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6 IAS, Bât. 121, Université Paris-Sud, 91435 Orsay Cedex, France
7 CITA, University of Toronto, 60 St. George Street, Toronto, Ontario, M5S 3H8, Canada
8 Instituto de Estructura de la Materia, Dpto de Astrofı́sica Molecular e Infrarroja CSIC, Madrid, Spain
9 University of Arizona, Steward Observatory, 933 N. Cherry Ave., Tucson, AZ 85721, USA

Received 16 July 2003 / Accepted 12 November 2003

Abstract. We present here a complete dust map of L183 (=L134N) with opacities ranging from AV = 3 to 150 mag. Five peaks
are identified as being related to known molecular peaks and among these dust peaks two are liable to form stars. The main peak
is a prestellar core with a density profile proportional to r−1 up to a radius of ∼4500 AU and the northern peak could possibly be
on its way to form a prestellar core. If true, this is the first example of the intermediate steps between cloud cores and prestellar
cores during the quasi-static contraction. Additionally, the low dust temperature of the core reported in Pagani et al. (2003b) is
confirmed, and the ISOPHOT data are shown to be inappropriate for finding such cores. In the inner core, Tdust ≈ 7.5 K and
could be as low as 6.7 K.

Key words. ISM: abundances – ISM: molecules – ISM: dust, extinction – ISM: structure – ISM: individual: L134N –
ISM: individual: L183

1. Introduction

In recent years, with the advent of various dust detectors in the
near infrared (NIR), far infrared (FIR), millimeter (mm) and
sub-millimeter (submm), it has become clear that dust studies
are the only way to evaluate the mass of cold clouds; gas trac-
ers such as C18O being unreliable because of strong depletion
effects. For the same reason, prestellar cores, suffering from
high depletion of molecules, are barely detectable via molecu-
lar studies and only dust mapping has been able to reveal these
cores.

Since dust is optically thin in most of the submm and far in-
frared regime, it is in principle easy to analyze in terms of radia-
tive transfer. The lack of velocity signature, however, makes it
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difficult to separate emission from unrelated molecular clouds
on the same line of sight or even to separate different compo-
nents within the same cloud. Another difficulty is that the dust
emitters (the grains) vary in size and type and thus their emit-
ting properties vary as discussed theoretically by Hildebrand
(1983), Draine & Lee (1984) or Rengarajan (1984) and recently
demonstrated by Dupac et al. (2003). Radial variations across
low extinction clouds have been recently shown by Stepnik
et al. (2003) and Cambrésy et al. (2001). Dust in emission is
thus somewhat difficult to use to measure total column density
and special care must be taken in its interpretation. A better way
to estimate dust column density is to estimate dust absorption
in the near infrared as shown by Lada et al. (1994, 1999). It is
considered that the absorptivity of the dust in the NIR changes
very little with grain size (Mathis 1990) and thus it is an ex-
cellent way to measure dust column density and hence total
gas+dust column density, i.e. assuming the gas-to-dust ratio of
∼100 holds.

L183, also known as L134N but with slightly different co-
ordinates, starless, high above the galactic plane (b = +37◦)
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and close to us, is ideally situated for detailed studies of a cold
dark cloud. Its high galactic latitude eliminates pollution by
other cloud emission (especially in continuum), and its prox-
imity (110 ± 10 pc, Franco 1989) provides a high linear reso-
lution (1′′ = 110 AU). In previous studies, a 15 K dust region
has been detected based on IRAS FIR observations (Laureijs
et al. 1991, 1995), and colder dust peaks were identified at λ =
0.85 mm with JCMT bolometers (Ward-Thompson et al. 1994,
2000). Based on these data and ISOPHOT maps, Lehtinen et al.
(2003) present four cold condensations. However we cannot
confirm the existence of all of their sources as demonstrated by
Pagani et al. (2003b, hereafter Paper I).

This paper, the second of a series on this source (Paper I;
see also Pagani et al. 2002, 2003a), presents the dust studies
we have made both in absorption and in emission with data
ranging from 1 µm to 1.2 mm in wavelength. We present the
observations in Sect. 2 and discuss the results in Sect. 3. Mass,
interesting dust peaks and dust temperature are discussed in
Sect. 4 and we present our conclusions in Sect. 5.

2. Observations

I, H and K′ band observations were performed at CFHT.
ISOCAM and ISOPHOT data were retrieved from the ISO Data
Archive1 and MAMBO 1.2 mm observations were performed
at the IRAM 30-m radiotelescope.

The CFHT has been used with both the CFHT12K and the
CFHTIR cameras. In the Service Observing Queue mode, a
deep I band, large scale (12 000×8000 pixels covering 42′×28′)
image of the cloud was obtained with the CFHT12K in April
2002. This image covers the whole cloud at once and presents
dust-free pieces of sky in the corners which were used to set our
zero extinction level. The data were taken in 7 individual expo-
sures, one short (30 s), six long (about 10 min each). The see-
ing was very low (0.5–0.6′′), but the night was not photometric.
The poor weather, however, did not affect our ability to measure
the extinction in the outskirts of the cloud because only a count
of the number of stars in the field was needed to do so. The
data reduction was performed with the TERAPIX tools by M.
Dantel-Fort and SExtractor (Bertin & Arnouts 1996) was used
to build the source catalogue. The final image was calibrated
with data from the DENIS survey (Epchtein 1997; Epchtein
et al. 1999) which provided us with accurate positions and mag-
nitudes down to I = 18 mag. The cross-identification of the
CFHT12K data with DENIS yielded 574 matches within 2′′,
and the CFHT12K catalogue was complete up to I = 23.6 mag.
Approximately 27 000 objects were detected, yielding an aver-
age of 22 sources per square arcmin.

The CFHTIR camera (1000 × 1000 pixels covering 3.6′ ×
3.6′) was used with the near infrared (NIR) wide H and K′
filters to map the inner core of the cloud. The observations
were conducted in June 2002 during 2.5 nights. The see-
ing was excellent at the beginning (0.4–0.5′′) only degrading
slightly toward the end of the second night and at the end of
third (half-)night. The sky was photometric and the calibration
was performed with sources that were detected in the 2MASS

1 http://www.iso.vilspa.esa.es/ida/index.html

survey (Cutri et al. 2000). The cross-identification of the CFH-
IR data with 2MASS leads to 63 matches in H (for H < 15.1)
and 47 matches in K′ (K′ < 14.3) for a 2′′ search radius. An
18′ × 18′ region was mapped with 25 adjacent fields. The ad-
jacent fields were overlapped slightly by using the shift+add
observing method. To concentrate as much as possible on the
most extincted inner core, we spent only 2 min per field on the
outskirts for both filters and concentrated on the 9 inner fields,
with particular emphasis on the two fields covering the peak
and the ridge (Paper I) where several hours were spent per fil-
ter and per field. A rather uniform coverage of the cloud was
obtained with a similar number of detected sources per frame.
There are typically 40 sources per field which yields an average
of 3.2 sources per square arcmin. The weakest sources detected
with both the H and K′ filters reach (H,K′) = (21.3, 20.6) mag
and (H,K′) = (21.9, 20.2) mag. With a positional error smaller
than 1′′ and a photometric accuracy of about 5%, DENIS and
2MASS are excellent substitutes to calibration fields.

The LW2 (5.0–8.5 µm filter) ISOCAM map covers 5′ ×
5′ with 6′′ × 6′′ pixels. The data was reduced following the
method described in Miville-Deschênes et al. (2000). Thanks
to the data redundancy and oversampling, the final map can be
presented with pixels of 3′′ × 3′′. The rms noise in the central
part of the map is 0.005 MJy sr−1. A bright star detected in
the upper right corner of the map and recorded in the 2MASS
database allowed us to correct the pointing to better than 1′′.
The error was (∆α,∆δ) = (4′′, 3′′).

The ISOPHOT data represent two 30′×30′ maps at 100 and
200 µm (see Lehtinen et al. 2003) and a series of declination
strips from 100 to 200 µm (see Ward-Thompson et al. 2002;
Lehtinen et al. 2003). They were discussed in detail in Paper I
where it is shown that only the two maps are usable. Therefore,
only our own reduction of the 200 µm map obtained with the
latest version of the PIA reduction package (PIA V10.0) was
used. To eliminate the diffuse dust emission contribution, it is
not sufficient to subtract a constant value to bring to zero the
ISOPHOT maps in the upper right corner where only diffuse
dust emission is present. An inclined plane fitted to the IRAS
60 µm emission slope must also be subtracted. In the following,
only the molecular cloud cold dust 200 µm emission will be
considered.

The MAMBO (IRAM 30-m bolometer at 1.2 mm, 11′′ res-
olution) data were taken in December 2001 and February 2002.
Opacity was in the range 0.1–0.3 during the observations. We
made multiple fast scans of a large area (∼15′ × 15′). The ob-
servational details are discussed in Paper I. The data have been
reduced with NIC, the IRAM bolometer package (Broguière
et al. 1995) and a skynoise reduction technique described in
Motte et al. (in preparation). The final rms is 0.8 MJy/sr on the
map smoothed to 15′′ resolution. Systematic errors in the base-
line level might be larger than that because large scale (>15′)
features of the map are lost due to the dual-beam mapping and
reduction techniques and because we have not reached the bor-
ders of the cloud, especially in the southern part. We have how-
ever estimated that the peak emission cannot be underestimated
by more than 2 MJy/sr. Another reason limiting the quality of
the data arises from a non-Gaussian electronic noise in the re-
ceiver during the 2001–2002 winter season. For the off peak
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Fig. 1. The composite extinction image of the whole L183 cloud. This is the combination of the I, HK′ and ISOCAM extinction maps all
converted to the visual extinction scale, AV (mag). Levels are AV = 5 to 50 by 5 (black contours) and 60 to 120 by 30 (white contours) mag.
The pale shade of grey is set at AV = 3 mag. The two boxes in the upper corners indicate where the zero magnitude extinction has been set. The
numbers indicate the peaks which have a molecular counterpart. The blow-up region shows the sole ISOCAM extinction map (grey scale) with
the 1.2 mm dust emission superposed to it (contours from 7 to 22 by 2.5 MJy/sr). The 9.5 MJy/sr contour is dotted. Sources detected in both H
and K′ are indicated as stars, sources detected only in K′ as asterisks. There is no available extinction measurement inside the ellipse and only
lower limits can be given. Boxes in the blow-up region delineate the location and the width of the strips shown in Fig. 4.

emission, the relative flux uncertainty was conservatively esti-
mated to reach as high as 40%. For the peak emission, the ab-
solute calibration uncertainty was estimated to be about 20%.

3. Results

The range of dust column densities make it impossible for any
present single instrument to record all the dust content in this
cloud at once. Thus it was necessary to combine 3 different sets
of data to obtain the complete dust map of L183 (Fig. 1): the I
band accounts for low and intermediate extinction (AV < 15),
H − K′ color excess for high extinction (15 < AV < 30) and
ISOCAM 7 µm for very high extinction. The following dis-
cussion reports extinction measurements converted to a com-
mon visual extinction scale (AV) although the dust properties
in the V band may change drastically in very dense and opaque
cloud cores and thus the values we give may not reflect the ac-
tual V band extinction. A more reliable estimate is the K band
extinction (AK) as the NIR dust properties are considered to be
more stable (Mathis 1990). It can be obtained by multiplying
all AV values by 0.113. I and H − K′ extinction measurements
are comparable in the range 5–15 mag. The I band extinction
measurement shows clearly a saturation above 15 mag and the
H−K′ color excess becomes insensitive below 5 mag of extinc-
tion given the star density and the spatial resolution we chose
(and the H − K′ map does not cover all the cloud anyway).
H − K′ extinction measurements do not go beyond ∼40 mag
owing to a lack of bright sources behind the cloud, which re-
sults from the cloud being high above the galactic plane.

The star count and the color excess methods are described
in Cambrésy et al. (2002). Adaptive cell sizes are used in order
to optimize the spatial resolution and to limit the non-linearity
effect inherent to star counts and reddening methods. No fore-
ground star correction is required for L183, which is located at
high galactic latitude and close to us.

The source counts convert to visual extinction as follows:

AV =

(
1
a

log
1
D

)
×

(
AI

AV

)−1

+Zcnt (1)

where a = 0.21 is the slope of the luminosity function (re-
stricted to the completeness limit I < 23.6 mag), D the source
density in each cell (chosen to contain 10 sources), AI/AV =

0.482 the conversion factor from the extinction law (Rieke &
Lebofsky 1985) andZcnt the zero point for the extinction map.

The relation for the H − K′ color excess is simply:

AV =

(
AH

AV
− AK′

AV

)−1

× (H − K′) +Zcol (2)

where (AH/AV−AK′/AV)−1 = 15.87, andZcol is the zero point.
The number of objects per cell is fixed to 3 for the reddening
method.

The zero points are set assuming there is no extinction at
the edges of the I band field (see Fig. 1). This assumption is
confirmed by a larger scale analysis (2 × 2 deg) of 2MASS
and HI data. The latter indicates that in a pixel 40′ diameter
centered on the cloud, the average HI column density is 8.5 ×
1020 cm−2 , translating to AV ≈ 0.4 mag which is well within the
noise of the I band measurement (using the standard conversion
formula N(HI) � 2 × 1021 × AV cm−2, Bohlin et al. 1978).
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The ISOCAM 7 µm absorption map has been converted to a
visible extinction map using the method described by Bacmann
et al. (2000) except that the conversion was done using the sur-
rounding H−K′ infrared excess map instead of using dust emis-
sion and C18O measurements. The result is thus independent
of the actual dust temperature and of possible CO depletion.
Two regions (outside the main peak for which no stars were
seen in deep K′ images) have been used to do the conversion.
Those two regions were chosen around the offsets (−100′′, 0)
and (−50′′, −50′′) with respect to the peak. This method im-
plies that the features seen in the image are due to the absorp-
tion from the core only, and not to structure in the mid-infrared
background or foreground emission. Although, the statistical
uncertainty on the calibration is about 7%, the global con-
version suffers from critical estimates of the foreground and
background infrared emission, which are not well known (see
Bacmann et al. 2000). Hence, the total uncertainty on the ab-
solute extinction is substantially higher, reaching +66/−33% at
the peak (AV ≈ 150 mag).

The spatial resolution varies within the final map (Fig. 1)
from 1′ to 5′ for the I band counts, ∼1′ for the H − K′ redden-
ing zone and 6′′ for ISOCAM. The central part of the map (the
main core and the northern ridge), which is also discussed in
Paper I, is expanded in Fig. 1 (and the peak alone in Fig. 2).
Shown in this zoom image are the ISOCAM dust extinction
map (pixels), the MAMBO 1.2 mm emission map (contours)
and sources detected in both H and K′ (marked as stars) or only
in K′ (marked as asterisks). As noted in Paper I the agreement
between ISOCAM and MAMBO is excellent. Furthermore,
the NIR sources are all outside the same MAMBO brightness
contour, the dotted one, which corresponds to B(1.2 mm) =
9.5 MJy/sr. The absence of NIR sources inside this contour
indicates that the optical extinction reaches at least 40 mag.
This is consistent with the measured dust emission if we set
Tdust ≈ 8 K with a dust opacity κ1200µm = 0.009 cm2g−1 (as
briefly discussed in Paper I) in the following equation

B(ν) = Bν(Tdust) × τ(ν) MJy/sr (3)

where Bν(Tdust) is the Planck function, τ(ν) the dust opacity at
frequency ν.

B(ν) =
hν3

c2

1

exp( hν
kT ) − 1

(
τ(ν)
AV

)
AV MJy/sr (4)

where h, k and c have their usual meaning and τ(ν)
AV

represents
the dust opacity coefficient at frequency ν.

τ(ν)
AV
=
τ(ν)
NH2

NH2

AV
(5)

and

τ(ν)
NH2

= µmHκν (6)

NH2

AV
= 1021cm−2mag−1 (7)

with the mean molecular weight µ = 2.33, the atomic hydrogen
mass mH = 1.67 × 10−24 g and κν is the dust opacity per unit

Fig. 2. Peak dust extinction (grey scale and contours) and emission
(white contours) in the cloud. Grey extinction contours represent AV =

130 to 145 by 5 mag. White contours represent 1.2 mm dust emission.
The two horizontal dot-dashed lines delineate the pixel lines which
have been averaged together to analyze the peak profile (Fig. 3).

mass column density at frequency ν (though κ subscript is gen-
erally given in wavelength). Equation (7) comes from Bohlin
et al. (1978). A discussion and a thorough modeling of κν can
be found in Motte et al. (1998) and Ossenkopf (1993), respec-
tively. This result (Tdust ≈ 8 K) is consistent with the ridge
temperature determined from ISOCAM and ISOPHOT mea-
surements in Paper I.

Finally, the ellipse traced in Fig. 1 encompasses the only
region of the cloud that has only lower extinction limits. There
are no NIR H band sources inside this ellipse and the ISOCAM
map did not cover this region.

4. Discussion

4.1. The cloud dust mass

The total mass of the cloud depends somewhat on the chosen
extinction limits. Under AV = 5 mag, L183 merges with L134
(∼2◦ further south) and the cloud mass is then the mass of the
whole complex. Limiting ourselves to the full image presented
here, we find a total mass of 78 M� and 56 M� above AV =

5 mag of which only 50 M� belong to the main cloud.

4.2. The pre-stellar core and other peaks

The main map contains several peaks (Fig. 1). Each peak that
has a molecular peak counterpart in their vicinity is numbered
in the figure. Peak 1 (the pre-stellar core) is close to the molecu-
lar peak C described by Dickens et al. (2000). Likewise, Peak 2
is close to N, Peak 3 is close to W, and Peak 4 is close to S,
where all letters come from Dickens et al. (2000). The weak-
est of these peaks (Peak 5) has only AV = 20–25 mag but is
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coincident with the 100/200 µm Eastern peak seen in
the ISOPHOT maps at α2000 = 15h54m25.8s, δ2000 =

−2◦54′36.5′′(Fig. 5, Lehtinen et al. 2003) and with our C18O
and C17O peak (Pagani et al. 2002). We will call it Peak E, for
east, as a molecular peak, for consistency with Dickens et al.
(2000). Thanks to the good astrometry of the ISOCAM image,
Peak 1 is unquestionably 30′′ south of molecular Peak C, but
the relative position of the other peaks is less sure because they
are derived from a limited number of NIR sources and their
position is only known to ∼30–60′′. Peaks 3 to 5 will not be
discussed further.

4.2.1. Peak 1

Figure 2 shows an enlargement of Peak 1. The highest opacity
contours of the ISOCAM data are shown as grey contours to
emphasize the elongated feature. This feature, oriented north-
south, is almost 20′′ in length at AV = 130 mag and remains
unresolved in width (i.e. horizontally) with possibly two sub-
peaks inside. The whole peak itself is at the southern end of a
long ridge 6′ in length also oriented North-South (see Fig. 1 and
Paper I). Though the contrast between the two sub-peaks and
the dip that lay between is less than 1 σ, they possibly indicate
the presence of 2 pre-stellar seeds separated by 9′′ (=103 AU).
Because the profiles of the two peaks are similar, they were
averaged to reduce the noise, i.e. the 6 horizontal pixel lines
delineated in Fig. 2. Because the northern sub-core is one pixel
further to the east, the 3 lines of this sub-core were shifted by
one pixel to the west so that both sub-core peaks were aligned
before averaging. Both sides were then folded together sym-
metrically and summed. In the resulting image, an r−1 density
variation was found from 6′′ away from the center up to 40′′
away (Fig. 3), that is a radius of ∼4500 AU Such a density
variation has not been seen in other ISOCAM density profile
studies (Bacmann et al. 2000), but has been theoretically inves-
tigated by McLaughlin & Pudritz (1996, 1997) and is known
as a logotropic profile. The density inside the central 9′′ radius
hardly varies and reaches 2×106 cm−3. The corresponding mass
is less than 0.01 M� for each of the two subcores, 0.06 M� for
the whole elongated peak holding the subcores assuming it is
cylindrical. The total mass of the core in the 1′ radius (the limit
where the core seems to decouple from the ambient gas as sug-
gested by the ISOCAM profile) is ≈2.5 M�.

4.2.2. Peak 2

The northern peak is delimited by the 148′′ ×74′′ ellipse traced
in Fig. 1. Interestingly, on the main map, the ellipse is seen
to overlap a large opacity gradient, starting at AV ≈ 15 mag
at the northern tip of the ellipse up to 35 mag at the southern
tip. This gradient arises from the relatively low NIR excess de-
tected in the sources north and west of the ellipse and indicates
that the dust column density gradient must be very steep on the
northwest side of the ellipse to reach at least 40 mag of visual
extinction. This gradient could simply be caused by a lack of
sources behind this part of the cloud, but this is probably not the
case. Very few sources have been found inside the ellipse, but

Fig. 3. Radial volume density and column density fits. Column density
quantities are represented by full lines while volume density quanti-
ties are represented by dashed lines. Data are displayed as histograms
while fits are displayed as curves. The radial density profile is ob-
tained by decomposition of the column density profile in onion layers.
Continuous curves represent the r−1 fit to the density profile and the
expected column density profile obtained from a r−1 and a r−2 den-
sity profiles. The fits offsets are adjusted to fit the 3rd pixel, 9′′ away
(∼1.5 × 1016 cm) from center.

those found are only in K′ and without any H counterpart. All
these sources have K′ ≥ 19.3 mag and an extinction lower limit
of ∼43 mag for the brightest. Futhermore, the ellipse is coin-
cident with the 1.2 mm emission contour at 12 MJy/sr which
indicates AV ≥ 50 mag in the same conditions as above (Sect. 3,
Eqs. (3)–(7)).

The next 1.2 mm contour (14.5 MJy/sr) covers the southern
part of the ellipse only and underlines the local peak (Peak 2 in
the main map) with an equivalent dust extinction of ∼60 mag.
The final contour (16.5 MJy/sr, AV ≈ 70 mag) possibly traces
the center of that peak but such small peaks can also be rem-
nants of the electronic noise. Interestingly enough, the total
mass inside the ellipse is 0.69 M� from the 1.2 mm emission
(with Tdust = 8 K and κ1200 µm = 0.009 cm2g−1) which is com-
parable to the mass we find (0.77 M�) in the same ellipse cen-
tered at α2000 = 15h54m08.48s, δ2000 = −2◦52′08′′ and en-
compassing the main peak and a part of the ridge.

4.2.3. Witnessing the contraction of the two peaks?

Three cuts were made across the two peaks in the MAMBO
1.2 mm emission map. One horizontal (east-west) cut across
the Peak 1, one cut across the ridge just north of Peak 1 and
parallel to the first cut and one cut across Peak 2, tilted by
20◦ to stay perpendicular to the major axis of the peak (see
Fig. 1). The result is displayed in Fig. 4. The remarkable fea-
ture is that going from Peak 2 to the ridge to Peak 1, one can
see that the profile slopes get steeper and the tops get narrower
and eventually much stronger. From the ISOCAM data, the
main core has a density gradient proportional to r−1; this means
that the Ridge and Peak 2 have even more shallow gradients.
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Fig. 4. 3 cuts across Peak 1 (main
peak), the Ridge north of it and
across Peak 2 (northern peak). The
main peak cut also crosses Peak 3
(see Fig. 1).

One tentative explanation of these features (same amount of
material, different peak height and width, evoluting profiles)
is that we are witnessing the quasi-static contraction of the
cores with the northern peak being younger (or less evolved)
than the main peak and not yet condensed in a truly prestellar
core. Dickens et al. (2000) suggest that the northern molec-
ular Peak (N) is younger than the other peaks (especially C
and W) because the SO/CS ratio decreases from north to south.
Although the use of this ratio as a chronometer is controversial
because it also probably depends very much on initial condi-
tions, it does seem to be coherent with our finding, however.
Thus, if our interpretation is correct this would be the first ob-
servation of the intermediate steps transforming a cloud core
into a prestellar core. It suggests that a noticeable gradient ap-
pears at the outskirts of the future core first, decoupling the core
from the cloud before the core itself starts to collapse. It also
suggests that the density gradient varies from zero (uniform
density) to r−1 during the contraction. We can wonder whether
it keeps steepening to reach r−2 which is found in other prestel-
lar cores (Bacmann et al. 2000). Fast collapse would then take
place. This result has some common features with the work
done by Tafalla et al. (1998) and Williams et al. (1999) to-
wards L1544 for which they found results inconsistent with
the inside-out collapse model (Shu 1977). Interestingly, Peak 2
shows hints of a future prestellar core at its southern edge
(highest MAMBO contours) just like Peak 1 formation at the
southern edge of the Ridge. We have no explanation for this,
but it indicates that the prestellar core does not have to form in
the center of the parent cloud core.

4.3. The dust temperature

In the following discussion, the ISOPHOT map at 200 µm rep-
resents the dust emission from the cloud alone and similarly AV

is measured above the diffuse dust extinction set to zero as ex-
plained in Sect. 2.

Fig. 5. ISOPHOT 200 µm cold dust emission with visual extinction
contours on top smoothed to 90′′ . Contour levels are AV = 2.5 and 5
to 45 by 5 mag. For low extinction levels, the correlation between the
two maps is excellent but the core enlargement shows that the dust
peak is not visible at all in the 200 µm emission. The vertical dot-dash
line shows the place of the cut displayed in Fig. 6.

In Paper I we presented some arguments showing that the
dust core in this cloud is below 8 K; a brief summary of that
discussion follows. The dust extinction map, once smoothed to
the ISOPHOT 200 µm map resolution, still showed the main
peak (Peak 1) while nothing appeared in the ISOPHOT map,
which was in fact 10% below its maximum brightness at that
position (see Figs. 5 and 6). The upper limit we found was
based on a dust cloud analytical model (Zucconi et al. 2001)
which we used to evaluate the amount of cold dust which emits
at 100 µm and evaluated its contribution to the 200 µm emis-
sion. The remaining dust, too cold to emit at 100 µm, was sub-
sequently estimated to be at 7.6±0.5 K for the main peak and at
8.0± 0.5 K for the ridge. One limitation of the method was due
to the important flat-field error (8 MJy/sr at 200 µm, Paper I).
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Fig. 6. ISOPHOT 200 µm cold dust emission and visual extinction
(smoothed to 90′′) cuts through Peak 1 (cut location is shown in
Fig. 5). The dust peak is not visible at all in the 200 µm emission.
Left is south, right is north.

Here, the map shown in Fig. 5 was converted into a cross-
correlation map after reprojecting both sets of data on the
same horizontal grid (Fig. 7). Because the cloud is optically
thin at 200 µm and because the visual extinction at the cen-
ter of the cloud is only half the total extinction on the line
of sight, both scales were divided by a factor of 2 to discuss
the decrease of temperature towards the center of the cloud.
This implies that the temperature variation is symmetrical on
both sides (forefront and backside), i.e. that the Interstellar
Radiation Field (ISRF) is essentially the same on both sides
and that the temperature variation is mostly dependent upon
the radial extinction profile. Figures 6 and 7 clearly show that
the 200 µm brightness does not increase beyond AV(radial) =
7.5 mag (15 mag total). In particular, the dust peak is spec-
tacularly missing in Fig. 6. Again, the simplest explanation is
that the temperature decreases with increasing AV, as modeled
by Zucconi et al. (2001), Evans et al. (2001) and Stamatellos
& Whitworth (2003). Indeed, below 15 K, dust emission at
200 µm is situated in the blackbody Wien regime and thus a
small temperature variation has more impact on the emitted
flux than a large variation in the dust column density as shown
in Paper I. As a result, the ISOPHOT 200 µm map does not
trace Peak 1 at all, even though it does trace the large cold core
in the cloud, when compared to its 100 µm map counterpart
(see Pagani et al. 2002, Juvela et al. 2002). The conclusion is
that ISOPHOT data at 200 µm are not well suited to find the
very cold dust peaks inside cold cores, the external core layers
being the major contributors to the 200 µm emission. The ef-
fect is predicted to be still measurable at 450 µm as discussed
by Zucconi et al. (2001).

The dust temperature can now be re-estimated by a dif-
ferent method than in Paper I. Here, with the flat-field error
being included in the data point spread, the temperature can
be derived as a function of visual extinction statistically. From
Eqs. (3) and (4), by summing the contribution of each dust layer
at a different temperature, the integrated 200 µm emission for

Fig. 7. ISOPHOT 200 µm cloud emission cross-correlated with visual
extinction smoothed to 90′′and resultant temperature profile. This pro-
file indicates the temperature for the given extinction layer, not the
integrated temperature along the line-of-sight. The fitted temperature
has been varied by ±0.5 K and the 200 µm brightness profile has been
recomputed to estimate the robustess of the fit (dotted lines). In the
Wien regime, 0.5 K represents a huge variation. The steep tempera-
ture drop between AV = 2 and 3 mag is due to the 3 fold increase of
the dust emissivity, going inwards.

a dust cloud of total opacity AV along the line of sight is deter-
mined by

B200 µm(AV) = 2
∫ AV

2

0
Bν(Tdust(x))

τν
x

dx MJy/sr. (8)

If the cross-correlation data cloud can be fit with a function F
of the opacity

B200 µm(AV) = F(AV) MJy/sr (9)

the result is

Bν(Tdust(AV)) ∝
d F(AV)

d AV
(10)

where Bν is the Planck function at ν = 1.5 THz and assum-
ing that τν/AV is essentially constant (see below). It appears in
Fig. 7 that the best fit is obtained with

B(200 µm) = 4.8 × AV MJy/sr (AV ≤ 1.5 mag) (11)

B(200 µm) = 6.71 × ln(AV) + 4.48 MJy/sr (AV > 1.5 mag)

and thus

Bν(Tdust(AV)) = constant (AV ≤ 1.5 mag) (12)

Bν(Tdust(AV)) ∝
6.71
AV

(AV > 1.5 mag).

Finally, reversing the Planck function, one gets

Tdust(AV) = 12.7 K (AV ≤ 1.5 mag) (13)

Tdust(AV) =
hν
k

1

ln
(
1 + hν3

c2
AV

6.71
τ

AV

) (AV > 1.5 mag)

where τ
AV

represents the dust opacity coefficient at 200 µm. It
is now widely accepted that the submm and FIR dust emissiv-
ity increases from the diffuse to the dense medium as demon-
strated by Stepnik et al. (2003). Though the cloud studied in
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their paper with a peak visual extinction of a few mag is not
representative of our own case, we propose to put the diffuse
to dense dust emissivity transition in the range AV = 2−3 mag
in our model, close to their own value of AV ≈ 2.1 mag. It is
not yet clear whether the dust emissivity increase occurs at the
same extinction depth for all clouds with similar external con-
ditions (same ISRF) or if internal parameters are also important
(such as depth at which depletion occurs, turbulence,...). Using

τ(200 µm)
AV

= 2.6 × 10−4 mag−1 (AV ≤ 2 mag) (14)

for the diffuse dust and (after a linear increase from 2 to 3 mag)

τ(200 µm)
AV

= 8.8 × 10−4 mag−1 (AV ≥ 3 mag) (15)

for the dense dust, we have retrieved the dust temperature from
Eqs. (13). The dust profile is displayed in Fig. 7. We have then
recomputed the 200 µm brightness and checked that it follows
the original fit. We find that the temperature profile starts at
∼13 K and goes down to 7.5 K at AV (radial) = 21 mag (or
42 mag total). The diffuse to dense dust emissivity transition
is revealed by the sudden drop in temperature between AV (ra-
dial) = 2 and 3 mag. This emissivity variation has not yet been
introduced in the dust radiative transfer models (Zucconi et al.
2001, Evans et al. 2001, Stamatellos & Whitworth 2003). It can
be noted that 13 K is the value usually derived in other studies
of dust in the molecular phase of the Interstellar Medium (see
e.g. Bernard et al. 1999). Because we had to degrade the vi-
sual extinction data to the ISOPHOT C200 resolution (∼90′′),
the peak extinction is only 42 mag instead of ∼150 mag at the
ISOCAM resolution (6′′). Thus, if the relation of Eq. (11) holds
up to AV (radial) = 75 mag (150 mag total), then the core tem-
perature in the deep center would only be 6.7 K, similar to the
model temperatures found by Zucconi et al. (2001) and Evans
et al. (2001) in their cloud cores but below the new predictions
made by Stamatellos & Whitworth (2003) who predict that the
core cannot drop in temperature below 7−8 K when the cloud
embedding the core is taken into account in the model. We have
also checked the sensitivity of the result on the variation of the
emissivity and found that the dust temperature for the peak ex-
tinction would vary by +0.6/−0.5 K if we vary the dust emissiv-
ity by a factor 2. Finally, we have varied the temperature profile
by ±0.5 K to check the dependency of the fit on the temperature
(Fig. 7). It is clear that these variations encompass the possible
temperatures which can fit our data.

5. Conclusions

A complete map of the dust content of the L183 cloud has been
presented, yielding a total mass of �78 M�. Among the many
peaks which can be seen, 5 are remarkable because they are
linked to the 5 known molecular peaks. The strongest peak is a
prestellar core holding 2.5 M� in a 1′ radius with a logotropic
profile. Its temperature drops from 13 to 7.5 K and could be
as low as 6.7 K in its deep center. These temperature varia-
tions are probably the reason why the ISOPHOT 200 µm maps
cannot show the very dense and cold cores inside clouds but
only their immediate envelope. Thus great care should be taken

when analyzing ISOPHOT data alone in such starless clouds.
The northern peak, while having a similar mass on a similar
surface than the central, main peak does not show a prestellar
core but only strong column density variations at its edges. It
could represent the intermediate step between a cloud core and
a prestellar core and we are possibly witnessing for the first
time the different steps of the quasi-static contraction. Finally,
the main dust peak is 30′′ off its related molecular peak, thus
suggesting strong depletion of all observed molecular species
in this core. This subject will be developed in the next paper
(III. The gas depletion).
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