, indicative of fewer cold disks detecteddter

of Lindroos binaries (14 Myk ages< 170 Myr). Combining stellar types- lower star masses although at a low statistical
these two submm surveys, we determine the cold disk frastiagignificance (Fig 7). Nonetheless this trend is notable bieea
of 22733 % for young A stars (2 detectiof® and of 15112 % the surveys are deeper for later stellar types as shown iB,Fig
for young FGK stars (#26). For a meaningful comparison, in-for disk radii< 100 AU. Interestingly, this trend has recently
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0.1

it precludes any meaningful correlation fit. Also, compari-
son of disk masses of 6 members of the nearby young TW
Hydrae Association (TWA) suggests no correlation between
disk masses and stellar types for these reasonably coekal di
(Matthews, Kalas & Wyatt 2007).

Removal of circumstellar dusty the Poynting-Robertson
effect and radiation pressure processes are diminished around
M-dwarfs because they are less luminous than solar-typg, sta
and so dust generated by collisions in any remnant planetesi
mal belt should remain there longer, giving rise to detdetab
emission. However, the opposite conclusion has been rdache
by Plavchan, Jura & Lipscy, (2005) that highlight the facitth
L . 1 dustremoval around M-dwarfs could be dominated by the drag
1 10 100 1000 caused by strong winds associated with their high corongl an

Disk radius (AU) chromospheric activities.
The formation of planetesimals and plarg¢pends on the
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Fig. 8. Dust luminosity versus disk radius limits of the three (sukby) i les betw th i f lati
surveys used to determine the cold disk fractions of "youiy, Ime scales between theé compeling processes of coaguiation

FGK- and A-type stars. Shown are the dust luminosity fractiof and _evaporation_ in the early period of accum_ulation. Theory
the 19 youngest M-dwarfs of our sample (blue), of the 9 young ARredicts thateeg increases andikp decreases with the central
stars (green) and of the 26 young FGK-stars (red) in the tvdu85 Star mass and with the strength of the FUV and EUV radia-

surveys of Wyatt, Dent & Greaves (2003) and of Najita & Wittia tion field (eqs 47 and 48 in Adams et al. 2004, respectively).
(2005). All these stars are less than 200 Myr old. Most of thees From their Fig 10, it can be seen that more than 10 Myr are
are upper limits (dashed lines). The 7 detections are mabedll needed to evaporate a protoplanetary disk around a solss-ma
lines. This plot emphasizes that for stars of lower masseser(ktel- star, whereas only a few Myr are required to evaporate thesam
lar types), even though the surveys are more sensitiveféisks are sk around a low-mass M-dwarfin a stellar cluster with a mod
deteme.d' Note that the x-axis S.hOW.S the single ra_dil_Js_smrujiUg erate UV flux of~ 30005¢. This might quench planet forma-
to the single temperature of a disk (ring) assumed infinitelgrow in .
our model. We consider the wide range of radii from 1 to 1000 AltJon around M-dwarfs. . . -
as plausible for rings of debris. (This figure is availablecoior in Early stripping of plane_teSImalsy passing stars is likely
electronic form). since most stars are born in clusters where stellar encraunte
as close as 160 AU are likely in the first 100Myr (Kenyon and
Bromley 2004b). The disruption of planetesimal disks byselo
been found also at 7@n in a sample of A to M stars with agesstellar encounters has been studied for the A6 gt&ic by
between 8 Myr and 1 Gyr by Plavchan et al (2009). Larwood and Kalas (2001). They found that, depending on the
We also determine the cold disk fraction ef 10 % for passing star’s trajectory and on the relative star mas8égpl
the "old” M-dwarfs of our sample having undetermined aget8% of the planetesimals are lost after encounters. Reisted
and likely being as old as the average Galactic disk stanses for planetary systems were also discussed by Malmberg e
(8.8 + 1.7 Gyr, del Peloso et al. 2005). This may indicate thail. (2007).
the cold disk fraction may decrease with stellar age, sityila A Lack of gaseous giant planedsound M-dwarfs is pre-
to warm disks (Rieke et al. 2005). We note that the "old” Mdicted by Laughlin, Bodenheimer & Adams (2004), caused by
dwarfs have been observed with higher sensitivity as seentlie longer duration required to build a core of\§. This lack
Figs 5 and 6 where "young” and “old” M-dwarfs have beepof giant planets might reduce the production of second gen-
color-coded in dark and light blue. The higher sensitivity f eration dust in M-dwarf debris disks because of weaker grav-
the "old” M-dwarfs is because they are nearer than the "ydungationnal stirring (Wilner et al. 2002), diminishing thede-

M-dwarfs. tectability.
We now examine possible reasons why M-dwarfs have less This series of arguments leads to the expectation that de-
detectable disks. bris disks around M-dwarfs might be intrinsically less gust

Theoretical models of star formation predict thato- and therefore more flicult to detect than those around more
toplanetary disksare less massive around M-dwarfs thamassive stars of the same age. However, most of these argu-
around higher mass stars. Vorobyov & Basu (2008) predittents assume that the initial protoplanetary disk masescal
< Mg > o« < M, >301 where disk mass Mg > and with the central star mass, which may be plausible but ismebse
star mass< M. > are time-averaged over the star accretiovationally not well established.
period (0.5 to 2.5 Myr). Consequently, less primordial miate
als could limit planet formation around M-dwarfs. Collegji C .

. . . Conclusion
masses of protoplanetary disks determined by (sub)mm ob-
servations in the nearest star forming regions, Natta, iGrinTo search for emission from cold debris disks, we have used th
& Mannings, (2000) foundVlg o M264014 byt Andrews MAMBO-2 bolometer camera at the IRAM 30m telescope to
& Williams (2005, 2007) show thatly versusM. in Taurus- map 42 nearby M-dwarfs at 1.2 mm wavelength to a noise level
Auriga is so widely scattered between 0.001 andM}2that of 0.6 to 2.8 mJy per 11" beam. We also reanalyzed our earlier
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MAMBO-2 and SCUBA data to form a coherent sample of 50 3
M-dwarfs. Only one cold debris disk was detected, surround- | M6
ing the M0.5 dwarf GJ842.2. In an attempt to discuss how de-
tectability of cold debris disks depends on the mass of the ce
tral star, we have compared this result to the observeddmest
of cold disks for more massive stars in the two submm surveys |
of Wyatt et al. (2003) and Najita & Williams (2005), who re—fc»
port detection rates of 223 % for A-stars and 1513 % for
FGK-stars with stellar ages between 10 and 180 Myr. For the” [

T T
grain radius = 50.0 um
model 1 Qgue & Ag/A"0, ASN,

19 youngest M-dwarfsq{ 200 Myr) of our sample, we founda | T = 490K
detection rate of 3*105 %. Hence, for this age range, thereis | 3 -

a mild trend in these three detections rates, indicativewkf , T~ - _

cold debris disks detected for later stellar typesower star T T T T T e e e R

masses- although at a low statistical significance. Nonethless R(AU)

this trend is notable because the sensitivities of theseegar Fig Al : Variation of the temperature of a grain 108 in diameter

are deeper for later stellar types. We also determine theg cekposed to the radiation of the stellar field and of the igptranter-

disk fraction of< 10 % for the "old” M-dwarfs (likely a few stellar radiation field. This latter field dominates at sorisk dadiusR

Gyr) of our sample, indicative that the cold disk fractlony’nathat depends on the stellar luminosity. The saturation &atjpn of

decrease with stellar age, as is also seen for warm dIS|<ISl’§ut4 9K due to the interstellar field is consistent with the catagion of

observations of a larger and better controlled sample gf stiU9¢! (2003, p. 249). For M6 only, the dashed line indisate grain

of all stellar types with Herschel in the far-IR and deeper OlP emperature when the interstellar radiation field is nolided. (This
) ure is available in color in electronic form

servations in the (sub)mm will be able to better clarify #es 9 )

issues.

Radiation field : M1.5_Star_+_ISRF
Star—dust separation : 500. AU ]

20

7. Appendix : computation of the dust temperature
and mass for the possible large debris disk
around GJ526

15

Carbon

The source that heats dust in debris disks is usually the stel
lar radiation field, but in a large debris disk, as possiblyrfo ol
around GJ526, the interstellar radiation field dominatesate i
radius from the star. We compute this transition radius éw s
eral stellar spectral types by solving numerically the gné

equation for a grain at thermal equilibrium absorbing bdié t

stellar and interstellar incident fields : ol i i
Q.1 1 10 100 1000

grain radius(um)

Fig A2 : Variation of temperature as a function of grain radius at
f Qabs(1, @) . (wald, (A, 1) +4ra’disre (1)) dA = 500 AU from the M1.5 dwarf GJ526. Similar results are repoiy
0 Kriigel (2003, p. 249). The discontinuity in the silicatenaiarises
00 from the piecewise-defined funtioQaps(4, @) adopted from Laor &

f 4ra®Qaps(4, )B(4, Tgda (A1) Draine (1993). (This figure is available in color in electioform).

0

whereQgps(4,a) = 1 for 4 < g and Qgs(4,a) = Ag/A with
o = 2rafor A > o, which approximate the absorption ef4000K,Cy = 4 x 10723, T4 = 300K,Cs = 1.5x 1071%, T5 =
ficiency computed for carbon by Laor & Draine (1993). Thé00K,Cs = 0.5 107, Tg = 46K, at galactocentric distance
parametea is the radius of a spherical grain. The expressickDkpc (Mathis, Mezger & Panagia 1983). In Fig A1, we solved
B(1, Tg) is the Planck function at grain temperatiigthat de- numerically eq (A1) to determine dust temperatligr) as
pends ora. The intensity of the stellar radiation field(2,r) is  a function of disk radius in modelling grains with the single
7B(T,, 2) x (4nR./4nr)? at disk radius with the star character- size 22 = 10Qum, typical for submm observations, and for
ized by its éfective temperature,Tand its radius R Intensity several stellar spectral types. For GJ526 (M1.5), this &gur
of the Interstellar Radiation Fieldsgr (1) in the solar neigh- shows that the interstellar radiation field becomes dontiagin
bourhood is : r > 1000 AU, but this transition radius is only 200 AU for
spectral type M6.
In Fig A2, we use a more realistic model for the dust in
Jisrr(4) = Z CinB(4, Ti) adopting the standard grain size distributitid = Noa=3°da
=0 (Dohnanyi 1969) to compute temperatdiga) as a function
with componentsCy = 1,To = 2.7K,C; = 4x 10°Y, T, of grain size atr = 500 AU with eq (A1) but modified to
2700K,C; = 10 T, = 750K,Cz3 = 1013 T3 include the grain size distribution. Temperature increasig-

i=6
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nificantly fora < 10 um which is relevant for M-dwarfs be- c T T HCARBON, o= 23 g,cr,;—i
cause the grain blow-out size is small. For GJ526 (OL@Q31 | Model : o
it is as small as 0.04m for carboneous grains, ignoring the < ¢ model Qs @ 20/4 5 Ny
effect of stellar wind drag for this star which has a low coro- oo =0.042um
najchromospheric activity (Loig,=26.87 [10'W], Schmitt&  _ Mmoger = 6:2 M¢
Liefke, 2004). Finally, we use this temperature functigyfa) = =: Srev—body - E
atr = 500 AU to determine the dust mass around GJ526 by oj;, « 2y0(:),u,m/)\"°, A |
H 1 — r rain 5.4 K ht

matching the total flux den3|.ty of the 5 clump.Sl,(z mm = 2 | bis(850,um)= 17 eml
212 + 2 mJy) to the flux density of our model. dfis the dis- = ¢ Mg = 220 mg ]
tance to the star, the predicted flux density is : i

_ NO an’ax4 2 _35 Tk A | M | | e

V= o5 ra” Qaps(v, @) . mB(v, Ty(a)) . a™>>da (A2) 1010 10" 10'? 10" 10" 10'°
4nd? Ja,

v (Hz)
L . . Fig A3 SED of carboneous dust around GJ526 based on our model fit-
the limit amin is set by the blow-out sizeakin = 0.04um ted to the 1.2 mm flux density. Our model includes the colfialaust

for GJ526). The limitamax '_S relgted t‘? the total dust mas_%ize distributiondN = a~35da and the resulting non-uniform temper-
Mg = 37m0No vamax for the size distribution above and spheriatyre for grains of various sizes computed in Fig A2. Suppdised is
cal grains of density. My is the dust mass probed by the meahe corresponding grey-body model computed with the sigghen
sured flux density at the observingPractically, the grain size temperature 4.9 K and standard mass opaci chfg™® at 1 =
limit amax is the value that makes convergent the computati®fo um scaled with the ficiency 210um/A (see text). (This figure
of the power emitted byMy over a band B centered on the is available in color in electronic form).

observed wavelength (1.2 mm). We adopted the convergence

criterium of 5% to match the relative accuracy of the meagure | SILICATE, p= 3.2 g.cm™>

flux density. In other wordsamax is increased until the integral  _ | Model : ) |

below converges to within 5% : °t f;'jx  Loor & Draine.1993 2
[ Apin =0.030um

Mmoger = 104 mg

+1.2 mm+b Arrax = ) -
f f 4na? Qaps(A,8) . 7B(1, Tg(a)) . a **dada (A3)Z |
+ %) L

Grey—body : 0
1.2 mm-b Jamn Qqps & 200um/N'7, A>Ng
ot grain = 54 K y i
This power would need to be computed more accurately by in-- - ’;abs(af°5‘5"3=r;-7 em®g
. . . . . T r b . C 1
cluding the small contribution to the emission of largeriplels ¢ ]
only if the flux density were measured more accurately. We
found thatamax is ~ 24mm and~ 36.4mm for carboneousand - 4
silicate grains, respectively, and, independently of theice B T e T LT

b = 5%, 10% 20%x 1.2 mm. Similar calculation was made by )

Wyatt & Dent (2002) for the A3V dwarf Fomalhaut by integratrig A4 SED of silicate dust around GJ526 based on our model and
ing not only over grain size but also over a range of radites fitted to the 1.2 mm flux density. Same comments as in Fig A3is(Th
account for spatial distribution of the dustin a ring. Theyiid figure is available in color in electronic form).

that 95% of the flux density comes from grains and pebbles less

than 100mm in radius. This is comparable to our determinatio o
of amy and the diference must come from ftierent function The SED of our model is significantly more extended to the

for Ty(a) and their hypothesis of dust spatially distributed. ~Far-IR and to the radio than the grey-body model when both

Figs A3 and A4 show the SED of the dust around GBi@o_dels match the flux density at_: 1._2 mm. Noticeably, we
based on our model for both carboneous and silicate graffdnt out that this Far-IR extension is much less pronounced
adjusted to the flux density measured at 1.2 mm. The difspur model is applied to an A-star. Future observationswit
mass determined by our model is betweers and~ 10 lu- Herschel will test .th'ese SEDfﬂ%renc«_es a'md.thus will probe, in
nar masses. We have added in these figures, the SED base®S5f"ce: the collisional dust size distribution adoptetitae
the standard grey-body model of optically thin dust emissid!on-uniform grain temperature.
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