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ABSTRACT

Context. High-mass stars, though few in number, play a major role énittterstellar energy budget and the shaping of the Galactic
environment. However, despite this importance, the foionadf high-mass stars is not well understood, due to thejgelaistances,
short time scales, and heavy extinction.

Aims. Chemical composition of the massive cores forming highaysaars can put some constrains on the time scale of the massiv
star formation: sulphur chemistry is of specific interest tluits rapid evolution in warm gas and because the abundsrszdphur
bearing species increases significantly with the tempegatu

Methods. Two mid-infrared quiet and two brighter massive cores ameoked in various transitions (Fup to 289 K) of CS, OCS,
H.,S, SO, S@ and of their**S isotopologues at mm wavelengths with the IRAM 30m and C$&d¢epes. 1D modeling of the dust
continuum is used to derive the density and temperature, lahich are then applied in the RATRAN code to model the olesrv
line emission, and to derive the relative abundances of tilecules.

Resuits. All lines, except the highest energy $@ansition, are detected. Infall (up to 2.9 kM may be detected towards
the core W43MM1. The inferred mass rate is 5.8-9.421M,/yr. We propose an evolutionary sequence of our sources
(W43MM1—IRAS18264-1152-IRAS05358-3543-IRAS18162-2048), based on the SED analysis. The analysis of the varia-
tions in abundance ratios from source to source revealglbaO and S@relative abundances increase with time, while CS and
OCS decrease.

Conclusions. Molecular ratios, such as [O@%,S], [CSH,S], [SQOCS], [SQ/OCS], [C3SO] and [SGQ/SO] may be good indica-
tors of evolution depending on layers probed by the obsem@edcular transitions. Observations of molecular emisgiom warmer
layers, hence involving higher upper energy levels are raamg to include.

Key words. ISM: individual objects: W43MM1, IRAS182641152, IRAS053583543, IRAS181622048 — ISM: abundances —
Stars: formation — Line: profiles

1. Introduction have confirmed that they are fragmented and that they agtuall
OB stars are th_e main pontribut_ors to the evo_Iution and %ergtrg_ l(;lg(s)tBe)r.sMo(;‘rzt?;e(gﬂ - EA%?:Q eertlils(g})lg;e) ﬁg\c/): ,O%;e?gger
bg?gﬁ(tj('z:wg%gglsessi(.:a-arlt]eslér:(e):nrla}(l)orr}E)\?vomg\éirzsgrnf%trrl:{;ﬁ ( complete view of high-mass protostellar phases at the sfale
- - . giant molecular cloud which is not too distant (Cygnus X at
Ol’ e:jnd (rjeferencegéh?reln) cgmnott b? ap@shecq.? kpc). This complex is rich enough to provide a first rdkab
such to U stars. indeed, young Lb stars and protos ar5.35191"0nstatistics (40 massive dense cores) at a physical scal@ dfpc.
interact with the surrounding massive clouds and coredrigad From this unbiased survey of the earliest phases of the s

to a complex and still not clearly defined_sequence of ije%r formation, it was deduced that massive pre-stellaselen
from pre-stellar cores which are often believed to be hoss‘[edCores are extremely rare, and that of the order of 50 % of the

the so-called IR dark clouds (IRDCs), to High-Mass Prottaste massive dense cores are alread . . .
. . y forming high-mass stales whi
Objects (HMPOs), to hot cores and Ultra Compact Hil reg'o'lfeing still cold and not bright in the IR (IR-quiet dense ®)re

(e.g{Beuther et 4. 2007p; Menten effal. 3005). The remaining 50 % of dense massive cores can be referred as

This tentative evolutionary scheme is however mostly bas bright dense cores. Referring to the typical sizes dised in

on obf?ervatl%ns ofddlstafn(; (;bjectls, for Wh'Ch'rt]he pf}lyssczlbe; illiams et al. {2000), these 0.1 pc size objects are densssco
are often at the order of 0.5 pc. In contrast, the well est in contrast to clumps which are more 1 pc size. On the other

pro_tostellar evolution from Class 0 to Class Ill Young Siell hand, these 0.1 pc dense cores are not necessary precdrsors o
Qb!epts (YSOs) for Iow-mass_star; revealed_ that the eneslop single stars and may form a group of stars, and would thezefor
|nd|_V|duaI protostars have typlca_l sizes ranging from QCDQ,'OA' be considered as clumps in the primary definition of Williams
pc in clustered star-forming regions (ee Motte & ANré 300 5 {200D). We will here follow the scheme discussed intilot
and rt_—:‘fere_ncestherem). HMPOs are therefore more P“’?m"-“ & Hennebelle-8) in which the study of massive dense cores
than individual protostars. Recent interferometric obatons at physical scales of 0.1 pc o less is required to really address
the question of evolutionary stages for high-mass star ard ¢
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ter formation. The interest of studying the evolution of sias Table 1. Source Sample. ThE,; value is the MSX value for
dense cores is also supported by the most recent theostial the 21um flux, corrected for the distance of each soureg
narios, which predict either a monolithic collapse of tuemi (d/1.7)?).

gas at the scale of massive dense cofes (Tan & M¢Ked 2002; 0

Krumholz & McKeg{2008), or a competitive accretion inside th Source Coordinatés Propertie$ Fa
ravitational potential of a cluster-forming massive densre ~ °* RA(J20000) Dee  Visa ~— Lw  d

ﬁBonneII & Batp[2006). Finally, it is worth noting that somie d (hms) ¢ s G ed 09

rect Observatlonal .eVIdence for t.he SO-Ca”ed g|0bal mw]as IRAS05358-3543 053913.1 +354550 -17.6 63 x 10° 1.8 18.9

usually been obtained for massive dense cores at the typical IrRas181622048 1819121 -204731 +121  20x 10¢ 1.9 1414

0.1 pe scale (e.d. Motte eflgl. 2005). Wi 8arire  olsdss ems  2x10 55 43
The chemical composition of the protostellar envelopes can

be used to constrain the ages of low-mass protogtars (Ml & Coordinates correspond to the peak of the mm continuum emis-

1997 ; [Hatchell et 3l 199&;. Doty et dr. 2¢_q2; Wakelam €t alio from '@I.Za) afd Motte e] 41 (2003), eesp

004g). The sulphur chemistry is of specific interest begaugely for IRAS05358-3543, IRAS182641152 and WA3MML. For

of its rapid evolution in warm gas and since the abundances|RrS18162-2048, coordinates correspond to the CO emigséak

sulphur bearing species increase significantly with teitpee, from Benedettini et 4l (2004).

both by ice evaporation and by shock interaction. Sulphutcto  ® Luminosity, distance and velocities are from Sridharad.|:(260:)

thus act as a clock on time scales relevant to the embedded pHBRAS05358-3543 and IRAS182641152),|Benedettini et plf (2004)

of star formation [(Charni¢) 1997; Wakelam e} [al. 20fl4a,b). BRAS18162-2048) anq Motte et @[ (20p3) (WA3MML).

good sketch is now established for these objects allowinigte

them within a “class” of objects. Here we propose some first co

straints on the time of evolution of the targeted massivesor

detailed chemical modelling will be presented in a forthaogn

paper (Wakelam et al., in preparation). ~0.11-0.13 pc (as seen in the beam of our observations, see
For high-mass protostars, the first studies using sulphar beSect.[6.]1). These massive dense cores are expected to be frag

ing molecules as evolutionary tracers are reported in Hélitchmented at small scales and are meant to represent the earlies

et al. {199B) and van der Tak et[a]. (2D03). We present hgreases of the formation of clusters. The expected muliiplic

a complementary study of sources, which are weaker at mizkn however be neglected to first order, to follow the average

infrared wavelengths. Also in contrast fo van der Tak ét ahemical evolution of their surrounding dense cores. I, fac

(003) who used chemical models without the inclusion @mall fraction of the total mass of the cores is in the individ

atomic oxygen (e.g by 1997), we prefer to use thentecual fragments, and usually the large scale average densifjep

results of Lis et g1.[(2091) and Vastel e} &. (202). Furthene, of the cores applies well down to the smallest observed struc

Wakelam et dI.[(2004b) underlined that the sulphur may lberes. This suggests that the cores could be well represémte

mainly in the atomic form in hot cores. first order as spherically symmetric structures from a fetv 0.
To analyze these observations, we will apply a method sipe down to~ 0.01 pc. IRAS053583543 has for instance been

ilar to Wakelam et g1.[(200ka) who measured the age of the tsttidied with millimeter interferometers (see Leurini §4107).

corinos of IRAS162932422 with reasonable success. Our oHt appears that the 0.3 pc size core of 613 Msplits into two

servations of low- and high-energy transitions for eackeaedd main objects (mmla and mm1b) of 1 and 0.6 Mside regions

molecule enable us to probe the inner{00 K) and outer{ of 0.006 pc diameter, separated only 8y0.008 pc. A mass

100 K) regions of the objects studied. Using transitionseat s of 1.6 My in a region~ 0.01 pc comprising mmla and mmlb,

eral energies, we first constrain, with a radiative transfedel inside a 0.3 pc size core of 613)Morrespondsto an average ra-

(RATRAN, Hogerheijde & van der THk 20P0), the sulphur beagial profile of the density of 2> which is actually close to the

ing abundance profiles within the envelopes (this paperp Inf~# profile derived from large scale Hy Beuther e} l. (2002b)

forthcoming paper, the derived abundance profiles will m-co and which we use to describe the global 1D distribution of-mat

pared to a grid of chemical models (NAHOON) adapted to tHer in the core. Two other millimeter condensations mm2 and

physical structure of each source in order to constrainglesoh mm3 are also detected with the interferometer. They couddev

each source. To cover the complete range of energy of the miaglly confuse the results for molecular tracers which caoet

sive envelopes (from 20 K to more than 100 ¢ al. p002uch high density regions.

transitions with upper energies between 10 and 110 @re re- A large number of continuum and molecular line (CO, SiO,
quired. Indeed, even if observing emission lines coverilgge CH;OH, H,CO etc) data towards these sources have been pub-
energy range is mandatory to derive the excitation comtf |ished e.g. ‘B_hedettini et 41[ 2004). The physical conditions
the molecules, the only way to probe the inner warmer regioRgve thus already been determined in some of the enveleges (

is to observe high energy transitions which levels are npt pdBeuther et 4[. 2002b) and we use the published data togettter w
ulated in the cold outer gas. Actually, probing the inneli@eg our observations. We limit our study to massive dense cares t
of massive dense cores is the only way to chemically date theimplify this first step of the analysis for two reasons. fids-
evolution from the molecular cloud. ferent physical conditions have been observed in theseisbje
but they still have the same structure in the sense that there
strong UV field or ultra-compactiHregions, which will change
drastically the chemistry with time. The second reason & th
The selected sources are two IR-quiet dense cores (M8¥se cores could be for massive dense cores the equivédlent o
Fluxo;,m < 10 Jy at 1.7 kpc, following the definition of Mottethe Class 0 YSOs in the general scenario of gas and dust evo-
et al.[200[7) and two slightly brighter ones (IRAS0538843 lution, for which sulphur chemistry[ (Wakelam et] &I. Zq@a,b
and IRAS181622048), with bolometric luminosities 0.6—has already been studied. Finally, the sources studiedarere
2.3 10 L, at distances 1.8-5.5 kpc (see Taﬂle 1) and sizespHrt of the sample that will be studied within the key program

2. Description of the Source Sample
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10 T AR T atively low luminosity  ~ 6.3 10° L) and nearby (1.8 kpc)
W43MM1 15, 52, 110, 330 K massive dense core, composed of three main sources (mm1,
F0=555 Jy (1563 um) mm2 and mm3; total mass around 613 Mall within 4”x9”
Fie=1.1 0y (Ceurini et al.[200}7), hence within the telescope beam. The
Fos/Fiow=0-10 % source exhibits a hypercompacti Hegion which may evolve

into an UC-HI region.[Beuther et &l[ (200[7b) show that the
source actually splits into four individual continuum cooap
nents, two of which are part of a proto-binary system, mmz (dy
namical age- 3.6 10" yr). According td Longmore et hlf (2006),

the main mid-IR source coincides with mm1aof Beuther ¢t al.
ol 5 3 (B007b), but the second mid-IR source does not coincidetivth
104 - ml‘o . ml‘o . ml‘o mm source mrr_11_b, hence suggesting even more sm_Jb—_structure.
8264 ‘ ‘ o2, 5. 360 K The source exhibits a class Il methanol maser indicatingttisa

avery young object. The source mm3 is the coldest and yotinges
T ka (Taust < 20 K). Several molecular outflows are observed (two
Po /P 20,15 % from mm1, outflow rate of & 10* M, ; Beuther et gI[ 200pa).

Strong line emission asymmetries in HC®ave been observed
by|Fuller et al. (2005).

IRAS18264-1152 is a massive dense core at a distance of
3.5 kpc. Its luminosity is estimated to be up ta*10,. A mas-
sive molecular outflow is centered on the mm dust peak (Beuthe
Ll Ll Ll et al.]2002a). Continuum observations with Plateau de BDie (

10t 107 102 et al.|200[7) reveal that the source is double; the mass ofitste d
10 T EmEERE EmEERE gas core is estimated to be 57Q,Mwhile the outflow mass is
05358 23. 60, 360 K 20.2 M, (dynamical age of 0.5 T0yr).

Fou=1641 Jy (123.9 pm) enedettini et al.|(2004) performed multi-line observasio
Fie=5.1 Iy of IRAS18162-2048, a luminous infrared source<£12 10* L ;
Fos/Tiate=0-48 % [yamashita et g|. 1989) at a kinematic distance of 1.9 kpct@ur
et al.|1994). This object is associated with the IRAS sounzk a
is actually an IR-bright dense core. A very powerful outflow
(M ~570 M), one of the most massive known, was observed
(dynamical age-1° yr). The source has been resolved into a
cluster of several objectp (Stecklum elfal. 1997).
1 2 3 W43 is a massive star-forming region, located at 5.5 kpc,
Lot 10 10 10 which harbors a giant Hregion and was studied in detail by
8162 CT T T es am 1ok | Motte et a]. [2003). W43MML1 is the most massive dense core
~ of the region and does not coincide with any known IR source.
Frax=4312 Jy (115.3 um) . . . . .
P2l Jy The dust temperature is estimated to be 19 K and its luminosit
Fyp/Fropu=1.3 % 2.3 10" L, . W43MM1 harbors a methanol and a water maser,
but does not show any infrared or centimeter emission. Aalinf
has been detected by Motte et al. (private communication).

Continuum emission from our sources is quite well de-
termined with well sampled observations from IRAS, MSX,
SCUBA/JCMT or SHARQCSO (Hunter et alf 2000; Jenness
et al.[199F; Minier et dI| 2005), SMA (Beuther ef pl. 2J07b;

10

Flux[Jy]

—_

10

Flux[Jy]

—_

Flux[Jy]

—

Flux[Jy]

1 10! 10? 108 Bu et a){20d4) and MAMBORAM30m (Beuther et gl. 200Pb).
The SED for IRAS181622048 is particularly well constrained,
Wavelength[um] thanks to a complete ISO-SWS observation. Fewer continuum

Fig. 1. Spectral energy distributions obtained from 1D mod&Pservations are available for the source WASMML.
overlaid on observed fluxes of each source. Peak fluxes in the From the fitted SEDs (see Seft.]6.1), shown in ffig. 1, we
millimeter range have been adjusted to fit radial extensfgneo Make a rough evolutionary classification of our 4 objects)gis
model. In each caption are given the temperatures of thé bidge following parameters:

body components (top right), the maximum flthax and the  _ \yavelength and flux of the maximum continuum emission,
corresponding wavelength of the SED, the fitps at 1um, and  _ fx at 12,m,

the contribution of the hot parfgs, integrated flux ford <35 _ ¢ontribution of the hot parti(<35um) to the total integrated
um) to the total integrated fluk oy (top left). flux,

— temperature of the black-body components.

WISH[] with the HIFI instrument aboard the ESA Herschel Spaddle assume that the less evolved the source is, the coldest it i
Observatory. hence the SED peaks at longer wavelength with weaker flux. As
Both IRAS05358-3543 and IRAS182641152 are part of the massive core evolves, it becomes warmer hence heagéng th

the[Sridharan et hI[ (2002) sample. IRAS053838B43 is a rel- dust wherein it is embedded: as a consequence the contnbuti
of the flux at shorter wavelengtt{s, the integrated flux for

1 httpy/www.strw.leidenuniv.nWISH;, PI: E. van Dishoeck A <35um) increases.




4 F. Herpin et al.: S-bearing molecules in Massive Dense Cores

W43MM1 +

Applying these criteria, W43MM1 appears to be the L= s 52 (/a0)
youngest object. A sequence of evolution W43MM% L s 54 (o)
IRAS18264-1152 — IRAS05358-3543 —» IRAS18162-2048 s an (/o
is proposed and adopted for the following discussion. This e &=
lutionary sequence is also suggested by the dynamical aﬁges@ 0.5
rived by the authors cited above. &

P Ly

3. Observations

L B B }
—HpS 150=1¢y (/1.07)

The observations presented here were performed during two — S Zeo=2(/1.27)

sessions. The first one in September 2005, using the IRAM- 5
30m antenrﬁi The second one in May 2006, using the Calteclf.
Submillimeter Observatofly on the summit of Mauna Kea E
(Hawaii). 0
With the 30m telescope, all sources were observed in the ro-
tational transitions lines of C$=5-4, SOJ=3, — 23, J=5¢ —
45, J=65 — 54, SO, J=515 — 404, J=10010 — 919, J=11111 — —0.5 -
10010, J=14914 — 13113, OCSJI=8 -7, J=13-12,J=19 - 18,
H.SJ=110 — 101, J=220 — 211, and in the isotopic lines of
3150J=34- 23, SO J=515—4g,4, OC*SJ=8-7, H3*S J=1; -
101 (see Tablg]2). Only IRAS05358543, IRAS182641152 =
and W43MM1 were observed in the CS and*€J=3 -2 2 05
lines. Observations were made using multiple receivethdei =
simultaneously A100, B100, A230, B230 or C150, D150, C270,
D270) coupled to the high-resolution VESPA backend (resolu
tion of 80 kHz) in frequency switching model (frequency thro 0 Eo
of 7.9 MHz). The sky conditions were reasonahf#{~0.1-0.5 = } ——
at 225 GHz, see Tablﬂ 2 for theyd). The telescope pointing ——50 8,2, (/2.67)
(better than 2”) and focus have been set on suitable planets (
Jupiter) or standard calibration sources.

. %) -
Complementary observations have been performed with 0.5 —

—

— 0CS 8-7 (/0.90)
— 0CS 13-12 (/1.58)
— oc™s 8-7 (/0.15)

(
T T T T ‘ T T T T ‘

i 1 1 1

— %50 3,2 (/0.39)

the CSO telescope for lines with frequencies higher thad
300 GHz (in order to better cover the energy ladder). As
IRAS05358-3543 was not visible at the CSO during our run,
only the other three sources were observed in lines of€75-6, 0
S0J=8; — 77, SO, J=18y13 — 17117, and in corresponding iso-

topic lines of *S,34S0,%*S0,. The receiver is a helium-cooled 1
SIS mixer operating in double-sideband mode designed by ful
cover the 280-420 GHz window. The backend consists of a 1024
channel acousto-optical spectrometer covering a banbvafit
50 MHz, providing a velocity resolution @fv ~ 0.086 kmstat &
345 GHz. Observations were performed under good but unsfa-
ble weather conditions{™ ~ 0.06-0.15 at 225 GHz, see Talple 2
for the Tsys). The pointing accuracy was of the order of 4-5”. The 0
CS J=7 - 6 line was blended with an 20O line from the im-

age sideband, therefore we applied a frequency shift tootted |
oscillator frequency to separate the two lines, but the gulace

did not work well for IRAS182641152 and W43MM1 (hence Vi gr(km/s)

the CS spectra are contaminated). ) ) o
Data reduction was performed using the CLASS softwaFég' 2. Normalized emission of CS, 4$, OCS, SO, S@(and

from the GILDAS suite [[Guilloteau & LucHs 2000). We found>0toP'C species) lines from WA3MML. Spectra velocity reso
and eliminated unusable data, subtracted a baseline, ffeen junons are 0.10-0.19 knt&. The dashed line shows the source
tra at the same position were summed and finally antenna teln§-R velocity.

peratureT; was converted int@ my (using therny, values from

Tab. @). Special attention was paid to the frequency swithi

observing method. 4. Results

[~ I B N

We present here the result of the observations for each eourc
2 nttpy/iram.fiyIRAMES/index.htm Some spectra of the detected lines are displayed ir[H];.tBeS (
3 nttp/mww.cso.caltech.edu.  The  Caltech  Submillimetefémaining spectra are available as online material). Soare t
Observatory is supported by the National Science Foundatio- Sitions £*SO & — 77, SO, 28424 — 28525 and3*S0, 515 — 4g.4)
der award AST-0540882. are not detected in any of our sources. The line parameters ar
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Table 2. List of observational parameters for the IRAM 30m and CS@sebpes (observed species, energy level transitions,
upper energy, line emission frequencies, half power beatthwinstrument, main beanffeiencynymy, receiver name, velocity
resolutionsv and system temperatuigys,

Species Transition = Frequency HPBW Instruméht 7.,  Receiver ov Tyys
[em™]  [GH7] ["] [m-s] (K]
CS 3-2 10 146.969 17 30m 0.69 D150 160 315-350
5-4 24 244,936 10 30m 0.48 A230 96 530-860
7-6 46 342.883 24 CSO 0.75 345 43 1210-1340
Cc¥s 3-2 10 144.617 17 30m 0.69 D150 162 270-390
7-6 46 337.396 25 CSO 0.75 345 43 1260-1760
SO 3-23 11 138.178 18 30m 0.70 D150 170 300-330
56 — 45 24 219.949 11 30m 0.55 B230 110 590-930
65 — 54 35 251.825 10 30m 0.48 D270 190 750-830
8 — 77 61 344.308 24 CsO 0.75 345 43 1020-1050
330 3-23 11 135.775 18 30m 0.70 D150 170 290-350
8 — 77 61 337.582 25 CSsO 0.75 345 43 1020-1060
SO, 515 — 4oa 11 135.696 18 30m 0.70 D150 170 270-400
1010 — 910 34 160.827 15 30m 0.66 C150 150 350-520
11311 — 10010 42 221.965 11 30m 0.55 B230 100 530-550
14014 — 13113 65 244.254 10 30m 0.48 A230 190 830-1430
1818 — 17117 105 321.330 26 CSO 0.75 345 45 770-820
28,24 — 2835 289 267.719 9 30m 0.46 D270 170 470-510
3150, 515 — 4oa 11 133.471 18 30m 0.70 D150 170 200-220
OoCs 8-7 14 97.301 25 30m 0.77 A100 240 140-160
13-12 37 158.107 15 30m 0.66 C150 150 340-360
19-18 77 231.060 11 30m 0.52 A230 100 450-580
OC*s 8-7 14 94.922 25 30m 0.77 B100 240 140-160
H,S Lio-1os 19 168.762 14 30m 0.70 D150 140 610-800
20— 211 58 216.710 11 30m 0.57 B230 110 410-600
H,**S Lio—1oa 19 167.910 14 30m 0.70 D150 140 630-670

a Conversional factor i$/ Ty, = 4.95 JyK for IRAM 30m telescope an&/ T, = 74 JyK for CSO telescope.

given in Table[bﬂg (only available in electronic form). Fdir aemission. The §— 5, and & — 77 lines exhibit, on the contrary,
observations, contamination from lines in the image siddlzd  a stronger redshifted component. The;$gs — 404 line is also
the receiver has been checked. blue-asymmetric, but all other $Qines are more or less sym-
metrical and gaussian.
All OCS lines exhibit a gaussian profile, slightly red-sadt
4.1. W43MM1 by ~ 0.5 kms from the source velocity, with a red wing. The

The CS line emission from this source is characterized byt wH&0tOPIC Oé_“'S_Ime profile is complicated with several compo-
looks like a strong self-absorption (at—0.2 kms from the NeNts in emission at 91.8, 94.0 and 95.5 kinsee Fig[R). No
source velocity) with a stronger blue component compared iigntification with known species was possible (we also kaec
the red one. Indeed the self-absorption in the 3 line goes the frequenciesin the image band) and instrumeritatts have
below zero kelvins, splitting the line profile into two webs- been ruled out. This weak component is not seen in the corre-

arated components. The 2mm continuum flux is actually higionding OCS line profile. Since WA3MML1 s a very rich molec-
(0.8 Jy), which converts into a brightness temperature ®K5. ular source (see Seft. 1), this could well be real lines.

and can therefore explain the observed dip. Similar, bukera
self-absorption is observed in the-54 and 7- 6 transitions. 4, |RAS18264-1152
However, the isotopic lines are only weakly asymmetric; reél' '
shifted with respect to the systemic velocity. The deriveda- All line emission profiles are well peaked on the source veloc
ties (from our model, see Se.2) are respectively 0.40a8d ity and have more or less the same shape, with a blue wing.
for the G*S3- 2 and 7- 6 line emissions, indicating optically Nonetheless, a distinct weak emission at 48-50 Knis ob-
thick lines. All lines are very broad, up to 15 kitsNote that served for all transitions of all species. These emissiamsot
HCO" and H3CO* 3- 2 emission lines observed albe due to a contamination from any OFF position as obsengtio
) have exactly the same profiles as the CS afi €émis- have been performed in frequency-switch mode. None of these
sion lines, respectively. The self-absorption is presetiié¢ S features correspond to a known molecular line. We propaate th
line emissions too (the isotopic line is not detected), gmen  this secondary emission comes from fietient location than the
ducing for the 19—101 line a negative dip, below the continuummain one, either from another source within the beam, or from
level, at the same velocity as CS. Thg?2 2; 1 line emission has a knot in the outflow. Actually, an SiO outflow component at 48
a different profile with more redshifted emission. kms?, offset by 20’ has been observed 1. (2007).
The SO 3-23, 55—45 and the isotopic 3-23 line profiles are All CS lines are detected, except the-®B transition that is
also weakly asymmetric, with a more pronounced blueshiftétended with an HCO line from the image band, hence com-
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Fig. 3. Normalized emission of CS, 4%, OCS, SO, S®(and Fig.4. Normalized emission of CS, 4%, OCS, SO, S®(and
isotopic species) lines from IRAS18268152. Spectra veloc- isotopic species) lines from IRAS05368543. Spectra veloc-
ity resolutions are 0.10-0.19 km's The dashed line shows theity resolutions are 0.10-0.19 km's The dashed line shows the
source LSR velocity. source LSR velocity.

pletely contaminating the profile. The*¥S 7 - 6 line is tenta-

tively detected. The k8 lines exhibit a less peaked profile with

a blue wing too. All the SO lines are detected too, but the &

line emission exhibits a strong and very broad red wing which

looks suspicious. We do not consider this line for furthealgn and could come from the reference OFF spectra, just as the sus
sis. The SQline profiles are more flattened. Actually, an uniderpicious -5, wing. The OCS lines exhibit similar profiles, with
tified line at 47.8 kms! is observed in the S{5; 5404 Spectra, a blue asymmetry.
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Fig.5. Normalized emission of CS, 4%, OCS, SO, S©(and
isotopic species) lines from IRAS18162048. Spectra veloc-

velocity components rather than to self-absorption. Adfies

are asymmetrical with a stronger red component, the blue one
being almost completely extinguished (nearly in absorptfor

the CS 5- 4 line emission. The peak-to-peak velocity separation
is 3.0, 3.5 and 4.3 knT$, respectively for the &S 3-2, CS 3-2

and 5- 4 lines.

The S 110 — 1p1 line emission also exhibits a strong dip
at the source velocity. The separation between the two @niss
peaks is 3.6 km3. The same shape is also seen for the-2; 1
line, where no blue peak is seen, the red component beirgrspli
two peaks. The isotopic line might be tentatively detecteth
a very strong asymmetry.

Profiles of the SO lines generally exhibit a dip at the source
velocity. The peak-to-peak separation is 3 krhfor the 3, —
23 line. The isotopic 3 — 23 line shows a red-shifted (by more
than 1 kms?) double-horn profile3*SO 3, — 23 line emission is
marginally detected, $iering from obvious baseline problems.
We checked, without success, if the double-peak profilectoel
due to other species.

The SQ emission is detected in all transitions (except the
11311 — 10y10), but theS/N is quite low (5-9). All the lines
are asymmetric, nearly without any red component. Tha -4
13,13 emission is the strongest.

A dip is seen in all OCS lines too, most prominently in the
13- 12 transition. The 19 18 line is the strongest. The OCS
13-12 line is only tentatively detected with a complex peofil

A second emission component is seen in tAé83-2, OCS
8-7, SO 3 — 23, SO, 515 — 404 Spectra at —13 knT8. As this
emission is also present in the wing of the CS 3-2 ap8 H-

1 line emission (observed with a smaller telescope beam), we
believe that this emission originates from the source mnslb a
observed in the #S 5-4 line emission bly Leurini etlal. (2407)
at the same velocity.

4.4. IRAS18162-2048

The CS line shapes are similar for thefdient transitions ob-
served, with the 5- 4 line being substantially stronger and
broader, exhibiting a red wing.

The H,S emission is slightly broader than CS, with more
complex profiles: the {y — 191 emission profile is made of two
peaks, possibly revealing self-absorption at a redshifdakity
(by 0.5 km st with respect to the source systemic velocity). The
2,0 — 211 line profile is slightly asymmetrical, with a red wing.
The optically thin isotopic line emission exhibits a symntl
profile centered on the source velocity, with a narrower [gofi
than for the HS emission.

The SO lines are strong and easily detected, but the isotopic

ity resolutions are 0.10-0.19 km's The dashed line shows theline is not detected. The SOines are well detected, even the

source LSR velocity.

4.3. IRAS05358+3543

The CS line emission is strong in both observed transitithes (

1818 — 17117 transition, the 14;; — 10y 10 being the strongest
one. The line profiles show a red wing.

All the OCS lines are completely asymmetrical with a very
weak blue component, indicating a self-absorption at thecso
velocity.

3 - 2 line emission being the strongest and broadest one) with For that source too, emission a few km sway from the
a strong dip at the source velocity, even for the isotopie.linmain emission is detected (at 16—-17 kihsfor the lines ob-

The isotopic line emission here is optically thin (arount &c-
cording to our model), therefore this dip is likely owing teat

served with a beam larger thanl 8ikely revealing the presence
of a second source within the beam.
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Table 3. Asymmetry parametef (Mardones ef [al. 1997) calclines, except for the £S7 - 6 line (close to the 0.25 value),
lated for the detected line emissions. Negative value® abr- while for IRAS18162-2048 asymmetric lines are observed in
respond to blueshifted emission while positive values atk r OCS, inthe HS 1; o— 141 (redshifted) and in the SA1-10 tran-
shifted. sitions (blueshifted). Very strong asymmetries are obesfor
the two other sources: most of the lines from IRAS0585843
are strongly redshifted¢ up to Q42); W43MM1 shows clearly

Species Lind] Source blueshifted lines in CS (up te0.69) and BS (up to-0.76),
= - W43(’)’V€'5'\é'1 180282 0%335;3 18162 probably indicating the presence of infall towards thisrseu
54 041 0.16 0.42 0.03 Nevertheless, we stress again that such an emission prafile ¢

be sometimes produced by an outflow teg. CO1- 0 line

S 732 -8'85(5) _g 07037 0.01 profile towards IRAS181622048 by[Benedettini et hlf (2004).
7.6 0.18 0.20 ' 013 Hence, this option cannot be eliminated without furtheestis
SO 3-2 -0.10 000 022 003 Jdatons.
56 — 45 -0.06 OH.OS 0.29 0.06
65 — 5,4 0.11 0.28 -0.08 . .
8 — 7, 011 0.04 012 5.2. Possible Infall in W43MM1
SG; 515 — 404 -0.11 008 017 003 Assuming the observed CS profile towards W43MM1 is due
10010 = 919 0.05 -0.02 027 0.05 {9 infall, we estimate the infall velocity using the appnmsite
1411;’11 - i%’lo '8'22 0.38 %A{)% method described in Myers et|a). (1996) for the opticallgkhi
,14 — 13 -U. . . . . :
18015 — 17117 0.10 019 lines with a strong blue asymmetry:
OCS 8-7 0.11 0.06 0.26 0.53 2 1+ eTan/T
13-12 0.03 006 024 052 Vi~ —2 ( 8/ D) )
19-18 0.10 009 017 1.08 Ured — Ubiue  \1+ €Trp/Tp
H,S Lio—1o1 -0.76 0.02 0.39 -0.37 . . . )
00— 211 0.06 008 0.42 016 whereTp is the brightness temperature of the dip (assumed op

tically thick), Tgp and Trp the height of respectively the blue
and red peak above the dip, angle andvq respectively the
velocity of the blue and red peak. The velocity dispersiois
obtained from the FWHM of an optically thin line.

Adopting the>*SO 3, - 23 line as an optically thin tracer, the
velocity dispersion in the circumstellar material is estied to

& Reference lines are optically thif*SO and H**S line emissions
b doubtful line
¢ doubtful line

5. Analysis be 5.5 kms! and the source velocity to be 99.2 km sThe de-
) ) rived infall velocitiesvi, are 21, 18 and 29 kms1, calculated
5.1. Line Asymmetries respectively for the CS32, 5—4 and BS 159 — 11 line emis-

Analysis of the line profiles can reveal the presence of autflo Sions. Using the following formula (where is the mean mass
infall or even rotation because of their known signatures (Sof the molecule and, the inner radius of the most outer layer):
Fuller et al.[2005, and references therein): outflow or roat
give rise to both red and blue asymmetric lines, while irfadi- o AT o> MNViy 3)
duces only blue ones. Indeed, the profiles of optically thiuks
from infalling material have stronger blueshifted emissiban the inferred kinematic mass infall rate (for a sizeq of
redshifted one. However, it is important to stress that owtr 3.4 137 cm and a densityr of 2.5 1¢ cm3, cf. Table 4) is
rotation could also produce a blue asymmetric line profilmgl 5.8-9.4 102 My/yr.
a particular line of sight to a source.

To quantify the asymmetry of a line, we yse Mardones e
) criteria: we calculate the asymmetry parameter

t q5l3 Outflows in the other sources or multiplicity effect ?

The SO 3-2;3 lines towards IRAS18162048 can be fitted with
two Gaussians of FWHM line widths of2and 26 km s (see
Fig. E). The CS 7#6 line emission can be fitted by two Gaussians
wherevnick andugin are the line peak velocity respectively of artoo: one of 1 kms! broad, the other one of. @ kms?. The
optically thick and thin tracer, antivy , the line width (FWHM) optically thin H34S line can be fitted by two Gaussians of
of the optically thin line. FHWM 1.2 and 32 kms!, comparable to the components de-
Because not all the same lines are detected or observed irrigdd from the other lines. Moreover, it is interesting tdethat
sources, the diculty is to find a common strong optically thinthe two gaussian components are centered at velocitie® §hl
line, generally from isotopic species. We 8803, — 25 for 123 kmst) comparable to the velocities (Bland 128 km s1)
IRAS05358-3543 @ihin = —17.0 kmst, Avy, = 44 kms?), of the two major outflow components seen in CECO and
IRAS18264-1152 @unin = 436 kms?, Avy, = 40 kms?), C¥®O1 - 0 line emissions by Benedettini et]a[. (2p04). For
and W43MML iin = 99.2 kms?, Avy, = 55 kms?), and IRAS181264, the CS3 2 and SO 3 - 23 line emissions can
Hx3%4S 119 — 101 for IRAS18162-2048 ¢min = 121 kms?, be fitted with two Gaussians of twoftérent FWHM: 17 and
Avyjz = 1.5 kms?). Results are given in Tabl]; 3. 3.7 kms™. These two-components reveal the presence of gas
Negative values obv correspond to blueshifted emissiorflows, possibly an outflow towards objects IRAS181@R48
while positive values to redshifted one. Following Mardeneand IRAS182641152.
et al. (199J7) andl Fuller et pl. (2005), we adopt a criteriggf> Line emission profiles seen in the source IRASO53%4 3
0.25 to indicate that a line profile is asymmetric. Main concluexhibit a strong dip (especially for CS), even for the opljca
sions are that the source IRAS1828452 has quite symmetric thin isotopic species, which is hence not a self-absorgtian

Uthick — Uthin (1)

ov =
AV1/2
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Fig.6. Gaussian fit of the SO;3—- 23 line emission from
IRAS05358-3543, IRAS181622048 and IRAS182641152.
The observed spectra are in black, total fit in red, individoan-
ponents in blue and green.
10! 1 1 1

rather a the signature of two well separated velocity coreptm 10° L. (aU] 10
with FWHM around 26 and 29 kms™* (derived fromCS3-2 )

and SO 3 — 25 lines emission fitting, see Fi% 6). This couldFig- 7_.PIot of the density (top) and temperature (bottom) versus
be due to the outflow detected by Beuther dt pl. (2p02a) alhtg distance to the center for the 4 objects.

Beuther et dl.[(2002c) or to the multiplicity of the source it

self. IRAS05358 3543 is indeed composed of three mm sources

(Leurini et al.[200[7), all within our beam, mm1 being the mogarameters, we restrict our modeling to a simple 1D, radial d
massive, the other two being less evolved (mm3 is probablyséription of the sources. The assumed spherical symmetheof
starless massive core). Actually, the component at —16 kmsources is acceptable if we restrict our study to the modecul
is at the same velocity as the source mn2 (Leurini [t al.|200fhe emission modeling coming from cold gaB & 100 K) as
Hence the profile may result from the source multiplicity. Marseille et a). [[2008) showed it for the massive dense case.c

6. Modelling the continuum and the molecular 6.1. SED distribution

emission of the sources We use the radiative transfer code MC3D (Wolf gf al. 1999%sin i
We use the modeling method describefl in Marseillelef al.420QALD version to model the SED. The model parameters are taken
and originally developed by Hogerheijde & van der|[Tpk (2000from literature (distanced, power law indexp, for density dis-

It consists, in a first step, of constraining the physicalatire tribution, heating source temperatule, and source sizesg,

of the source using a modeling of the SED, and in a second sthp total luminosityl). The parametep, which defines the den-
of applying the obtained physical model to derive abundancsty distribution through a power law in the forpfr) « rP, was

of the observed species. In order to reduce the number of faerived by| Beuther et hlf (2042c) apd Motte gt pl. (2003) from
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IRAS 182641152 Table 4. Summary of results from dust continuum emission

© T @ 73 Mmodeling (above mid-line) and from molecular line emission
B [y CS(3—2) 1 B c*s(3-2)] modeling (below mid-line). Oferent turbulent «) or infall
©r E N 7 (vintan) Velocities are used to reproduce th@elient line emis-
& oLr E & . 1 sions from each source.
0 L m ]
e L ] e r ]
; ok - Source | WASMMI] 18264 05358 18162
o k r ] d (kpc) 5.5 3.5 1.8 1.9
5 i S R L (10°Lo) 2.3 1.4 0.7 2.9
o F = 30 40 50, 60 T. (10* K) 3.0 2.9 2.6 3.0
. ] Vier (km.s ™) rout (10* AU) 2.5 2.7 2.1 2.6
o «f ) -2.0 -15 -1.4 -2.1
= nofl(10%) 40 1.0 0.3 6.1
R rsubDﬁAU) 4.9 265 201 272
F -0.54 -0.61 -0.62 -0.60
ok ] B 3.55 4.05 3.99 4.04
< F ] e (TY (K) 20.0 32.6 31.1 35.6
] i o 1 Tout (K) 14.2 24.6 24.1 27.2
s C7S(7-6) (ny (10° cnm3) 11.8 2.6 0.2 1
~ o — [ ] M (My) 4100 1200 400 570
= = L v; (km/s) 0.8-1.5 0.7-1.3 0.7-26 0.5-1.8
2 2o Vinfai (km/s) | -(3.5-0.5)
o
a source description from Motte et al. 2003
N L i T Y b from Beuther et al. 2002, excepted for W43MM1
30 40 50 60 |30 40 50, 60 ¢ density at 100 AU
Vi (km.s™) Vi (km.s™) 4 Log(T) = a Log(r) + 8
Fig. 8. Fit of the CS lines emission from IRAS18264152. The
observed spectra are in black, fit in red. for the line emission widths seen in massive protostarss T

add a turbulent velocity field characterized by a rms vejagit

for each transition of each molecular species (actually &S
fits to the millimeter continuum emission maps. Concernirgy t are the most sensitive to the gas components in our model). In
source size, we adopt systematically the size of the camtinu the case of W43MM1, where asymmetric profiles possibly due
mm-wave emission, deconvolved by the beam. These valuesigrénfall are detected, we introduce a radial velocity fiehatt
summarized in Tablf] 4. The actual value used for the inner fallows a law in the formvns = vo/ Vr/rou, and fit the asym-
dius of the physical structure has virtually no observatilece metry parameter with dierent values ofy for each transition
on the results, we therefore adopt for the inner radiyg)(the and molecular species. Concerning the other sources, viigen t
radius of dust sublimation taken at 1500 K. line emission profiles are clearly asymmetric, we are nat &l

The fit of the millimeter and submillimeter SED of eacH€produce those line profiles because:

source allows deriving the best temperature and distobatby
iterating on the total mass which is controlled by the valiitne
densityng at reference radiug taken equal to 100 AU, and on
the average temperature. The values obtained, with measi-den
ties and temperatures of the sources, are reported in ﬂ[&b‘ld 4
shown in Fig[}r.

— the modelling does not take into account the sub-structure

(i.e. multiplicity of the massive dense cores, as for

IRAS05358-3543) which is hence not reproduced correctly

in the derived source model,

— outflows are not included in the model while they strongly
influence the line profiles.

Some results for CS in the source IRAS1826452 are shown
in Fig.[3.
The physical description of the sources obtained from thB SE
modelling is then used to model the molecular emission. Viée u
the RATRAN radiative transfer code developed by Hogerleeij
& van der Tak |(2000). We build data cubes with a velocity regxn overview of uncertainties in the modeling process that we
olution equivalent to the observations, and with a highispatused shows that precision on our abundance results are influ-
resolution (0.8) which are convolved with the beam sizes of thenced by four main points: the signal-to-noise ratio, thtalto
observations for a direct comparison with the observedtepecmass of the source in the model, its temperature and the pop-
We adopt constant abundances for the RATRAN modeling. Theations of energy levels of the molecule studied. Furtioeen
abundances of all species are derived independently for@ac an absolute error comes from the uncertainty on the dust-opac
served transitions of each species. Then tifeint abundancesity at millimeter wavelengths, but it disappears in the ecihbf
obtained for each particular species are interpreted astalueour work where the use of the same radiative transfer code and
change in abundance as a function of the excitation temperatthe same modeling process keep the comparison between each
and therefore as a function of depth into the sources. sources relevant. While signal-to-noise ratio is dire&tipwn

The line profiles observed are alsfieted by gas motions, from observations, the other uncertainties have to belddtand
particularly through the turbulence which is mainly resgibfe derived to determine how important they are.

6.2. Modeling of the molecular emission

.3. Uncertainties
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Table 5.Molecular abundances derived for all species within theuw4es. The temperature of the layer where most of the emissio
comes from is given. The column 4 gives the line whose enmisisidthe strongest at this distance. Abundances for othecesu
(from the literature) are given in the columns 9, 10 and 1Ictanparison. AFGL2591 is a mid-IR bright HMPO, G31:4131 a
hot core, and IRAS16293 a low-mass protostar.

Source W43MM1 18264 05358 18162 AFGL259F G31.4P 16293
Abundance T ad Line
(x101)  (K) (10° AU)
x(CS) 60 5.9 3-2 36 4.0 2.3 - 100 70 5100
75 4.9 5-4 30 0.26 1.3 1.0
96 3.3 7-6 160 1.1 - 4.6
Y(CFS) 60 5.9 32 18 032 027 -
96 3.3 7-6 8.0 0.50 - 0.27
x(0OCS) 72 5.2 8-7 92 2.5 2.4 1.4 100 40 10000
76 4.8 13-12 37 2.4 0.92 1.2
96 3.3 19- 18 130 1.1 3.7 3.3
Y(©OC¥Sy 72 52 87 46 <0.07 <035 <0.25
Y(HS) 60 55 To— Lot 3.0 13 12 31 80 > 30 5300
96 3.3 20— 211 4.0 0.15 0.51 0.30
Y(HFS) 60 55 To— Log <0.19 011 <0.13 021
Eo) 51 8.7 3-2 16 1.7 38 47 100 40 17000
62 6.4 B5-4s 0.90 0.48 1.1 2.4
75 4.8 G — 54 0.70 0.57 0.8 1.8
96 3.3 8-77 24 0.64 - 3.6
YC%S0) 51 8.7 3-2 0.80 011 033 <0.06
96 3.3 8-77 <4.0 <1.0 - <0.5
x(SO,) 57 7.2 95— 404 2.0 0.42 0.62 1.7 20 120 5400
71 5.3 1Q10 — 910 1.8 036 052 0.70
76 4.8 1311 — 10010 - 0.38 - 1.76
112 2.7 1414 — 13113 - 2.0 6.4 7.6
112 2.7 1818 — 17117 160 <6 - 10.6
180, 57 72 55— oa <033 <044 <16 <022

a Mean abundances from van der Tak et al. 2003

b Mean abundances from Hatchell et al. 1998

¢ Mean abundances from Wakelam et al. 2004a

4 indicative corresponding distance to the center for theclRAS181622048

At first, mass uncertainty comes from measurements of thedels. Furthermore, we note that optically thin emissi@s w
flux at millimeter wavelengths. Considering calibratiomogs, assumed, whereas some of them are clearly thick (see E})Ie 10
we can assume that this value is known with a 20 % accuihat is why abundances derived in this case must be treated as
racy. Error on temperature is directly linked to this firstoer order of magnitude indicative values.
in addition with the little variation of the bolometric lumasity
induced. Nevertheless, results of the radiative transfedets
show that extreme cases make the temperature varying by $% Molecular abundances: results

at the maximum, and tend to compensate first error in the toﬁaH :
e derived abundances for each molecule and each source are

mass. Even if temperature does not change a lot, its influsmce_. . X .
energy level popul%tions, combined with t%tal mass (herge d 9"VeN IN TabldJ5 for dierent layers. Each layer is characterized

sity) uncertainty, can be strong enough to be significanés€h by a temperature (and of course by a density, but the popalati

uncertainties are dependent on the molecule studied anichthe of high-energy levels 'S sensitive to the. temperature farsde
sition observed. As we noted previously, the errors can b gas tracers). We also give the strongest line emission thether

sate themselves, especially when variation of the levetggne (?(L)’tttg; (i:r?lIJ:riseﬂlalr\]/(zjs%rsetﬁ)e(cgr?grw%; ?ﬁ;’?{al learyIZ\r/Se)I. Ol&ef thama-tr
populations of a transition are going the same way. PC 9. IS In€ energy of the upp .
sition. Obviously emission lines coming from warmer region

Finally, we derived rough values of uncertainties by tegtikMOre than 120 K)e.g. involving higher upper energy levels,

temperature and energy level population variations indume are missing to probe the most INNET regions. . .
flux errors at millimeter range. Results show that our modeli ~ The HS abundance is roughly the same in the 4 objects
process has a relative precision between 25 % and 30 %, depéiddied (16 — 3.6 10') in the outer region T ~ 60 K),

ing on the considered molecular line emission. This range iowing more variation (@6 — 4 10%) in the warmer inner
values does not take into account the signal-to-noise oétioe  Parts T ~ 100 K): in IRAS182641152, IRAS053583543
observations. Concerning $®ansitions, populations of the en-and IRAS181622048, the abundance is one order of magnitude
ergy levels are varying widely, making the uncertainty @ae lower while it remains constant in WA3MML1.

up to 40 %, even 70 % for the 5 — 404 Where populations An obvious trend is seen for SQlikely because the energy
have an opposite behaviour against temperature varidtians ladder of this molecule is best sampled. Its abundance ghigu
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versus the energy of the upper level of the transition given $hock chemistry might contribute to the Sformation process.

Table[} for the 4 sources.

constant (or decreases for W43MM1) in colder lay@rs<( 80

K, eg.> 5 10° AU for the source IRAS181622048, and k, < \ ! _
35 K), then increases by one order of magnitude in warmer |d¥een its molecular spectrum and the one of typical massive h

ers (hence outer to more inner pars)). ~ 3 16° AU for the

and IRAS05358 3543 exhibit the same abundance variations for
SO and SQ.

In the three less evolved objects, CS and OCS are the most
abundant species in the colder outer region while it is SO for
IRAS18162-2048 (for that source OCS is less abundant than SO
and no CS 3-2 has been observed); Béing the least abundant.

Reproducing the whole CS and4S emission is impos-
sible with the same isotopic ratio for all the sources.The de
rived isotopic ratio §2S/34S] is 9 — 12, 10- 15, 15— 20
and 20 respectively for IRAS05358543, IRAS182641152,
IRAS18162-2048 and W43MM1. The Solar system abundance
ratio is 22.5 (Kahane etfdl. 1988), hut Chin e} al. (1996) tbun
ratios increasing from 14 to 35 with the distance to the Galac
center, but this is in contradiction wifh Nilsson e} &I. (B)&ho
derived a ratio of 11 towards the very distant source W49N.

7. Discussion
7.1. W43MML1: a special case

W43MM1 is clearly diferent from the other sources, with the
highest abundances (relative te)tdf CS, OCS, SO (except in
the flattening region); the SCabundance in W43MML1 is the
highest in the warmer inner part. Moreover the plots (see@g
and) of the CS and OCS molecular ratios relative 48 Hn-
derline this dfference, showing high ratios for that source com-
pared to the others.

The reason might be that W43MML1 though being a very
young source has already developed a hot core with tempera-
tures larger than 200 K (e.g. GBN lines observed by Motte
et al.[200B). This hot core region might also be at the oridin o
the unidentified lines described in Sgct] 4.1. The presefiteéso
hot core might also explain the high abundance gldnd OCS
molecules which evaporation from grain surface could be im-
portant [Wakelam et §l. 2004a), and consequently the high-ab
dance of SO. The CS case idfdrent because this molecule is
already present in the gas before the evaporation. Acttiadly
CS chemistry is closely linked to the atomic carbon abundanc
which might be higher in W43MML1 than in the other sources.

The very high S@ abundance close to the center of
W43MM1 may be due to strong shocks occurring in the inner
part of the envelope. The fact that W43MML1 is a very young
source (as indicated by the possibly detected infall, sex. Se
@) suggests that this massive dense core harbors one-or sev
eral high-mass protostars with powerful outflows, which Imig
induce shocked regions. Strong shocks can convert SO ingo SO
(see[Hatchell et d. 19p8), leading then to a ratio of uniy, a
observed in the other sources where the process has already
taken place, transforming the ratio all across the enveldpece

Actually, IRAS05358-3543 harbors a hot core too (Leurini
et al.[200}), but very likely more compact than the one of
W43MM1 (Motte et a]{2003), hence more diluted in the beam
of our observations. Moreovdr, Leurini et gl. (2D07) sugegs
that the IRAS053583543 hot core might not produce a very
rich chemistry (indeed, these authors underlindgfédénces be-

cores).

same source. Concerning all the other molecules, as fearmr tr

sitions have been observed, i.e. the energy ladder is not copm,
pletely covered, no obvious trends are seen. In spite of an in"—"

Molecular ratios as a diagnostic tool of evolution ?

suficient energy coverage, the derived OCS abundance mi§uiphur is released into the gas phase in the form&,kvhich
weakly follow the same trend as seen for CS, except in thesouis subsequently transformed into SO and later into, S
IRAS18264-1152. We note that the sources IRAS1826452 neutral-neutral reaction at 100 K on time scales~ofl0® yr
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excited in the 75 K layer). Figurds]10] 1] 12 4n}l 13 show that
some global trend appears, either a decrease or an incrigase w

the evolution, but depending on the layer.

We first compare the molecular abundances relative,® H
whose abundance is assumed to remain globally constant dur-
ing the studied evolutionary period and hence comparabta fr
source to source. In the colder regioh & 60 K, Fig. ),
the [OC3H,S] ratio is clearly decreasing from W43MM1 to
IRAS18162-2048 by a factor 10. This trend is also visible for
CS. The [S@H,S] and [SQ/H,S] ratios remain roughly con-
stant; a small increase might actually be present for SO. In
the inner, hence warmer, part of the envelofe £ 100 K,
Fig.), drawing conclusions is mordfliltult, because not all 4
sources were observed in the same transitions. Moreo\an,ag
W43MM1 stands out as it shows the highest ratio (except for
S0), independently of the trend seen for the three other ob-
jects. Actually, according to the temperature and densgiyie

Fig. 10. Abundance ratio of OCS, CS, SO and Se@lative to butions derived by our model (see F[§. 7), the 100 K layer for
H>S for each source in the layer &t= 60 K. The sources are W43MML is closer to the center of the massive core than in the

ordered according to the SED classification.

-
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1
W43MM1

2
18264

3
05358

4
18162

other sources, and moreover corresponds to a higher deBisity
the other reason could be that the hot core is dominatingcéien
considering the three other sources, an increase of fferelit
ratios relative to HS from IRAS181264 to IRAS18162048
is seen. Comparing the 60 and 100 K regions, the mdferdi
ence is for OCS and CS: ratios are decreasing at60 K, but
increasing at higher temperature.

Relative to OCS (FigBZ), the abundance of CS does not
show any trend, neither at 76 K nor at 96 K. At 7075 K,
the [SQOCS] and [SQ/OCS] ratios increase by at least one or-
der of magnitude along the derived evolutionary track. ghleir
temperature, hence in the inner regions, the same trend-is ob
served for the [S@DCS] ratio, while [SQ/OCS] remains ap-
proximately constant.

For both probed layers, the [30] and [SQ/SO] ratios de-
crease (Figl 13), the variation being more important at 60 K.

Cross-comparison of the plots for outer regions reveals tha
the OCS (and maybe CS) abundance (relativei8)Hlecreases
while the SO and S@relative abundance (compared to other

Fig. 11. Abundance ratio of OCS, CS, SO and Sflative to molecules) increase along the object evolution. This tisihess
H,S for each source in the layer&t= 100 K. The sources are obvious at higher temperature, maybe because in thesensegio
ordered according to the SED classification. the H'S transformation process into SO and,§@akelam et g.
R004Hp) is becoming lesfieient, as it gets close to the comple-
tion: thenew SO and S@molecules have already been produced
(Wakelam et gl. 2004a). The initial destruction of$y HsO*  in the inner parts. This hypothesis is strengthened by tlyeta
is even more ficient in the high-mass objects than in low-mas§0, abundance measured in all the objects for the larger temper-
protostars, as water is more abundant here[(see van der @jk etures,i.e. in warmer environments. Nevertheless, any conclu-
R006). At higher temperature £T300 K), H;S can be produced sions for inner parts are tricky, because of the incompletegy
again. Once in the gas phase, OCS is destroyed later thg&n Fadder coverage of our observations and so the lack of vety hi
(by SF and cosmic rays). CS destruction at low temperature prenergy transitions.
duces SO and SQoo, while CS is produced again at higher
temperature from OCS. The time dependence of these proc
might allow us to see an evolution of the abundance along t
protostar evolutionary track. A comparison between abundances derived for low- and high-
Actually no evolution is obviously seen for the abunmass protostars is not straightforward, because of thierdnt
dances relative to & even if they difer significantly from composition of the ices (from which4$ evaporates) and of the
source to source. Nevertheless, W43MML1 shows larger abwifferent physical conditions (density and temperateigeden-
dances of CS, OCS and SO compared to IRAS1828%2 and sity can be two orders of magnitude higher for the same tem-
IRAS05358-3543 (see Sect. 6.4). perature) as stressed py Wakelam gt [al. (J004a). Nevesthele
We have investigated possible correlations of the molecurﬁableﬂs also gives abundances for AFGL25091 (van der TaK et al.
abundance ratios with the order of evolution of our 4 objémts ), amid-IR bright HMPO (Lp 2 — 10 times larger, warmer
two different layers: one arourid= 60— 70 K and a more inner SED with higherFi, and Fzs/Fota), hence more evolved ob-
one around = 100 K. To be coherent, we only consider valuect, and G31.4i8), a massive hot core
derived for the same layer, i.e same temperateite ffansitions and IRAS16293|(Wakelam et [dl. 2004a). We stress that those
CS5-4 and OCS 13- 12 with B, = 24 - 37 K, hence mostly values are mean abundances across the whole envelopes Value

Z.e.ss’? Comparison with previous studies
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i (CS+SO+SG,+H,S+0OCS) can  be estimated to be

2 10° — 5 108, several orders of magnitude lower than
_ - the corresponding solar abundance (3.4°1Gnd the value
P et -4 derived in the low-mass hot core IRAS16293 by Wakelam kt al.

| (004}) (2.8 16F). It is likely that we do not probe the very

- inner parts of the protostars where the S-bearing molecules
1 are fully evaporated from the grain mantles. Hypothesis to
explain such depletion of sulphur (including the one prasly
mentioned) will be explored in another paper on the chemistr
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Fig. 12. Abundance ratio of CS, SO and $@elative to OCS We have presented here new observations of sulfur-bearing

for each source in two fierent layers. The sources are orderedP€cies toward 4 massive dense coresfefint gas com-
according to the sED classification. ponents, revealing outflows or multiplicity, are detected i

IRAS05358-3543, IRAS182641152 and IRAS181622048.
A strong infall of more than 2 knt$ towards W43MM1 might
for AFGL2591 and G31.41 der a lot for HS and SQ (by be observed, leading to an impressive kinematic mass af!l
at least a factor 10) but are comparable for CS, OCS, and $G3MM1 study shows that hot core may appear earlier than ex-
to the abundances found in W43MML1. The other sources frgpected in the evolution.
our sample exhibit abundances one or two order of magnitude An evolutionary classification derived from the calculated
lower. Abundances in low-mass protostar are £QD00 times SEDs is proposed, from W43MM1 to IRAS181-62048, and is
larger. Clearly the same set of lines has to observed towlaeds likely to be observed in the molecular abundances too. Mae p
sources and the same modelling applied in order to be abke todisely, molecular ratios like [OQH,S], [CFH,S], [SQOCS],
compared with our sample. [SO,/OCS], [C3SO] and [SQ/SO], using low energy transi-
The sulphur chemistry was studied py van der Tak ¢t d@lons, might be good indicators of evolution depending on la
) in the envelopes of more evolved massive protostelirs probed by the observed molecular transitions: obviensls
object,mid-IR bright HMPOs. The abundances they derived ar@long the massive core evolution are seen for colder outer re
10 - 100 times higher than ours (see Taﬂle 5). They concludgibns at 60 K, but drawing definitive conclusions is morgidi
that shock chemistry is unlikely to contribute and that O€8 i cult for the inner regions. Observations of molecular eriss
major sulphur carrier in the ices. The molecular ratios coteg from warmer layers, hence implying higher upper energy lev-
from their work do not show significant variations from saurcels are mandatory to include. A follow-up with APEX teleseop
to source. should be made to have access to these higher frequencies. Of

8. Conclusion
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course, the source multiplicity due the distance is prolbl&n Wwakelam, V., Caselli, P., Ceccarelli, C., Herbst, E., & @&stA. 2004a, A&A,
and only ALMA will provide a definitive answer. 422,159

i ; ; ; kelam, V., Castets, A., Ceccarelli, C., et al. 2004b, A&A3, 609
Nevertheless, a specific chemical modelling will be done fR\%‘ialliams J. P., Blitz, L., & McKee, C. F. 2000 Protostarsjaﬁ?’lanets v, 97

these sources in a forthcoming paper (Wakelam et al., ingpref\oii ‘s 'Henning, T., & Stecklum, B. 1999, A&A, 349, 839
ration) in order to explain the observed molecular ratios @n Yamashita, T., Suzuki, H., Kaifu, N., et al. 1989, ApJ, 34948
try to date the studied objects.
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Fig. 14.Normalized emission of CS, 1%, OCS, SO, S@(and isotopic species) lines from W43MML1. Spectra velo@folutions
are 0.10-0.19 km's. The dashed line shows the source LSR velocity.
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Fig. 15. Normalized emission of CS, 4%, OCS, SO, S©(and isotopic species) lines from IRAS18264.52. Spectra velocity
resolutions are 0.10-0.19 km's The dashed line shows the source LSR velocity.
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Fig. 16. Normalized emission of CS, 4%, OCS, SO, S®(and isotopic species) lines from IRAS0535543. Spectra velocity
resolutions are 0.10-0.19 kmis The dashed line shows the source LSR velocity.



F. Herpin et al.: S-bearing molecules in Massive Dense C&@akne Material p 6

1 E LI ‘ I L L
L — cs7-6(/38) iras18162 -+
L — ™s7-6(/0.4) b

34,
—Hp S 135-1q (/0.58)

< L i
~ 0.5 —
= L i
B | - -
O HP
1 - —
| — 0CS 19-18 (/0.55) i
< L i
~ 0.5 —
= L i
B | - -
0
1 [ } T ‘ T T T T ‘ T } T T ‘ T T T T ‘ }
| ——SO0 65—5, (/2.82)
L ——SO0 Bg—7y (/0.79)
< L
~ 0.5
= L
B | -

Visp(km/s)

Fig.17. Normalized emission of CS, 4%, OCS, SO, S®(and isotopic species) lines from IRAS181&048. Spectra velocity
resolutions are 0.10-0.19 km's The dashed line shows the source LSR velocity.



F. Herpin et al.: S-bearing molecules in Massive Dense C&@akne Material p 7

Table 6. Observed line emissions parameters for W43MML1. Widths( is the linewidths at & level; Avy), is the half
power linewidth) and line fluxes are derived from gaussia(§everal components) made with CLASS software. For the non
detection, &r upper limits are given.

Species  Transition Av Tmb o f Tmpov Avs,  Avy,  comment
km/s K mK K.km/s kmys  km/s
CS 3-2 9.3(0.2) 4.01 36 22.90(0.15) 15.69 9.21
5-4 9.68(0.04) 6.85 62 61.6(0.3) 1450 936 2
7-6 4.2(0.3) 1.2 255 5.4(0.7) 45 4.5 b
C3s 3-2 5.69(0.02) 2.12 42 12.96(0.06) 11.23 6.02
7-6 6.1(0.3) 1.05 269  4.8(0.2) 2.7 5.6
SO 3-23 6.10(0.01) 2.66 23 17.52(0.03) 13.24 6.62
56 — 45 4.40(0.06) 1.14 65 5.10(0.07) 7.22 451
65 — 54 2.6(0.1) 0.8 85 2.01(0.09) 3.47 2.54
8 — 7+ 54(0.3) 06 184  2.8(0.1) 5.4 54  weak det.
S0 3-23 5.6(0.1) 0.39 26 2.42(0.04) 10.22 5.52
8 — 77 197 < 0.009 no det.
SO, 515 — 404 5.05(0.1) 0.52 38 2.33(0.05) 8.63 3.91
10010 — 910 5.1(0.3) 0.33 43 1.41(0.06) 8.02 4.0
111‘11 - lQ)’lo 47 <0.006 no det.
140’14 - 13143 60 <0.01 no det.
1815 —171; 7.8(0.3) 023 80 1.89(0.07) 7.8 7.8
284’24 - 28325 60 <0.01 no det.
33350, 515 — 4o4 32 <0.006 no det.
OCS 8-7 6.51(0.02) 0.90 11 6.20(0.02) 13.10 6.55 a

13- 12 457(0.03) 158 39 7.33(0.05) 872 451
19-18 5.37(0.02) 1.92 35 10.46(0.04) 11.03 5.01

0CHS 8=7 726(0.03) 014 7 113001 1363 692

ERS To-T: 9102 106 72 12520%) 1250 276 @
2,0-21.  415(0.04) 126 45 540(0.05) 7.62 4.11

H234S 1]“0 - 10’1 72 <0.01 no det.

a self-absorption adseurce
b line blend with HCO line from image band.



F. Herpin et al.: S-bearing molecules in Massive Dense C&@akine Material p 8

Table 7. Observed line emissions parameters for IRAS182842. Widths fvs, is the linewidths at & level; Avy, is the
half power linewidth) and line fluxes are derived from gaasdits (several components) made with CLASS software. For th

non detection, & upper limits are given.

Species  Transition Av Tmb o f TmedV Avs,  Avipz comment
km/s K mK K.km/s km/s  km/s
CS 3-2) 4.19(0.01) 7.2 54  31.49(0.07) 10.28 4.01
5-4 2.97(0.03) 2.26 45 6.81(0.05) 7.32 2.81
7-6 3.2(0.8)? 0.6? 500 1.9(0.5)? ? ? b
C3s 3-2 3.67(0.04) 164 42 6.02(0.05) 8.32 3.41
7-6 5.1(0.5) 0.34 111 1.1(0.2) 3.7 4.7  tentative det.
SO 3-23 3.27(0.02) 3.11 44 10.38(0.05) 7.32 321
56 — 45 2.98(0.02) 2.33 53 7.08(0.05) 6.42 2.81
65 — 5, 6.2(0.1) 1.72 45 11.8(0.2) 11.36 7.62 a
8 — 77 4.1(0.4) 0.44 116 1.3(0.1) 2.2 4.8 weak det.
S0 3 -2 3.02(0.2) 019 39 0.60(0.04) 401 4.01 d
8 — 77 132 < 0.006 no det.
SO, 515 —4o4 3.30(0.3) 0.24 33 0.91(0.05) 5.91 5.59
10010 — 910 2.9(0.2) 0.19 34 0.50(0.03) 3.03 3.03 weak line
1141 - 1010 4.1(0.1) 0.40 41 1.56(0.04) 7.02 3.31
14014 — 13113 3.9(0.3) 0.34 59 0.99(0.07) 3.95 3.95
180‘18 - 171‘17 79 < 0.004 no det.
284’24 — 283,’25 63 <0.01 no det.
S0, 515 — 4oa 64 <0.01 no det.
OCS 8-7 3.73(0.1) 0.18 5 0.71(0.01) 9.19 3551
13-12 3.3(0.1) 0.41 46 1.35(0.05) 413 3.58
19-18 2.7(0.1) 0.20 34 0.49(0.03) 3.21 3.21 bad data
OC¥s 8-7 4 <0.001 no det.
H,S Lio— 101 3.63(0.04) 194 59 7.32(0.06) 7.22 3.61
20— 211 2.5(0.3) 0.14 28 0.33(0.03) 5.51 2.81 ¢
H,%*S Lio— 101 2.7(0.1) 0.35 60 0.68(0.06) 3.72 3.72

a self-absorption adseurce

b line blend with HCO line from image band.

¢ unidentified line @ 34.87 kifs (216.716 GHz).

d 4 other line @ 29.1 km$ (135.78223 GHz), i, = 0.14 K, 6v = 1.1 kms?, mechu =017 Kkm=s1?
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Table 8. Observed line emissions parameters for IRASO53B!3. Widths fvs, is the linewidths at & level; Avy, is the
half power linewidth) and line fluxes are derived from gaasdits (several components) made with CLASS software. For th

non detection, & upper limits are given.

Species  Transition Av Trb o f Tmpdv Avs,  Avipz comment
km/s K mK K.km/s km/s  km/s
CS 3-2 5.54(0.06) 7.92 35 29.75(0.02) 11.07 2.77 a
5-4 3.60(0.10) 5.14 59 16.64(0.07) 7.37 3.31 a
7-6 no data
C3s 3-2 4.30(0.16) 159 24 4.10(0.01) 7.12 2.51 a
7-6 no data
SO 3 -23 3.97(0.05) 2.42 45 11.46(0.01) 842 471 a
56 — 45 3.31(0.05) 2.29 63 7.09(0.06) 6.62 291 a
65 — 5, 2.81(0.08) 0.99 60 2.82(0.06) 454 2.81 a
8 — 77 no data
S0 3 -23 4.47(0.35) 0.26 50 1.1 4.13 4.4 a
8 — 77 no data
SO 515 — 404 4.9(0.2) 0.31 36 1.48(0.05) 5.91 455
10510 — 919 3.9(0.4) 0.24 49 0.70(0.06) 1.90 4.81
11]“11 — 100’10 55 <0.01 no det.
14914— 13,13 3.89(0.3) 0.50 68 1.49(0.09) 411 3.41
1&),18 — 171’17 no data
284’24 - 283,‘25 45 <0.008 no det.
34802 515 — 40y4 25 <0.005 no det.
OCS 8-7 4.69(0.05) 0.27 10 1.29(0.01) 12.9 5.01 a
13-12 3.08(0.05) 0.20 27 0.58(0.05) 3.11 3.01 a
19-18 5.2(0.2) 0.46 58 2.01(0.06) 5.61 5.51 a
OC®**s 8-7 10 <0.003 no det.
H,S Lio—1o1 4.8(0.15) 256 53 9.36(0.15) 8.46 3.03 a
20— 211 2.98(0.15) 0.37 44 0.89(0.04) 3.91 3.41 a
H,%*S Lio—1o1 1.2(0.3) 0.24 77 0.25(0.05) 0.83 1.01  very weakfine

a self-absorption adseurce

b detected at@ with two peaks @-15.57 and-16.21 ks
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Table 9. Observed line emissions parameters for IRAS1818®28. Widthsfuvs,, is the linewidths at & level; Avy,; is the
half power linewidth) and line fluxes are derived from gaasdits (several components) made with CLASS software. For th

non detection, & upper limits are given.

Species Transition Av Trb o f Tmpov Avs,  Avyp comment
km/s K mK K.km/s kmys  km/s
CS 3-2 no obs.
5-4 2.93(0.01) 7.41 38 22.10(0.03) 6.78 2091
7-6 2.46(0.04) 4.05 237 9.3(0.1) 408 2.14
C3s 3-2 no obs.
7-6 2.1(0.3) 0.47 116 0.87(0.06) 1.17 2.63
SO 3 -23 2.24(0.01) 5.27 40 12.00(0.04) 6.46 2.10
56 — 45 2.20(0.01) 5.22 45 11.31(0.03) 542 484
65 — 5, 2.24(0.03) 2.80 79 6.25(0.08) 452 1.78
8 — 77 2.2(0.2) 1.04 230 1.7(0.1) 1.1 1.7
S0 3 -23 38 <0.007 no det.
8 — 77 123 < 0.006 no det.
SO 515 —4o4 3.3(0.1) 0.72 34 1.86(0.04) 6.46 1.68
10510 — 919 1.69(0.07) 0.43 33 0.75(0.02) 239 1.75 a
1155, - 10y30) 3.86(0.08) 1.14 35 4.20(0.07) 7.88 3.49
14914 — 13,13  3.63(0.09) 1.02 59 3.71(0.07) 581 3.68
1&),18 — 171’17 12(05) 0.13 75 016(005) 3.7? tentative det.
284’24 — 283,‘25 42 <0.007 no det.
34802 51,5 — 40y4 38 <0.007 no det.
OCS 8-7 3.5(0.1) 0.12 8 0.40(0.01) 717 3.10
13-12 4.7(0.5) 0.23 51 0.75(0.06) 285 6.26
19-18 5.12(0.08) 055 33 2.53(0.04) 755 4.55
OC®**s 8-7 9 <0.003 no det.
H,S Lio—1os 3.46(0.02) 2.92 50 10.00(0.05) 8.0 3.36 a
20— 211 3.2(0.3) 0.24 24 0.78(0.07) 426 297 b
H,3S Lio-1os 2.3(0.1) 0.60 65 1.15(0.06) 258 1.55

a self-absorption adseurce
b unidentified lines @ 21801026 and 2181.6 GHz (25 and 4 kis)

Table 10.Opacities derived from the modelling of the molecular einis®f the sources. "ND” stands for no data.

Lines W43-MM1 18264 05358 18162
CS32 52.0 16 045 ND

CS54 65.0 031 081 067
CS7-6 300 094 ND 28

C¥S32 2.8 018 009 ND

C¥S 7-6 16.0 051 ND 041
OCS 87 6.0 007 004 006
OCS 13-12 2.6 01 006 0.1
OCS 19-18 4.9 012 007 02
OCTS 87 0.4 003 002 005
H2S Lo — Tox 7.2 053 021 39

HaS 20 — 211 3.3 013 008 015
H2%S Lo — Los 0.36 011 004 048
SO3 - 25 6.3 025 032 036
SO 5 -4 0.72 021 015 039
SO 6 -5, 0.52 021 010 028
S0& -7 6.8 033 ND 059

S0 3 - 2 0.45 005 011 089
S0 § - 74 1.6 026 ND 29

SO, 515 — 4oa 0.42 006 003 008
SO, 10h10 - 910 0.33 0.06 003 004
SO, 11411 — 1010 ND 011 ND 0.3

SO, 14014 — 13113 ND 021 023 042
SO, 18015 — 17117 6.0 024 ND  0.22

3150, 515 — 404 0.18 0.61 0.02 0.03




