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ABSTRACT

Context. Low-mass star-forming coresftir from their surrounding molecular cloud in turbulenceap and density structure.
Aims. We aim to understand how dense cores form out of the less démsimaterial by studying the connection between these two
regimes.

Methods. We observed the L1517 dark cloud if%0(1-0), NH*(J=1-0), and SO=3,-2;) with the FCRAO 14m telescope, and
in the 1.2mm dust continuum with the IRAM 30m telescope.

Results. Most of the gas in the cloud lies in four filaments that havédgidengths of 0.5 pc. Five starless cores are embeddeééeth
filaments and have chemical compositions indicative fiedent evolutionary stages. The filaments have radial psofifeC'80(1—

0) emission with a central flattened region and a power-lawaad can be fitted approximately as isothermal, pressupported
cylinders. The filaments, in addition, are extremely quéescThey have subsonic internal motions and are coheremidacity over
their whole length. The large-scale motions in the filameats be used to predict the velocity inside the cores, inidigahat core
formation has not decoupled the dense gas kinematicalty fioparental material. In two filaments, these large-sealons consist

of oscillations in the velocity centroid, and a simple kirstim model suggests that they may be related to core-forftomg.
Conclusions. Core formation in L1517 seems to have occurred in two stejost, Fhe subsonic, velocity-coherent filaments have
condensed out of the more turbulent ambient cloud. Thencdhes fragmented quasi-statically and inherited the katérs of the
filaments. Turbulence dissipation has therefore occurrestignon scales on the order of 0.5 pc or larger, and seemss&ogiayed a
small role in the formation of the individual cores.
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1. Introduction gas conditions diier significantly from those of the cloud gas on
) ) _ larger scales.
Dense cores in nearby dark clouds are the birth sites of-solar ., quiescent, centrally-concentrated cores form out of
mass stars, and they represent the simplest environmeBteWhy,o ' more turbulent, less-dense cloud material is still a-mat
stars can be formed. The study of the internal structure @f ot dehate. A number of core-formation mechanisms have
these cores ffers a unique opportunity to determine the Niheen proposed over the years, ranging from the quasi-static
tial conditions of low-mass star formation, and for this-reg,qg of magnetic support via ambipolarffdsion (Shu et al.
son an intens_e observationﬂcnft is under_way to characterizelgs-,; Mouschovias & CioléK_1999) to the rabid dissipa-
cores in detail (see recent reviews by di Francesco st all;204,n of turbulence due to supersonic shocks (Padoan et al.
Ward-Thompson et £l. 2007; Bergin & Tafalla 2007). 2001; [Klessen et &Il 2005; Vazquez-Semadenilef al. | 2005).
Compared to their turbulent parent clouds dense cores @Bservationally, it is unclear which of these proposed atiea
very quiescent. Molecular line observations in tracers Bkn- can fit the variety of existing constraints. Ambipolatfdsion
monia reveal that the gas in a dense core has subsonic intefigdels, for example, seem to predict stronger magneticsfield
motions, indicating that thermal pressure contributesettion  than observed (Crutcher ef al. 2010), and they usually gredi
turbulence in providing support against gravity (Myers 398 contraction times that significantly exceed those infefrech
In addition, the gas motions inside a core are “coherent,” gbserved core lifetimes and chemical clocks (Lee gt al. 1999
the sense that the observed linewidth does not depend arsrafiiafalla et al 2002). Models of core formation by shocks, fu t
(GOOdman et al. 1998), and thus deviates from the linewsiith- other hand, predict linewidths and Ve|0city disp|acemé]’ﬁ.s
relation characteristic of the large-scale gas in a clouwmsth tween tracers that are larger than commonly observed irscore
1981). Also in contrast to the irregularly shaped cloud gases  (walsh et al. 2004; Kirk et &ll. 2007a).
often display a regular, close-to-spherical geometry (i al. Observational progress in constraining the mechanism of
1992). A number of cores even present centrally conceulraig, e formation requires probing the connection between the
density profiles close to those predicted by hydrostatidiéqu gense cores and the less-dense material that surrounds them
rium models|(Alves et al. 2001), again suggesting that the corps |ess-dense material likely represents the gas out aftwh
the cores have condensed, so by comparing its geometry, den-
Send offprint requests to: A. Hacar e-maila.hacar@oan. es sity, and kinematics with those of the core gas, we couldrinfe
* Based on observations carried out with the FCRAO 14m and IRAK#€ physical changes involved in the formation of a dense.cor

30m telescopes. IRAM is supported by INEINRS (France), MPG Unfortunately, studying the cloud-to-core transition uggs
(Germany) and IGN (Spain). combining observations of tracers sensitive tfiegtent density
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regimes, and until recently, such multi-tracer analysis been 2. Observations
hindered by a number of inconsistencies between the emissio
from different molecules (Zhou etlal. 1989; Lemme et al. 1996)Ve observed the L1517 dark cloud with the FCRAO 14m ra-
Work carried out over the past decade has revealed that m@dét telescope during several sessions between Decemb8r 200
inconsistencies between tracers result from chemical ggmnand November 2005. We used the 32-pixel SEQUOIA array to
that occur in the gas at dense-core densities and, in pe@ver the cloud with five submaps, each of them ¢6410', and
ticular, from the selective freeze-out of molecules ontédcoobserved in on-the-fly mode. The large bandpass of SEQUOIA
dust grains|(Kuiper et al. 1996; Caselli et'al. 1999; Bergiale allowed observing two dierent transitions simultaneously, and
2002 Tafalla et 2[. 2002; Aikawa etlal. 2005). As a resulhig t two passes were made to cover the cloud first jNJ=1-0)
work, a reasonably consistent picture of the chemical hiehavand SO(§=32-2;) and then in ¢°0(3=1-0) and ¢'0O(J=1-0).
of the diferent gas tracers has emerged. According to this pill observations were made in position-switching mode gsin
ture, most carbon-bearing molecules (including CO and @S) da reference positionftset by (18, —13) from our map cen-
appear from the gas phase at densities close to a féwriie?, ter (at(J2000) = 4"55"188, §(J2000) = +30°3804"), and
while nitrogen-bearing molecules like NHind NeH* survive known to have negligible £0(J=1-0) emission from previ-
undepleted up to densities that are at least one order ofimag!s frequency-switched observations (averaBy,) < 0.1 K
tude higher. In addition, several species like SO ag8l firesent over the SEQUOIA footprint). The spectrometer was the DCC
significant abundance enhancements at early evolutioimggj autocorrelator configured to provide 1024 spectral chanotl
but end up freezing out onto the grains at similar densities 25 kHz spacing, or approximately 0.07 km*sat the observ-
the C-bearing species (See Bergin & Tafalla 2007 for a reviewing frequencies. The telescope FWHM beam size varied with
core chemistry). frequency between approximately56t the lowest (MNH*) fre-
This new understanding of molecular chemistry at interm@uency and 47 at the highest (€0) frequency.
diate gas densities now makes it possible to combine observa During the observations, calibration was achieved by mea-
tions of diferent tracers and to finally explore the transitioBuring the emission from the sky and an ambient load every
from cloud gas to core material self-consistently. An etete#l ~ 10 minutes, and the derived intensity was converted into the
region for investigating this transition is the L1517 daltwel in-- main beam brightness temperature scale using facilityigeal
the Taurus-Auriga molecular complex (see Kenyon st al. 20@in beam fiiciencies close to 0.5. The telescope pointing was
for a Taurus overview). L1517 appears in optical images aRecked and corrected approximately every three hours By ma
a region of enhanced obscuration associated with the refl@gy five-point maps on the SiO masers of IK Tau and Orion-IRc2.
tion nebulosity from the young stars AB Aur and SU Aufypical pointing errors were within’srms.
%_Lgen‘gblggér?/gg(rﬂ]gto‘;lt'hleg;gh gchhar:gi?wro%vrﬂrr?:t%rhefgxltgrzg). The df-line data reduction consisted in the creation of
uist-sampled maps with tlet ftool program and a conver-

gas consists of several filam_entary components that eXBNC ) 10 the CLASS format for further analysis with the GILDAS
the northwest of the nebulosity and occupy a region of abg, ftware Bt tp: //www.iram. fr/TRANFR/GILDAS). This anal-

20 X, 10 coincident with the optical obsquration (Heyer etalqis included a second-degree baseline subtraction anatialsp
1987). Embedded in these components lies a collection 6f s Ynvolution with a Gaussian to eliminate residual noisee fh

eral dense cores that are easily d_istinguished in_the dpirtnca al resolution of all the FCRAO data is 60taking the df-line
ages thanks to the contrast provided by the bright nebylos nvolution into account

from AB Aur and SU Aur, which lie at least 0.3 pc in projection .

from the cores[(Schneider & Elmegr&en 1979). Radio observa- Because the on-the-fly FCRAO maps are relatively shal-
tions of these cores reveal the physical properties tyjpittie 10w because of the large area covered, we complemented the
Taurus-Auriga core populatioh (Benson & Myers 1989), and™MeH"(1-0) FCRAO observations with a small amount of data
prominent member of the group, L1517B, has been the subjegserved with the IRAM 30m radio telescope. These data were
of detailed study owing to its regular shape and clear patiér taken in frequency-switching mode and have a higher angular
molecular freeze oult (Tafalla et|al. 2004, 2006). resolution than the FCRAQ data (about'¥6ut apart from that,

A notable feature of the L1517 cores is that they all appearf3ey areé consistent with the FCRAO observations in botminte
be starless (Strom etlal. 1976; Beichman et al. 1986; Kirklet §y and frequency calibration. A full report of these IRANI
2007h). This lack of embedded protostars is probably resiporf@t@ will be presented elsewhere as part of an extended study
ble for the L1517 cloud presenting some of the narrowest li¢ core chemistry that includes a number of regions in aohditi
profiles in CO and dense gas tracers seen towards the Taufgd-1517 (Tafalla et al. in preparation). In the present pzihe
Auriga region, and indicates that, although the bright PNg s IRAM 30m data are only used to complement the FCRAO ob-
AB Aur (~ 50 Ly, lvan den Ancker et 4l. 1998) is physically reS€rvations in the velocity analysis, which requires a high S
lated to the cloud (Nachman 1979; Duvert et al. 1986), thk bhreshold.
of the L1517 material and its embedded cores remain unper- Given the narrow lines and small velocity variations mea-
turbed by the energetic stellar output (Ladd & Myiers 199h)sT sured towards L1517, accurate rest-line frequencies were r
combination of quiescent state, compact size, and mukiple quired for analyzing of the spectra. For this reason, we
less cores makes the L1517 cloud an ideal laboratory foystudised the most recent laboratory estimates féfQ(J=1-0)
ing the process of core formation. In this paper, we presen{9782.176 MHz, see Cazzoli el al. 2003) and féf@{J=1—
study of the physical conditions and kinematics in both tesg  0) (112358.990 MHz for the brightest, &F 7/2—-0 52 compo-
cores and the less-dense surrounding material using ayafie nent, see Cazzoli etial. 2002), which have 1 kHz or better-accu
molecules known to trace fiérent density regimes and chemsacy. For NH* and SO, no accurate laboratory measurements
ical evolutionary stages of the cloud gas. As will be seem, oare available, so we used astronomical estimates. Folgpwin
analysis suggests that the cores in L1517 have formed by ®Pagani et al/ (2009), we assumed a frequency of 93173.764 MHz
gravitational contraction of subsonic, velocity cohergats in for NoH* (JF1F = 123-012), with an estimated uncertainty of
0.5 pc-long filaments. 4 kHz, and following Tafalla et all (2006), we assumed a fre-
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Fig. 1. Map of the G80O(1-0) integrated intensity towards the L1517 cloud supseg to the red DSS image. The emission has
been integrated over the whole velocity range of detectiisg = 5.25-6.45 km 3'). First contour and contour interval are
0.22 K km s*. The two bright stars surrounded by nebulosity and locaézd the southeastern edge of tHé@(1-0) emission are
AB Aur (brightest) and SU Aur.

quency of 99299.890 MHz for SQ(33,—2;), with an estimated their efect must be highly localized since the data described in

uncertainty of 10 kHz. the next sections show no evidence of any kinematic interact
Additional observations of the dense cores in L1517 webetween the gas and the stars. This lack of kinematical-inter

carried outin the 1.2mm continuum using the MAMBO array oaction, together with the fact that the northwest elongatid

the IRAM 30m radio telescope during several sessions betwedbe L1517 cloud continues in the maps_of Duvert étlal. (1986)

December 1999 and January 2005. The data for core L151tBscales as large as 4pc (or more than 5 times the size of our

have already been presented._in Tafalla et al. (2004), whie tmap) and involves additional dark clouds such as L1496, 5150

data for cores L1517A and L1517C are newly reported helgl513, and L1515, suggests that the distribution of gas Bill71

(L1517D was not observed.) In all cases, the observatioms wés intrinsic to the cloud, and that it has not been sculptethby

done in on-the-fly mode scanning the telescope in azimuth aP®IS stars. In this sense, the L1517 cloud seems a quiescent re

speed of 4s!, and using wobbler switching with a period ofnant of a larger gas cloud that gave rise to AB Aur, SU Aur,

0.5s and a throw of 83or 70’. The raw data were correctedand an additional group of PMS stars located in their viginit

for atmospheric attenuation using sky dips usually maderkef (Luhman et al. 2009).

andor after the source observation, and the absolute intensity

calibration was achieved using facility-provided factdesived , , L

from observations of planets. The older L1517B data were r&- Filament identification

duced with the NIC software using no method of noise redug- more detailed view of the gas distribution in L1517 comes
tion (to avoid filtering the extended emission), while th&vae  f.qm the analysis of its velocity structure. Figlile 2 shovaps
L1517A and L1517C data were reduced with MOPSIC using# C!80(1-0) emission integrated every 0.4 ki, sor about
noise reduction method optimized to recover the extendés-enice the sound speed for gas at 10K. These maps, and others
sion. The intrinsic beam size of all the continuum data i%,115de using dferent velocity ranges, show that the L1517 cloud
although 'Ehe maps were later convolved to an equivalentresqg syryctured in at least four elongated components thateare
tion of 20" to eliminate high spatial-frequency noise. ferred to as filaments 1 to 4. These four filaments can also be
seenin {Qaps of extinction (Jouni Kainulainen, private camim

18 : cation),*CO (Heyer et al. 1987), and SO emission (Selct. 4), so
3. C™°0 data: the extended cloud they must reflect the true distribution of gas in the L1517dlo
Figure[1 presents our map of:&(1-0) emission integratedand are not mere artifacts of thé%0 chemistry or excitation.
over the full velocity range of detection superposed to &2 r As Fig. [2 shows, each filament appears in only one
DSS image. This map is in good agreement with the previoQst km s!-wide channel map, indicating that its gas is highly
map byl Heyer et al. (1987), and it shows how th€@1-0) confined in velocity space. This low level of velocity struet
emission extends to the northwest of AB and SU Aur, the brightesults from a very quiescent state of the gas in the filaments
est stars in the DSS image. These PMS stars are physicallylaasth in terms of velocity dispersion and internal velocita-g
sociated with the L1517 cloud, as indicated by the heating dients (to be discussed below), and makes it possible to asso
the gas in their vicinity (Nachman 1979; Duvert et al. 1986it, ciate each element of emission in the cloud to one of the four
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Fig. 2. Maps of G80(1-0) intensity integrated every 0.4 kmt 4o illustrate the separation of the gas into filaments. Thehdd
lines indicate our best guess of each filament axis, andahewinbols mark the positions of AB Aur (larger) and SU Aur éder).
First contour and interval are 0.2 K km's Offsets are referred t0(J2000) = 4"55™1&8, §(J2000) = +30°3804”. The LSR
velocity range of integration is indicated in the upper taftner of each panel.

filaments. To carry out this assignment, we have taken beth thable 1. Filaments in L1517.
spatial location of the emission and its velocity into aauand
assumed that the velocity limits of the filaments are tho®8lUS Filament \{srrange Lengt? Mas$? Cores
in the maps of Figl12 (see also Table 1). This assigning proce- (km st (pc) (Mo)

dure works well over most of the mapped region, but it proside

ambiguous answers in the vicinity offeets £100’, —300”). In % Eég: 2’83 g'zg g'g ﬁi’ CB:
this region, filaments 1 and 2 overlap spatially and converge 3 [5'65— 6'05] 0.70 113 D
velocity to a value close to 5.65 kmi's which is our assumed 4 [6:05— 6:45] 0.38 4.8 .

boundary between the two filaments. A detailed inspection of
the FCRAO spectra in this region (supplemented with aduitio Notes: (1) Uncorrected for projectionffects; (2) From ¢80(1-0)
data from the IRAM 30m telescope) reveals that the emission emission.

from the two filaments becomes almost indistinguishabtbeei

because the filaments merge physically or because they-super

pose along the line of sight with similar kinematic propesti each filament density profile. To carry out this determinative

As a result, assigning emission In th'.s region to either iatd fi(r]st defined a central axis for each filament assuming that the
or 2 becomes more uncertain than in other places of the clou

Although this may lead to some confusion in a localized re ioaré rectilinear and show the results in [Eb. 2. As can be shen,
9 y 9% ctilinear approximation is reasonable for all filamentsrtum-

it_is unlikely to afect our global a_nalysis of the gas kinemqtlcsoer 3, which bends towards the location of the PMS stars near
since the properties of the two filaments become so similar il '

terms of velocity centroid and linewidth that an erroneosts S southeast end. Whether this bend is related to core L0517

- . ) - ith which it coincides in position (Sect. 4), or is assogthto
signment of a gas parc_el to either fllqment W'." or_1|y add a i;mq e PMS stars is unclear From our(data In) either case, for sim
amount of mass, but will not change its velocity field. : !

licity in th deling, imate all fil ts by &t
Once we have decomposed the L1517 cloud into its ¢ picity In the modeling, we approximate at filaments by &

. . r el 1S COfikes, with the caveat that this approach is only a first-n
stituent filaments, we use thé'® (1-0) emission to eSt'mateproximation. PP y e

their basic physical parameters, and we summarize thetsesul Usin ; '
; ; g the above linear axes, we created a profile’$0q 1

:]'ablelljl. Frr(])m tfhe maps of Fig 2, wehgs;c]lmate that tge filamenfsintensity for each filament as a function of cylindricadits.

ave lengths o 550-1000 arcsec, w ich correspond to pEi’jys'(f"he result, presented in Fig. 3, shows that the four filamients
sizes of~ 0.35-0.70 pc for our adopted distance of 144 pc (basgg ¢joyq have centrally concentrated distributions witites
on the Hipparcos distance to AB ALr,_van den Ancker et 8 qq region close to the axis and an approximate poweraaw t
1998). These sizes represent a S|gr_1|f|cant fraction of t_hﬂ t0q¢ large distances. Filament 3 presents the highest dispeyk
cloud length, and this reinforces the idea that the cloutties the sample due to a combination of contamination from filamen

;E.Ll”ed as a networkk(])f ggminés. To.es_timate(;[he massei of 1€ mission near its northern edge and the additional cantrib
llaments, we use the (1-0) emission and assume that ifjy, fom the “bend” region previously discussed. Nevedehs,

IS opt|cally7th|n an_d in LTE at 10 K. FOf_a]@‘? abundance g en the rather irregular distribution of emission seeRim[2,
of 1.7 10" (Ererking et al. 1982), the typical filament masse%% is remarkable that the radial profile of each filament pnése
are 5'11%’ which imply linear mass densities in the range 1 ‘elatively little scatter and that all the filaments seenitofv a
17 Mo pc. very similar type of radial profile.
The regular behavior of the radial profiles in Fig. 3 sug-

3.2. Density structure of the filaments gests that the underlying density structure of the filameats

be described with a simple density law. To derive such a law,
As Fig.[2 shows, the ¥0 emission from the filaments displaysve model the &0 (1-0) emission assuming that each fil-
a significant degree of central brightening. This suggéstisthe ament has cylindrical symmetry and that th&@ emission
underlying density structure of the filaments is centralync arises from gas in LTE thermalized at 10 K, as suggested
centrated and that the'® emission can be used to determindy the study of the L1517B core and its surrounding enve-
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Fig. 3. C'80(1-0) emission profiles across each of the L1517 fi

aments. The points represent the integrated emissionnathiei
velocity range of each filament (see Table 1), angliR the dis-

that can be compared, after appropriate beam convolutiibm, w
the observed radial profiles shown in Hig. 3.

As a first guess for the filament density profiles, we use
the family of isothermal cylinders in pressure equilibriwith
their self gravity. This family was originally described by
Stodolkiewicz [(1963) and Ostriker (1964), and has the #mp
analytic form

N,

= ° 1
0= Ty @
wherer is the cylindrical radiusp, is the central density,

2c2
H? = —> 2
aGun,’ )

Cs is the isothermal sound spedd,the gravitational constant,
and ¢ the mean molecular mass. For the case of L1517, the
gas kinetic temperature is known to be approximately 10 K
(Tafalla et al: 2004) so any isothermal cylinder is desatibg

just one parameter, its central dengity This means that once
we have set the central density to a value that fits the irtiensi
at zero radius, we do not have any free parameter left to @ontr
the rest of the radial profile, and in particular, the widthhalf
maximum of the emission is automatically determined bythe
value.

There are a number of motivations for using the isothermal
cylinder family as a first choice to fit the*®D radial profiles. In
addition to the inherent simplicity and assumption of eiquitim
of the model, the isothermal cylinder is attractive for prang
both a central density flattening and a power-law tail, wtdiod
two characteristics of the observed radial profiles. Théhie
mal cylinder, in addition, has a mass per unit length thatde#
pendent of the central density and is only a function of the ga
temperature (Ostriker 1964). For the 10 K assumed for théngas
L1517, this mass per unit length is approximately 16 pt?,
which is reasonably close to the mass per unit length of the fil
ments estimated in Talé 1.

The results of our isothermal cylinder fits to the filamentpro
files in L1517 are shown in Fig] 3. These fits were selected to
match the 0 emission towards the filament axis, so the radius
of half maximum emission is a direct prediction from the mlode
so is not controlled by our fit. As can be seen, the predicted fil
ment widths are in reasonable agreement with the obsengtio
with only filament 4 being clearly narrower than predicted by
the model. In addition, the central densities predictedngfits
range from X10° to 1x10* cm3 (see Tablgl2), and these values
agree with previous estimates of the gas density in the drtén
part of the L1517 cloud (Tafalla etial. 2004).

To check the consistency of the parameters derived with the
isothermal cylinder model and to provide a better match ¢ th
tadial profiles of the filaments, we have fitted th€¥@ emission
with an alternative family of profiles that also have centiat-
tening and asymptotic power-law behavior. This family dstss

tance to the filament axis. For each filament, the red solide:urof softened power laws described by

indicates the isothermal cylinder model that fits the erois$o-

wards the axis, and the blue dashed line is the best-fit smften N,

power law.

nr)= ———— 3)

- 1+ (r/r]_/z) a’

wheren, is again the central density,, the half-density radius,
and a the asymptotic power index. This family of profiles has

lope in|Tafalla et dl.[ (2004). Under these conditions, if vee abeen shown to fit the density structure of starless coreghwhi

sume a density profile, together with a constaA®QC abun-
dance (1.%1077, [Frerking et al. 1982) and a'®0 linewidth of

also present flattened central regions and asymptotic power
law behavior|(Tafalla et al. 2004). In contrast to the eduilim

0.3km s (Sect[6.]1), we can predict a radial profile of emissiogylinder, the softened power law has three free parameters,
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it fits the central density and the width of the filament indepe Table 2. Fits to the G80 radial profiles?
dently. By comparing the results from the softened poweffisy
with those from the isothermal cylinders, we can now test how

, . ! : Isothermal cylinder Softened power law
self consistent the one-parameter isothermal-cylindeafie. | Y | P
Filament n, r12@ n ry2 a
Figure[3 shows the softened power law fits derived with a (em?®)  (arcsec)| (cm®)  (arcsec)

chi-squared minimization algorithm. As can be seen, thése fi 4 1% 10 89 85x10° 105 3.4
are almost indistinguishable from the isothermal cylirfiterfor 2 7% 108 106 7% 108 100 27
filaments 1, 2, and 3, and the only cleafféience between the 3 8x 10° 99 85x% 10 90 2.7
two families of fits occurs in filament 4. A more quantitative 4 3x10° 162 6.5x 10° 75 2.8
comparison between the fits comes from examining the derived
central density and filament width in the two families. TaBle Notes: (1) Not corrected for inclination; (2)5 = (2% - 1)"2H
shows that these parameterfeli by less than 10 % on average
for the first three filaments, indicating again that the isothal
cylinder and softened power-law fits are equivalent wittia t
scatter of the observations. In filament 4, the softened pow
law fit is clearly superior to the (poor) isothermal cylindiér  The population of dense cores in the L1517 cloud was first de-
and the diference between the derived parameters in the densittibed by Schneider & Elmegréen (1979), who identified four
law is approximately a factor of 2. regions of enhanced obscuration in the Palomar opticaéplat
and named them A to D in order of increasing right ascension
(RA). For unknown reasons, this original labeling scheme wa
later replaced by one in which the cores are named C, A, B, and
D in order of increasing RA, and this notation has been used by
most core studies in the past (elg., Benson & Myers|1989). For
Our analysis of the L1517 filaments adds to a number of pregiensistency with previous work, we also use this disordeced
ous studies of filamentary structures. With few exceptitike, labeling here.
that oflJohnstone et al. (2003) who fitted the 860 emission Figure[4 presents flerent views of the core population in
from the infrared-dark cloud G11.11-0.12, most previouskvoL1517. The optical DSS image on the top left has had its con-
has found significant deviations between the radial probifes trast enhanced to better show the cores as dark patchestgain
the filaments and the prediction from the isothermal cylindéoth the galactic stellar background and the brigffude emis-
model, usually because the observed asymptotic powerdaw bion from AB Aur and SU Aur, which are probably slightly
havior is flatter than the™ predicted by the isothermal cylinderbehind the cores. The other panels show maps of the same re-
model (Alves et al. 1998; Stepnik etial. 2003; André et all(R0 gion in the 1.2mm dust continuumyN*(1-0), and SO(3-2,),
Arzoumanian et al. 2011). For the filaments in L1517, our r#éhree tracers that highlightfierent properties of the dense, high
dial profiles do not extend far enough in radius to samplethe column density gas. The 1.2mm continuum emission is mostly
asymptotic behavior, as can be seen in[Hig. 3 from the isathler sensitive to the column density of the cores (the extendas-em
cylinder models being practically indistinguishable fr@oft- sion from the filament is filtered out by the bolometer), arsd it
ened power-law profiles with an asymptotic behavior close toaps provide high angular resolution views of cores A, B,@nd
r=27 (Table[2). As a result, testing whether the L1517 filamen(sore D was not mapped). The brightest 1.2mm emission corre-
follow the prediction from the model or deviate from it cahhe sponds to core B, whose structure and chemical composiéisn h
done with our data, and it requires extending the radial leofi been studied in detail by Tafalla et al. (2004, 2006). Coresié
to larger radii, preferably using more robust techniquashsas C have received less attention due to their weaker emisgion i
extinction measurements or dust continuum observations.  both high-density tracers and mm-continulm (Benson & Myers
1989 Ladd & Myers 1991; Kirk et &l. 2005), so their structisre
Even if the L1517 filaments do not follow the expectetess well known. Our mm-continuum map shows that core A is
asymptotic behavior, it is striking that they approximgf#the double-peaked, while core C is single-peaked but relativelre
expectations from the isothermal cylinder model both inttvid extended and significantly weaker than cores A and B. Overall
and mass per unit length. Clearly there are a number of lintke mm-continuum map is characterized by a lack of poirg-lik
tations in our study, like the use of the freeze-out proA80C components, which together with the absence of Spitzem24
molecule as a column density tracer and our ignoring of prpeint sources| (Kirk et al. 2007b) is a strong indication thiht
jection dtects, so there is probably room for a factor of 2 urdense cores in the cloud are starless.
certainty in the results. Also, as we will see in seclion & th The N;H* and SO maps in Figd4 present complemen-
size scale of fragmentation suggests that there may be a ctamy views of the L1517 cores. M* is a so-called late-time
tribution from additional forces, like external pressurentag- molecule, and its abundance is further enhanced when CO
netic fields (which could even flatten the radial profile, g.gfreezes out (e.g., Bergin & Tafalla 2007), so brightN emis-
Fiege & Pudritzl 2000a). Still, the very quiescent state @& ttsion is commonly associated with evolved cores (Crapsi et al
cloud described in the following sections indicates thatglas [2005). As Fig[#4 shows, thedd* emission is brightest towards
in L1517 cannot be too far from a state of equilibrium, asores B and D, and still noticeable towards core Al. Thesescor
otherwise it would quickly develop supersonic motionsg(e. therefore seem more chemically evolved than cores C and A2,
Burkert & Hartmann 2004) and would not fragment into wellwhich are barely detected in,N*(1-0). Such interpretation of
separated cores (Inutsuka & Miyama 1997). As pressuresordke NbH* maps in terms of chemical evolution is supported by
dominate, it seems reasonable to expect that the diswibofi the distribution of SO emission. Observationally, SO isina®o
mass in the filaments bears some similarity to the predictitwe highly sensitive to molecular freeze qut (Tafalla et D6,
from the isothermal cylinder model. and in addition, it is predicted to decrease in abundanck wit

él. Dense core population

3.3. Implications and limitations of the modeling



A. Hacar and M. Tafalla: Fragmentation of velocity coherfidlaments in L1517 7

T T T T T T T T T T T

1.2 mm Continuum

500 E

N L1517C |

500 g  L1517A2

500

AS (arcsec)

-500 - L - _ _—a __ T

Ao (arcsec)

Fig. 4. Core population of L1517. From left to right and from top tattbe: contrast-enhanced DSS blue image identifying the
core positions, 1.2mm dust continuum emissioptHN1-0) integrated intensity, and SQ{2;) integrated intensity. @sets and
star symbols are as in Figl 2. First contour and spacing ar@yplat-beam for 1.2mm continuum, 0.16 K kmsfor NoH*(1-0),
and 0.08 K km st for SO(3-2;). To enhance the sensitivity to extended emission, the th 2ontinuum map has been convolved
to an equivalent resolution of 30and the NH* and SO maps to a resolution of75

Table 3. Kinematic properties of the L1517 cores. 4.1. Core emission modeling

To quantify the physical and chemical properties of the L7151

Core  Aa,As  Vig(NH")  AV(N:HY)  ([VVig(N2H)I) X O .
cores, we modeled their emission following the procedure de

(@) (km s1) (km st) (km st pc?)
scribed in_Tafalla et all (2004) for the analysis of the L1498
Al(l) -60, -300 5.70 0.18 0%-1 L1517B cores. In this way, we assumed that the cores are-spher
gz -138, -ggo g?g 8-222 040.3 ically symmetric, and we concentrated our modelifigp on
cO  .480 -150 5 48 018 @ fltpng the radla_ll profll_es of emission shown in Fig. 5. To dete
D 546, 0 5.88 0.29 00.4 mine the density profile of each core, we fitted the 1.2 mm con-

tinuum emission, as this is expected to be the most faitrdaktr

f the total dust and gas column densities (€.q., Bergin &léaf

). Following the analysis of L1517B, we assumed a uni-

form dust temperature ofy = 10 K and a 1.2mm emissiv-
ity of « = 0.005 cnt g1, and we fitted the continuum radial
profiles with density laws of the form(r) = no/(1 + (r/ro)®),
whereng, ro, anda are free parameters. (For core B, we have
used the Tafalla et al. 2004 result, while core D was not fitted
for lack of continuum data.) The results of these fits are il-
time (Bergin & Langer 1997; Aikawa et al. 2005). The SO emigustrated in Fig[h, and the best-fit parameters are sumathriz
sion, therefore, is expected to be anticorrelated with tfat in Table[4. As can be seen, core central densities range from
N,H*, and indeed, the maps of L1517 show such behavior: th& x 10* cm in core C to 22 x 10° cm~3 in core B, which cor-
SO emission is dominated by cores C and A2, which are weakrgspond, respectively, to enhancements of 6 and 30 witlkecesp
N,H*(1-0), while the NH*-bright cores A1, B, and D are barelyto the central density of the filaments traced itf@ (section
distinguishable from the SO emission of the extended cloud. [3.2). Integrating the density profiles up to a represergatidius

Notes: @ Kinematics data from IRAM 30m observations (rest fro
FCRAO 14m)® Not enough data to estimate gradient.
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of 0.05 pc & 75”), we estimate that the core masses are on tlkegge and uniform SO abundances, while the more evolved B
order of 1-2 M,, which is typical of the population of Taurusand Al cores present SO depletion holes towards their center
starless cores (Benson & Myers 1989). Finally, all cores require a depletion hole in theffO abun-

Once the density profile of each core had been modele#ince law to fit the observed emission profile. The youngest A2
we could determine the abundance of th&edent species by core requires the smallest hole, while the oldest B coreiregu
solving the equation of radiative transfer and convolvihg t the largest one (Tablg 4). Still, the correlation betweenlev
result with the appropriate gaussian beam size to simufate tionary stage and 0 depletion hole is weak, probably because
observation. We did this using a Monte Carlo non-LTE codgetermining the correct*€O abundance law depends on mod-
based on that af Bernes (1979), and we excluded core D frating the poorly constrained envelope that surrounds eawh c
the analysis due to the lack of mm-continuum data. For all the any case, the results of thé% analysis are consistent with
cores, we assumed a gas kinetic temperature of 9.5 K bas#ieel interpretation that the L1517 cores are #iedent stages of
on the NH analysis of L1517B in_Tafalla et al. (2004), ancevolution.
in agreement with typical estimates for other low-mass-star Before finishing our analysis, it is worth mentioning that
less cores|(Benson & Myefs 1989). To reproduce the typidal the evolutionary sequence of Fig. 5, core D, for which no
N,H*(1-0) FWHM of 0.21 km st (mean of values for all cores, modeling could be carried out, appears as a relatively edlv
see Tabld13), we added a constant nonthermal componentafe based both on its strongM* emission and on the flat-
0.17 km s* (FWHM) to the velocity field. Also, we extendedtened radial profiles of SO and®0. This conclusion, however,
each core density profile with a cloud component based on tisagrees with the recent analysis/by Hirota etal. (20089)p w
profile of the filament in which it is embedded. The assignmeatiggests that L1517D is an unusually young core from a chem-
of cores to filaments was done using the core LSR velocity deal point of view. Resolving this contradiction requireaking
termined from NH* (Table[3) and the velocity limits of eachmm-continuum observations of this object to determineriie t
filament measured from*0 (Table[1). According to this cri- density structure and to allow a Monte Carlo modeling of its
terion, cores A2 and C belong to filament 1, cores Al and B &bundance profiles like that of the other cores.
filament 2, and core D to filament 3 (as summarized in Table 1). Although the cores in L1517 fler significantly in their
As discussed in sectidn 3.1, there is some ambiguity in the agemical composition and therefore evolutionary statey th
signment of gas to filaments in the region where filaments 1 aptesent very similar kinematic properties. Tdlle 3 showsttie
2 overlap, and this mayfiect the filament assignment for coredN,H* linwewidths are all close to 0.2 knTs which is typi-

Al and A2. Our choice denotes our best understanding of tb&l of the low-mass cores in Taurus and indicative of sulzsoni
emission after a careful inspection of the individual spefriom nonthermal motions (Myets 1983; Caselli etial. 2002). Iniadd
both the FCRAO and IRAM 30m telescopes. tion, the internal velocity gradients of the cores are ondhe

The above parametrization fixes the physical structure @r of 1 km s pc?, which is also typical of low-mass cores
each core and leaves the abundance law of each molec(@G@eodman et al. 1993; Caselli el al. 2002), and again suggest
species as the only free parameter left to fit the observadiradhat the L1517 cores are representative of the populatitowef
profiles of intensity. Following previous work, we exploreeb mass cores in Taurus as a whole. This combination fhémi
types of abundance laws. As a first choice, we asumed that € chemical composition and similar internal velocitysture
molecular abundance is uniform across the core, and we us&ggests that the kinematic properties of the cores chiéitige |
the Monte Carlo model to predict the intensity radial profileduring their contraction from the moreftlise gas in the cloud.
Sometimes, this uniform abundance law predicted an ennissito further elucidate this issue, in the next sections weyaeal
profile that is much steeper than observed, and in these waseshe kinematics of the more extended gas in the cloud, and we
modified the abundance law to include a central depletioa h@lompare it with that of the cores.
of radiusry within which the abundance is negligible.

As Fig.[3 shows, the MH* radial profile of all the cores can 5
be fitted using a uniform abundance model. Each core, however
requires a dterent abundance value. Cores A2 and C present tlnesection[3.11 we saw that each filament in the L1517 cloud
lowest NH* abundances, with best-fit values that are four ansl characterized by a well-defined range of LSR velocities
two times lower than the value in core B, the mostN-rich (Table[1). The filaments, however, are not monolithic esiti
core in the sample (see Talle 4 for absolute abundance yaluaad seem to have an internal velocity structure charaetby
As mentioned above, the;N* abundance in a core is expectedow-level velocity gradients. As these gradients have ipiixé
to increase with time, so we can interpret the observéiérdi information on the gas motions responsible for forming thee e
encesin NH* abundance asfiierences in the state of the chembedded dense cores, we analyzed them in more detail by inspec
ical evolution of the cores. To better illustrate this evimn, we ing the individual G80(1-0) spectra. From this inspection, we
have re-ordered the cores in Hig. 5 so that thelNabundance find that 92% of the spectra with peak intensifiNS 3 present a
decreases towards the right. If our understanding of thiid*™N single velocity component, while the rest of the spectraeme
chemistry is correct, the sequence in the figure must reptresevidence of two partly-overlapping velocity componenthisT
a sequence of cores of decreasing age, in which core B is greponderance of profiles with a well-defined number of com-
oldest and cores A2 and C are the youngest. (Core D has bgenents suggests that the velocity field at each cloud pasiti
placed in the sequence by considering itHN(1-0) intensity can be characterized by fitting Gaussians to the spectra.
towards the center, as no abundance estimate was possilie wi  To fit the more than 2,000%0(1-0) spectra observed to-
out a mm-continuum map.) wards L1517 we have used a semi-automatic procedure in the

The analysis of the SO abundance provides further supp@itASS software and chosen to fit one or two components de-
to the NH*-derived age sequence. As mentioned above, SOpiending on the complexity of the line profile. The result from
expected to behave opposite toHN, and therefore show the this fitting is illustrated in Figl6, which also shows exaegpbf
largest abundances in the chemically youngest cores. dindehe profiles. As can be seen, most of the cloud spectra have bee
Fig.[H and Tabl€l4 show that the young cores A2 and C hafiged with single Gaussians (as shown in box number 4), and

Gaussian decomposition of the spectra
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Fig.5. Radial profiles of 1.2mm continuum,,N*(1-0), SO(3-2;), and G80(1-0) emission towards the dense cores in L1517.
The cores were ordered by decreasing central emissiontdf (1-0) to illustrate a possible evolutionary sequence (@e.tThe
1.2mm data were averaged over’Imide intervals to increase legibility. In each panel, tbédsred line represents the best fit-
model, and when an additional dashed line is presentedgstdibrequired a central abundance hole and the dashedinesents
the constant abundance model for comparison. No modeliogrefD was attempted for lack of mm-continuum data.

Table 4. Density and abundance profiles in the L1517 cébes.

| Density parameters | Molecular abundances and depletion radii

Core n, I a | X(NzH") X(S0) (SO)  X(CO) ry(C*0)
(cm3)  (arcsec) (cm) (cm)

Al 7.0x10* 60 25| 1.0x101° 1.0x10° 1.3x10Y 1.5x107 1.5x10Y

A2 6.0x10* 60 3.5| 0.4x10° 1.0x10°° 0.0 1.5107 1.1x10Y

B 2.2x10° 35 3.5| 1.5x10° 0.4x10° 1.2x107 1.5x107 1.9x10Y

C 4.7x10* 60 25| 0.7x10°° 2.0x10°° 0.0 1.5107 1.7x10Y

Notes: (1) f All abundances are relative tg.lCore D was not modeled due to lack of mm-continuum data.

the fits with two Gaussians are restricted to three well-éefin  The Gaussian fitting procedure has also been applied to the
regions identified with solid boxes. The largest of theseehrSO and NH* spectra. For SO, which is almost as extended spa-
regions (box number 2) is centered neamn(As) = (-200", tially as C®O (see Fig[}4), we again find that we need to use
+250”) and seems to correspond to the superposition of filawo Gaussian components inside the regions discussedebefor
ments 3 and 4. This region appears in optical images as a mhile single-peaked spectra are the norm in the rest of theicl
ative enhancement in the obscuration, and Lee & Myers (1999)r the NH*(1-0) spectra, we fitted all hyperfine components
even classified it as an additional core (L1517B-2), but dur osimultaneously using the HFS method in CLASS and derived
servations suggest that it is more likely a superpositiace both the line centroid and the optical-depth correctednidéh
Another region with double spectra (box number 1) also seemghis way. As shown in Fid.l4, thedf* emission is much more

to result from the superposition of twoffiirent components, compact than the ¥0 and SO emission, and our inspection of
this time filament 3 and an unlabeled and mor@udie compo- the individual spectra found that all positions could beditivith
nent parallel to filament 4 that can be seen in the reddest famcingle velocity component.

Fig.[2. Finally, the third region with double spectra occoesr

(A, AS) = (-2007, -200”) and has a less clear origin. Its loca-

tion would suggest an origin in the superposition of filanseht

and 2, but the velocity of the blue component does not mateh th The linewidths and velocity centroids derived with the

velocity of any O.f the filaments. Observatiqns with h!g_hékls Qaussian fits just described constitute the two input patensie
g)rllzl)?rrwilsotjhslsccr)?nglzagr:te needed to determine the origin &f trfor our analysis of the gas kinematics in L1517. In the folow
P ' ing two sections, we analyze the behavior of each quantjtgse
rately.
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Fig. 6. Graphical summary of the Gaussian fits to tH&€@1-0) -
emission in L1517. The gray scale shows thé@1-0) inte- °rf . ]
grated intensity map of Figl] 1, and the superposed blue boxes oo 05 1.0 15
enclose the regions where two Gaussians were fitted to tlee spe
tra. Insets with numbers 1, 2, and 3 illustrate double-Ganss Onr/cs
fits, while inset number 4 shows an example of the dominant ) o )
single Gaussian fitted to most of the cloud spectra. Fig. 7. Histogram of the nonthermal velocity dispersion fdfQ

(blue), SO (green), andJN* (red) illustrating the predominance
of subsonic values.

6. Linewidth analysis

6.1. Linewidth statistics: prevalence of subsonic motions onT/Cs = 0.51+ 0.23 for SO, andrnr/cs = 0.36 + 0.09 for

The linewidth of a spectrum combines contributions fromhbofN2H"

thermal and nonthermal gas motions. In this section, werare |  The values for the €0 and SO nonthermal linewidth seem
terested in the nonthermal motions of the gas, which arenpot€onsistent with each other. The meagyr /cs of NoH*, on the
tially associated to gas turbulence or core formation nmstido  other hand, is significantly smaller than that off0 and SO.
isolate these motions, we have subtracted the thermal com@tical depth &ects could potentially play a role in thisftér-
nent from the measured linewidth following the standarctpraénce, since the hyperfine fit to thei"(1-0) spectrum auto-
tice of assuming that the two contributions are independéntmatically corrects for optical depth broadening, while rw-c
each other so they add in quadrature (é.g., Myers|1983)ign tFection is applied to the 0 and SO data when fitting single
way, we estimate the nonthermal velocity dispersion fothea&aussians. To test whether optical depth broadening cdaiexp

species as the higher ¢80 mean value, we have applied a simple correc-
tion to the G80 data by assuming an excitation temperature of
AV2 KT 10 K and estimating the optical depth from the peak intercdity
ONT = (4) the observed line profile. This correction is relatively #as

8in2 m the optical depth never reaches unity, so even after itsappl
whereAV is the measured FWHM linewidtk.the Boltzmann’s tion, the distribution otryt still has a significantly higher mean
constant,T the gas kinetic temperature, antthe mass of the value than for NH*, and both a Kolmogorov-Smirnov and a
molecule under consideration. This velocity dispersigfs can  Wilcoxon-Mann-Whitney test confirm that the two distritmrts
be directly compared to the (isothermal) sound speed ofdle gmust be diferent.
Cs, Which has a value of 0.19 kn’sfor ISM gas at 10 K. The loweront value of the NH* spectra could indicate that
FigurelT shows the histograms of the velocity dispersion ftihe dense core gas has an intrinsically lower velocity dispe
the three molecular species in our survey (using all spedgtta  sion than the less-dense ambient material and that coreaform
peak intensity 8\> 3). As can be seen, the overwhelming mation has been accompanied by certain amount of dissipafion o
jority of the spectra present a subsonic velocity dispersiod nonthermal motions. If this is the case, we can quantify diss |
lie to the left of theont/Ccs = 1 dashed line. The few positionsof nonthermal motions from the fiérence between the FWHM
that exceed the sonic limit form a low-level tail in the dilstition ~ linewidths of G20 and NH*, which is Q07 + 0.04 km s1.
that contains 2% of the spectra iR%0 and 3% of the spectrain  Even if small, the above estimate of the loss of non thermal
SO. No NH* spectrum has a supersonic linewidth. motions during core formation is likely a significant overes
In addition to a very small fraction of supersonic pointg thmate. The nonthermal linewidth is not a local parametertheit
main feature of the histograms in Fig. 7 is the presence ofaacumulated ffect of gas motions along the line of sight. For
well-defined central peak. This peak indicates that the gasthis reason, some consideration should be given to lingghft
the cloud is not only subsonic, but it also has a favored nurefects when comparing tracers affelient as €0 and NH*.
ber of nonthermal motions that approximately equal half th&s shown in section4l1, the;M* emission is significantly more
sound speed. More specifically, the histograms in the figave h concentrated than the emission frorfQ and SO because of its
the following mean and rmstyt/cs = 0.54 + 0.19 for C*®0, special chemistry and excitation requirements, so it sampl
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shorter line of sight path than*® and SO. In addition, we see
in the next section that part of the kinematics of tHé@SO- e e
emitting gas arises from large-scale motions in the filasehd

these motions likely accumulate along the line of sighty e 4 c E
expected to contribute more to thé%0 and SO linewidth than < of E
to N2H+. bE - . ]

To estimate the importance of thigfect, we compare the 0 3
sizes of the typical emitting regions fopN* and C20. Table§ P “F 3
and[3 show that the typical diameter of an L1517 core traced 2E =

in NoH* is about 2x< 557, while the same parameter for a fila-
ment traced in €0 is about 2 95”. In addition, Tablé€b shows
that the typical velocity gradient in the filament gas is abou
1.2 km s pct. Thus, if we assume a gradient of this size and
multiply it by the diference in line of sight length between the
two molecules, we predict a velocityfterence between the trac-
ers due to large-scale motions of about 0.06 ki Ehis difer-
ence is so close to the observed linewidtfiefence that it seems
very likely that a significant part of the nonthermal linewhidiif-
ference between M* and C80 (and SO) arises from their dif-
ferent sampling of the cloud large-scale motions. Whethisr t
effect can explain the full linewidth fference cannot be said,
but it does show that thefilerence in local nonthermal motions
(and thus dissipation during core formation) must be necédgs
less than estimated before.

A simple consequence of the subsonic nature of the nonther-

ont/Cs

00 05 1.0 15

ont/Cs

00 05 10 15

mal gas motions in L1517 is the small role that they can play in “F 3
supporting the cloud against gravity. The ratio betweemtihre S oF ]
thermal and therm%l contributions to the ga@gressure &ndiy t’)g I S =
Pnt/Pr = (oonT/Cs)%, SO even if we use the linewidth un- Py ™ Bom o om gy, g ege 3
corrected for optical depth, we find that the nonthermal omsti i :-'f;w_';f_:ﬁ‘ﬁ'ﬂ.rql-_q. _"{‘ =t
contribute to the gas pressure with only1/3 of the thermal = ST N N - ",'- , "-",' C ]
value. This contribution is likely to represent an upperitjine- 0 100 200 300 400 500 600 700 800
cause the above pressure ratio assumes again that all moathe L (arcsec)

motions arise from a local “microscopic” turbulent motighat

increases cloud suppolt (Chandrasekhar 1951) and igrimesFtig- 8. Dist_ri_bution of nonthermal velocity_dispersion as a func-
contribution from Iarge-scéle flows. tion of position along each of the L1517 filaments. Blue sgaar

represent &0(1-0) and red triangles and,N*(1-0) values.
The spatial scale for filament 3 has been shrunk by a factor of
6.2. Spatial distribution and consequences for turbulent 1.5 in order to fit it into the reduced box size used for the othe
models of core formation filaments. The mean formal error in thgt /cs determination is

+ 8 . . .
To further characterize the nonthermal motions, we nowystug.'1 for both pH* and CO, which is approximately the marker

their spatial distribution. Figuid 8 presents a plotgfr /cs for Size.

C80 and NH* as a function of position along each of the fila- _ _ , ,

ments identified in sectidi3.1. In agreement with the higtog 12b!€ 5. Kinematic properties of the filamerts

analysis, all four filaments are dominated by subsonic gas ov

their entire length, and only a few positions exceed thecsoniFilament (on7)/Cs (ViLsr) (IVV srl)

limit in C80. These few supersonic positions (some of them (kms?1)  (kmslpc?)

coincident with f!lament overlaps) appear almost random_:@t—s . 05%0.15 552007 1305

tered over the filaments length, and show no correlation with 0.63017 579007 1407

either the position of the cores or the beginning or end of the 053:016 5.830.05 1.31.0

filaments. 0.41:0.16 6.140.04  0.20.5
In addition to a lack of supersonic points, the plots of non-

thermal linewidth in Fig[B present very little spatial stture. Notes: (1) From €*0(1-0) emission.

Filaments 1, 3, and 4 have almost flat distributions &fGC

ont/C and well-defined mean values close to 0.5 (Tadllle 5).

Filament number 2 also has a meagt/c close to 0.5, but

presents changes in the linewidth along its length. Theaegds already discussedtect, Fig[8 shows that the;N* linewidths

are of unclear origin, and seem to result from the presentvecof remain approximately constant inside each of the cores.

localized regions of enhanced (but mostly subsonic) lidéwi The flat distribution of the velocity dispersion in the fil-

One of these regions corresponds to the vicinity of core B, aaments, and in particular in the vicinity of the dense cores,

the other occurs in the vicinity of core Al. Concerning th#iN poses a significant constraint to models of core formation by

linewidths, Fig[8 again shows their tendency to be smadilant supersonic turbulence. In these models, the cores are shock

those of G80. This trend is present in all the cores, although itompressed structures formed at the stagnation point betwe

is somewhat reduced in core D of flament 3. Apart from thisvo convergent flows, and as a result, they are expected to

A WNBEF
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formation by Klessen et al. (2005). These authors attempa-to
produce conditions similar to those of a low-mass star-fognm
region like L1517 and present a very complete view of the in-
ternal kinematics of the simulated cores. From the two fiasil
of simulations that these authors present, we selecteditbe-|
scale driving (LSD) case because it produces the most quies-
cent cores, and is therefore more likely to fit our observestiof
L1517.[Klessen et all (2005) present in their Fig. 1 radial pr
files of the velocity dispersion for threeftérent views of two
selected cores (likely chosen for their similarity to olvsgions),
~ and we used these profiles to derive nonthermal velocity comp
nents by subtracting in quadrature the contribution froenrtnal
motions (as done with the'®D data). These data have been av-
eraged as a function of core radius by converting the noz@ali
- column densities given by the authors into a distance froen th
core center by assuming that the the density of the coresifsl|
the profile of a Bonnor-Ebert sphere (as claimed by the agjhor
The predicted nonthermal velocity dispersions from the
—_— Klessen et al.| (2005) model are represented in Hig. 9. As ex-
pected, these predicted dispersions show a significantaser
with radius due to the presence of converging flows around the
Sl ! ! [ cores. The predicted increase is approximately a factorbs-2
1 2 3 4 tween 1 and 4 core radii, and as a result, the outermost points
R/Rcore in the graph are expected to exceed the sound speed limit in al
. . .. core models. Even in the most quiescent, subsonic core model
Fig. 9 Comparison between the'® nonthermal V(_alqcny dis- which is arguably not representative of the sample because s
persion around each L1517 core an_d the predictions fromgghic cores are less than 25% of the total in the simulatiom, t
modell of turbulent core for_mat|or_il.'op. schematic view '!' match between model and data is only acceptable for the-inner
lustrating how the velocity dispersion has been averaggiden ¢t o radii. For larger radii, model and data diverge irith
four concentric shells ?round each coBattom: comparison creasing distance from the core center, and end fieriig by a
betw_eep the observed'® data (red solid trlangles’)_‘ and theg, ctor of 2 in the outermost layers sampled by our obsematio
predlctlons from the LSD model by Klessen et ‘.il' (.“005)' Tr@ven larger disagreement occurs for the case of transoresco
black solid squares represent the th_reféedent projections of & \yhich constitute~ 50% of the total cores in the simulation and
fully subsom(; core, while the open inverted trlgngleslespr.]t are therefore more representative of the model resultsaAde
the three projections of a core that has transonic motions@n seen, two out of the three sets of points exceed the sound spee
of them. at all radii, and therefore fail to fit the observations atadlii in
all the cores.
be surrounded (even confined) by turbulent layers of cloud Although limited, the above comparison illustrates theibas
gas (e.g.| Padoan et al. 2001; Ballesteros-Paredes etGi; 2@lisagreement between our observations of the L1517 clodd an
Klessen et dl. 2005). In L1517, the observéd@emission sur- the predictions from models of core formation by convergenc
rounds the location of the dense cores and arises from gas @fgsupersonic flows: the*80 spectra in L1517 sample the core
is about one order of magnitude less dense than the core cewer layers far enough to trace any core-forming motioas, s
ters (sectiofi4]1), so we can naturally expect that i®@mis- if these motions were supersonic, they should have leftar cle
sion arises from the gas layers that physically surroundéinse Signature in the €0 spectra. The absence of such a signature
cores. (G80 does not sample gas inside the cores due to fred#ées out the presence supersonic motions around the codes a
out, see sectidi 4.) If the cores have formed by the conveggefets a limit to any core-forming gas flow that is well inside th
of gas flows, part of the ¥O emission must originate in gassubsonic regime.
in the flows and must retain a signature from the core-forming
convergent motions. To test whether such a signature igpte
in our data, we calculated for each core the averaf®@e-
locity dispersion inside rings around the core center tgxawii  In their study of the linewidth of dense-gas tracers in cores
equal to 1, 2, 3, and 4 core radii (core radiugjs in Table[4). Barranco & Goodman (1998) ahd Goodman et al. (1998) found
This procedure s illustrated in the upper panel of Elg. @ laas that the nonthermal component remains almost constant over
been stopped at four core radii to ensure that we samplelgquithe core interior and that this behavior represents a deart
gas that surrounds the cores in all directions, and not ortlgeé  from the well-known linewidth-size relation commonly asso
direction of the large-scale filaments (which dominatestings- ated to turbulent motions (Larson 1981). These authors tefe
sion at larger radii). The results from this average for ezche this property of the core gas as velocity “coherence,” aggest
five cores in L1517 are indicated in the bottom panel of Eig. ¢hat the scale of coherence, which they found to approxiyate
Not surprisingly given the general trend seen in the filamentoincide with the core size, may indicate that core fornraiso
all cores present a distribution of velocity dispersiortwiadius related to the process of turbulence dissipation.
that has no systematic change with distance from the cotercen  Our analysis of the €0 linewidth illustrated in Fig$.]8 and
To compare the distribution of velocity dispersions arour@ shows that the region with constant nonthermal linewidif ¢
the cores of L1517 with the predictions from turbulent modse followed in significantly larger scales than the coresthati
els, we chose the numerical simulations of gravo-turbuderg it extends over distances as long as the filaments themgelves

Filament

T T T T
m L1517 Cores

m &V LSD Cores
(Klessen et al. 2005)

Onllcs

%6.3. Velocity coherent filaments
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0.5 pc). This coherence of the velocity field in the filaments is

not limited to the nonthermal linewidth, and it can be seen in T T T
the behavior of the velocity centroid, to be studied in detai i s
the next section. In the L1517 cloud, therefore, the filameng 18 ‘ ’
velocity coherent in the sense |of Barranco & Goodman (1998) - V|Sr(0180) Ve V.Sr(SO)+ o H_ b
and.Goodman et all_(1998), and this extends the scale size of L AVig(CTO)vs. Vigr(NoH) - - a7 g"a .
coherence in the gas by a factor of approximately 5. 2 g

Finding velocity coherence on scales as large as the filament
separates the scale of coherence from that of the coresuygnd s
gests that core formation is not likely the direct resultwbu-
lence dissipation. As seen in sectlon]6.1, some turbuleisze d
sipation may have occurred during core formation, but bydpei
significantly subsonic, it is unlikely to havéfacted the gas pres-
sure balance and triggered core formation. Velocity categén
cores, therefore, does not seem a defining property of the con
densations, but a condition inherited from the larger spatiale
of the filaments.

Our finding of velocity coherence on scales larger than a core -
would seem to contradict the recent results flom_Pineda et al : LI -
(2010), who claim to have detected of the transition betwhen , 2
coherent and turbulent regimes in a core with observatiéns o .
the B5 region in Perseus. We note, however, that althougtethe 5.2 5.4 56 58 6.0 6.2
authors associate the velocity coherent region with a deorss Vis(C*?0) (km s™)
one can see in their Fig. 3 that the velocity coherent region i )

B5 is elongated and has a length of about 0.5 pc, similar to dtig- 10. Comparison between thé sg of C**0 and SO (blue
L1517 filaments. The B5 region, in addition, contains migtip Squares), and 0 and NH* (red triangles) in L1517 illustrat-
dense core$ (Enoch eflal. 2006, also our own unpublishe}i daif2g the good agreement between all tracers. The centraédash
and this suggests again that it is more similar to the L1547 filline indicates the locus of equal velocities, and the surding
ments than to an isolated dense core. Clearly more obsemgatidotted lines have been displaced by the sound speed (0.19kms
of different core environments are needed to understand the $§#dSM gas at 10 K). The mean formal error in thfesg deter-
and relation between theftrent velocity coherent regions. [fmination is 0.02 km's* for SO and 0.01 km's for both C*0
the L1517 cloud is a representative region of dense coredorn@nd NeH™, which is comparable or smaller than the marker size.
tion, we can predict that filament-wide velocity coherendlé w

be a common phenomenon.

5.8 6.0 6.2
I

Vis(SO), Vist(NoH")  (km s™%)
5.6

5.4

5.2
I
N
|

we present plots of the velocity centroids ofO and NH* as

a function of position along each filament in Higl 11.

The second output from our Gaussian fit to the spectra is the As can be seen in Fig1L1, the velocity field of each filament
velocity centroid. Figur€_10 compares the SO andiNcen- presents a remarkably low level of spatial change. The cisme
troids with those of €0 towards all positions where the fitsof the G:80 velocity centroids does not exceed 0.07 krhis
were considered to be significant/k5> 3). As can be seen, any filament, even when considering a few regions of enhanced
the velocities of the dierent tracers agree with each other indispersion that seem to coincide with locations of multiple
dependently of any variations in the bulk velocity of theutlo peaked spectra and to overlap betwedfedent filaments. In ad-
The average dierence in velocity between'®D and either SO dition, the end-to-end velocity change in each filament isuab

or NoH* is 0.03:0.03 km s?, which means that the velocities0.2 km s or less. This quiescent state of the gas on scales as
of the diferent tracers dlier on average by less than one fiftharge as 0.5 pc once more justifies the interpretation of the fi

of the sound speed. This good match between tracers rules mehts as velocity-coherent structures.

any significant motions between thefdrent density regimes of  Although the changes in velocity along the filaments are
the gas and, in particular, it rules out any systematic &t small, the low dispersion of the centroid data allows thes-exi
tween the dense cores (traced byHN) and the surrounding gastence of large-scale velocity patterns to be discerned imeso
(traced by C®0). Such a quiescent state of the gas is not pef the filaments. FigureZ11 shows how th&8Q centroids os-
culiar to L1517, and Walsh et al. (2004) and Kirk et al. (2007&illate quasi-periodically, especially in filaments 1 andoger
have found a similar lack of velocity shifts betweepHN and  the length of the filaments with typical wavelengths of ap@ro
C'®0 in a number of low-mass star-forming regions. mately 0.1-0.2 pc. As also shown in the figure, the more sihatia
localized NH* centroids follow the @0 oscillatory pattern at
those positions where both tracers can be observed (weards

the dense cores), indicating that both species trace the gam

eral velocity pattern. This good match between tHé€aCand

The lack of velocity shifts between tracers does not meah thidpyH* data is remarkable because the two species do not coexist
the gas in L1517 is static. Figurel10 shows how the LSR velogpatially due to their anticorrelated chemistries (sedfip and

ity of the cloud material spans almost 1 knt,sand this velocity they therefore trace significantlyfirent regimes of gas density.
spread arises from a combination of théelient velocities of Thus, the continuity of the ¥0 and NH* velocity gradients
each of the filaments and the presence of internal velocily gmust reflect a continuity between the velocity field of the-fila
dients inside the filaments. To more fully study these gratdie ment gas and the internal velocity gradients of the densescor

7. Line centroid analysis

7.1. Continuity of the velocity field and large-scale
oscillations
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7.2. A simple model of the velocity oscillations

@ Filament1 The velocity.oscillaltions of filame.nts 1 and 2 dominate the
EalNt 0.1 pe 1 large-scale kinematics of the gas m_these ob_Jects, _andest|gg
é’ «© _"ﬁ__ e 1 ——— | some type of ordered pattern in their three-dimensionalorel
=z L g = 1 ity field. Our limited observations cannot fully constralet3D
>£n Y= e I | properties of this velocity field, but the large-scale natof the
L at" 1 motions and the lack of systematic velocity gradients perpe
oL, 4 dicular to the filament axis suggest that the underlying siglo
N field must have an important component direcabmhg the axis
@ 7  of the filaments. If this is correct, it is intriguing to invésate
T o 1 whether the velocity oscillations of filaments 1 and 2 arates
E 0 71 to the presence of embedded cores, and in particular, whethe
S~ 1  they could represent part of the motions responsible far tar
> 0 7T mation.
ol ] Core formation in a filamentary gas cloud is often in-
. S S B S S S vestigated using the idealized geometry of an infinitelyglo
P 4  axially-symmetric gas cylinder. The stability of such a
T’(; 1 configuration has been studied in detail using both semi-
£ Q 4 analytical techniques| (Stodolkiewicz 19683; Ostriker 496
< 1 lLarson [ 1985;| Nagasawa 1987; Inutsuka & Miyvarna_1992;
< = - Nakamura et al. 1993; Gehman et al. _1996; Fiege & Pudritz
1 [2000a) and numerical simulations (Bastien 1983; Bastiatl et
eE—t—+—+—+—++++++++++++= [1991; [Nelson & Papaloizbu1993; Nakamura et al. 1995;
w [ _ | |Fiege & Pudritz| 2000b). From this body of work we know
~ “l Filament4 7 3¢ depending on the initial equilibrium state of the ghs,
v o | ———- | amount of support provided by pressure and magnetic fields,
g <l T | andthe geometry of both the magnetic field and the pertubati
5 —|m .._ﬁ:.'.}_.:.%-."."‘!‘hm e, applied to the system, the gas cylinder can follow a number of
> <l e e | evolutionary paths, including expansion, collapse to adigi
ol O fragmentation into multiple clumps. Among these outceme

0 100 200 300 400 500 600 700 800 clouq fragmentation is the most interesting herel becagw of
L (arcsec) possible relation to core formation and the velocity oatiiins
. i . ) N in filaments 1 and 2.

Fig. 11. Velo_cny centroid as a function of position along each of |, the simplest case of an isothermal cylinder in equilibrju

the L1517 filaments. Blue squares represetf0f1-0) and red fagmentation occurs through a Jeans-type of instabilityhiich

triangles NH*(1-0) values. The spatial scale for filament 3 hag jansity perturbation with a large-enough wavelengthmeeu

been shrunk by a factor of 1.5 in order to fit it into the reducqgeg enough mass in each over-dense region to make itaravit

box size used for the other filaments. The mean formal erroryBaly unstable (e.gl, Stodolkiewitz 1963; Larson 1p8He

the Ve|OCIt%/ centrouﬂ determination is 0.02 kmt for C!*0 and 4t unstable perturbation is an axisymmetric mode thatksre
0.01 km s™ for NoH", which is always smaller than the markege initially continuous filament into a chain of dense cande
Size. sations equally spaced along the cylinder axis (Nakamuah et

1993). Numerical simulations show that this process ine®lv

redistribution of the gas in the filament via motions thatéav
embedded in it. This implies that the internal velocity demtls a dominant velocity component parallel to the filament aais,
in the cores are not intrinsic core properties (like isalate- least during the first stages of evolution (elg.. Nakamuedl et
tation), but result from the large-scale motions of surding [1993;| Fiege & Pudritz 2000b). The similarity of these mosion
filament. Core velocity gradients should therefore be prited with those inferred for filaments 1 and 2 in L1517 is the main
in terms of the velocity gradients of the lower density gas.  motivation for attempting a simple kinematic model.

The observed continuity between the velocity field of the fil- Modeling in detail the fragmentation of the L1517 filaments
aments and the cores implies that core formation in L1517 hexeceeds the scope of this paper, and would require informa-
not decoupled the dense kinematically gas from its surrimgnd tion on so far unknown cloud properties like the strength and
environment. This behavior again seems to contradict the@x geometry of the magnetic field. For this reason, we limit our-
tation from the turbulent models of core formation, because selves to testing whether the velocity oscillations of Hifj.are
these models, the cores are formed by the direct shock afstre consistent with large-scale core-forming motions, and weal
of lower density gas, so a discontinuity in the velocity fimléx- with a highly idealized infinite cylindrical model. Our firap-
pected. The observations of L1517 are better understodeif proximation is to only study motions along the central aXis o
filaments are coherent in velocity as a whole, and the cones h#he cylinder, which allows us to convert the problem to one di
formed from the contraction of this velocity-coherent gilse mension and which is motivated by the dominance of longitu-
transition from cloud to core conditions must have therefar  dinal motions in simulations. Following standard pracfiesy.,
volved little or no dissipation of kinetic energy, and infieular |Binney & Tremaing 1987, their section 5.1), we use pertuobat
the absence of supersonic shocks. The data therefore teslicanalysis and assume that the gas starts from a state of tgiicos
that core formation in L1517 has been an almost quasi-stagiguilibrium in which the density is constant along the filasne
process. axis (e.g., Ostriker 1964). To this equilibrium state we eld
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Fig.12. Kinematic modeling of the velocity oscillations in filamert and 2a: Schematic view showing how a core-forming
velocity field along the filament axis causesli/d shift between the sinusoidal perturbations of density @ldcity. b andc:
Comparison of the density and velocity perturbations imféats 1 and 2 with the expectation from the simple kinematdeh
For each filament, the upper panel (black squares) showsdhenient of mm continuum flux over the mean (a proxy for thesiten
perturbation), and the lower panel (blue squares) showsatiation in the G%0 centroid velocity over the filament mean (after
subtraction of a linear gradient). The green solid line icheapper panel is a sinusoidal fit to the density perturbafiom which

a wavelength and phase are determined. The green solichlie&ch bottom panel is the result of shifting the density sdidiby
A/4 (plus scaling it arbitrarily), and represents the expiptattern for a core-forming velocity field. The mean form@bein the
6V sr determination is 0.01 knt$ for both filaments, which is on the order of the marker size.

small longitudinal perturbation in both density and vetgcind equation of continuity, we can obtain a simple relation lestw
work only to first order in the perturbation quantities (Bmanal- the two constants. The case of interest here is that of aahblest
ysis). Under these conditions, the equation of continuéily be core-forming mode (i.e., opposed to a stable sonic wave), an

written as this implies thatw? must be negative. Defining a real number
Sow = iy, we can write
%1 1o 2 ©) c
g = = _
ot 0z Co=i2Y @)
po K

wherep is the densityu the velocity,z the spatial coordinate o
along the filament axis, and the 0 and 1 subscripts refer to fig 20, ¥, andk are real numbers, the above equation implies
unperturbed solution and the first-order perturbation.éfvew that the Fourier component of the velocity perturbation mus
assume Fourier-component perturbations for both density £2€ Shifted in phase from the density componenirg, which

velocity, we can write Is one quarter of the wavelength of the perturbation (see als
' Gehman et al. 1996). (In a stable (sonic) perturbatiois,a real
01z 1) =C () and  uy(zt) = C, ez D, (6) quantity, so the density and velocity Fourier componengsirar
phase.)

whereC; andC, are constants due to the lackadependence of The origin of thea/4 shift between the velocity and density
the unperturbed solution. Substituting these expresémoshe perturbations can be easily understood with the simplifeed ¢
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toon of Fig.[12.a. As can be seen, for the gas motions to biee representative velocities of the possible core-fognino-
core-forming, they have to converge towards the core cgnteions. As can be seen from F[g.]12, both filaments have vglocit
and this means that a density peak must correspond to agositiscillations with an amplitude of approximately 0.04 kmnt,s
of vanishing velocity. Assuming that both density and vigloc which would correspond to a projection-corrected valuemf a
perturbations are sinusoidal, this requires that thereljg ahift proximately 0.06 kms'. Interestingly, such subsonic speeds are
between the two. similar to those inferred by Lee etlal. (1999) for the inward-m
The expected/4 shift between the density and the velocityions towards a large number of low-mass dense cores, which
patterns in an unstable perturbation provides a simplerait were obtained using a veryftirent technique (analysis of self-
to test whether the velocity field in the L1517 filaments is-corabsorbed profiles). Also in agreement with previous coee lif
sistent with core-forming motions. To this end, we haveditte time estimates_(Lee & Myers 1999), the time scale of collapse
sinusoid to a cut of the mm-continuum emission along the filferred from they value in Eq[® is on the order of 0.5 Myr.
ment axis. This quantity should be proportional to the filame  Even if the velocity oscillations in L1517 do not arise from
density profile, with the caveat that the bolometer obs@mat contraction motions, their amplitude constrains corevfation
filters the extended emission due to chopping, and from thisilodels, as any underlying contraction motion has to be slowe
we have determined the wavelength and phase of the density plean about 0.05 km$ to remain undetected or confused with
turbation in filaments 1 and 2. The top panels of Eig. 12.b andlwe observed oscillation. Thus, no matter how we intergret t
show that both filaments can be reasonably fitted with simiasoi observed velocity pattern, the conclusion that core foionah
density profiles that have wavelengths of approximatelya@# the L1517 cloud is strongly subsonic seems inescapable.
270 arcsec, respectively.
To now test whether the observed velocity field is consistegt ;
with the formation of these density profiles, we shift the sign 8 How did the L1517 cores form?
sinusoid by one quarter of the wavelength, as required by ftibe picture that emerges from our analysis of L1517 is theg co
perturbation analysis, and compare the result with thecitylo formation in this cloud has involved only subsonic motiond a
centroid data towards the filament axis. For this step, we hathat it has started from conditions that were very close tirby
one degree of freedom in the choice of the sign of the shift, aktic equilibrium in an elongated configuration. Theserata
there are two possible inclinations of the filament with eetjo  teristics, together with the close fit of the filament dengpitg-
the plane of the sky (e.g., the eastern part of filament 1 doeild files by the model of an isothermal pressure-supporteddgiin
inclined toward us or away from us), and this adds a sign ambiiggest that some form of cylindrical gravitational fragiae
guity to the gas radial velocity. When this inclination isosken tion has played a role in the formation of the L1517 cores.
(together with a scaling of velocity amplitude), we derime t As discussed in sectidn T.2, the simplest case of cylindrica
model predictions shown in the bottom panels of Eig. 12.bandragmentation is that of an isothermal, infinitely-longegsure-
superposed to the observed velocity centroids (to whichave h supported cylinder. Perturbation analysis shows that theita-
subtracted global linear gradients of 0.5 knh pc™t in filament tional fragmentation of such a system has a critical wagtten
1 and 0.1 kms! pc?t in filament 2). At = 3.94H, whereH is the filament width given by equatiénh 2
As can be seen, the velocity field of filament 1 agrees re{stodolkiewicz 1963). Core formation via this simplestgr
sonably well with the prediction from the shifted sinusoithph tational fragmentation model therefore requires that these
in wavelength and phase, suggesting that the observedityelocores are physically spaced by a distance graterthan
oscillation is consistent with core-forming motions. Tletocity To test whether the separation between cores in L1517 is
towards core C does indeed coincide with a zero value in the wonsistent with the simplest gravitational fragmentatsoe-
locity sinusoid, while the behavior of the velocity towaitse nario, we have estimated the critical wavelength of the #ata
A2 is not as clear due to the higher scatter and the few vglocitsing theH values obtained from modeling their radial profiles
points. Such a reasonable fit is encouraging for an inteafioet (Table[2). These values imply that is about 12 x 10'8 cm,
of the velocity field in terms of fragmentation, as this filaxhis  or 570’ for our assumed distance to Taurus (144 pc). As can be
also the best behaved according to both the maps[{Fig. 2handseen from Figl_1l2, the observed distance between the cores in
radial profiles (Fig[B). It also harbors the chemically ygest filaments 1 and 2 is 300", which is significantly less than the
cores of the cloud (Fid.]5), suggesting that it is at the estrli minimum value expected from the theory.
phases of fragmentation. Assuming that the filaments are inclined with respect to the
In contrast to filament 1, filament 2 does not fit the shifteplane of the sky can change the above estimate, but it does not
sinusoid velocity pattern as well. On the one hand, the veldaring significant improvement. On the one hand, correctorg f
ity field of this filament does not follow a sinusoid pattermye projection will increase the true distance between thes;dret
closely, and on the other, a region of high scatter betweegscoit will also increasels because the projection correction af-
B and Al leaves the velocity poorly defined, especially in tHects the column density estimate from whithis derived (e.g.,
vicinity of core Al. Still, as the figure shows, the positioh cArzoumanian et al. 2011). As a result, the observed separati
core B lies in a region consistent to have zero velocity, Wligc between cores in the L1517 filaments seems to be about 1.5-

the expected pattern for core-forming motions. 2 smaller than predicted by the simplest model of gravitetio
So far we have concentrated our analysis on the phase of tfggmentation. _ _
velocity oscillation, but the amplitude can also be measare A number of factors can potentially explain the smaller-

contains information on the speed of the possible coredifgm than-predicted separation between cores in L1517. Firatlof
motions. As illustrated by the cartoon in Figl]12, the obsdrvour 1; value could have been overestimated. This is possible
amplitude represents only the line-of-sight componertietiue becausels was derived from the density analysis of the fil-
velocity amplitude, and it therefore needs to be correatethe  aments, which depends on assuming a standaf® @bun-
angle that the filament makes with the line of sight. Lacking @ance. If this molecule has fared from large-scale freeze out
better estimate, we assume that each filament makes a 45iddhe filaments, the true gas volume density would be higher,
gree angle with the line of sight, and we use this value to dend A; correspondingly smaller. A second possibility is that
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edge #&ects, due to the finite size of the filaments, are impor- 4. The velocity field of the gas in the L1517 cloud has been
tant in the outcome of the fragmentation, as suggested by tdfaracterized by fitting Gaussians to the observed spédtrst
simulations of Bastien (1933) and Nelson & Papalaizou (1993%ositions require one Gaussian, although a few regionsnequ
Unfortunately, thesefBects depend very strongly on how sharpwo, very likely due to the overlap betweenffdrent compo-
the filament edges arie (Nelson & Papaloizou 1993), and oar daénts.
are not detailed enough to constrain this parameter. kyjmalg- 5. The filaments are extremely quiescent. Their nonthermal
netic fields are known toféect the fragmentation of a cylinderlinewidth is subsonic and changes very little over the laraft
(Nakamura et al. 1998, 1995; Gehman et al. 1996; Hanawa etthe filaments. The velocity centroids also change subsityica
1993; Fiege & Pudritz 2000hb). Fiege & Pudritz (2000b), in-paover the filament length. These characteristics indicade ttre
ticular, show that both toroidal and poloidal magnetic fiedtd- gas in the filaments is velocity coherent on scales of abéui@.
crease the critical length of fragmentation, and can do sa by 6. Although quiescent, the filaments have large-scale pat-
significant factor for sfliciently strong fields. (They also de-terns of (subsonic) velocity. The gas in the dense coresvigll
crease the instability growth rate.) Whether this couldl@ixp the velocity pattern of the less dense gas closely, inaigdtiat
the observations of L1517 is unclear, as little is known @booore formation has not decoupled the dense gas kinemgticall
the magnetic field in the cloud. Kirk etlal. (2006) find that th&om its surrounding filament material.
field towards core B is too weak to provide support, but these 7. In two filaments, the large-scale velocity patterns seem t
measurements are limited to a small region of the cloud éjreaconsist of oscillations. A simple kinematic model shows tha
known to have undergone core formation. A detailed charactéeast in one filament, the oscillatory pattern is consisteitt
ization of the large-scale magnetic field in the L1517 closid tore-forming motions along the axis of the filament.
clearly needed. 8. Core formation in L1517 seems to have occurred in two
Even if the L1517 cloud is less symmetric than assumesteps. First, the subsonic, velocity-coherent filameng ltan-
by our model, and its fragmentation history more complexthalensed out of the more turbulent ambient cloud. Then, thescor
predicted by the simple theory, the observations presdrgesl have fragmented quasi-statically and inherited the kiriexmaf
clearly constrain the process of core formation to havelirad their parental filament. Turbulence dissipation has tloeeebc-
an elongated geometry and mostly subsonic motions. Core fourred on scales of 0.5 pc or larger, and seems to have played
mation in this environment therefore appears to be a twp-stétle role in the formation of the individual cores.
process in Whic_h the elongated. configuratior) clqse to etquiliA cow We thank Mark Hever for assistance with the ECRAG ob-
rum 1S forme_d first and SUbSOﬂ_IC fragmentatlon_lnto cores Oggrvgtioﬁigegﬁ:ss Du\?etrt?or pr(?vidingyl?s vc\)/itr?isisszdcgogtm/tat‘ieong of t?]eOb
curs later. This two-step scenario of core formation haesaaly | 1517 region, and Jouni Kainulainen for communicating mipublished extinc-
been proposed by several authors based firrdnt considera- tion map of L1517. We also thank an anonymous referee, Maladaimsley,
tions, and it therefore seems to app|y to more regions thstn jand_ Jens Kaﬁnann‘for a r)umber of comments and suggestions_ that helped
the one studied heré (Schneider & Elmegreen 1979: Harimdify s eseriaton, T reseceh mate uee of MAsanahryecs b
2002; Myers 2009). What our L1517 data show now is that tr&asbourg, France. It also made use of EURO-VO softwams,t@nd ser-
filamentary gas prior to fragmentation has a subsonic lefel bces. The EURO-VO is funded by the European Commissionutstiocon-
turbulence and a coherent velocity pattern, two propetlias tracts RI031675 (DCA) and 011892 (VO-TECH) under the 6thnfaaork
were thought before to only apply to dense cores. For Sudﬁrggram and contracts 212104 (AIDA) and 261541 (VO-ICE)euntthe 7th

. . ramework Program. The Digitized Sky Survey was producethatSpace
quiescent state of the gas to occur, turbulent motions naet hTelescope Science Institute under U.S. Government gra@ WA2166. The im-

dissipated prior to (or _rapidly duri_ng) filament formatiamq ages of these surveys are based on photographic data abtsiimg the Oschin
therefore must play a limited role in the formation of theiind Schmidt Telescope on Palomar Mountain and the UK Schmidistepe. The
vidual cores. If such a scenario is representative of camde p_latesfw;ere p_roc_esspd into the present compressed daitahiith the permis-
tion in other dark clouds, subsonic, velocity-coherentribmts ~S'on ©f these institutions.

must be a common feature, and embedded cores must systemati-
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