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Abstract. We use a deep near-infrared census of the young stellar cluster IC 348 to construct and analyze its luminosity
function. Our mosaic image of IC 348 covers the full extent of the cluster with a completeness limit18.5 and is therefore

sensitive for 2 Myr old cluster members with masses as lowlas 0.005M,, for the mean extinction of the known cluster
members A, ~ 3.5 mag). By using information on stellar ages, extinctions, and the binary population in IC 348 from several
recent studies, we can derive statistical constraints on the stellar and sub-stellar mass function of the cluster by modeling the
observed luminosity function. We find that the stellar part of the mass function in IC 348 is well described by the galactic field
star IMF. While several brown dwarfs have recently been identified in IC 348, our data show that the cluster harbors only a
relatively small population of sub-stellar objects. We find that brown dwarfs in the mass r&25®.075 M, constitute at
most~10% of the total cluster population, in contrast to recent results suggesting much larger brown dwarf populations in
other young clusters and also the galactic field. Our results suggest that IC 342hé&awer brown dwarfs than the Orion
Trapezium cluster. A similar brown dwarf “deficit” was recently found in the Taurus star forming region. We speculate about
the possible causes for this result, including the presence or absence of nearby massive stars and their influence on the formation
of low-mass young stellar objects.

Key words. stars: pre-main sequence — stars: low-mass, brown dwarfs — stars: luminosity function, mass function —
open clusters and associations: general

1. Introduction been found in (young) clusters and also in the galactic field
- . . . for an overview see Oppenheimer et al. 2000 or the proceed-
The initial mass function (IMF) is of utmost importance fO‘(ngS of the IAU Symp. 211 on Brown Dwarfs; Martin 2003).
?‘5uring the last couple of years, important steps in the char-
cterization of the sub-stellar mass function have been made
e.g. Reid 1999). In a summary of recent results Chabrier
002) concluded that the total number of BDs (in the mass

tion is that the IMF should vary systematically with the st
formation environment, no really convincing evidence for var
ations in the stellar part of the IMF has yet been found (f
recent reviews see Kroupa 2001, 2002; Scalo 1998). The nge 0001-0.07My) in the Galactic disk is similar to the
fects of environment may be clearest at the low-mass endn mber of stars
the IMF, as one might imagine that the least massive protostars '
are most strongly féected by externalftects. The sub-stellar ¢ 348 is a very young cluster located in the Perseus molec-
part (<0.075Mo) of the IMF, which is not as well character-jar cloud complex at a distance of about 310 pc (cf. Herbig
ized as the stellar mass function, is therefore a good point1t§9g). For a long time, the cluster was believed to con-
look for variations in diferent environments. sist of just a dozen T Tauri members (Herbig 1954, Harris
After the first detection of BDs (see Rebolo et al. 1995 a1, 1954), but recent sensitive optical (Herbig 1998), near-
Oppenheimer et al. 1995) numerous sub-stellar objects hy®ared (Lada & Lada 1995; Luhman et al. 1998), and X-
Send dorint s toT. Preibisch ray observations (Preibisch et al. 1996; Preibisch & Zinnecker
e_‘:'a”gigbrgrgpuief?bgnﬁ I;E; IZZ ’ 2001, 2002) have shown that IC 348 contains more than
* Based on observations obtained at the German-Spanilsgo S_tarlsc': Ié"ilgmar: etdal' (ll‘:?9_8t) Str;]owedbth?t”the ma_lss Sﬁ)ec'
Astronomical Centre, Calar Alto, operated by the Max-Plancftum in ) extends well Into .e sub-stellar r§g|me: n
Instiute for Astronomy, Heidelberg, jointly with the Spanish Nationat deep near-infrared spectroscopic survey of faint objects

Commission for Astronomy. in IC 348, which later was extended by Luhman (1999),
** Table 1 is only available in electronic form at at least 8 objects could be identified which appear to have
http://www.edpsciences.org masses below 0.074,, i.e. the hydrogen-burning mass-limit.
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Najita et al. (2000) [NOO hereafter] identified further browndistance we use is in very good agreement with the recent
dwarf candidates by deep HBNICMOS narrow-band imag- determination of Per OB2 distance (3387 pc; de Zeeuw
ing, using the ©um water absorption band strength as an iret al. 1999) based on a detailed analysis of the Hipparcos data.
dicator of spectral type. Their observations covered the™ Also, the recent detection &f Scuti-like pulsations in one of
core of IC 348, are complete down to masses@D2M,, and the F-type stars in IC 348 by Ripepi et al. (2002) allowed an in-
revealed 20-30 substellar candidates. Liu (2002) perfotdieddependent distance determination that is in full agreement with
band spectroscopy for some of the BD candidates in IC 348cair assumption of 310 pc and rules out earlier suggested values
the Subaru 8 m Telescope and found that for the faintest objezt®nly about 250 pc (e.g. Cernis 1993).
only marginally useful spectra can be obtained. This demon-
strates that a spectroscopic identification offtilepopulation ) )
of BDs, down to the deuterium burning mass limit 4T6M,, 2+ D€ep J-band imaging of IC 348
and across the_ whole clustfer_area, would require a large amognt opservations and data reduction
of observing time. The existing samples of spectroscopically
identified BDs are necessarily subject to the problems of smale observations discussed in this paper were obtained during
number statistics. the night of 2nd Dec. 2001 using the Omega Prime wide-field
On the other hand, near-infrared photometric observatiohgar-infrared camera (Bizenberger et al. 1998) on the Calar
of a compact cluster like IC 348 can rather easily go deéfto 3.5m telescope in service observing mode. The cam-
enough to detecall cluster members down to masses belo@ra uses a 1024 1024 pixel HgCdTe array and provides a
~0.01Ms. It is thus relatively easy to determine the full clus6.7” x 6.7 field-of-view at a pixel scale of.@”. The images
ter luminosity function. Modeling of the observed luminosityvere taken through a standardand filter (113-142um). We
function (cf. Zinnecker et al. 1993) then allows one to obtapptained a %3 mosaic image covering an’+818 area around
statistical constraints on the mass function. An early attenft 348. Furthermore, we also obtained two background images
to gain information about the low-mass and sub-stellar IM@&Eout 30 east and west of IC 348, each covering’a<6l2
on the basis of an observed luminosity function was presen&@a. The stepsize between the mosaic positions was choser
by McCaughrean et al. (1995) for the case of the Trapeziudch that a significant overlap between the frames allowed ac-
cluster. curate registration of the images relative to each other. At each
In general, the knowledge of the luminosity function is ndhosaic position, a sequence of 15 images with individual ex-
sufficient to draw strong conclusions on the underlying mag@sure time of 20 s was repeated in 5 dither positions wfith o
function, because the individual stellar magnitudes are not ofits of about 20 The final per pixel integration time is thus
a function of the stellar mass, but also strongly depend on thes 15x 20s = 1500 s (25 min). The observing conditions
stellar age and the extinction. If, however, the distribution @fere photometric during the whole night, and the mean seeing
stellar ages and extinctions is known as a piece of indepd&yas 13”.
dent information, this ambiguity is largely removed and the The data reduction followed standard infrared procedures.
luminosity function basically depends only on the mass funEor each individual exposure, sky frames were constructed by
tion. Although it is clear that any luminosity function modelmedian averaging (to remove stellar images) of adjacent (in
ing procedure can give only statistical constraints on the maige and on the sky) exposures. These were then subtracted
function, i.e. yields less information than a (spectroscopic) orfeom the frames, thus also removing the bias level. Bad pix-
by-one identification of cluster members, it allows neverthelegls were masked and excluded from further processing. The
important insights with a relatively small observationgibet.  frames were then divided by a normalized flat-field, which was
While many similar studies of cluster luminosity functiongonstructed of exposures of the dome, once with a flat-field
(e.g. Zinnecker et al. 1993; Lada et al. 1998) have been p@mp on, then fi. Finally, the images were registered and me-
formed in theK-band (2.2um), we have chosen th&band dian averaged to reject cosmic ray events. As the edges of the
(1.2um) for our study of IC 348. Our choice was motivated bfinal mosaic constructed from the dithered exposures have not
the fact that thel-band flux seems to be a better tracer of th@e full integration time, only that part of the mosaic with the
stellar bolometric luminosity (cf. Kenyon & Hartmann 1995)full 25 minutes integration time was used for further analysis.
This is even more important as we are dealing with very younis final image measures 88x 184', giving a field of view
stars, for which thé<-band flux is often stronglyfected by of ~340 square-arcminutes. The center of our final image is at
excess emission due to hot circumstellar material, most ptbe position RA= 3"44™30°, Dec = 32°08'00” (J2000). The
nounced in the case of the classical T Tauri stars. Idthand, sKy fields both measured about 72 square-arcmin. The UKIRT
this excess emission is much reduced. Kaband has the ad- faint infrared standard star FS 113 was observed for photomet-
vantage of being less sensitive to extinction than dHsand ric calibration.
(Ak = 0.11x Ay; A; ~ 0.28x Ay; cf. Rieke & Lebofsky 1985),
but this is not very relevant for our particular study, since th
extinction of the stars in IC 348 is not very larg®; (< 3 mag; 22 Photometry
see below). The MIDAS INVENTORY package was used for the source
For the distance of IC 348 we adopt here a value of 310 gdetection, and the resulting source list carefully checked
(see H98 for a detailed justification of this value). We nofer apparent misidentifications such as multiple detections
that IC 348 is associated to the Per OB2 association, and dfiestrongly saturated sources, wrong source detections in
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diffraction spikes of bright sources, extended, nebulous f&able 1. J-band magnitudes of the sources detected in our IC 348
tures, and the KHfeatures associated with the outflows in th#nage. The source names contain the J2000 coorinates. The complete
HH211 region. 1991 sources were thus found on the clugrsion of this table is in electronic form. The printed edition contains
ter mosaic, and 632 and 662 sources were found in the cdtfily @ sample.
parison fields. Aperture photometry was then done using the

DAOPHOT package, dealing separately with the subfields of 1C348-J J
the cluster mosaic and the comparison fields. This was done in [mag]
order to correct the photometry for the actual atmospheric ex- 034350.6321059 18.69
tinction and to allow for apertures varying as the actual seeing. 034350.6321231 19.46
Thereafter the photometry was carefully checked for possible 034350.74-321306  14.20
cloud contamination by first comparing brightness measure- 034350.4321125 19.98
ments for the individual exposures taken on each subfield, and 034350.8321433  19.65

then comparing brightness measurements for stars in the over-
lap region between the subfields. We did not find any evidence
for intervening clouds, with the brightness measurements scat-
tering only little (typically 0.02 mag for reasonably bright stars)
around the mean value. We thus regard the data to be taken_un- . ) _ .
der photometric conditions. The spatlal_ distribution of obje_cts in our mosaic image s/hows
The photometry was also compared with the 2MASS da%r.] excess in the surfac.e d.er?sw of objects up to radﬂeﬁS
Again, there was a very good correspondence between the Wﬁgn the cluster center; this is in good agreement with the re-
data sets, although there is a smaflset between the two sults of H9_8 and of Lada & qua (1995).' We therefore use a
(2MASS yields about 0.05-0.1 mag fainter stars; note howe\f:éﬁJSter radius of 6ior the following analysis.
that our measurements do not show any signific#lised from
the photometry obtained by Lada & Lada 1995). This indicatgs2. Magnitude distributions in the cluster
that the uncertainty of the absolute calibration of our data is  and background fields
0.1 mag or less. Furthermore, the comparison between 2MASS
and our photometry suggests that our datiesifrom satura- We constructed histograms of thleband magnitudes of all
tion for stars brighter than abodit~ 12. Thus for stars brighter Point sources located in the cluster area and the background
thanJ = 125 the photometry from 2MASS was used instea@eas; these histograms are shown in Fig. 2. The cluster
of our own measurements. The comparison of brightness magga contains 762 objects, the two background areas contain
surements obtained from the individual exposures suggests thé@4 objects.
measurement errors are less than 0.1 mag for stars as faint ad he humber of objects per magnitude interval in the back-
J~ 18-185. ground fields closely follows a power-law, as expected for a
The limiting magnitude of the exposures was found to peniformly distributed background population. The cluster field
atJ ~ 21. The number of stars per magnitude closely foltistogram also shows a power-law like increase in the number
lows a power-law. The completeness limit of our images c&h objects for faint magnitudes)(z 16), but in the magnitude
be approximated as the magnitude at which the distributi®ngeJ ~ 10-16 the distribution shows a strong bump, which
starts to deviate from a power-law relation, which we find &Presents the cluster population.
Jeompt = 19.5. A similar result was also found by adding arti-
figial stars to the_images and applying the same detection teghs Background subtraction
nigues as described above. Comparing this with the expected
magnitudes of 2 Myr old BDs (B98; Baffe et al. 2003) at the In order to properly correct the cluster area histogram for the
distance of IC 348, we conclude that our data are completeb@ckground population in the cluster field, we need a model
all BDs with masses of .005M, or more for the typical ex- for the distribution of background objects in the cluster area.
tinction of the known cluster member&y ~ 3.5 mag) and to To construct this background model, we scaled the background
objects with masses of @ M, or more for extinctions of up magnitude histogram according to the areas covered by our
to Ay = 11 mag. cluster field and the background fields. Furthermore, we also
The BDs identified by Luhman (1999) are clearly visibl&ave to take into account thefitirence in interstellar extinc-
in our data and are marked in Fig. 1. A table containing tti@n along the line-of-sight (LOS) to the background fields as
positions and magnitudes of all stars detected in our image@npared to the LOS in the direction of IC 348. What we need
given in Table 1 (available in electronic form only). to determine is the amount of additional extinction along the
IC 348 LOSIin excesof the background field LOS extinction.
o o ) IC 348 is located at the eastern edge of the Perseus molec-
3. Determination of the cluster luminosity function ular cloud complex. A dense cloud core abouttbthe south-
west of the cluster center contains several deeply embedded
infrared sources with extinctions exceeding0 mag inAy
The first step in the determination of tlleband luminosity as well as the very young molecular hydrogen jet HH 211
function (JLF) of IC 348 is the definition of the cluster aregMcCaughrean et al. 1994) and the IC 348 MMS outflow

3.1. Definition of the cluster area
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Fig. 1. Our J-band mosaic image of IC 348, showing a@& 184’ field with a square-root intensity scale. The eight BDs (objects with spectral
types=M 6.5) identified by Luhman (1999) are marked by boxes. The large circle marks the cluster area.

(Eisloftel et al. 2003). In the central cluster area, however, thg ~ 6.5 mag. Given these results, we have to addmag of
cloud extinction is much lower. Cernis (1993) found that thextinction to the background data to correct for thi§atence.
whole region is covered by a foreground layer oftfase ex- This corresponds tdA; = 1.1 mag.

tinction with Ay ~ 0.7 mag, in good agreement with the re-

sults obtained earlier by Cernicharo et al. (1985). Both stud-

ies also found a second layer of absorbing material, the dat#¢- The cluster JLF

clouds in the Perseus complex, producing extinctions of sevr-] | be d ined b b ina the red
eral magnitudes. The cluster JLF can now be determined by subtracting the red-

o ) o dened background histogram from the cluster field histogram.
A quantitative estimate of the extinction caused by thfhe resulting cluster JLF can be seen in Fig. 3. The most im-
IC 348 cloud can be based on the extinctions derived fgbrtant features of the cluster JLF are a pronounced peak at
some 50 background s'gars. in .the central cluster area by N§Q, 135 and the strong drop in the range- 14-16. The his-
which show a broad distribution froMv ~ 1 mag up 10 ogram shows a number of objects in the 17.5-19.5 range,
Av ~ 10-12 mag. but this is not significant and can be fully explained as a statis-
For the extinction in the direction of our two backgrountical fluctuation of the background subtraction. In the following
fields, we can use the reddening maps of Schlegel et al. (19989ts we therefore show these insignificant histogram bins only
which suggest extinctions betweefsy < 2 mag and by thin dotted lines.



T. Preibisch et al.: IMF and brown dwarf population of IC 348 151

e age from the age distribution described below. Thenjtband

L ] magnitude of each simulated star is determined according to
- L . its mass and age using pre-main sequence (PMS) evolutionary
r o 1 models. Finally, each star is extincted by randomly drawing a
150 17 value forAy from the distribution described below.

I 1  4.1. Mass function

In this paper we will mainly use power-law functions to de-
scribe the mass function:

z 100

dN
lI”(,\/I) = d_M =C Ma fOI‘ Mmin S M S Mmax,

where¥(M) gives the number of stars per unit mass. We note
that some authors prefer to use the number of stars per unit
log massg(M) = —IN_ and that¥(M) « M® corresponds to

~ dlogM’
f(M) o Ma+l %

50

4.2. Stellar ages

Fig. 2. Histogram ofJ-pand magpitude§ fo_r the centrdlradius area ‘The ages derived for individual stars by H98 and L98 by com-
in our |C 348 cluster image (thick solid line) compared to the s jsqon with PMS modelisochrones range from less than 1 Myr
togram for the ba_ckground fields (dotted line, scaled to the same A3 pout 10 Myr, with the majority of the objects having ages
as the cluster region). ’ A
of a few Myr (a mean age of1.3 Myr was derived by H98).

M Mgl (7 =2 My, A, = 3 mag) It is important to note that the ages determined by comparison

15 60 40 20 1005 020075005005 0.02 with PMS model isochrones, which we will denote “isochronal
1 ages”, are not identical to the true ages of the objects. The ap-

parent age spread derived from individual isochronal ages is al-
ways larger than the true age spread, because any measurement
errors and the intrinsic variability of the young stars will in-
crease the apparent spread in the isochronal ages. Another im-
portant factor are unresolved binary systems, which will lead to
systematically overestimated luminosities which in turn trans-
form into too young isochronal ages. In summary, the true
mean age of a stellar population will be somewhat larger than
the mean of the isochronal ages, and the true age spread will
always be smaller than the scatter of the isochronal ages. A
detailed analysis of thesdfects can be found in Preibisch &
Zinnecker (1999).

We consider bothféects in our simulations as follows. In
our Monte-Carlo programs we draw ages from a Gaussian dis-
1 tribution with (log(r)) = 6.3 andoiegery = 0.1. If an age of
‘ '| |- less than 0.7 Myr or larger than 7 Myr is drawn, the drawing
0 e e L is repeated. The mean value of the resulting age distribution

6 8 10 12 14 16 18 20 js 2 Myr; this is consistent with the mean “isochronal age” of
J [mag] ~1.3 Myr if a binary fraction 0f~50% is assumed. The width
Fig. 3.JLF of IC 348, computed by subtracting the background modef the simulated age distribution is also roughly consistent with
histogram from the cluster area histogram. The error bars representtie apparent spread of “isochronal ages”, if tffe@ of mea-
uncertainties caused by the photometric errors (0.05 mag) and the surement errors is considered.
Poisson statistical uncertainties of the background subtraction.
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4.3. Extinction of the cluster members

4. JLF modeling procedure The extinctions of the stars in IC 348 derived by H98 and

We performed detailed simulations to model the observed JLB8 range fromAy ~ 1 mag toAy < 10 mag, with a mean

of IC 348. The general outline of our Monte-Carlo simulationf Ay ~ 3.5 mag. The NICMOS study of NOO revealed sev-
procedure is as follows: In the first step, we randomly dragral stars with somewhat higher extinctions. In our simula-
30000 stellar masses from a distribution specified by the ingigns, we randomly draw values for the extinction from a half-
IMF. For each simulated star we draw a value for the stell@&aussian distribution (i.e. only positive numbers are used) with
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a widtho(Av) = 4 mag and increase every extinction value b4.6. Fit quality

Ay = 0.7 mag (to account for the fiuse foreground extinc-

tion mentioned above). The corresponding values range fréfyCrder to evaluate how good (or bad) thefelient model

0.7 mag to~20 mag with a mean of 3.9 mag. The resultin Fs reproduce the observed cluster JLF, we will compare be-
distribution is very similar to the empiric distribution found b ow the histograms of the cluster JLF to the corresponding his-

NOO and also consistent with the results of H98 and L98. tograms comput_ed from the model IMFs. The n_ormalization of
the model IMF histograms was chosen so that it reproduces the

number of objects in thd = 10-14 mag range.
4.4. PMS evolutionary models Since we also would like to decide whether a certain model
provides a statistically acceptable description of the data and

We use the recent version of the Bfieaet al. (1998) mod- to compare the success off@girent models in reproducing the
els (see also Chabrier & Bafa 2000) which have beenObserved JLF, we need a quantitative estimate of the “fit qual-

” 1 1 1 1 1 2 1 H
found to be very well consistent with observational constrairf¥ - While in many similar studies g~ test is used for this

(cf. Luhman 1999: White et al. 1999). These models have tRB'POSe, we note that this test is not completely suitable here:

additional advantage that they give not only the stellar lurdi-Provides a correct estimate for the probability that a specific

nosity and €ective temperature as a function of mass and agB0de! is consistent with the observed data only if the errors
but also the magnitudes in observational passbands. So tffenormally distributed, which is not the case here. We there-
is no need to transform luminosities anfteetive temperatures f0ré decided to use a Kolmogorov-Smirnov two-sample test

to magnitudes and the uncertainties in the calibration of thd& t€st), which is a non-parametric test and thus yields cor-
transformations can be avoided. rect probabilities without conditions for the distribution of the

errors. A KS test between the observed cluster JLF (in which
The Bardfe et al. models start at an age of 1 Myr and covgye treat the histogram points at> 17 as statistical fluctua-
masses from.02M; up to 12 Mo. Since IC 348 contains alsotjons, i.e. assume them to be zero) and the model JLF gives the
some stars with higher masses (the most massive membesrishability that the deviations between the model and the data
the B5 star BD+31° 643 withM ~ 6 Mo), we used the Palla & are purely caused by statistical fluctuations. For the interpre-
Stahler (1999) models for masses abo¥EM,. In the range of tation of the resulting probabilities we note that a model with
ages we need here, these two sets of models agree reasonafly: 0.5 provides a reasonably good description of the data,
well at 1Mo. In order to compute thd-band magnitudes of whijle a probability of, e.gPks = 0.05 shows that the model
the stars withM > 1.0Mo, we use the intrinsic colors andcan be rejected at the 95% confidence level and can be consid-
bolometric corrections as a function offective temperature ered to be invalid.
from the tabulation in Kenyon & Hartmann (1995) and Leggett | Taple 2 we summarize all relevant data for each of the
et al. (1996). different IMF models considered in this paper: the analytic
formula for the mass functionNydM, the “fraction of BDs”
o which we define as the fraction of objects in the mass range
4.5. Unresolved binaries 0.02-0.075M, among all objects computed by integration of

the mass function, and finally the KS test probability. A com-

It is well known that many, perhaps most stars are membefgison of most of the mass functions considered in this paper
of multiple systems. About 50% of the field stars in the sqs shown in Fig. 8.

lar neighborhood are binaries or higher order multiple sys-

tems (cf. Duquennoy & Mayor 1991; Fischer & Marcy 1992).

A recent study of the binary population in IC 348 has beeh?7. Uncertainties of the modeling
performed by _Duche_ne et al. (1999), who conducted a NS clear that the reliability of the modeling results depends

:cnfra(rjefzak;j_aptlve o;tJtlcs §u;\r/]ey of 66 {pemberzggll,CT?;fB ar&% the validity of the assumption on ages, extinctions, binary
oun inary systems in the separation rar_lg - M8y gactions and the correctness of the employed PMS models.
concluded that the binary fraction in IC 348 is consistent wit] s discussed above, due to the numerous studies of IC 348,

thatin the solar neighborhood, i.e. that |IC 348 displagvi- we can use relatively well founded and thus reliable assump-

dencefor an overabundance of multiple systems. We therefore
. o tions for these factors. In order to see to what extent our re-
assume that 50% of the stars in IC 348 are binaries, most 0 . -
ts might depend on the use of one specific PMS model, we

: : : su
which would be unresolved in our image. have also performed some tests witlffelient sets of models.

The dfects of unresolved binary components are model&adr this we firstly employed the D’Antona & Mazzitelli (1997)
in the following way: To each primary star we randomly addhodels, and secondly also a combination of the Palla & Stahler
a companion with a probability equal to the assumed binad999) models for masseslO< M/M, < 6 with the Burrows
fraction (50%). The companion mass is drawn from the saratal. (1997) models for masse®2< M/M, < 0.1. We found
IMF as the primary mass, but with the restriction that it mushat the use of these models instead of the B98 models gen-
be smaller than the primary mass. For these simulated binarglly causes only slight fferences in the shapes of the sim-
systems we use the combined system magnitude, containitefed luminosity functions. The IMF power-law slopesn-
the flux from the primary and the companion, instead of tHerred from the fits to the observed luminosity function with

primary magnitude. the diferent models do generally nottidir by more than-0.1.
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M [Mg] (7 =2 Myr, A, =3 mag) M [Mg] (7 =2 Myr, A, = 3 mag)
6.0 4.0 2.0 1.0 0.5 0.2 0.0750.05 0.03 0.02 6.0 4.0 2.0 1.0 0.5 0.2 0.0750.05 0.03 0.02
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Fig. 4. The IC 348 JLF (histogram) compared to a model based &ig. 5. The IC 348 JLF (histogram) compared to the two marginally

the Kroupa (2002) field IMF (dashed line), the stellar part of thacceptable Kroupa IMF like models with maximum BD population.

Kroupa (2002) field IMF (solid line), the Chabrier (2002) log-nornThe solid line shows the model with the power-law slape +2.5 in

IMF (dashed-dotted line), and our log-norm IMF fit (dotted line).  the sub-stellar part (model “Fit 1”), the dashed line shows the model
“Fit II”, in which the change of the power-law slope occurs 22M,.

Also, the derived sizes of the substellar population are quite

similar for the diferent models. The fierences in the IMF de- “fraction of BDs" found by integrating the model IMF is 30%

terminations with dferent PMS models are rather small b&geq Tapie 2, the actual fraction of BDs in IC 348 must be much
cause the luminosities predicted by théfelient models for smaller than this value.

PMS ob{jects_lvxgtr;_ages 9f a 1;ev;/] Myr;igree rather well (fr:)r Next we consider a purely stellar IMF, which is identical
a more detailed discussion of thesdfeliences see Muenc to the Kroupa (2002) IMF for masses above®M, and con-

et al. 2002). Therefore, none of our conclusions drawn in t nsno BDs The corresponding model JLF is compared to
paper depends significantly on the choice of a specific PN oyserved JLF in Fig. 4 and can be seen to provide a rather

model. good description of the observed JLPg = 0.975). This good
agreement also shows that our above assumptions about the
5. JLF modeling cluster properties are reasonable and provide a consistent de-

scription of the data. As closer look reveals that the purely
stellar IMF predicts slightly too few objects far > 15; this
We will start our modeling with recent representations of tHiggests the presence of a small BD population in IC 348 (the
galactic field IMF. We first consider the following parameteriexistence of which was of course already proven by the spec-
zation for the average galactic field IMF in the solar neighbdiroscopic identification of a few BDs by NOO and LOO).
hood given by Kroupa (2002): Chabrier (2002) included the results of recent near-infrared
_ surveys (DENIS, 2MASS, SLOAN DSS) in his determination
dN m_iz ;or 832 < m/m@ < 0(;)2 of the stellar and sub-stellar mass function in the Galactic disk.
am = 23 or 0.08<M/My < 0. He proposed several possible representations of the IMF, in-
M for 05<M/M, < 100 cluding a log-normal function. This model assumes a Gaussian
or, in the shorter notation we will use in the following textdistribution in logM with a peak at A My and a width of
a[0.02-0.08] = -0.3, ¢[0.08-0.5] = -1.3, @[0.5-100] = o(logM) = 0.627 (see Table 1 for details). It yields a model
—2.3. The comparison of the cluster JLF with the model basdtF which is very similar to that for the Kroupa (2002) IMF
on the Kroupa (2002) IMF is shown in Fig. 4. This masand is not consistent with our JLF for IC 348.
function obviously predicts much more objects at magnitudes We investigated in which way the parameters of the log-
J > 14 than observed in IC 348. The disagreement betweeormal distribution have to be changed in order to find a good
model and data is highly significant, what is clearly confirmeajreement between the observed cluster JLF and the model.
by the very small KS test probability ¢¥cs = 4.12x 1071°. The best fit (i.e. the highe&s value) is found for a model in
This implies that IC 348 contains a significantly smaller nunwhich the mass function is given by a Gaussian distribution in
ber of BDs than expected from the Kroupa (2002) IMF. As tHeg M with a peak at ®@5M;, and a width ofo-(logM) = 0.4.

5.1. Comparison with the galactic field IMF



154 T. Preibisch et al.: IMF and brown dwarf population of IC 348

M [Mg]l (T =2Myr, Ay =3 mag) M [Mg] (7 =2Myr, Ay =3 mag)
6.0 4.0 2.0 1.0 0.5 0.2 0.0750.05 0.03 0.02 6.0 4.0 2.0 1.0 0.5 0.2 0.0750.05 0.03 0.02
T T T T T T T T T ] L T T T T T T T T T ]
30 - 30 —
25 — 25+ ]
20 — — 20 -
=z + =z F 1
15— — 15+ -
10 — - 10 + -
S — 5+ _
O L 1 O [ -
6 20 6 20
J [mag] J [mag]

Fig. 6. The IC 348 JLF (histogram) compared to the IMF models fdFig. 7. The IC 348 JLF (histogram) compared to three models for the

IC 348 derived by Lada et al. (1998); the model L1 is shown by th#F in the Orion Trapezium Cluster. The dotted line shows the model

dashed line, model L2 by the dotted line. The solid line shows thg Hillenbrand & Carpenter (2000), the dashed line shows the model

model based on the IMF suggested by Luhman et al. (2000) for IC 34§. Luhman et al. (2000), and the dashed-dotted line the model by
Muench et al. (2002).

This model has a BD fraction of 9%, yiel®s = 0.777 and is

also shown in Fig. 4. cluster. The completeness limit of their KLF is ndar~ 14.
Since the typical color of late M-type starsdsK ~ 1, this
5.2. Constraining the sub-stellar IMF of IC 348 corresponds td ~ 15, i.e. their data are about 4 mag less deep

than ourJ-band data. In their modeling, they consider two spe-

We now want to determine an upper limit to the size the affic models which they find to be consistent with their data.
BD population in IC 348 by considering the following quesThe formulas for both models, called here L1 and L2, are given
tion: How must the Kroupa IMF be changed in order to contain Table 2, the model JLFs are compared to the observed cluster
the maximum fraction of BDs that is still marginally consisdLF in Fig. 6. Model L1 has a BD fraction of 19% and does not
tent (at the 10% level, i.dks = 0.10) with the observed JLF? provide an acceptable description of our data. Model L2 has a
There are two ways in which the Kroupa IMF can be changeD fraction of 16% and provides a marginally acceptable fit to
the first possibility is to change the power-law slope in the suthve JLF of IC 348. Both models predict more faint objects than
stellar regime, until the KS test between the model JLF to tle®served. The deviations startht~ 15, i.e. just at the com-
observed cluster JLF yield3s = 0.1. We find that the slope pleteness limit of thé-band data used by Lada et al. (1998).
must be changed from0.3 to +2.5. The corresponding IMF We suspect that this explains why these models are consistent
model (called “Fit I” in Table 2) has a BD fraction of 10% (se&vith their K-band data but not with oul-band data.
Table 1). Luhman et al. (2000) determined an IMF for IC 348 based

The second possibility is to keep the power-law slope fixath a spectroscopic sample of cluster members. The simulated
at—0.3 and to increase the mass at which the power-law slopleF based on this model (see Table 1 for details) is also shown
changes from-1.3 to —0.3. For this alternative we find thatin Fig. 6 and yields good agreement with the observed JLF. The
the mass has to be increased frofd8M,, to 0.22 M, (model model has a BD fraction of 10%.
“Fit 11" in Table 2); the BD fraction of this model is 16%.

Both models are compared to the observed cluster JLF in . .
Fig. 5. This analysis gives an upper limit to the BD fraction 05'4' IC 348 compared to the Orion Trapezium Cluster

<16% in IC 348. There are several reasons why it is interesting to compare the
IMF of IC 348 to that of the Orion Trapezium Cluster. First,
this famous star forming region is very well investigated, the
stellar population is well known to a high degree of complete-
ness, and several recent studies have tried to derive the IMF of
Lada et al. (1998) presented a study of the mass functiontbis region. Second, the physical conditions in IC 348 are very
IC 348 based on thK-band luminosity function (KLF) of the different from those in the Trapezium Cluster and this might

5.3. Comparison to other IMF determinations
for IC 348
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Table 2. Summary of model parameters and test statistics for all IMF models considered in this paper. For details Begviaxtes above
0.1, indicating statistically acceptable models, are marked in bold face.

model mass rangeNl,] Pxs T
power-law exponent

Kroupa (2002) [0.02-0.08] [0.08-0.5] [0.5-100.0] 10
galactic field ¢=-03 a=-13 a=-23 412x10° 0.30
Kroupa (2002) [0.08-0.5] [0.5-100.0] 0.97 0
stars only a=-13 a=-23 '
Chabrier (2002) ~ _ 12
salactic field peakM) = 0.1 Ms, o(log M) = 0.627 180x 100 0.34
log-normfit peakM) = 0.25M, o(logM) = 0.4 0.78 0.09
maximum BD [0.02-0.08] [0.08-0.5] [0.5-100.0]
Fit | a=+25 a=-13 a=-23 0.10 0.10
maximum BD [0.02-0.22] [0.2-0.5]  [0.5-100.0]
Fit Il a=-03 a=-13 a=-23 0.10 0.16
Lada et al. (1998) [0.02-0.3] [0.3-1.0] [1.0-10] 2
IC 348 (L1) @=-06 a=-14 a=-25 126> 10 0-19
Lada et al. (1998) [002-0.2] [0.2-1.0]  [1.0-10] 011 0.16
IC 348 (L2) a=-03 a=-14 a=-25 ' '
Luhman et al. (2000) [0.02-0.1] [0.1-0.3] [0.3-25]  [2.5-10] 0.86 0.10
IC 348 a=+04 a=-04 a=-20 a=-27 ’ ’
Hillenbrand &
Carpenter (2000) 0020 8 15041 a0 B8, B s20x10° oz
Trapezium Cluster *=-045 a=-1 @=" @=" @=-e
Luhman et al. (2000) [0.02-0.06] [0.06-0.08] [0.08-0.3] [0.3-2.5] [2.5-10] 4
Trapezium Cluster @=-083 a=+01 a=-08 a=-17 a--27 AOx10 0.22
Muench et al. (2002) [0.02-0.025] [0.025-0.12] [0.12-0.6]  [0.6-10] .

. 461x 10 0.27
Trapezium Cluster a =-6.00 a=-027 a=-115 a=-221 %

offer interesting clues concerning the reasons of IMF varigroduces a broader shaped JLF than observed. The KS test con-
tions. We will consider several recent IMF determinations fdirms that this model, which yields a BD fraction of 21%, is not
the Trapezium Cluster and compare them to our IC 348 dataonsistent with the IMF of IC 348.

Hillenbrand & Carpenter (2000) presented the results of a Luhman et al. (2000) presented a study of the IMF in the
deep near-infrared imaging survey of’a&' central region of 1rapezium cluster based on HSIICMOS data and ground-

the Orion Trapezium Cluster. Their survey is sensitive to oBasedk-band spectra. They constructed an HR diagram to de-
jects with masses down ta@® M, and they use their data totermine stellar masses and ages. The IMF they derive is listed
constrain the shape of the stellar mass function. They found tRfable 2 and the corresponding model JLF is shown in Fig. 7.
the mass function rises to a peak arourtb®l, and then de- The model JLF is very similar to the Hillenbrand & Carpenter
clines (in terms of tl/d(logM)) across the hydrogen-burning(zooo) model; it has a BD fraction of 22% and also is inconsis-
limit. The parameterization of their mass function is given iFent with the IMF of IC 348.

Table 2, the resulting JLF is shown in Fig. 7. This model pro- Muench et al. (2002) estimated the Trapezium cluster IMF
vides no valid description of the observed JLF for IC 348, bé&om the observed&-band luminosity function. Their derived
cause it predicts too many objects for> 14 and generally Trapezium cluster IMF (in the parameterization of their Eq. (1))
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strengthened in the study by Briceno et al. (2002), who con-
cluded that Taurus has<Zewer brown dwarfs at.02-0.08 M,
Muench | than the Orion Trapezium cluster.

| Our results on IC 348 therefore provide another piece of
H+C | evidence for the non-universality of the sub-stellar IMF.

6. Possible explanations for the BD deficit

How can we understand the observeffatences in the sub-
6 H . stellar IMF of IC 348 (and similarly Taurus) as compared to
e the galactic field population and the Orion Trapezium Cluster?
RETER There are a number of importantidirences in the physical en-
: s 1 vironment of IC 348 as compared to the Trapezium Cluster.
4r- : ', N One crucial factor may be the density in the star forming en-
vironment. The stellar number density of ~ 10°pc2 in
IC 348 is much lower than the density of ~ 5 x 10*pc
: in the central Trapezium cluster. Briceno et al. (2002) argued
2 e N that in low-density star forming environments the minimum
: y . Chobrier Jeans mass may be larger, possibly explaining the BD deficit
- 1 in Taurus and perhaps also in IC 348. Another important fac-
~Fith 1 tor may lie in the diferent levels of supersonic turbulence in
the molecular cloud, which influences the star formation pro-
cess (see Mac Low & Klessen 2003 and also the discussion by
Luhman 2000).
Fig. 8. lllustration of some of the IMFs used in this paper. All dis- A very critical aspect we want to dicuss in some more detail
tributions are normalized to give the same number of objects in theye presence or absence of massMex 10M,) stars and

0.08-1.0 M, range. The thick solid line shows the Kroupa (2002) fielgheir impact on the forming young stellar objects in their vicin-

star IMF, the sub-stellar part of which is shown by the thick dotte . . .
line. The thick dashed-dotted line shows the IMF “maximum B - N IC 348, the most massive star is only a BS V Staith
" the thick dashed line shows the IMF “maximum BD fit II”. The ~8 Mo, which neither has a powerful wind nor emits strong ion-

solid parabolic line show the lognormal fit IMF, the dotted paraboli€ind radiation. In the Trapezium cluster, on the other hand, the
line represent the Chabrier (2002) field IMF. The thin solid line showirong winds and the ionizing radiation of the massive stars ob-
the Trapezium cluster IMF as derived by Muench et al. (2002), whidously atect nearby collapsing cloud cores and forming stars,
the thin dashed line shows the Trapezium cluster IMF as derived toy example by dispersing the circumstellar material of young
Hillenbrand & Carpenter (2000). stellar objects, as can be nicely seen in the ionized proplyds
(Bally et al. 1998; see also Richling & Yorke 1998). The mass
loss rates of these proplyds due to photoevaporation have been
is listed in Table 2. Their model has a BD fraction of 27% anestimated to bex10% M, /yr (Henney & O’Dell 1999), and
the model JLF is obviously inconsistent with the JLF of IC 348ecent numerical simulations suggest that even higher evapo-
ration rates of up te:10> My /yr can be reached next to mas-
sive stars (cf. Brandner et al. 2000; Hollenbach et al. 2000).
The final mass of the forming young stellar objects is there-

Our modeling shows that IC 348 harbors some BDs, but tfre strongly influenced by the competition between accretion
size of the sub-stellar population is relatively small. The suphd photoevaporation. This scenario was recently explored in
stellar part of the IMF in IC 348 is clearly fierent from that Some detail by Whitworth & Zinnecker (2003; see also Kroupa
of the galactic field population and also the Orion TrapeziugP01, 2002). They found that the erosion of initially more mas-
cluster. With a BD fraction 0f10% (at most 16%) the sub-Sive pre-stellar cores by the ionizing radiation from ambient
stellar population (in the.02-0.075M,, mass range) in IC 348 massive stars can significantly diminish the accretion reservoir.
is about two times smaller than in the galactic field and th@ the central regions of large clusters the outer layers of the

Trapezium cluster which have BD fractions of about 20-35960res are eroded more rapidly than they can accrete onto a cen-
tral protostar, and this can lead to the formation of BDs instead

of low-mass stars. In a cluster like IC 348, i.e. in the absence

N(M) [arbitr. units]

lognorm
Fit

1 |:| L1
1.00 0.10 0.01
M [Mo]

5.5. Conclusions drawn from the JLF modeling

5.6. Comparison to the BD deficit in Taurus

. . . .1 We note that H98 detected a faint blue star (his number 209) in
Itis VeTY interesting to note that recent re_sults SF‘ggeSt a S"Rf'348, for which the position in the color-magnitude diagram suggest
lar deficit of BDs for the Taurus star forming region. Luhmag,; it might be a white dwarf. It is not known whether this star is a
(2000) investigated the IMF of the Taurus star forming renember to IC 348 or a background object; if it really is a member
gion and found strong evidence for a significant deficit @ff the cluster, there may have been one massive star in IC 348 at one
BDs in that region. This result was recently confirmed artihe.
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of massive stars, the pre-stellar cores areffisated by photo- cf. McCaughrean & Stater 1994, versus, ~ 4200 pc?2 for
erosion and the protostellar objects should therefore reach gh& central 0.1 pc region of IC 348; cf. Lada & Lada 1995) it is
tematically higher final masses; thus, a larger fraction of tarder for ejected bodies to leave the much deeper gravitational
forming very-low-mass objects can gain enough mass to crgstential. The mean escape velocity for IC 348 &8 kms™*
the hydrogen-burning limit. (Herbig 1998), while the corresponding value for the Orion
Another interesting aspect in this context is the result th@itapezium cluster is-2 kms. The statistical analysis of dy-
the stellar part of the IMF in IC 348 is very similar to the fielchamical interactions during early cluster evolution of Sterzik
IMF, whereas the number of BDs is much smaller than in ti& Durisen (2003) suggests that the median velocities of BDs
field. This may be understood in the framework of the theogre $2 kms™; this would imply that in IC 348 a large frac-
by Elmegreen (2000) that the IMF is the combination of two irtion of the BDs could be ejected from the cluster, while in the
dependent mass functions that combine ffiedent ways above Orion Trapezium cluster most of the BDs would be gravita-
and below a characteristic mass. In the intermediate- to higlonally bound. We therefore conclude that the ejection sce-
mass range the IMF depends primarily on the cloud structurario might dfer a good explanation for the observedfei-
which seems to be rather universal and leads to very simiérces in the sizes of substellar populations. A direct proof for
mass functions independent of the details of the star formatitis theory, however, can only be obtained via a detailed inves-
process. The turnover and the flat or declining part of the IMigation of the dynamical status of the stellar and sub-stellar
is determined by the details of the transition from clumps w@uster populations. This would require to measure the proper
stars and should be sensitive to the physical conditions durimgtions of objects with an accuracy of the order of 1 kfns
the star formation process. Since the presence (or absencé)bfle such a project is hardly feasible with current technol-
massive stars seriouslyfacts the physical conditions duringogy, we note that it will soon be possible to obtain wide-field
the star formation process, this would yield an interesting ediffraction limited astrometric imaging with the LBT interfer-
planation for variations in the very-low-mass IMF. ometer (see Zinnecker & McCaughrean 2001); in this way the
However, it is unclear whether the impact of massive staralidity of the ejection model could be tested.
actually can fully explain the observedigirences in the sub-
stellar populations in various environments. One problem is
that photoevaporation significantlffects only the low-mass 7. Summary
objects in the immediate vicinity of the most massive stars, . )
whereas objects in the outer part of the cluster are not 96" modeling of the observed JLF in ,IC 348 _ShOWS that the
strongly influenced (Whitworth & Zinnecker 2003). Secondl ,tella}r part. of the IMF agrees well W'_th the field stgr IMF.
this scenario requires that the massive stars have already %f-find evidence that the BD population in IC 348 is about

tered their main-sequence phase while the low-mass objectszra imes smaller than in the general field and is also about

still in a very early evolutionary phase. This may be a pamcg_times smaller than in the Orion Trapezium cluster. The deficit

larly serious problem if the hypothesis of a very recent birfff BDS in IC 348 appears to be in line with a similar BD deficit
for 6'C Ori (probably within the last few 10000 years; sekecently found for the Taurus star forming region. These results
e.g. Scally & Clarke 2001) is correct. provide evidence for the non-universality of the sub-stellar IMF

Therefore, we finally also consider a totallyferent sce- and challenge current theories of very low-mass star formation

nario. It has been suggested that BDs can form via the fr&jid €arly dynamical evolution.

mentation of dense molecular gas in unstable multiple systems

and are ejected from the dense gas before they have been gilg/ nhote

to accrete to stellar masses (Reipurth & Clarke 2001; Bate

et al. 2002). In the simulations of Bate et al. (2002), this form&fter completion of this work, we became aware of a recent

tion mechanism produced roughly the same number of Bpgper by Muench et al. (2003), in which a similar near-infrared

than stars and therefore reproduces the observed size ofifivestigation of the luminosity- and mass function of IC 348

BD population in the galactic field. According to this scenariayas presented. They find that the IMF of IC 348 decreases in

typical ejection velocities are about 3-5 knt.dn a 2 Myr pe- @ much steeper manner than the Trapezium IMF (as derived by

riod (the age of IC 348) the ejected BDs would therefore mo®uench et al. 2002) and that the objects in tH&28-0.08 M,,

up to about 10 pc and would be displaced up ® from their mass range constitute ory14% of the members in IC 348,

formation site near the cluster center. One would therefore @ensiderably less than in the Trapezium. These results agree

pect that a large fraction of the BD population has already lefuite well with our findings. However, in distinction to our

the cluster area and is widely dispersed. study, they find indications for a secondary peak in the IMF
In the Trapezium cluster, on the other hand, one would et IC 348, similar to that reported by Muench et al. (2002) for

pect to see a larger BD population for two reasons: First, ttiee Trapezium IMF, which may increase the substellar fraction

cluster is younger~1 Myr) than IC 348, therefore some offor IC 348.

the ejected BDs have not yet moved far away. Second, due toVery recently, Luhman et al. (20034tro-ph/0304409])

the higher total mass of the Orion Trapezium clust@resented a new census of the stellar and substellar members

(~1100Mg, cf. Lada & Lada 2003, versusl10M,, for IC 348) of IC 348. From spectroscopy of candidate cluster members

and its much higher central densitp,( ~ 47000 pc® they identified numerous new members, including several BDs.

for the central 0.1 pc region in the Trapezium clusteTheir final sample of 288 spectroscopically identified cluster
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members in IC 348 contains 23 BDs. The fraction of BDs ibada, E. A., & Lada, C. J. 2003, ARA&A, in press
their sample~8%, is in good agreement with our results. Lada, E. A., Lada, C. J., & Muench, A. 1998, in The Stellar Initial
Mass Function, ed. G. Gilmore, D. Howell, ASP Conf. Ser., 142,
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Table 1. J-band magnitudes of the sources detected in our IC 348 image. The source names contain the 32000 coorinates.

IC348-J J IC348-J J IC348-J J
[mag] [mag] [mag]
034350.6-321059 18.69 0343524821049 19.93 0343541320853 19.73
034350.6-321231 19.46 0343521821121 20.87 0343541620723 17.47
034350.%4321306 14.20 0343524820705 19.57 034354+820912 19.64
034350.4321125 19.98 0343524620118 19.62 034354+821320 20.31
034350.8-321433 19.65 0343521820736 18.83 034354+B20856 18.26
034350.9-321133 20.45 0343524820752 20.13 034354+821210 17.02
034350.9-321429 20.65 0343524821320 20.15 0343541821129 17.50
034351.6-321513 16.30 0343521821326 19.07 0343541821340 17.27
034351.@-321127 19.17 0343524820652 18.40 0343541820929 20.16
034351.%321139 17.84 0343524821204 18.15 0343541821427 19.53
034351.%320701 16.94 0343521821441 18.09 0343551321211 19.18
034351.%321359 20.01 0343524820814 18.42 0343551821426 18.51
034351.1%-321348 18.74 0343524821350 19.67 0343551820714 14.10
034351.2-321525 20.02 0343521821523 19.47 034355+B21326 15.89
034351.2-320928 18.73 0343524820617 19.97 0343551821612 19.72
034351.2-321045 17.76 0343524820901 18.89 034355+321006 16.37
034351.2-321430 20.35 034353+B21306 17.40 034355+320154 19.90
034351.3-320656 17.13 034353+B20954 19.55 034355+320753 13.57
034351.3-321309 10.25 0343531320844 14.57 0343551321402 19.60
034351.3-320720 19.28 034353+321555 18.14 034355+321700 17.88
034351.3-321154 17.32 034353+321202 15.58 0343551821102 20.25
034351.3-320812 19.69 034353+320924 19.32 0343551821655 19.74
034351.4-320504 17.80 034353+321300 14.07 0343551821249 19.70
034351.4-321141 19.66 0343531820925 17.91 0343551820704 17.98
034351.4-321508 20.63 0343531820726 16.20 0343551821001 19.22
034351.4-320708 19.16 0343531821040 19.77 0343551820931 11.28
034351.4-321518 17.81 0343531821312 17.47 0343554320956 20.03
034351.5-321630 20.41 0343531521418 15.78 0343551321451 18.54
034351.5-321028 20.02 0343531321017 16.48 034355321343 20.20
034351.6-320740 19.87 0343531321715 20.09 0343554321530 16.32
034351.6-320844 18.74 0343531321229 20.02 0343551321325 16.81
034351.6-321124 16.72 034353+B820905 17.99 034355+821701 18.75
034351.6-321240 20.01 034353+821145 19.49 034355+B820912 19.83
034351.6-321313 19.33 034353+B20805 20.10 034355+B821504 20.14
034351.6-320552 18.14 0343531821334 19.14 0343551821603 19.68
034351.6-321556 12.99 0343531821217 17.57 0343551820921 19.18
034351.4321347 18.70 0343531820730 13.68 0343564320212 12.34
034351.%4320526 19.91 0343531821054 16.70 034356320928 19.83
034351.8-320632 19.09 0343531820225 19.75 034356+320943 20.09
034351.9-320220 20.20 0343531821311 19.82 034356+B20306 19.66
034351.9-320211 20.04 0343531821255 20.11 034356+B20734 19.91
034351.9-321206 20.71 0343541321339 18.29 034356+B21443 19.79
034351.9-321627 19.99 0343544320842 18.60 034356+321403 17.85
034352.6-321524 19.72 034354+B20933 18.88 034356+321605 18.07
034352.6-321201 16.96 0343541320212 18.04 034356+321255 19.11
034352.6-320339 13.79 0343541321705 20.18 034356+320836 12.58
034352.6-320948 18.04 0343541320611 19.59 0343561820959 15.38
034352.0-321326 19.45 0343541821147 16.71 0343561821633 19.89
034352.6-320949 19.34 034354+321333 20.35 0343561821516 19.77
034352.%321413 18.94 0343541320148 20.22 0343561821506 18.20
034352.2-321350 20.14 0343541820242 20.02 034356321325 19.87
034352.3-320732 18.60 0343541821327 19.28 034356321114 19.55
034352.3-321534 19.31 0343541820210 19.93 034356321720 19.99
034352.3-321527 20.67 0343541821014 13.25 034356+821516 16.95
034352.3-321214 20.17 0343541621249 17.30 034356+821039 19.25
034352.4-321432 21.19 0343541320754 19.56 034356+820721 19.46

034352.4-321029 20.11 0343541320853 19.73 034356+821510 19.17
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Table 1. continued.

1C348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034356.9-321316 19.40 0343594821555 12.84 034402+320923 18.04
034356.9-321415 17.66 0343594620604 17.63 0344024821015 14.95
034356.9-321522 20.20 0343594621143 19.05 0344024821305 18.92
034356.9-320534 19.86 0343594620154 13.84 0344044821102 18.79
034356.9-321428 16.79 0343594821549 18.84 0344044821127 16.89
034357.8-321400 19.92 034359+B21455 19.49 0344021821141 17.20
034357.6-321434 19.87 0343594821403 12.25 0344024821720 16.24
034357.2-320133 15.72 0343594821559 16.28 0344024821154 18.02
034357.3-321258 12.75 0343594820921 19.22 0344024821547 18.37
034357.3-320805 20.01 0343594820441 14.26 0344024821523 19.50
034357.4-321632 19.85 0343594821047 13.88 0344024620134 12.94
034357.5-321454 19.80 034359421115 12.21 0344024620547 20.26
034357.5-321711 19.31 0343594820908 17.87 0344024621415 17.54
034357.5-321551 19.46 0343604320740 18.90 0344024821304 19.07
034357.6-321508 19.34 0344004321328 19.31 034402+B20954 19.90
034357.6-320137 14.60 034400+B20654 18.29 0344024821528 19.78
034357.6-321449 14.87 034400+321548 19.50 0344024820815 19.34
034357.6-321320 17.46 034400+320655 19.85 0344024321228 17.00
034357.4320914 18.12 034400+321458 19.54 0344024820615 16.95
034357.8320750 17.68 034400+321354 17.17 034403+320636 19.67
034357.8-321158 18.59 034400+321132 19.36 0344031321720 16.83
034357.8-321619 17.33 034400+820432 19.57 034403+(321619 19.80
034357.9-321544 20.12 034400+820742 19.00 034403+320948 18.61
034357.9-321234 17.73 0344004321058 17.80 0344031820658 17.82
034358.0-321048 19.92 0344004621521 17.15 0344031821523 17.48
034358.6-321144 16.33 0344004621344 19.58 0344031821606 20.18
034358.6-320633 19.84 0344004321207 19.69 0344031821143 15.32
034358.1%320946 9.85 034400820419 19.42 0344031620232 14.48
034358.%321556 17.57 034400+821107 18.43 0344031620235 14.40
034358.2-321357 14.10 0344004321240 20.02 0344031320518 17.55
034358.2-321432 14.10 034400+320818 20.24 0344031621639 14.67
034358.2-320946 12.00 034400421442 19.89 0344031620520 15.50
034358.2-321015 18.42 0344004320538 18.76 0344031321007 18.05
034358.2-321239 17.70 034400+821056 19.17 034403+B820548 20.20
034358.5-320835 18.77 0344014321350 20.27 034403+820819 18.38
034358.6-320959 17.74 034401+B21532 17.33 034403+821015 18.07
034358.%4321509 19.83 034401+B21648 19.08 034403+820648 18.67
034358.4321517 19.46 034401+321058 19.75 0344031821042 18.69
034358.8-320830 18.92 034401+321230 19.39 0344031321613 19.34
034358.8-321225 16.00 0344014321341 19.05 0344031821637 19.29
034358.9-321053 19.75 0344014820549 16.48 0344044321327 19.68
034358.9-321127 12.15 0344014821022 19.26 034404+B20717 13.03
034358.9-321023 17.68 0344014821553 17.78 034404+320949 19.13
034359.6-320958 15.74 0344014821450 18.84 034404+321050 19.52
034359.8-321715 19.98 0344014821541 20.46 034404+320801 18.38
034359.%321421 13.19 0344014821632 19.10 034404+321406 17.52
034359.%320829 19.48 0344014321253 17.79 034404+320750 19.85
034359.2320556 14.76 0344014321121 15.18 034404+320938 13.65
034359.2-320933 19.44 0344024321426 19.56 034404+321349 12.52
034359.2-.321430 20.27 0344024321536 20.03 034404+321550 14.92
034359.2-.321450 18.79 0344024321001 18.82 034404+321233 19.48
034359.2-320250 18.33 0344024B21621 19.09 0344041821555 19.96
034359.2-321402 18.89 034402+B20615 19.96 0344041821100 19.92
034359.3-321705 20.14 034402+320731 20.30 0344041821545 20.21
034359.3-320625 17.62 0344024321430 18.38 0344041820453 14.25

034359.5-321505 19.34 034402+321128 18.86 0344044821015 20.36
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Table 1.continued.

IC348-J J 1C348-J J 1C348-J J

[mag] [mag] [mag]
034404.5-321709 20.52 034407+321337 19.67 0344104321055 17.93
034404.5-321113 19.61 034407+321433 17.76 0344104321144 14.98
034404.6-320838 20.34 034407+320948 19.57 0344104321431 17.95
034404.6-321421 18.98 034407+821021 18.65 034410+821406 19.25
034404.9-320634 18.50 034407+821550 19.67 034410+820830 18.93
034404.9-320650 19.45 034407+821655 20.96 034410+821215 19.23
034404.9-320723 19.28 0344074820408 13.47 034410+821300 16.39
034404.9-321044 18.86 0344074821049 18.92 0344104820441 17.62
034404.9-321656 17.51 0344074321330 19.95 0344114320315 19.85
034404.9-320716 19.22 034407+820505 14.12 0344114320143 16.95
034405.@-320953 11.52 034407+820238 20.18 0344114820534 19.58
034405.6-321538 18.62 034407+821409 19.64 034411+320816 12.83
034405.2-320908 20.39 034407+821538 19.28 0344114320611 12.39
034405.2-321228 19.38 034407+820350 19.39 0344114321416 19.66
034405.2-321406 19.20 034407+820635 19.66 034411+320906 19.66
034405.2-320259 19.32 034407+821440 16.88 0344114820850 18.70
034405.3-320802 14.23 034407+821609 20.93 0344114821212 17.71
034405.3-321311 16.59 0344074820754 19.93 0344114321424 20.05
034405.4-320807 18.94 034407421058 19.29 0344114620312 12.81
034405.4-321357 19.57 034408321404 17.93 0344114620427 19.07
034405.5-320900 20.42 0344084321244 19.38 034411+821217 19.43
034405.5-321344 17.33 034408+B20656 13.59 0344124820624 19.06
034405.4321044 16.06 034408+321056 19.10 0344124821252 18.14
034405.8-321229 12.29 034408+321445 18.72 0344124321134 19.62
034405.8-321552 19.11 034408+321538 15.81 0344124821247 19.66
034405.9-320903 17.73 034408+321357 17.69 0344124321102 19.82
034405.9-320639 19.27 0344081820927 19.79 0344121321221 17.91
034405.9-321212 18.08 034408820715 8.77 0344124821407 17.81
034405.9-320900 19.06 0344084520959 19.24 0344124820332 20.49
034405.9-320420 19.83 0344081821613 19.89 0344124821055 14.71
034406.0-321532 14.24 034408321631 19.44 0344124821330 20.49
034406.6-320952 18.47 034408+B820803 18.17 0344124821232 17.74
034406.2-321059 19.25 0344084821521 19.13 0344121821324 18.28
034406.%321454 18.28 0344084820633 19.66 0344131320135 15.85
034406.%320926 18.14 034408221044 19.17 0344131321315 14.37
034406.%320707 13.70 0344081821610 11.37 0344131320435 19.88
034406.%321506 16.64 0344084820929 20.05 0344131320747 19.08
034406.3-321119 19.52 0344094321257 19.32 034413+320931 19.97
034406.3-321035 19.76 0344094321329 18.30 034413+320444 19.07
034406.4-321410 18.81 0344094821529 18.88 0344131820300 15.36
034406.4-321700 19.94 034409+320613 20.21 0344131621439 15.30
034406.5-321441 20.23 034409+320708 8.82 034413821408 19.70
034406.5-321202 16.53 034409+321157 20.08 034413+B20736 19.31
034406.5-321101 20.08 034409+320237 15.68 0344131921409 19.01
034406.6-321640 19.50 0344094821110 18.55 0344131921027 18.75
034406.6-321720 16.67 0344091821419 16.67 0344131920438 19.35
034406.6-320651 19.42 0344091820415 20.28 0344144320539 18.14
034406.6-320741 20.36 034409+B820738 19.48 034414+B20354 18.71
034406.%320922 20.11 0344094821307 17.81 0344141821028 12.52
034406.8-320754 13.03 0344091820302 18.05 0344141321204 16.34
034406.8-320440 13.76 0344104321123 19.70 034414+321403 19.57
034406.9-321228 20.11 0344104320941 14.24 0344141821411 20.17
034406.9-320155 18.31 0344104321502 20.13 0344141821400 17.93
034407.6-320826 19.40 0344104320804 19.35 0344141820403 18.90
034407.6-321101 18.20 034410+B20404 13.34 034414+B821225 19.56
034407.6-321629 20.58 034410+320734 14.70 0344141821405 17.78
034407.%320844 17.14 034410+321400 16.65 0344141820612 18.07

034407.2-321600 21.16 0344104321152 18.83 0344141821344 18.07
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Table 1. continued.

1C348-J J 1C348-J J 1C348-J J

[mag] [mag] [mag]
034414.9-320945 18.39 034418+320456 12.08 034421+320114 16.52
034415.6-321053 17.62 034418+321140 15.11 0344214320502 12.98
034415.8-321120 19.26 034418+321133 19.98 034421+321237 13.81
034415.%320352 18.77 0344181321422 15.98 0344214321156 12.68
034415.%320343 20.10 034418+320959 13.22 0344214821121 17.74
034415.%320427 19.08 034418+320732 13.78 0344214820305 19.70
034415.%320504 20.49 034418+321112 19.37 0344214620253 19.31
034415.2-320715 20.16 0344181820327 19.16 0344214621017 12.53
034415.4320603 19.76 0344181820642 19.99 0344214321445 18.05
034415.5-320234 12.98 0344181621253 14.03 0344214620141 20.28
034415.5-320953 18.56 034418+821132 18.13 0344214620508 20.25
034415.6-321014 16.42 0344181820832 17.58 0344214321037 12.47
034415.6-321108 19.16 034418121133 16.27 0344214621347 15.83
034415.6-320921 14.60 0344194320736 14.59 0344214820624 12.57
034415.6-321445 19.82 034419+B21411 19.71 034421+B21136 19.21
034415.8-321431 14.95 0344194320930 11.65 0344214821114 17.08
034415.9-321150 17.01 0344194321333 19.25 0344214821231 13.10
034416.6-321209 16.35 034419+320600 14.46 034421+821413 19.91
034416.%320533 17.79 034419+320848 19.94 0344214821200 18.63
034416.%321100 18.83 0344194320634 19.01 0344214821211 12.28
034416.2-321118 19.58 034419+321018 18.54 0344224321400 17.47
034416.2-320540 17.76 0344194320734 12.79 0344224321429 18.96
034416.2-321218 16.87 0344194321216 19.18 0344224B21327 19.57
034416.2-321345 19.51 034419+320623 19.96 034422+B21410 18.73
034416.3-321209 18.73 0344194321248 18.88 0344224B20653 19.83
034416.3-320135 19.81 0344194821449 19.93 0344224320333 18.45
034416.3-321157 18.80 0344194821410 16.34 034422+320543 12.55
034416.3-321254 17.06 0344194821430 20.31 0344224321201 12.52
034416.3-321313 19.35 0344194821428 19.49 0344224821301 18.65
034416.4320955 11.32 0344194820605 18.60 0344221821048 20.01
034416.5-321029 17.98 0344194620224 14.94 0344224820746 20.41
034416.5-320533 13.39 0344194620557 18.75 0344224620127 15.30
034416.6-320525 18.67 0344194620731 20.51 0344221320154 12.11
034416.8-321350 18.42 0344194820645 16.93 0344224820142 15.27
034417.6-321013 17.45 034419+820848 19.99 0344224820205 17.72
034417.%321317 20.42 034419+B20632 20.23 0344231320718 18.29
034417.%320153 18.23 0344194820324 19.22 0344231321440 14.17
034417.%321115 19.32 0344194821308 18.82 0344231321157 12.57
034417.2320520 19.61 034419+820852 20.66 034423+B21426 18.94
034417.2320534 20.27 0344204320848 19.76 034423+320722 20.62
034417.2321349 18.40 0344204320645 13.57 034423+320717 20.62
034417.3-321107 19.30 034420+320856 12.67 034423+320154 15.00
034417.4321239 20.07 034420+320544 14.32 0344231820229 17.81
034417.4320835 16.74 034420+320657 20.18 0344231320814 18.72
034417.6-320529 17.45 034420+320522 20.50 0344231320934 13.42
034417.6-321244 20.31 034420+820320 17.87 0344231620711 14.48
034417.%4321122 18.04 0344204820751 19.01 0344231320153 14.64
034417.%320136 20.22 0344204820312 16.70 034423+B20646 12.24
034417.8-320447 13.33 034420+821015 20.39 0344231821241 20.23
034417.8321121 18.04 0344204321004 18.47 0344231821156 14.85
034417.8-321040 20.83 0344204321237 13.94 0344231821112 20.48
034417.9-321220 12.18 034420+320858 19.74 0344231821008 19.46
034417.9-321408 19.71 0344214320424 18.78 0344231321421 19.26
034417.9-321435 19.70 0344214320800 18.70 0344244320908 20.31
034418.0-320157 18.32 0344214321335 17.84 0344244320533 18.97
034418.%321053 15.50 034421+B20738 11.72 0344244321059 10.75

034418.%320833 17.15 034421+320616 15.28 034424+B21314 17.69
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Table 1.continued.

IC348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034424.3-320611 17.48 034427+320717 14.35 034429120403 19.37
034424.3-321019 11.40 034427+321421 12.77 0344304320422 20.23
034424.3-320758 15.59 034427+320755 18.45 0344304320921 13.36
034424.4320614 20.50 0344271821401 16.11 0344304320939 15.03
034424.4320144 15.74 0344271820616 18.99 0344304320755 19.37
034424.5-321305 19.14 0344274820218 18.37 0344304320849 14.53
034424.68-320357 12.91 0344271820624 20.05 0344304321623 20.01
034424.68-321002 14.05 0344271820658 20.47 034430+B20541 18.14
034424.6-321140 17.59 0344274820225 20.14 034430+B20118 15.09
034424.6-321132 19.16 0344274320302 15.23 034430+320742 13.90
034424.4321015 9.37 0344274320447 19.10 034430+321135 16.57
034424.8-320543 19.85 0344274320843 17.84 034430+320944 16.25
034424.9-321348 17.05 0344271320944 18.93 034430+820205 20.22
034424.9-320540 19.87 034427+821355 14.82 034430+820607 19.31
034425.0-320446 18.23 034427+820851 20.07 034430+821310 18.73
034425.2-320632 20.40 034427+820800 17.54 034430+821457 15.98
034425.2-320449 20.25 0344271821052 13.82 0344304821230 16.96
034425.2-320536 17.21 034427420731 12.14 0344304320629 12.81
034425.3-321012 12.68 0344284320519 14.88 034430+820933 19.97
034425.3-320831 20.16 034428320840 18.75 034430+820955 9.84
034425.4-321316 20.31 0344281321029 20.50 0344304821251 20.24
034425.4320438 19.23 034428+321305 17.93 0344304821125 17.59
034425.4321356 16.86 034428+321354 19.34 0344314320244 15.63
034425.4-321405 16.83 0344281321219 16.83 0344314320558 21.11
034425.5-320612 20.68 0344281821122 14.36 0344314320546 14.03
034425.5-320745 19.37 0344281821110 19.69 0344314320946 18.93
034425.5-320617 12.90 0344281820722 11.66 034431+B20146 17.40
034425.6-320625 15.23 0344281821200 18.93 0344314320558 15.12
034425.6-321229 11.85 0344281320424 19.24 0344314320849 16.53
034425.6-321130 12.51 0344281320441 20.02 0344314321327 19.59
034425.6-321429 18.66 034428+B20527 20.23 0344314320621 8.31
034425.8-320905 14.56 034428+820150 17.95 0344314321447 15.24
034425.8-321058 17.20 034428+820207 18.61 034431+320928 14.05
034425.8320453 20.84 034428+B820940 19.89 0344314320730 16.99
034425.9-321338 19.92 0344284821343 17.16 0344314320811 17.34
034425.9-321106 16.06 0344281820423 15.08 0344314821047 13.38
034425.9-320805 19.27 0344284821032 19.13 0344314820302 19.84
034426.6-320313 19.21 0344281820158 19.91 0344314821129 13.52
034426.0-320430 10.09 034428120702 19.66 0344314820706 17.55
034426.%320238 19.74 0344281820259 20.15 0344314320844 10.66
034426.4-320809 17.87 0344281920231 16.17 0344314320945 17.69
034426.4-320827 19.93 034428120138 15.53 0344314321454 19.88
034426.5-321352 18.78 0344294321402 17.07 0344314321548 19.50
034426.5-320820 15.43 034429+B20255 19.49 034431+B820513 19.62
034426.6-320358 11.80 0344291820751 14.02 034431+B20653 13.52
034426.4320236 14.62 0344294820757 13.59 0344314820432 19.86
034426.%320834 19.68 034429+B21448 19.11 0344314821244 14.65
034426.%320820 12.89 034429+320115 14.54 0344314821400 16.58
034426.4320930 20.05 034429+321026 18.23 0344314821515 19.90
034426.8-320649 20.13 0344291820259 20.22 0344314821546 14.19
034426.8-321218 18.19 0344291820404 14.31 0344321321144 10.15
034426.9-320926 16.54 0344291320137 18.55 0344324320511 19.37
034426.9-321250 16.33 0344291620102 20.36 0344321320135 16.25
034427.6-320443 11.95 0344291620729 20.42 0344321320729 20.21
034427.%320304 20.43 034429+B21552 18.53 0344324820327 14.99
034427.2-320346 17.29 034429+B820552 13.61 0344321820803 16.07
034427.2-321006 18.42 034429+821039 11.95 0344321320842 11.24

034427.2-321037 13.57 0344294820515 19.60 0344324320856 12.10




T. Preibisch et al.: IMF and brown dwarf population of IC 3@8nline Material p 7

Table 1. continued.

1C348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034432.%320415 13.76 0344354320736 10.97 0344374321611 19.49
034432.8-320837 10.28 034435+321105 19.82 0344374821156 16.77
034432.8-320915 12.33 034435+320332 18.32 0344374320344 19.59
034432.8320413 13.76 0344351820736 12.09 034437421113 19.98
034432.9-321450 20.15 0344351821004 7.92 0344374320832 18.89
034432.9-321518 19.99 0344351821104 19.92 0344374821217 12.87
034433.%321459 14.50 0344351820856 13.20 0344374820315 19.92
034433.%320355 20.18 0344351820804 13.56 034437+821007 13.95
034433.2-321528 12.50 034435820212 19.19 0344374320508 18.01
034433.2-320858 19.86 0344351620518 19.01 0344374820522 17.51
034433.2-321257 15.17 0344351620223 18.78 0344374320804 11.66
034433.3-320752 17.25 034435+B20248 17.79 0344374321500 19.44
034433.3-320939 12.39 034435+820303 14.21 034438320329 11.42
034433.4321031 16.58 034435+B820453 13.79 034438321137 13.22
034433.5-320316 19.89 034435+821101 19.04 034438+B20433 15.85
034433.5-321118 19.31 0344351821502 13.20 034438+B21645 15.29
034433.4321336 17.51 0344351821504 13.79 034438+B21021 14.27
034433.%320521 18.15 0344354321553 12.95 034438+B21031 19.02
034433.4320547 17.41 0344351821527 19.55 0344381321646 16.38
034433.4320416 20.05 0344351821117 15.72 034438+321647 19.26
034433.8-321321 20.14 0344364320924 13.83 034438+321047 18.64
034433.8-321555 19.34 034436+B20320 19.95 0344381821300 12.77
034433.9-320340 19.91 034436+B21715 18.85 0344381820845 19.51
034433.9-320730 17.12 034436+B20717 19.28 0344381820735 11.17
034434.6-321403 17.38 034436+321623 17.56 0344381820652 18.66
034434.6-320854 11.83 034436+320706 18.60 0344381821220 20.04
034434.6-321541 18.94 034436+321304 17.12 0344381520800 11.93
034434.%320657 14.02 034436+320714 20.30 0344381621104 18.22
034434.%321103 19.36 034436+321419 17.23 0344381621524 16.72
034434.2321635 14.06 034436+320513 19.96 0344381620506 12.46
034434.2-320946 6.76 034436+820305 16.69 0344381621528 19.59
034434.3-321240 15.35 0344361820754 19.99 0344381620748 20.05
034434.3-321448 18.67 0344361820919 14.30 034438+B20856 12.41
034434.3-321049 12.13 034436+821029 16.21 034438+820841 11.17
034434.3-321606 14.34 0344364820317 18.56 034438820306 17.73
034434.4320422 14.14 0344361320903 19.71 0344381821447 16.18
034434.4321416 18.80 0344361620344 16.70 0344381820636 13.98
034434.4320754 18.35 034436+B820725 19.15 0344381821502 19.86
034434.5-320625 13.34 034436+820901 20.57 0344381320608 17.05
034434.5-320843 16.04 034436+821248 19.96 0344394320319 14.27
034434.5-321333 18.44 034436+821328 20.42 0344394321320 19.96
034434.6-320213 19.43 0344361321418 18.99 0344394320514 18.99
034434.6-320329 19.93 0344361821436 15.56 0344394320813 14.84
034434.6-321017 15.89 0344374320609 18.71 034439+320918 10.05
034434.7%320339 19.78 0344374320645 9.19 0344394820945 12.35
034434.%321554 13.15 0344374320834 12.95 0344394320735 10.84
034434.7%321600 14.98 0344374320947 20.18 034439+321443 18.06
034434.7%321516 19.27 0344374321656 18.65 034439+320928 16.23
034434.8-320519 19.98 034437+B20610 19.25 0344394821008 13.74
034434.8-321550 19.62 034437+320748 18.14 0344394620527 20.41
034434.8-321117 12.72 034437+320915 12.50 0344394821345 18.74
034434.9-320953 12.55 034437+321609 20.08 0344394821558 13.34
034434.9-320633 11.50 034437+320711 13.90 034439421247 20.16
034434.9-320604 20.06 034437+321255 17.93 0344394320613 15.79
034434.9-321500 16.94 0344374820317 20.22 0344404320649 20.09
034434.9-321627 20.24 0344374821224 13.08 034440+B21134 11.66
034435.8-321530 13.13 034437+820611 12.06 034440+B21427 12.50
034435.6-320857 14.77 034437+820900 12.46 034440+320912 13.22




T. Preibisch et al.: IMF and brown dwarf population of IC 3@nline Material p 8

Table 1.continued.

IC348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034440.2-321414 16.70 0344421321341 18.72 034444120937 18.28
034440.2-321506 18.38 0344424620302 20.36 0344441821411 15.81
034440.2-320932 13.86 0344421320619 12.54 0344451321336 12.59
034440.2-321040 19.76 0344424621117 19.74 0344454320319 19.33
034440.3-320714 18.91 0344424620251 20.36 0344454320811 18.23
034440.3-321426 17.09 0344421620700 19.56 0344451821413 13.47
034440.4-320258 20.07 0344424321541 15.01 0344451820933 19.18
034440.4-321527 20.22 0344424820833 13.12 0344451821124 19.67
034440.5-320304 17.74 0344421820535 19.73 0344451821356 18.88
034440.%320941 15.18 0344424921029 17.98 0344451320817 18.26
034440.8-320213 20.14 0344424820306 19.59 0344451320119 16.21
034440.8-321306 13.55 0344421921318 19.04 0344451321055 14.52
034440.8-320239 19.63 0344431320654 14.76 0344451320224 18.01
034440.8-320320 18.68 0344431321015 13.38 0344451320341 18.00
034440.8-320455 17.57 0344431321559 14.38 0344451820556 20.05
034440.9-321010 13.63 0344431320801 19.51 0344451820513 17.56
034440.9-321718 13.80 0344431320257 20.15 0344451820628 19.14
034440.9-320615 19.65 0344431321239 19.12 0344451821403 19.81
034440.9-321533 18.95 0344431320131 17.90 0344451820710 17.16
034441.6-320150 18.11 034443+320940 17.32 0344451621452 17.91
034441.6-320623 19.21 0344431820817 11.70 034445121110 15.05
034441.%320217 15.14 0344431821537 19.42 034445+821405 19.48
034441.%320807 14.53 0344431820742 12.14 034445+821524 19.90
034441.%320346 19.24 0344431821212 19.97 0344451820624 19.72
034441.3%321009 13.63 0344431321254 20.04 0344451820521 19.53
034441.2-320627 14.27 034443+B20547 16.40 0344451820356 15.28
034441.2-320412 18.31 034443+B20906 18.26 0344464320353 18.46
034441.2-.320614 18.69 034443+B821047 14.47 0344464321205 15.15
034441.2-321216 18.74 034443+B21547 18.81 034446+321219 19.34
034441.3-320936 19.55 0344431821523 18.54 034446+320810 17.15
034441.3-320422 16.90 0344431820540 19.80 034446+320829 19.13
034441.3-320453 14.54 034443821030 12.29 034446+321135 20.42
034441.3-321025 12.54 0344431821351 19.65 0344461320312 13.79
034441.4-321309 13.44 0344431821549 19.59 034446+320215 17.70
034441.6-321039 15.36 0344431821154 19.04 034446+321116 14.00
034441.6-321313 19.23 0344431821539 18.91 0344461321342 16.34
034441.6-320912 20.13 0344431820836 17.91 034446+321226 20.17
034441.4320835 20.01 0344444320521 18.55 0344461820346 17.80
034441.4321202 13.19 0344444320539 16.22 0344461821331 19.59
034441.4320313 18.88 0344441820140 20.27 0344461821350 18.57
034441.8320552 20.39 0344441321325 18.89 0344461320901 15.33
034441.8-321417 19.04 0344441320943 18.50 034446+B820323 17.96
034441.9-320312 19.72 0344441320341 17.69 034446+820928 20.05
034441.9-320414 18.68 0344441320847 14.50 0344461821445 19.94
034442.6-320446 18.01 0344441321036 15.33 0344461820616 18.22
034442.0-320859 12.32 0344441820439 20.09 034446820446 19.92
034442.%-320236 19.18 0344441821005 14.97 0344461820418 19.31
034442.%320258 12.69 0344441820514 18.33 0344461821153 18.87
034442.1%320638 20.41 0344441320812 12.86 0344461820536 14.31
034442.%320901 11.86 0344444321237 20.15 0344461820634 18.29
034442.3-320744 20.14 0344444320730 13.75 034447+320527 18.86
034442.3-321001 20.09 0344441320916 20.09 0344471820835 18.35
034442.3-321228 16.13 0344441820512 17.20 0344471821427 19.56
034442.3-321401 19.38 034444+820402 11.01 0344471821516 17.59
034442.3-321513 16.12 0344441821255 18.68 0344471820439 20.15
034442.5-321030 19.77 0344441820540 17.21 0344471821047 19.67
034442.6-321002 13.63 0344441821028 19.43 0344474821123 20.10

034442.6-320340 19.81 0344441821105 13.08 0344471320446 19.84




T. Preibisch et al.: IMF and brown dwarf population of IC 3@3nline Material p 9

Table 1. continued.

1C348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034447.6-321714 16.46 0344504320800 20.24 0344531821110 18.92
034447.6-321055 13.51 0344504320615 19.48 0344531821539 20.31
034447.%320353 17.64 034450+820521 19.66 0344531821550 18.83
034447.%321255 19.72 034450+821718 15.89 0344531820617 18.37
034447.9-321325 20.06 034450+821414 18.32 0344531821652 19.55
034447.9-320256 20.32 0344504321629 17.87 0344531821356 17.57
034447.9-320404 19.15 0344514321609 12.36 0344531621404 19.97
034447.9-320951 18.80 034451+B20649 20.13 0344531620343 17.72
034448.6-321140 18.95 034451+320359 19.18 0344531320858 14.83
034448.%320737 19.95 0344514321327 19.90 0344531621557 20.03
034448.%321500 18.68 0344514321504 14.05 0344531621721 20.49
034448.%321522 17.02 0344514820946 17.22 034453+B20652 13.19
034448.1%321627 20.17 0344514820751 18.76 0344531821118 19.61
034448.3-321226 17.57 0344514820429 16.92 0344531820615 20.13
034448.4320711 20.31 0344514621213 20.50 0344531320436 20.37
034448.4-320859 18.73 0344514821402 20.42 0344531821024 19.45
034448.5-321527 11.40 0344514820346 19.96 0344531821045 20.22
034448.5-321518 20.53 0344514820917 18.42 0344531320913 19.20
034448.6-320530 20.02 0344514820950 15.60 0344531821349 18.83
034448.4321703 20.18 0344514821118 17.55 0344531821508 18.86
034448.%320140 19.59 034451+820835 19.63 0344544321723 18.52
034448.8-321322 13.24 0344514821336 20.17 0344544320230 19.28
034448.8-320419 17.11 0344514820521 20.31 0344544320931 19.77
034448.9-320733 20.29 0344514320628 18.37 0344544321524 19.04
034448.9-320407 19.33 0344514820957 17.88 034454+B21653 20.03
034449.0-321626 19.58 0344514821319 18.18 0344541320427 18.05
034449.%320847 19.83 0344514321635 15.27 0344541321117 19.94
034449.%320505 20.18 0344524320617 20.27 0344541820613 18.93
034449.3-320949 18.46 034452+B20446 13.89 0344541821015 18.95
034449.4321504 18.68 034452+B21006 19.48 034454+820440 19.35
034449.5-321020 16.33 0344524821028 18.37 034454820611 20.17
034449.5-321217 16.53 0344524320512 19.24 0344541821345 19.94
034449.6-320911 13.22 034452+321022 19.59 0344551321210 10.43
034449.6-321129 18.98 0344524320717 20.02 0344554321447 19.87
034449.6-321645 11.17 0344524321127 17.41 0344554321006 16.98
034449.%321407 19.64 034452+321455 20.07 034455+B20557 19.98
034449.8-320941 19.00 0344524821337 19.32 034455+B21154 17.90
034449.8-320334 13.18 0344524820710 17.17 034455+B21438 19.38
034449.8-321731 20.45 0344524820741 16.28 034455+320151 19.79
034449.8-320844 18.66 0344524821634 19.03 034455+321008 20.46
034449.9-321608 18.81 0344521321006 19.06 034455+321213 14.32
034449.9-320614 18.01 0344521321008 17.68 034455+321503 18.11
034449.9-321706 18.06 0344524621032 19.31 034455+321520 18.91
034449.9-320841 17.19 0344524421331 19.97 034455+320656 19.86
034449.9-321602 17.09 034452+820202 20.19 034455+321506 18.50
034450.6-320345 12.51 0344524820654 20.10 034455+320541 17.89
034450.6-321117 15.31 034452+821703 19.70 034455+320912 18.25
034450.%320747 19.26 034452+821708 19.45 034455+321502 14.78
034450.%320843 17.70 0344524821017 17.13 034455+320729 16.32
034450.2-320635 18.86 0344524320942 17.75 034455+320934 13.47
034450.2-320714 18.17 0344524321705 18.14 0344551820516 15.47
034450.3-321351 18.78 0344531320507 20.32 0344551821351 16.92
034450.3-321635 19.17 0344531320655 19.64 0344551820524 18.38
034450.3-320345 19.13 034453+B20518 15.91 0344551821414 16.88
034450.4-320356 20.53 034453+B21219 20.22 0344551820123 20.12
034450.4-320515 20.12 034453+B21311 19.83 0344551821307 17.12
034450.4-320754 19.16 034453+320430 18.99 0344551821346 19.06

034450.5-321209 18.02 034453+321133 19.87 0344551620919 11.87
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Table 1.continued.

IC348-J J 1C348-J J 1C348-J J

[mag] [mag] [mag]
034455.4321032 19.51 034457+821100 20.11 034500+821229 17.20
034455.%320619 19.95 0344571820401 13.45 0345004821635 17.56
034455.8-320405 20.20 034457420716 19.24 034500420808 16.82
034455.8-321403 17.41 034458321155 18.81 0345004820352 19.58
034455.8-320844 15.62 0344584321153 20.41 0345014320953 18.52
034455.8-321313 17.66 0344581320454 18.66 0345014320955 19.25
034455.9-321137 20.14 0344581821250 17.65 0345014321222 14.20
034455.9-320726 13.67 0344581320710 15.39 0345014321605 20.32
034456.0-321001 19.40 0344581321314 18.56 034501+B21426 20.19
034456.0-321351 15.28 034458+320408 17.23 0345014820320 13.96
034456.%320355 17.29 0344581821527 18.13 0345014820226 14.35
034456.%320556 12.97 0344581321633 19.57 034501+321031 19.90
034456.1%320504 19.38 0344581820844 18.83 034501+320938 18.93
034456.1%320534 16.37 0344581820207 16.61 034501+320420 20.07
034456.%320915 11.03 0344586320710 18.67 034501+321313 15.47
034456.2-320901 20.20 0344584820638 18.61 0345014821002 20.13
034456.2-321048 19.58 0344584820323 20.05 0345014820500 10.32
034456.3-320933 20.34 0344584821529 20.21 0345014820239 19.86
034456.3-321031 15.87 0344594320654 20.32 0345014821229 13.26
034456.3-321035 16.58 0344594320901 17.60 0345014821315 18.19
034456.4-320729 19.93 0344591320441 18.76 0345014821446 19.17
034456.4-321438 18.72 0344594320433 19.26 0345014821051 11.89
034456.4-321700 16.71 0344594321455 17.27 0345014321109 17.54
034456.4-321335 18.52 0344591820437 20.37 0345014321317 14.43
034456.4-320310 19.66 0344594821010 16.34 0345014320935 18.09
034456.5-320207 19.48 0344594821102 17.41 034501+820429 17.80
034456.5-320444 19.81 0344591821422 16.44 034501+B820254 19.55
034456.5-320634 19.73 0344591320253 18.33 0345014821210 19.30
034456.6-321131 20.10 034459+320605 19.59 0345014821427 11.36
034456.%321225 17.69 034459+320634 20.08 0345014821434 17.60
034456.8-321134 19.91 0344591820139 19.80 0345014820650 17.83
034456.8-321703 16.56 0344591820141 17.62 0345014820242 19.25
034456.8-320324 19.56 0344591820907 17.80 0345021320744 20.10
034456.8-320545 13.58 0344591820437 18.29 0345024821455 17.67
034456.9-320914 16.34 0344591821338 20.12 0345024821355 18.46
034456.9-320418 19.66 0344591821039 13.25 0345021320628 20.03
034457.0-320346 19.68 0344591321424 14.31 034504321115 20.20
034457.%320211 19.34 0344591320633 18.16 0345024320816 17.74
034457.1%321348 15.50 034459+821131 19.87 0345021321031 19.83
034457.2-321225 20.21 0344591820647 14.62 034504820614 20.00
034457.2-320234 18.38 0344591821332 13.76 0345024821016 18.43
034457.2-321007 19.43 0344591820802 20.22 0345024820929 19.27
034457.3-320850 18.31 0344591820647 14.62 034504821213 19.29
034457.3-320835 17.82 0344591820242 20.02 0345021620728 19.46
034457.4-320115 19.91 034500+B21302 17.18 0345024321046 18.86
034457.4320211 20.15 034500+B20430 19.09 0345024621331 16.60
034457.4-320258 17.57 034500+320651 18.38 0345024620633 16.39
034457.5-320942 18.20 034500+321324 14.56 034502+B21248 19.57
034457.5-321521 18.38 034500+321251 18.97 0345024821524 16.93
034457.5-320809 19.85 034500+821248 14.32 0345024821111 18.52
034457.6-320631 18.17 0345004820320 15.48 0345021820544 17.87
034457.6-321718 18.17 0345004821047 18.50 0345024820700 12.69
034457.6-320701 13.55 0345004821258 18.80 0345024821407 17.03
034457.8-321224 12.31 0345004820534 19.39 0345021820240 17.98
034457.4320741 14.16 0345004820616 18.62 0345024820550 16.78
034457.4320744 21.68 0345004821403 18.06 0345024821127 19.31
034457.4320837 18.40 0345004320819 14.21 0345024821435 20.30

034457.8-320722 17.17 034500+821057 18.35 034503+320444 19.97
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Table 1. continued.

1C348-J J 1C348-J J 1C348-J J

[mag] [mag] [mag]
034503.6-320122 17.73 034505+321628 17.25 0345074321639 19.22
034503.6-321125 15.97 034505+320954 12.99 0345074820532 19.34
034503.%320617 15.87 0345051821216 15.32 0345081321637 20.23
034503.%321252 17.85 0345051821227 19.70 0345084321551 19.74
034503.2-321421 19.93 034505+820420 17.61 0345084320354 19.29
034503.2-321150 18.16 034505+820308 14.38 034508320400 10.28
034503.2-320405 11.94 034505+820920 20.46 034508+B20412 18.71
034503.2-320714 17.17 034505+321130 19.12 034508+320429 18.91
034503.2-321529 18.57 034505+B821417 15.24 034508+320915 17.89
034503.3-320706 20.41 034505+820308 11.76 034508+321307 19.15
034503.3-321311 20.35 0345051820119 18.89 034508+321523 20.09
034503.3-321417 18.26 034505320826 16.03 034508+321336 18.17
034503.4-321549 20.24 0345051820238 17.24 034508+321004 19.79
034503.5-320858 18.96 0345051821426 19.89 034508+820701 16.16
034503.6-321435 19.72 0345064321216 17.65 0345085821149 20.06
034503.6-321213 17.25 034506+321555 19.68 0345084521031 18.47
034503.% 320659 19.83 034506+321556 18.54 034508620234 17.54
034503.%321043 18.83 034506+321304 18.50 0345081320606 20.05
034503.8-321320 19.47 034506+321400 19.04 034508+820924 20.13
034503.8-320237 17.77 034506+320552 17.22 0345084821357 19.27
034503.9-320812 17.81 034506+820709 16.03 0345081320244 20.09
034504.6-320251 19.85 034506+821704 18.51 0345084821546 18.17
034504.0-320656 19.46 034506+21019 18.12 0345084821147 19.83
034504.6-321007 19.67 0345064321533 19.16 0345094320547 19.56
034504.%320259 20.43 034506+B820834 17.32 034509+320114 16.26
034504.%320540 19.92 034506+820930 13.71 034509+321615 19.83
034504.%320504 16.45 034506+B20535 16.07 034509+320805 20.24
034504.%320813 18.28 034506+820755 18.16 034509+321221 20.16
034504.%321104 17.24 034506+821253 18.48 034509+321519 16.19
034504.2-320603 18.20 034506+821350 19.75 034509821303 15.98
034504.2-320739 18.72 034506+820539 18.51 0345094821111 18.59
034504.2-320746 16.83 034506+820541 16.95 0345094620902 20.09
034504.2-320559 16.50 034506321242 15.10 0345094621302 17.87
034504.2-320332 19.71 0345064821614 20.12 0345094620828 18.55
034504.3-320844 19.87 034506821352 17.15 0345094621338 13.98
034504.3-321324 18.06 0345064321506 18.34 0345094621603 11.95
034504.3-320305 14.06 0345074321702 18.69 034509+820158 19.47
034504.4-321522 20.36 0345074321245 20.48 0345094821335 14.13
034504.5-321027 19.67 0345074321403 16.40 0345094821525 19.84
034504.5-320306 16.95 0345074320232 19.27 0345104320533 19.66
034504.5-320133 17.01 0345074320607 19.61 034510+B20449 14.91
034504.5-321425 19.95 034507+B21530 19.91 034510+B20945 17.38
034504.6-320830 19.39 034507+320651 16.58 034510+320919 20.03
034504.6-320504 19.25 034507+320748 20.08 034510+321304 16.97
034504.%321501 13.42 034507+321310 19.86 034510+321457 20.16
034504.%4321638 13.41 0345074820242 19.56 034510+320858 17.83
034504.8-320400 19.77 0345074820712 20.28 0345104821427 17.95
034504.9-320211 19.99 0345074820909 14.63 034510+821318 18.60
034504.9-321219 19.83 0345074821435 18.35 034510+821410 20.17
034504.9-321607 19.03 0345074820855 17.43 034510+821300 20.21
034504.9-321018 19.28 0345074820952 19.80 034510+820330 20.20
034504.9-321722 19.60 0345074320514 16.35 034510+821626 17.97
034504.9-320732 16.86 0345074320222 19.49 034510+821305 18.91
034505.8-321655 20.08 0345074321027 10.14 0345104320753 18.84
034505.6-321442 18.41 034507421040 19.69 0345104820743 18.11
034505.%321132 19.51 034507+820818 19.51 0345104321340 18.50
034505.%321655 17.17 034507+820338 14.07 0345114321700 15.79

034505.%321635 19.75 034507+820836 18.33 034511+B20852 14.33
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Table 1.continued.

IC348-J J 1C348-J J 1C348-J J
[mag] [mag] [mag]
034511.2-321637 17.43 0345144320150 16.02 034516321220 15.19
034511.2-320749 19.59 0345144321144 15.06 034516+821432 19.44
034511.3-321453 19.47 0345144320652 20.29 034516+820817 19.79
034511.3-321655 20.16 0345144321245 19.91 034516821712 20.11
034511.3-321346 18.46 0345144321120 16.92 0345164821709 19.62
034511.4-320335 18.73 034514+B20951 18.88 0345161820611 16.15
034511.4-320141 19.01 0345141821716 19.11 034516820319 17.47
034511.4-320811 20.16 034514+320802 20.22 0345161821650 20.17
034511.5-321424 20.13 034514+321630 14.33 0345174321535 18.71
034511.6-321103 17.90 034514+320909 20.45 0345174320412 19.84
034511.4321305 18.64 0345141821552 14.62 0345174321654 18.21
034511.8-320126 17.83 0345141820315 20.04 034517+B20755 17.40
034511.9-321056 19.41 0345141820832 18.23 034517+321037 20.15
034511.9-321124 18.07 0345141821251 19.34 034517+320952 19.91
034512.6-320256 19.98 0345141820741 19.56 034517+321040 20.00
034512.6-321042 17.85 034514+821321 20.05 034517+321636 18.24
034512.%321141 13.62 0345141820549 17.08 0345174821359 13.33
034512.%320913 14.00 0345141821630 18.99 0345174821637 19.25
034512.%321029 12.62 0345141821328 17.66 0345174821250 17.32
034512.2-320550 18.40 0345141821538 19.02 0345174821034 16.09
034512.2-321200 14.50 0345141921109 17.56 0345174820750 20.19
034512.2-321352 17.19 0345154321626 17.30 0345174320646 19.87
034512.4-321440 19.50 034515+B20940 19.46 0345174321135 20.11
034512.5-321529 17.87 034515+B21543 19.71 0345174320755 18.32
034512.5-320237 17.89 034515+B21439 20.06 034517+B820837 18.83
034512.6-321105 19.11 034515+321030 18.90 0345174821414 20.08
034512.6-320513 20.25 034515+321309 19.56 0345174820705 19.93
034512.6-321640 20.04 034515+321505 20.01 0345174820929 18.99
034512.6-320947 15.49 034515+321230 15.83 0345174821206 13.75
034512.68-321406 19.34 0345151821113 17.09 0345174821606 20.56
034512.4321145 18.18 0345151821415 17.49 0345174821545 17.41
034512.4321116 15.79 034515+320650 19.83 0345174821600 18.89
034512.4321156 20.17 034515+820812 11.32 0345184321301 18.67
034512.8-320316 14.54 034515+821209 13.80 034518321146 20.25
034512.8-320923 17.50 034515+B820754 19.56 034518+B21031 19.95
034512.8-321409 19.69 034515+821618 19.70 034518+B21459 20.44
034512.9-320336 18.03 0345151820222 19.23 034518+B21404 16.54
034512.9-321258 18.31 0345151821237 16.59 034518+320754 17.82
034513.%320359 20.17 034515+820325 16.38 034518+320852 16.36
034513.%320829 19.66 0345151820915 20.05 034518+821422 14.89
034513.2-321258 18.89 034516321000 19.64 034518+320951 18.97
034513.2-321527 14.15 0345164321230 19.49 034518+320940 17.76
034513.4-320140 18.97 034516+320827 19.78 034518+320743 17.45
034513.4-321611 19.71 034516321202 20.22 034518+320641 17.06
034513.4-321138 19.58 034516+B20514 19.52 034518+320648 19.34
034513.5-320551 18.56 034516+B21432 20.07 034518+321441 18.91
034513.5-320923 17.74 034516+B20232 16.01 0345181820901 19.24
034513.5-321444 19.35 034516+B21118 18.29 0345181821351 19.91
034513.6-320212 16.02 034516+321007 20.00 0345181820615 19.20
034513.6-321018 19.29 034516+321018 17.27 0345181821251 18.23
034513.6-320120 11.60 034516+321718 16.22 0345184620949 19.57
034513.6-321348 16.07 034516+320648 19.73 034518+B820331 20.21
034513.%4320307 19.40 034516+320619 11.97 034518+821033 19.99
034513.8-321210 16.85 0345161821303 18.78 0345184821042 19.25
034513.8-321408 18.12 0345164821652 14.89 0345184821646 14.60
034513.9-320924 18.76 0345161821546 18.06 0345181820301 20.26

034513.9-321414 19.03 0345161820942 15.13 034519+320239 18.69




