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ABSTRACT

Context. Exploring the structure and dynamics of cold starless ddaadchecessary to understand th&eatent steps leading to the
formation of protostars. Because clouds evolve slowly, ynafnthem must be studieih detail to pick up diferent moments of a
cloud’s lifetime.

Aims. We study here a fragment of the long filament L1506 in the Tawegion which we name L1506C, a core with interesting
dust properties which have been evidenced with the PRONAgISdn-borne telescope.

Methods. To trace the mass content of L1506C and its kinematics, weethfhe dust emission, and the line emission of two key
species, &0 and NH*. 33CO and G’0O were also observed. We model the species emission usingdieNCarlo models.

Resuits. This cloud is reminiscent of L1498 but also shows peculiatifees: i) a large envelope traced solely'8¢0 holding a
much smaller core with a strong'® depletion in its center despite a low maximum opacity {420 mag), ii) extremely narrow
C'80 lines indicating a low, non-measurable turbulence, bijtcaction traced by €O itself (plus rotation), iv) unexpectedly, the
kinematical signature from the external envelope is ofipdsi the core one: thECO and G®O velocity gradients have opposite
directions and the ¥O line profile is blue peaked on the contrary to tA80 one which is red peaked. The core is large @x 10*
A.U.) and not very dense (n@i< 5 x 10* cm3, possibly less). This core is therefore not prestellar yet.

Conclusions. All these facts suggest that the core is kinematically detddrom its envelope and in the process of forming a prestell
core. This is the first time that the dynamical formation ofresellar core is witnessed. The extremely low turbulermédcbe the
reason for the strong depletion of this core despite itdivelg low density and opacity in contrast with undepletedtes such as
L1521E which shows a turbulence at least 4 times as high.

Key words. Stars: formation — ISM: clouds — ISM: abundances — ISM: mdkes— ISM: Structure — ISM: individual: L1506

1. Introduction cillation, etc. and describe how prestellar cores and gtats
form.
On their way to form stars, clouds go through a contractiaasgh
i i -3 : -
leading to the formation of prestellar coresXri x 10° cm?, Many prestellar cores have been identified and some have

Keto & Caselli200B) which are usually identified by theirkac 4ready "heen studied in detail, including B68, L183, L1498,
of internal heating Sources, their large CO depletion, @eitt | 1544, etc. Among these objects a few cases have been identi-
strong NH and NoH™ emission lines for which turbulence is of-fie asearly prestellar coresf their density is already greater
ten subthermal. These cores subsequently collapse to f@m Rhan 1% 106 cm3, or simple coresprobably about to form
tostars. Many details pertaining to these two condensat®we estellar cores if not. The first type includes L14958, L182
are still obscure and we don’'t understand what conditios &f,q L1521E [(Hirota et &I, 20pP, 24d4; Tafalla & Sanijago 004
necessary to produce stars offeifent masses, high or low, whatypich despite a high density, show no sign of depletiorogair
conditions are necessary to start the contraction of thedotd -~ |ines. weak or absent NHand NeH* lines) and are con-
the collapse of the prestellar core, nor the role of the BEgN gijered as being both physically and chemically young while
field in supporting the clouds against collapse, etc... Osly e second type is represented by two cases presently, L1498
as the evolution time is long, one has to observe many clozuds Tafalla et ] 'Xpﬂo FLM Shirley et HI. 2005) and the very detisb-g
substitute to tracking any single cloud in the process ahfog  le=G27in the Coalsack com leX (Lada ef fl. 2p04). L1498 in
a star. For each cloud, physical and chemical propertiesidho, g study by Shirfey et [ (2005) exhibits a low density (-3
be studied in deta!l to assess all important parameters asichy ¢ cm~3) and molecular depletion (already reported by several
temperature, density, kinematics, and their respectiadignts, ther authors, especially Willacy ef fI. 1098, who, by singy
if any, and also chemical abundances by volume. By accumur4gg reported the first €0 depletion in a prestellar core by
lating this type of studies, we can hope to disentangle deple .,mnnarison with a dust map). The G2 gas content has not been
phenomenon versus cloud age or density, contraction Vessusgt,died in detail yet and only its peculiar, ring-like dusape
indicates its unstable nature despite its low density. Thig is

* based on observations made with the IRAM-30m. IRAM is sugxpected to turn into a prestellar cofe (Lada éf al. P004thitn
ported by INSUCNRS (France), MPG (Germany), and IGN (Spain). second category, which is considered as physically young bu
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chemically evolved, we present a newcomer, a fraction of the
L1506 filament.

The cloud we present in this paper, L1506, has attracted at-
tention during a large-scal€CO survey [Abergel et f. 1994)
because of its low (though not unique) DIRBE 4qm/l24q:m
and IRAS] lsq:m/l 10.m Colour ratios to which thé3CO maps
were compared. Its dust properties were studied later argusi
the PRONAOS$ balloon-borne experiment continuum emission
data in the submillimeter range (200 — 60@) (Stepnik et gl.
p003), albeit with a limited angular resolution (2-3.5\ sig-
nificant change of the dust properties has been revealed goin
from the difuse to the dense part of the cloud : no emission
from transiently heated small particles, and a strong ecdran

25°25'00"

6(J2000)
25°20'00"

ment (by a factor of 3.4) of the submillimeter emissivity fret § | |
latter. This was interpreted as the signature of dust cadigul 5

leading to the formation of fily aggregates (made of a mix- o

ture of very small and big grains). In order to understand thi

evolution and investigate what are the physical condites®o-

ciated with éficient aggregate formation (ice mantles, level of 4n191m20s ‘ " . S . 255

turbulence, densities,), we are now concentrating on troysif
the gas properties. Itis presently clear that depletiopgidekey
role in the gas phase of dark clouds and basically two specee Fig. 1. Dust emission at 1.2 mm as measured by MAMBO 1.
needed to map the clouds, nameffQ and NH*. NHz is also  Resolution has been degraded t¢f 36r a better signal-to-noise

a good tracer but pH* has some advantages over Namong ratio. Levels are spaced by 0.5 MJy’sfrom 0.5 to 4 MJy st.
which the possibility to use the same telescope as f80OC The dashed line represents the cut observed with PRONAOS,
giving a similar resolution and beam correction and alseesupand the white section the fraction of the cut observed with th
rior diagnostic capabilities as discussed by Pagani|eP@d}). IRAM-30m. The original cut direction was chosen to be per-
By observing these species, both the undepleted (outerthendpendicular to the FIR filament (colour image on-line). Th@}0
depleted (inner) cores can be traced and their kinematids gosition corresponds @0 = 4"18M50° 62000 = +25°19'15".
physical properties can be modeled. Wi#80O , we will also be
able to trace a fraction of the extended envelope. We preseht
model such observations in this paper and discuss the piepe
of this cloud.

«(J2000)

rVESPA] autocorrelator was used with frequency sampling vary-
ing from 6 to 20 kHz for 3 mm lines and 40 kHz for 1.3 mm
lines (Tableﬂl). All observations were done in frequencytcii
ing mode. Receivers A&B were used except in July 2008 where
2. Observations the 1 mm 9 pixel cameras HEf§AL&2 were used in the On-

_ _ the-Fly mode, still using frequency switching. Thé®Q and
All observations were performed using the IRAM-30m telel3co (3:1-0) lines were observed simultaneously by tuning the
scopf]. The dark nebula L1506 is an elongated object (Onishiceiver halfway between the two frequencies affisedting the
et al.[1996] Nercessian et]al. 1988) and the SIMBABfer- yESPA autocorrelator subwindows B210 MHz in front of the

ence positiondzoo = 4"18"31.T° 62000 = +25°19'25”) is out- o lines. Pointing was regularly checked and found to beelsta
side the part of the cloud we present here which is centergghin 3.

on the PRONAOS emission pealt,oo = 4"18"50° 62000 =

+25°19'15", [Stepnik et g { 2003) which we propose to name

L1506C (A and B are already defindd, Lee & Myers 1999). Iffable 1. Telescope settings

distance is estimated to be 140 pc (Elias 1978; Kenyon|et al.

fl994). Line Frequency  Beam size Sampling

In september 2004, we mapped the filament dust emission _ (MHz) ) (kHz) ms*
at 1.2 mm with the MAMB(E Il bolometer. Skydips, pointings H23+ (j;i_g) ;; igg?gﬁ g’% 160 :252
and calibration source observations were regularly paréat, Cigo &_‘1:03 109 782.176 23 10 27
and data reduction was executed using IRAM proprietary soft 13-4 (J':1—0) 110201360 23 20 54
ware. The COId f|lament Stud|ed y Stepnlk gt I ( 003) |ard3€ C17O (\]1_0) 112 358982 23 10 27
visible at the centre (Fid] 1). Spectroscopic observativese C180 (J:2-1)  219560.358 12 40 54

performed over several runs: 29 & 30 November 2003, 22 &

23 May 2004, 28 July 2004 and 18 July 2008. In all cases, thé New frequency for the main.J:1,3 — 02 hyperfine component
from[Pagani et &[(2000a)

b J:1;,,—0s/; transition from| Klapper et al[ (20p3)

! Diffuse Infra Red Background Experiment
httpy/lambda.gsfc.nasa.gov
2 Infra Red Astronomical Satellitéittpy/lambda.gsfc.nasa.gov

3 PROgramme NAtional d’Observations Submillimétriques

4 httpy/www.iram-institute.org 7 VErsatile Spectroscopic and Polarimetric Analyzer, se&NRveb-
5 httpy/simbad.u-strasbg/8im-fid.pl site

6

MAXx-Planck-Millimeter-BOlometer, see IRAM website 8 HEterodyne Receiver Array, see IRAM website
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Fig. 2. Left: low resolution**CO (J:1-0) integrated intensity map of the L1506 Taurusafdament (original data from Nercessian
et al.[198B). Contour levels are 0.5 to 4.5 Kkm by steps of 1 Kkms". The POM-1 2.5-m dish has a 4 #&solution as shown
in the bottom right corner. The square indicates the surfaapped in ¢80 (J:2-1). The fisets are with respect to L1506C
coordinates (see texfRight: the smoothed &0 (J:2—1) integrated intensity map. Superposed to the mihg istrip path observed
with PRONAOS [Stepnik et fl. 20p3) along which we obser?&D, C20, and NH* with a good signal to noise ratio (see Hip. 3).
The crosses indicate the observed points and the 3 whitesifesperposed to 3 crosses) the points observed alsg@ Gee Fig.
E). The degraded 30-m beam size is represented. Levelsamnelirl to 0.7 K kms! by steps of 0.1 Kkms. The (0,0) position
corresponds tasggo = 4"18M50° §o000 = +25°19'15".
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Fig.3. Spectra taken along the
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3. Results and analysis

Figure
POM-

9 Petite Opération Millimétrique

shows a large-scaléCO (J:1-0) map obtained with

0 —100

Offset (arcsec)

PRONAOS cut (see Fig] 2). The
upper row shows thé3CO (J:1-
0) spectra. The middle row shows
the C80 (J:1-0) spectra. The lower
row shows the BH* (J:1-0) spec-
tra. The velocity scale is 6.5 to 8
kms? for 13CO and @G80, and 5.5
to 9 kms? for N,H*. Offsets in-
crease from North-West to South-
East.

kHz filters — 0.27 km3! — which was in service at Bordeaux

Observatory. Original data taken frdm Nercessian gt alg)198

C : ) and the region of interest is delineated by a square. This map
(a 2.5 m dish telescope with 4.Besolution and 100 traces the large-scale envelope of the cloud. On the righd-ha

side, the ¢80 (J:2—1) integrated intensity map obtained on-the-
fly with the 30-m over L1506C is shown. We degraded the res-
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Fig.4. Integrated intensity of €O and NH* (J:1-0) com- T ﬁ“@(u; 20 :
pared to the dust emission as measured by MAMBO along the 5| N -
PRONAOS cut. MAMBO data are smoothed to”4@ere. The A
core is clearly not symmetrical and®0 depletion is obvious.

[ | 4
|
i | ]
N
olution to 24’ to improve the signal-to-noise ratio. A large hole ! e
in emission is visible in the centre of the map. This is due@ C & ! € 0 (h:2—1

depletion, as is now well established. The PRONAQOS strip cen 0 Pt % N Wc”g (120,
tered at the 10pm emission peak came across the most depleted

part of the filament. This depletion is also spectacularrimgof = s . 5 S 1
spectrum peak temperature (F[b. 3) or integrated inteliBity. LSR Velocity (km s~ ')

H) along the PRONAOS strip. I these figures, the drop 8 Fig.5. Spectra of3CO (dotted lines), €0, and G0 taken at 3

intensity is correlated with the appearance gHN, another sure ' e i .
sign of CO depletion as CO readily destroysHN (Bergin & different positions along the PRONAQOS strip: in the middle and

Langer[1997] Casdlll 2007, Pagani ef[al. 4005). To check tf4PSe to each side peak® emission. The full width at half

the C:80 Tines are not dropping for opacity reasons in the centfa@Ximumis indicated for some remarquably narrow linesyOnl

ofthe cloud, we observed 3 positions i (J:1-0) . We chose 1€ C 7O J:172-052 and &:15,>-05/, are displayed. The dashed
two positions close to the'®0 peaks on each side of the strigin€ marks the systemic velocity (with affset 0f+0.534 km s
(£75”) and one in the middle, close to the local minimum of th%r}he +¥:15/2-05/2 C*O transition) while the dotted lines for the
C1%0 emission (Fig]5). These 3 positions are indicated on[Fig2 O transition show the symmetrical velocity displacement of
by 3 small white boxes superposed to 3 of the crosses along ﬁi?r;&ehsirg 2%%{2”;&223%?52;{& E'rne d(?ﬁg)cdelaet}rcatlffosnegséslcgexo.
PRONAOS strip. Several interesting features are visible: line is multiplied by a factor of 2. The 0 (J:2-1) lines are
1. the (0, 0) and«(75", 0) offset positions (along the cut) dis-shown at their original I'1resolution.

play extremely narrow €0 and G80 lines (FWHM=0.16

to 0.26 km s* where FWHM stands for full width half max-

offset (75",0) )
0.26 km s

imum). lines are emitted outside the depleted core, in a region avher
2. the existence of a velocity gradient across the strip whigurbulence IS usually still high. The lines are narrow erfoug
possibly traces rotation in the'®D data. so that the €O J:17/2-0s/2 and &:13/2-0s/2 hyperfine compo-
3. the existence of another velocity gradient'8€0 of oppo- Nents which are usually blended, are completely separated h
sitedirection. F|gure|]3 confirms the extraordinary narrowness of the lines

4. the G20 (J:1-0) splitting towards the reference positiofowards the centre of the cloud. Thes€@ spectra have been

which is not so much visible in the (J:2-1) line but is clearé?ken at (0,-29) in the frame of the PRONAOS cut, that is (-

so in the @70 (J:1-0) line, as the dotted lines reveal in Fig21.6", -12.6") in the Equatorial J2000 frame. The (J:1-0) spec-
trum shows clearly two components which we have fitted with

2 independent gaussians. We have also fitted the (J:2-1) spec

As most of the properties of this cloud change gradually witihum with two unconstrained gaussians. The velocity of ezch
radius, it is dificult to define what is the core and what is thé¢he two components agree for both lines within the uncestain
envelope. One parameter however changes abruptly andsthisfithe fit (a diference of 10 ms for an uncertainty of 30 and
the velocity field. We will therefore define the envelope as tM0 m s for the left and right components, respectively). As for
region where!3CO is revealing a dierent velocity field from C7O in Fig.[8, the splitting between the two componentsi§0
the other species while’0 and NH* both trace the core, them s and the width of the individual components is 150 (right)
outer, undepleted part for the former and the inner depleted and 180 (left) ms. For a standard gas kinetic temperature of 10
for the latter. K, for which the optically thin thermal linewidth of CO is0.12

As far as we know, these CO narrow lines are the narrowésh s 1, this sets the turbulent width contribution to the linewidt
C!®0 and CG’0O lines reported so far, comparable to the very nate <90 ms?,
row features seen in NHand NoH* in sources like L183 (Pagani  If the C®0 and G70 splitting was due to self-absorption, it
et al.[200[7). The main fierence is that these’® and G’O  would be exactly the reverse, thé%0 (J:2-1) line would have
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| is enough to slightly dferentiate between the line which comes
(0.-25") | from the rear part of the cloud which has undergone no attenua
tion after the highest excitation temperature layer emissind

the line which comes from the front part and hafewed from

a small absorption due to the outer, less excited layers.ethe
fect is clearly seen towards the (0,0) position : tHé@(J:1-0)

line is 20% stronger on the blue side (1.81 and 1.48 K peak tem-
perature for the blue and red components, fieedénce greater
than 100, with o = 27 mK), and the €0 (J:2-1) line which
due to higher opacity and higher sensitivity to density ¢ond
tions has lost its red peak (Fi. 5). The red component isther
fore the one emitted from the front part of the cloud, the blue
component from the rear part and this indicates that theddeu
contracting rather than expandﬂg The amount of contraction

of the C80 core is indicated by the two dotted lines in Hb. 5,
. namely~ +100 ms?. Therefore, the &0 outer core both ro-

LSR Velocity (km ™) tates(from the (x75”,0) symmetrical velocity offsets seen in

Fig.6. C180 (J:1-0) (top) and (J:2-1) (bottom) spectra (higfl_g._ asmt_enno_ned above) and contracts. To our knowledge,
togram plot) taken 25away from the PRONAOS cut. The totalthl'g is the f|$st time that core contraction is observed based
Gaussian fit (full line) for both transitions is shown as wagl C © and C’Olines. _

individual components. The components are separated by 200The NeH™ hyperfine structure lines do not have such a

m st and their width is 150 (right) and 180 (left) m's good signal-tp-npise ratio anq do not show a structurgdlprofi
However, their displacement in velocity along the cut isikim

to that of C®0 as we can see in Fif]. 7.
had the deepest self-absorption feature and normally nb suc The*CO (J:1-0) line which was observed simultaneously
feature would have been seen iO since, due to its low abun- with the C80 (J:1-0) line shows a very fiierent behaviour
dance and to its hyperfine structure, it is verfidult to make (Figs.[3,[}, &[F). Its peak intensity is red-shifted and itsoee
it optically thick. These symmetric features cannot be dumt ity gradient along the cut is opposite to that of th&@ line.
tational Doppler shifting because for a narrow beam ainging From the large sca®®CO map obtained with POM-1, we know
the rotational axis, most of the material picked up by thenbeahat the L1506 filament has a width 80’ in the region around
is moving at right angle to the line of sight having therefoce L1506C (Fig.[IZ). This is-6 times larger than the @0 extent.
contribution to the velocity component along it. Only méaer As we do not know how th€CO velocity behaves beyond these
very near the rotational axis would contribute to the D@ppl central 8, we cannot claim that this velocity drift is the signature
shifted emission. As the inner core is depleted in CO, suchoha rotation of the large scale filament but it definitely iraties
contribution near the axis is not possible and thereforatimt that it is opposite to the 0 rotation (Figs[]5 &]J7). Similarly,
cannot explain this splitting. To explain this double peak-f the red peak in thé3CO velocity profile is probably a sign of
ture, the only possibility left is that the CO envelope isiadlyy gas expansion (FigE. 3 E 5), while'®D is tracing a contraction.
moving. The direction of movement (expansion or contratio Therefore the extended envelope is dynamically behavitigeat
can be told from the asymmetry of thé%0 (J:1-0) and (J:2—1) opposite of the core
lines. Here, these 0 lines are stronger in the blue compo- Figureﬂl shows the dissymmetry of the cloud in both dust
nent than in the red component. As we will confirm with thand gas. It is remarkable that thé®O lines on each side of
Monte-Carlo model (Sect. 4), this can only be explained by cothe cut have the same maximum integrated intensity despite a
traction and not expansion despite the absence of heawy setdfriation of 25% in peak intensity. It indicates that the rofitst
absorption which is usually invoked to justify blue peaked-p of gas is comparable and that the main reason for the ingensit
files (Myers et 4] 1996). The lines being almost independestiange is the line width fference. It must also be noticed that
due to their narrowness, the blue and red line contributises the N,H* integrated intensity profile is strongly asymmetric and
emitted from only one side of the cloud each — front or back dearies abruptly at the top, two features we cannot reproditbe
pending on the movement, expansion or contraction — and hawe standard one-dimensional (1D) model (see &ct. 4)elkp
no or very little interaction. The line which comes from tlear position is close to but not coincident with the dust peaktos
part is originating in the backside low density envelope gets We observed the position with the second strongesi™
contribution from a material getting denser as the photavet integrated intensity @set+25” along the PRONAOS strip) in
towards the observer, until they reach the depleted zonéhand
cross the rest of the cloud without interaction. For a carika 10 There exists the alternative possibility that the blue geakronger
netic temperature, this means that the excitation temperatf than the red peak because of &elience in column densities between
the contributing material is increasing (or remaining d¢ansif front and rear parts of the cloud. If it were the case in suchaamar
therma"zed) towards the observer and the 5uccessiv$|ay]e|r that it would hide the cloud expansion, théfq'rence in _column_de_ns_ity
their contribution to the emergent signal. Conversely, lthe between the two components would-b40% in the optically thin limit

formed on the near side of the cloud starts from the highest dé2nd even more with growing opacity). Indeed, as the intgrifer-
. o . . ence is about 20% towards the (0,0) position #§G(J:1-0), it would
sity and excitation temperature layer, just outside thdeded have to be compensated twice to go from a stronger red compone

Z.One.and gets Conmbu“ons from I_ess_er and lesser dense m e to expansion combined withfidirential excitation) to a weaker red
rial with therefore a decreasing excitation temperatureethe  component (as observed) and theet would be more pronounced for
excitation temperature decreases, net absorption of ph@#n the (J:2-1) component. This possibility seems therefoite qunlikely
happen if opacity is not null. Indeed, thé%0 lines are notreally and even if the two sides of the cloud havéefient column densities,
optically thin (opacities are in the range of 0.1 to 0.5) amid t contraction remains the best explanation.

Ts (<)
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Fig. 7. Position-velocity plots along the PRONAOS cut. For each,liwe show the observations on the left and the model on the
right with the same contour levels. FopiN", we reproduce only the 3 inner hyperfine components. Theedbksfie marks the
systemic velocity of the cloud. F3#CO and G20 observations, the dotted contours indicate interpoldégd (data is missing for
offsets+162.5"). Superposed to thECO observations, dotted contour levels from tHé€QT(J:1-0) observation plot are repeated.
Only levels 1, 2, and 3 K have been drawn for clarity.

N,D* (J:1-0) to check the level of deuteration in the inner coiis the mean molecular weight of interstellar material in ecol-
(the strongest peak ffset+37.8” — was identified afterwards). lar clouds andi200,m = 8 x 10-3cm2g-! is the mass absorp-
We found only a very weak signal (Fi. 8), the main hyperfingon codficient assumed constant in the core and derived from
component being only 70 mK. A hyperfine fit was performethe dust aggregates emissivity model by Ossenkopf & Hehning
using the CLASS fitting routine MINIMIZE with the HFS op- (L994). The local densityy3 in each ring (1) is deduced from :
tionﬁ. ny2 = W x |, where we adopt the optimized inversion matrix :

W= (A x A) I
4. Models (cf Dupac & Giard (2002)), with:

4.1. density profile )

The density radial distribution has been derived from the A= kazoo,m X M X AL 1) x Ba(Ti)
MAMBO map emission using a Wiener linear inversion method he best optimization has been obtained using a ring thgkne
as described bl Dupac & Gigrfl (2002). Considering the elovlue of 50, and the result leads to an inner density of 2 10
gated distribution (along the RA axis), we have modelledithe cm ® (in average over a 30radius core).

ament with a cylindrical geometry approximation, with itdsa
in the plane of the sky and perpendicular to the PRONAOS,stri ; :
as in[Stepnik et 41| (20P3). We have also taken into accoun%?'él2 - line modeling

temperature inward decrease from 15K down to 8 K. This rang&e density profile derived from the dust data has been used as
has been deduced from the Av profile in the filament (Steprekfirst guess for our 1D line radiative transfer models but we
et al.[200B) combined with the prediction frdqm Zucconi gt ahllowed the profile to be changed because the raw dust map is
(2001) o1 Bernard et al] (1992) dust temperature modelslih camoisy and its final resolution for the inversion method isy&0’
cores. We have discretized the cylinder into iso-densityiso- compared to the 0 (J:1-0) 24 and (J:2-1) 12 and because

temperature rings, and determined the array A such as: the dust properties are not strongly constrained and can var
therefore making the derived density uncertain by a fact@ o
NHz(j) = A, J) X nH2(i) + b typically.
For all three species?CO, C®0, and NH*, we fit a non-
or local thermodynamic equilibrium radiative transfer Mof@arlo

, model and try to reproduce the spectra (Figs[9, [10, 11, &
1) = Z A, j) x By(Ti) X k1200im X My X p X No(i) + b fl3) and the velocity-position diagram (Fig. 7). The 1D Mente
i Carlo model was originally developed by Beilngs (1979).4t in
cludes microscopic turbulence and a radial velocity fidlevds
where (i,j) are respectively the indexes for the rings aedities  subsequently modified to include rotation (Pagani & Breart d
of sight, Ny the column density, (i) the gas density in the Boisange 1996) and a variant was _developed to treat the hy-
ring i, Ij the observed intensity along the line of sight j, b is thperfine structure of pH* (Pagani et gI[ 2007). The 1D cloud
noise level, B(T;) is the black-body function evaluated for theparameters are shown in Talple 2 and the species abundaaces ar
temperature T of the ring i, mis the proton masgy = 2.33 traced as a function of radius in F 13. Here the model igsph
ical, with a radius equal to the dust cylinder radius and \ith
1 httpy/www.iram.ffIRAMFR/GILDAS/ rotation axis similar to the cylinder axis of the dust model,
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planation for this factor ofS 2 difference is that the He N,H*
collisional codficients we presently usg (Daniel efjal. 2005) are
overestimating the true Hlensity needed to collisionally excite
the NoH* to its J= 1 level as discussed [n Pagani e}t fl. (2007).
From dust and BH* measurements, we find that the density in
this core is rather low, a factor of 2 to 4 below the threshats p
posed by Keto & Casdlli[(20p8) for prestellar cores. Thenfo
it is not such a core.
el i LA The CO+N;H* model which we present here is by no means
ﬂ unigue but represents a family of possible solutions. Thaeh
remarkable features which are common to all of them:

1. apeak column density of Ngii~ 2 x 10?2 cm2, equivalent
to Ay~ 20 mag (following[Bohlin et [ 19}8). This is low

~0.05 |- y compared to most other cases with similar stroRgQCde-

5 s o s pletion but slightly higher than in L1498 which has a peak
LSR Velocity (km s™) column density of N(H) ~ 1.3 x 10?2 cm? (Bhirley et a.

Fig.8. Spectrum of ND* taken at d&set +25”along the B . 18

PRONAOS strip. The hyperfine fit is superposed to the data. THe @Strong central depletio(30) of C~O .

data is Hanning smoothed once. The sampling is 50'nasd 3. C'°O depletion starting at a density between 1.5 andi®"

the rms is 13 mK. e 3, . N
4. for both the %0 lines (towards the positivefisets) and the

) . o ~ N3H* line (for all offsets), the linewidth is so narrow that the
supposed to be aligned with the embedding filament elongatio turbulence contribution to the width is negligible and i se
and therefore perpendicular to the PRONAQOS strip. The model tg Viur(FWHM) < 68 ms?. This is the lowest turbulence
data to be compared to the observations are taken at the equareported for ¢80 lines to our knowledge. The line width is
tor considered to be a good approximation of a cylinder slice  mostly dominated by the thermal width and the enlargement
as already discussed [in Pagani gt pl. (2007) for a simila.cas due to macroscopic kinematics (rotation and infall).

For the '*CO emission, as our high spatial and velocity resos. the radial velocity is strongly constrained in th#G enve-

lution strip only extends upory @nd because thECO line is lope but not so much in theN* internal part. However, a
optically thick and much more extended, it idftiult to build constant infall around 0.1 kmsis compatible with the data.

a simple 1D model to reproduce and constrain the 36@0 No infall is not.

observations (the POM-1 data are too coarse and too noisy ®r the rotational velocity is decreasing with increasindiua.
this purpose). More generally, the cloud is not symmetiacal Solid rotation is therefore excluded and velocity depen-

therefore our 1D Monte-Carlo model cannot reproduce the var  dences of the type ¥ r~* with @ ~ 0.5 gave good solutions.

ous diferences between positive and negatiffeats. However, 7. the temperature pattern requests a slightly higher teanpe
we have tried to fit globally the observations and overallse u  ture in the NH* inner core £10 K) than in the ¢%0 outer

a similar cloud description for the JM* and C®O line mod- core (-8 K). If correct this would be similar to the B68 case
els. Though thé3CO data are too flicult to reproduce with the ergin et a)[ 2006).

1D Monte-Carlo code, we have attempted to fit them as well, at
least to get some estimate of the physical conditions in titero The C80 temperature is determined by the necessity to fit
parts which could explain the observations. From th80Cand both the (J:1-0) and (J:2-1) lines with a relatively coris&d
N,H* data, we find that the cloud rotational axis could also #ust profile while the BH*temperature is the minimum we
slightly offset along the PRONAOS cut (aboul2”’) with re- could get trying to minimize also the needed density. Degpi¢
spect to our reference position (which was set somewhat arbbservation of a single transition for,N*, we are constrained
trarily). The peak NH* integrated intensity is even further awayby the hyperfine structur§ (Pagani ffal. 2007, see ). Hoviliger
from the reference position+87.5’) but setting the rotational temperature dierence could possibly prove to be inaccurate if
axis that far does not fit with the overall velocity profile.dpte  the actual H—N,H* collisional codficients were available: they
the fact that the cloud extension on the positifeset side is are expected to be higher than the present HeNones and
smaller than on the negativefset side, the fit is relatively good, therefore would probably allow to fit the observations withit
especially towards the centre of the cloud. As mentioned@boa lower temperature and a lower density. In any case, themas a
we have tried to somewhat adjust the density profile and foupdars cooler than whht Stepnik e} 4l. (4003) have found for th
a solution which is close o Tafalla et|dl. (2002) formulatioe dust (- 12 K). Either their resolution is too coarse and mix up a

N,H* — C*0 region : large fraction of the (warmer) envelope emission with theeco
emission, or their single temperature fit is too simple bk lefc
n(Hyp) = no(Hy) 3 constraints (we have shown that in the case of L183 cold bere t
2) = — g Cm (1) 200 ission i ing th d he sub is-
(L) 00um emission is not tracing the same dust as the submm emis
fo sion and that a temperature gradient is compulgory, Pagal]i e

With no(Hy) = 5 x 10 cm, 1o = 1 x 10°A.U. anda = 2.5 p004) or, finally the gas and the dust being decoupled at these

This profile provides a peak dust emission comparable to the e that Shirley et AI[ (20p5) disagree on the total dustarand

; : 3
MAM BP observation, and the average density-dfx 10° cm™ ooy density of LT498 with respect to what Tafalla étfal. @and. If
in a 50" radius is within a factor of 2 of the peak density derivege follow the latter, L1498 is closer to a normal prestelarecthan to a

from the MAMBO observations. Apart from the dust propertiesimple core. The discrepancy has only partly been expldigeghirley
which are not strongly constrained, an equivalently pdssils- etal. -).
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1 ¢'® (1-0)

Fig.9. Fit of the individual
C'80 (J:1-0) spectra along the
PRONAOS cut. The histogram
plot represents the data, the
thick continuous curve, the
model. A FWHM turbulent
velocity of 0.11 kms! has
f ‘ L s n A been used all over the cut which
657 75 8 explains why the model lines
Velocity offset (km s™) are larger than the observations
for the positive dsets. Gfsets
along the PRONAOS cutin arc-
seconds are given in the upper
right corner of each spectrum.

Antenna temperature (K)
N

Fig. 10. Same as Fid] 9 for €0
(J:2-1) spectra.

|
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Antenna temperature (K)

low densities (n(H) < 5 x 10* cm™3 or less), the dust could be stant density (in the range 200-1000¢&nand a large turbu-
warmer than the gas though this is not usually expected. lence (Mub(FWHM) = 0.4 kms?). To follow its macroscopic
The modeling of the BD* (J:1-0) line indicates a column Vvelocity drift we had to introduce a counter-rotating pattén
density of 4 to 8x 10*! cm2, depending on the chosenDt* the external layers set constant to -0.3 ki $Ve do not claim
abundance profile which we cannot constrain with only one othiat the'*CO is indeed rotating but this is the only way to ap-
servation. The peak M* column density is~2 x 10'® cm2 proach the velocity profile of this line with our model. Sienily,
and therefore the deuterium enrichmentis 2 — 4 %. Compared@deproduce the redshifted peak, we had to introduce amexpa
L183 (Pagani et &[. 20pf, 2049b), we find a similar deutenatigion velocity of 90 mt, that is comparable in amplitude to the
level at similar densities indicating that the evolutionspeed of  infall velocity of the core. The fit is not perfect inasmuchves
the deuterium enrichment is probably similar and therefare could not centre the peak emission in our model at the same po-
be used to determine the age of the core. sition as in the observed position-velocity diagram (If[pbat
Beyond the core characterized b}#O narrow lines, the en- th_e fit bears some ressemblance with the reality as showiinalso
velope, as traced bYCO, is best described with an almost config.[L3. The derived parameters are therefore reasonasly
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Fig.11. Fit of the individ-
ual 13CO (J:1-0) spectra along
the PRONAOS cut. The his-
togram plot represents the data,
the thick continuous curve, the
model.

Antenna temperature (K)

Velocity offset (km s ')

FT T T T T T TR T T T T TR T T T T TR [T T T TR T T T T T

50 T 62.5 T 75 1 87.5 T 100 1 N,H* (1-0)

Fig.12. Fit of the individ-
ual NpH* (J:1-0) spectra along
the PRONAOS cut. The his-
togram plot represents the data,
the thick continuous curve, the
model. Only the 3 central hyper-
fine structure components are
N A LT i displayed. A turbulent velocity
~1-0.50 0.5 1 of 0.068 km s? has been used.

Velocity offset (km Siw)

Antenna temperature (K)

the actual situation and this envelope is clearly decouptad of L1498 which was already shown to be the largest by 50%
the core in terms of density profile as much as in terms of turbamong the nearby prestellar cores mentioned in the study by
lence and large scale motions. That region is also marked bfghirley et a). [2005). Our mass estimate is somewhat approxi
very high abundance 8#CO (6x 107) and the absence of @D mate as the density of thexN* region is possibly overestimated
(< 5 x 1079 an abundance of & 10-8 is marginally consistant but on the other hand, the core could be slightly more ext@nde
with the observations). The density is not well constraiired than a sphere, closer to a cylindar. The estimate derived fro
the external envelope but as tH€0 abundance is already highthe dust observations is similar but less constrained duketo
(standard value is 1-2 1078, i.e. 3 to 6 times less), the densityunknowns on the dust emissivity and temperature in the core
cannot be lower than what we have assumed here as a lower @grscales smaller than the PRONAOS resolution. @O low

sity would increase even more th&€O abundance. Converselydensity filament holds at least 20dviaccounting only for the

we could increase the density to lower the abundancdé@®d, part along its main axis which covers the core. Its diameter i
but it would become higher than the density in the 1a8{GC 250,000 A.U. or 1.25 pc.

layers. In the absence of othBCO transitions it is dficult to

constrain correctly the density and the abundance in tlzsde | ) )

turbulent layers. 5. Discussion

The collapsing core has a size 8 x 10* AU in radius Several aspects of this part of the L1506 filament are stngris
and holds a mass of4 Mg. This size is larger than the oneand presently diicult to explain. The expanding and counter-
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Table 2. The Monte-Carlo cloud model used to fit the spectra (Higsn@[$a{1p)

Shell Radius  Density Temperature Rad.veldtityRot.velocity Turbulence Abundancé
AUY () (cm™®d) (K) (kms™) (kms™?) (kms™) N,H* C®O Bco
1740 12 50000 10 0.11 0.200 <0.11/<0.068 1.5(-11) <5(-9) <3(-8)
3480 25 47400 10 0.11 0.141 <0.11/<0.068 2.5(-10) <5(-9) <3(-8)
5220 37 41300 10 0.11 0.115 <0.11/<0.068 4(-10) <5(-9) <3(-8)
6933 50 38100 10 0.11 0.100 <0.11/<0.068 5(-10) <5(-9) <3(-8)
8666 62 33900 10 0.11 0.089 <0.11/<0.068 5(-10) <5(-9) <3(-8)
10400 75 24300 10 0.11 0.082 <0.11/<0.068 4(-10) <5(-9) <3(-8)
12133 87 18500 10 0.11 0.076 <0.11/<0.068  3(-10) 1(-8) 6(-8)
13933 100 14700 10 0.11 0.070 <0.11/<0.068 2(-10) 1.7(-7) 1(-6)
15666 112 11900 9 0.11 0.066 <0.11/<0.068 1(-10) 1.7(-7) 1(-6)
17400 125 9990 8 0.11 0.063 <0.11/<0.068 1(-10) 1.7(-7) 1(-6)
19133 137 8540 8 0.11 0.060 <0.11/<0.068 1.7(-7)  1(-6)
20866 150 7400 8 0.11 0.058 <0.11/<0.068 1.7(-7)  1(-6)
22600 162 6100 8 0.11 0.055 <0.11/<0.068 1.7(-7)  1(-6)
24333 175 4800 8 0.11 0.053 <0.11/<0.068 1.7(-7)  1(-6)
26066 187 3850 8 0.11 0.052 <0.11/<0.068 1.7(-7)  1(-6)
27866 200 3130 8 0.11 0.050 <0.11/<0.068 1.7(-7)  1(-6)
29600 212 2560 8 0.11 0.048 <0.11/<0.068 1.7(-7)  1(-6)
31333 225 2140 8 0 -0.3 0.4 <5(-9)  6(-6)
46666 335 1000 8 -0.09 -0.3 0.4 <5(-9)  6(-6)
66666 479 500 10 -0.09 -0.3 0.4 <5(-9)  6(-6)
83333 598 400 12 -0.09 -0.3 0.4 <5(-9)  6(-6)
100000 718 400 13 -0.09 -0.3 0.4 <5(-9)  6(-6)
126666 909 200 13 -0.09 -0.3 0.4 <1(-9) 1(-8)

& positive velocity indicates inward motion (contraction)
b FWHM turbulence is<0.068km s* for the positive &sets

in the €0 model and for all fsets in the NH* model andk 0.11 km s? otherwise

(for Figs.ﬂ? an(ﬂo only one value could be used: 0.11 Knhas been selected).

¢ relative to H. 1(-10) means ¥k 10°%°,

H, density -——- "C0 abundance

nal regions, the magnetic torques do not vanish immediatedy

18 + . . . . - .
— — — © 70 abundance e NpH cbundance counter-rotation is induced in the core which could ostelsev-

Radius (arcsec)
10° 10

eral times before coming to a halt. Whether this is a simitesec

Density (cm™)

o
w

here is not yet clear because 1) we are not certain thaf@@
itself is tracing a rotation, 2) the expansion of €0 envelope

3107 is not predicted by the model and, 3) we know nothing about the

magnetic field inside this core (external parts have beerpethp

1107 though [Moneti et 4l. 1984; Heileés 2000).

The strong depletion of 0 with its abrupt appearance at
relatively low density is another one. It is similar to the49B
case but in sheer contrast with other very young cores, like

Abundance

10 L1495B, L1521B, and L1521E which show no depletion despite

a density which is typically 5 times higher (and possiblyitfs

310 if He-NoH* collisional codficients are indeed over-evaluating

- n n n R |
10" 10'8

Radius (cm)

Fig. 13. H, density and molecular abundance (relative t) &b

a function of radius.

drifting external envelope is one of them. One parti

the actual density in L1506C or if we compare to L1498 peak

Ty density as derived by Shirley et|al. 2005). Based mainly @ th

absence of depletion, these cores have been judged to bg youn
but it is somewhat strange that having very recently acquire
their present density state, they show no kinematical sign o
contraction. It is thus conceivable that they are older than
sumed and that the absence of depletion could be due to anothe
mechanism, like a strong desorption, an ill-understoodhaec
allyiim nism (Roberts et a[. 20D7). Indeed, it is thought that erterge

case has however already been reported: Young

ef al. [(198d3mic ray impacts can desorb the most volatile ices like CO

have shown that the B5 core as traced byGC had

tion/velocity profile gradient opposite to tHéCO one which P004JRoberts et dl. 2007). The desorptifiiceency is inversely

a posi- (Leger et al| 1984; Hasegawa & Herpst 1993; Bringa & JohHnson

they interpreted as a counter-rotating core (but they dhsduss correlated to the size of the grains as smaller grains are eas
the radial component). Contemporary theoretical workli&il ier to warm up. Therefore the question arises whether cores

et al.[197P] Mouschovias & Paleologpu 1D79) was invoked tilke L1495B have smaller grains than L1506C or not and how
explain this situation: a radial, frozen-in magnetic fiektgen- much diferent in size should these grains be to allow or prevent

dicular to the rotation axis could brake down the
the cloud but because the field remains anchored

rotation @n dficient desorption of CO. As explained | gt al.
to the ex(@B0Y), all the desorption mechanisms are yet poorly knaveh a
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it is presently dificult to go further. However, if this explana-  the weak but measurablefidirential absorption between the
tion proves to be valid, then one has to understand why grains blue and red components.

coagulate in some sources and not in others. Turbulence ¢

o) . . . . .
be one of the main key parameters involved in thiedenti- 'Pl!1e most surprising aspect is that this core with a density be

—3 . .
ation between cores. From Chokshi gt B, (1993) and Poppd@®V ~1 x 10° cm™® is supposed to be dynamically stable given
Blum (L997) works] Flower et Rl (2005) show that dust coa s total mass (less than 10JMIKeto & Casellil 2008) which is

ulation eficiency peaks for turbulent velocities in the range 1p€arly not the case here (the core mass being estimated-#é be
— 80 ms! (see their Fig. A.1), a condition that is hardly mefo)- However, as noted by Keto & Caspfi (2008), most clouds

even in the most quiescent prestellar cores but fits the Mesﬁ'.thom non-thermal energy support would be unstable and in
case. On the opposite, L1521E shows no depletion while the tHIS case, turbulence is abnormally low, non-measuralsevn
bulence is suprathermal (even fopHt, Vim(FWHM) = 0.27 eral parts of the core. This would support the |dea_of a ptf_53|b
kms 1, [Tafalla & Santiag 2004, afactorof4atIeastlargertheﬁ?"apse though we have no clue on the magnetic field inten-

in L1506C). If the size of the grains in L1521E is not knowrS'®y @nd direction. If a magnetic field is indeed present ture
the core counter-rotation, it is not incompatible with ih&es it

large grains have been advocated to explain sub-millinestés- '™ ; . X ;
sion in L1506C[ Stepnik et hIf (2003) have built a model whei® included in_the magnetic braking model of Mouschovias &
aleologou|(1919). Oscillations or sound waves have been in

the very small grains, emitting at am, disappear for fisets - z
lower thanro = 4 from the centre while the sub-mm emissivYoked in the case of e.g. B6B (Maret ef[al. 3007) and one could

ity increases by a factor of 3.4 due to the formation offlu P& tempted to invoke a similar argument here but the rotation

aggregates. Their observations were taken with an angedar [ © and "counter-rotation of*CO seem diicult to explain

olution of 2-3.5', so the value af, could be lower and fit the Y Sound waves.

extent & 200”) of the low turbulence region in L1506C. Grain

growth, depletion and desorption are certainly not congbfet 5 conclusions

understood at the moment. . _ _ o
The absence of €0 on 56th of the external envelope width The large size of L1506C and its low density clearly indicate

as traced by the POM-13CO observations is another puzzlethat it is not yet a prestellar core but its inward motion atsd i

The 13CO abundance itself seems to be higher than usual Kdgematical decoupling with the outer envelope are sigasith

that the*CO/C180 ratio reaches 600—1200 over a large regio#§ in t_he process of turning into one. It is the first time th&va

Though3CO fractionation does exist, it is weak and does nétensity core is clearly observed to collapse to form a pkeste

seem to be able to explain thisigirence. More observations oflar core, both the kinematical and density status of L1498¢e

the envelope (including*CO (J:1-0) and (J:2-1) and very lowsomewhat unclear. Two fierent evolutionary paths from nor-
noise G80 transitions) are needed to address this issue. mal clouds to prestellar cores seem to exist : one whichsstart

Clear trace of collapse among prestellar cores has beed folfith density enhancementfirst much before any depletionrscc
in a few casesl_p_. Lee et jal (1999, 2p04) observed a large nuRd one which starts with depletion first. Two questionsearis
ber of asymmetrically blue profile’s fowards a sample of etarl what is the reason for thisfiierentiation (turbulence via its ac-
cores but they traced the CS kinematics with respectd*N tion on grain growth, itself limiting the desorptlon_caplaplof
or DCO' and, as CS is depleted inside theHN region, they COSMIC rays ?) ? and are both pat_hs rea!ly leading to standard
trace the inward motion of the envelope only. A few presteli@restellar cores ? Coming observations with the HerschatSp
cores are indeed modeled with a collapsing core, the begt stiPPservatory will help to address these questions and theeat
ied one being L1544 (e.4. Williams et|&l. 1949: Tafalla dt aPf the dust inside this object.
P002;|van der Tak et fi[. 2005) which was reported to clea
undergo a collapse from line profile fitting. Tafalla e} iiDQZ) ful comments which helped to improve the manuscript and ®didsmith for
also invoke the possibility of infall from the observatiasfdwo  fruitful discussions.
other cores, L1498 and L1517B despite the absence of a clear
velocity gradient and Williams et pl| (2406) found that L694 ¢
2 has a profile reminiscent of L1544, indicating also probabFe erences
infall. This has been confirmed . (2007) who algwergel, A., Boulanger, F., Mizuno, A., & Fukui, Y. 1994, Api23, L59
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the velocity-profile plot: no infall at all gives clearly a amg

result but the details of the radial velocity profile are utaia.

The inward motion is also clearly shown by th&?0 and G’O

lines. Itis the first time to our knowledge that such linesrda¢
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