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ABSTRACT

Aims. Our current knowledge of high-mass star formation is maiaged on follow-up studies of bright sources found R4S, and

is thus biased against its earliest phases, inconspicudanfared wavelengths. We therefore started searchingnionbiased way
and in the closest high-mass star-forming complexes, fohtgh-mass analogs of low-mass pre-stellar cores and@laisgostars.
Methods. We have made an extensive 1.2 mm continuum mosaicing stuttyeo€ygnus X molecular cloud complex using the

MAMBO cameras at the IRAM 30 m telescope. The? imaged areas cover all the high-column density & 15 mag) clouds of
this nearby £ 1.7 kpc) cloud complex actively forming OB stars. We then coragaur millimeter maps with mid-infrared images,
and have made SiO(2-1) follow-up observations of the baslidate progenitors of high-mass stars.

Results. Our complete study of Cygnus X with 0.09 pc resolution provides, for the first time, an unbiasedsasrof massive
young stellar objects. We discover 129 massive dense deYeld i size~ 0.1 pc,M1 2 mm= 4 — 950 M,, volume-averaged density
~ 10° cm®), among which~ 42 are probable precursors of high-mass stars. A largedraof the Cygnus X dense cores/&of
the sample) remain undetected by M&X satellite, regardless of the mass range considered. Anfenmbst massive-(40 M)
cores, infrared-quiet objects are driving powerful outBanaced by SiO emission. Our study qualifies 17 cores as gaodidates
for hosting massive infrared-quiet protostars, while u@%ocores potentially host high-luminosity infrared pragos. We fail to
discover in the high-mass analogs of pre-stellar densesderé.1 pc,> 10* cm3) in Cygnus X, but find several massive starless
clumps ¢ 0.8 pc, 7x 10° cn®) that might be gravitationally bound.

Conclusions. Since our sample is derived from a single molecular complek @vers every embedded phase of high-mass star
formation, it gives the first statistical estimates of tHéatime. In contrast to what is found for low-mass class @ atass | phases,
the infrared-quiet protostellar phase of high-mass stag last as long as their better-known high-luminosity irdchphase. The
statistical lifetimes of high-mass protostars and préiesteores ¢ 3 x 10* yr and< 10° yr) in Cygnus X are one and two order(s) of
magnitude smaller, respectively, than what is found in Imgdow-mass star-forming regions. We therefore propose lilgh-mass
pre-stellar and protostellar cores are in a highly dynan@itesas expected in a molecular cloud where turbulent psgsedominate.

Key words. dust — Hu regions — ISM: individual (Cygnus X) — ISM: structure — stafgrmation — submillimeter
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™~ 1. Introduction ted by a newly-formed central star heats and ionizes itspalre
O ] i molecular cloud, leading to the formation and developméat o
i High-mass (OB,> 8 M) stars, though few in num- hot core (e.g[ Helmich & van Dishoek 1997) and afterwards an

O ber, play a major role in the energy budget of galaxd ; region (see a review By Churchwell 1999).
QOies. Our current understanding of their formation, howgver

—L_remains very schematic, especially concerning the earlies In the past few years, the progenitors of ultracompaat H
(O phases of the process. High-mass stars are known to form(WCHu) regions (sources that have not yet begun to ionize
C dense cores within_molecular cloud complexes, by accretititeir environment in a detectable way) have been searched
(Yorke & Sonnhalter 2002] Krumholz et al. 2007) #md coa- amonglRAS point sources. The criteria generally used aim at
lescence (e.d. Bonnell et al. 2001). The copious UV flux emigelecting high-luminosityx 10° L) stellar embryos embed-
ded in a massive envelope and associated with hot gas but

Send offprint requests to: F. Motte no UCHu region (see| Kurtz et al. 2000). In fact, most sur-

* Tables|]1{|2, Figﬂgl& and Appendices A and B are only-avafEyS focussed on retRAS sources Wi'gh_colors satisfyin_g the
able in electronic form at httgimww.aanda.org, Fits images associatel¥00d & Churchwell (1989) criteria (originally set for setig
with Figs.ﬁa—c and catalogs built from Tal £|1_2 can beiegérom UCH nregions) but not detected in radio centimeter surveys. The
the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130285) or via presence of an envelope arounditRaSsources is confirmed by
httpy/cdsweb.u-strasbg/fgi-birygcat?JA+A/. their association with high-density gas, and the existerfi¢et
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gas by the detection of a hot core and water or methanol masers
(e.g|Bronfman et al. 1996; Plume et al. 1997). In this waygst

ies by e.g.,| Molinari et al. (2000) and Sridharan et al. (3002
have identified massive young stellar objects harborindp-hig
luminosity infrared protostars (see algo Mueller et al.2200
Falndez et al. 20D4).

Such surveys are biased against younger and, thus prob-
ably colder, massive young stellar objects which could be
inconspicuous in the mid-infrared bands ORAS and the
Midcourse Space Experiment (MSX). These high-mass analogs
of low—mass class 0 protostars and pre-stellar cores (cf.
[ndré et al. 2040) should be best detected via far-infraced
(sub)millimeter dust continuum and high-density moleculg
line tracers. Serendipitous discoveries of a few infragatkt =
massive young stellar objects have been made in submidiimet
continuum maps (e.d. Molinari et al. 1998, Motte et al. 2003;
Sandell & Sievers 2004;| Hilletal. 2005) and as absorp-
tion regions in mid-infrared images (often called “infrdre
dark clouds”, e.g.| Carey etal. 2000;: Thompson et al.[2005;
Rathborne et al. 20P6). These studies suggest that, in ¢fe hi
mass star formation process also, infrared-quiet phasest mu
exist and be associated with significant populations of goun
protostars anr pre-stellar cores. The lack of statistics, homo-
geneity, and angular resolution of studies such as the above
however, prevents the determination of the basic chaiatitsr
of these infrared-quiet objects.

To make significant progress, one needs to search in a sys- 20"40™00° 20"30™00° 20"20™00°
tematic way for the earliest phases of high-mass star forma-
tion in nearby complexes. One of the most appropriate meth-
ods is to survey entire molecular cloud complexes in whidkig. 1. Extinction map of the Cygnus X complex derived by
high-mass stars are forming, using tracers of high-denkityds Bontemps et al. (in prep.) from the stellar reddening of back
and protostellar activity signatures. We therefore sthatenul- ground stars in JHK, using the 2MASS database and a pixel size
titracer study of Cygnus X, which is one of the richest molecwf 1.3'. The high-extinction regions are yellow and outlined by
lar and Hu complexes located at less than 3 kpc from the Sutihe 15 mag contour level. The three molecular cloud enseamble
The molecular cloud complex is massivex40° M) and ex- identified by|Schneider et al. (2006) are labeled and thebyear
tends over 100 pc in diameter (c{. Leung & Thaddeus 10992)Cygnus OB2 association is indicated. The fields mapped with
Found to be part of the local spiral arm, this complex hddAMBO or MAMBO-2 are schematically outlined and add up
been located at 1.7 kpc from the Sun by the recB@O to~ 3.
study of|Schneider et al. (2006). Cygnus X has a rich collec-
tion of Hu regions (see centimeter free-free emission maps . L :
by Wendker et al. 1991, and infrared images froASX pre- and search for signposts of protostellar activity inclgd®iO
sented in Figs. 7-9 of Schneider et al. 2006), indicating rBMission (a tracer of outflow activity) in Sefft. 4. Secfipuiéri-
cent high-mass star formation. It is associated with sé@ga U1€S 129 massive dense cores, among which 42 are probable
associations (sde_Uyaniker et al. 2001 and referencesiriperd’’€CuUrsors of high-mass stars. This unbiased sample ofgyoun

amongst them one of the largest in our Galaxy (Cyg OB2, §mbedded massive stars reveals 17 dense cores that are ex-
0)_ It also contains several well-known sives pellent can_dldates for harboring high-mass prc_)tostarim_lrt
young stellar objects like DR21, DR21(OH), AFGL 2591, S10dnfrared-quiet phase. The present paper also gives thesfast
IR, and W75N (e.g[ Smith et al. 199B; van der Tak et al. JLog8stical results on the lifetime of high-mass protostard are-
Bchneider et al. 20p?; Shepherd et al. 2004). Small partseof gtellar cores. Finally, Se(ﬂ_ 6 summarizes our conclusiand
Cygnus X cloud complex have already been observed Al}ppendlcesA_ and B describe our data reduction and source ex-
(sub)millimeter continuum emission (e]g. Chandler eta3h; traction techniques.
Richer et al. 1993; Vallée & Fiege 24q6; Davis et al. 2007).

The present paper tackles the following key questions: 0 qservations and data reduction
high-mass pre-stellar cores exist? What are the lifetinfes o
high-mass pre-stellar cores, infrared-quiet protostamd, high- 2.1. Imaging the entire molecular complex
luminosity infrared protostars? What are the main phygicad 2
cesses leading from pre-stellar objects to high-mass gate® 1he Cygnus X molecular cloud complex covers up~d0”
We report an extensive 1.2 mm continuum study of the Cygnus&€€ Fig. 1 of Schneider et al. 2006) but the sites of high-
complex complemented by SiO(2-1) follow-up observatiohs §aSS star formation are found in its highest-density parts.
the best candidate progenitors of high-mass stars. From ¥Yg thegefore used an infrared extinction map produced from
MAMBO-2 imaging (- 3*°) of the entire complex presented2ASS data (Cf. Fig[[L an Bontemps et al. in plep.) to select
in Sect.|]2, we make a complete census of the compact clotng high-column density4, > 15 mag) clouds of Cygnus X

fragments and larger-scale structures (déct. 3). We distetite  * The Two Micron All Sky Survey was performed by the University
main characteristics of these new millimeter sources ir.fec of Massachussets and IPARaltech and funded by NASA and NSF.
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to be mapped in millimeter continuum emission. Figljre 1 arabserving runs was between 110 and 130 K and the average rms
Bchneider et al. (20(6) show that the Cygnus X molecular coffior each data set is 0.03 K on a main beam brightness temper-
plex contains several ensembles of dense molecular cloadigre scale, taking arffeciencynyg of 0.78. The angular reso-
which extend over 50 parsecs. In the following, we use thdution of the telescope at 87 GHz is’29All observations were
name “CygX-North” for the north-eastern group of cloudsethi performed in position-switching mode witHfepositions a few
harbors the well-known sources DR21 and W75N, “CygXarcminutes away in azimuth. Pointing was checked regudantly
South” for the southern region containing AFGL 2591 andias accurate to within"3 Standard calibration sources were ob-
S106-IR, and “CygX-NW” for the north-western filamentaryserved regularly and were consistent within 10%. The data we
clouds. The mappings necessary to cover the high-column desduced with the IRAM software for spectral lines (CLASS); a
sity clouds of Cygnus X are outlined in Fiﬂ. 1 and cover a totalying first order baselines and averaging individual seeith

area of~ 3°°. rms weighting.

2.2. Dust continuum observations at 1.2 mm 3. Analysis of the 1.2 mm mapping of Cygnus X

The Cygnus X molecular complex was imaged at 1.2 m®1. Dust continuum images

with the MPIfR bolometer arrays installed at the IRAIG0 m . . . :
telescope at Pico Veleta (Spain). The passband of the MPIFRE 1.2 mm continuum images are presented in iHlos. 2a-c with
bolometers has an equivalent width~070 GHz and is centered Z00MS IN the Ieft-ha_md parts of F'QE'B_A' (see also @ﬂZ—l
atver ~ 240 GHz [Kreysa et al. 19p8). The MAMBO (37 chanWhich are _only avallable_ electronically). The dense mdk_mcu
nels) camera was used in February-April 1999, January-Mafgas sometimes follows filamentary structures (well obskiwe
2000, and December 2000-May 2001 for a total integratioe i€ CO(1-0) images of Schneider et al. in prep.) and displays
of ~ 30 hours. The MAMBO-2 (117 channels) camera was us@¢fnY compact« 0.1 pc) fragments. W make a complete cen-
for ~ 33 hours as part of the observing pools organized by IRA%SS of these 1.2 mm fragments in Sqct] 3.2 and a similar but

between November 2002 and March 2003. A total of 142 larggSS complete census of larger-scalel(pc) cloud structures in
on-the-fly maps were taken using a fast-mapping technigue si ect.. . . .

ilar to that described by Teyssier & Sievers (1998). Thespsma__ "€ MAMBO-2 mosaics are sensitive to spatial scales rang-
consist of a series of rows scanned in azimuth with a velagity "9 from ~ 0.09 pc (corresponding to aHPBW of 11" at
8”/sec and spaced by 24respectively 48) steps in elevation 1.7 kpc) to~ 5 pc (i.e. the mean a2|muth.extent of .IHQIVIdUBJ
when using MAMBO or MAMBO-2. The typical azimuthal sizeMaPs~ 10" at 1.7 kpc). The resulting spatial dynamic-issS,

of individual maps is~ 7.5 with MAMBO versus~ 11 with Iarger than that pf other (sub)millimeter dust continuunserb
MAMBO-2. The signal of each bolometer is modulated by th¥2tions made with SCUBA at the JCMT, SIMBA at the SEST,
secondary mirror which is wobbling with a frequency of 2 H2' BOLOCAM at the CSO. Therefore, large fast-mapping im-
and a throw in azimuth of 70 The resulting dual-beam maps29€s With MAMBO-2 are currently the best tool to study the
were reduced with the IRAM software for bolometer-arra)adagens'ty structure of m.olecular .CIOUdS with high .spatlabte_s .
(NIC; cf. Broguigre et al. 1995) using the EKH restoratisggoa 10N Given the dynamic range in the MAMBO-2 image (within
rithm (Emerson et al. 1979) and a skynoise reduction teckmnic? 11 beam, cold dust emission ranges from- 15 mJy bearrt
developed by us (see Appendix A). The imaging of each ri 6300 mJy beant), the Cygnus X complex is probed from

1 —2 4 —2 o
uested field was obtained by combining partially overlagpi NHz ~ 9 x 107! cm™2 to 2 x 16%* cm™, or similarly from
?estored on-the-fly maps. y gp y P AV2~ 10 mag to 2100 mag (i.e. with a column density dy-

The main beam was measured and found to ha®BW namic of more than 200). The above estimate uses Eq. 1 from
size of~ 11” using Uranus and Mars. The absolute pointing NOH‘? et al. (1998) with dust temperatu[?s of 20 K and dust
the telescope was found to be accurate to withBi’. The data OPacities 0ki.2 mm = 0.005 and 01 cn? g™* for the lower and
were all taken in winter but with heterogeneous weather gondi9her density cloud structures, respectively.
tions. The zenith atmospheric optical depth varied betwie#n Due to the spatial filtering of cloud structures larger than

and 0.5 and the skynoise level was low to high (correlatian faSlUMPS (i-e> 5 pc, see Appendix A) in MAMBO-2 images,

tor from 0.2 to 1). The resulting rms noise in individual map'e tOta_‘l mass detected in miIIime'_[er continuum emissictOis
iso = 10— 150 )mJy beam, reguced tar ~ 20 mJy beamt pto 20 times smaller (3% 10° My in CygX-North and 26x
after reduction of the skynoise (see Appendix A). The finat mgJ: Mo in CygX-South) than that measured in the CO survey
saics all haver < 20 mJybeamt rms with a median rms of Of Bchneider et al. (2006).

o ~ 15 mJy bearmt. Uranus and Mars were also used for flux

calibration and the overall absolute calibration uncetteis es- 3.2, Census of compact cloud fragments in Cygnus X
timated to be- 20%.

Since our main goal is to investigate the best potentiak site
) ) of high-mass star formation, we first focus on the smallescal
2.3. SiO(2-1) observations cloud fragments observed in our MAMBO-2 images. As ex-

Pointed observations in the SiG0 J=2-1 transition were per- Pected. larger-scale~(1 pc) cloud s_tructuresoggenggally have
formed for 40 millimeter continuum sources listed in Tallie 1 a moderate volume-averaged density § r>T‘<111 e for a
September 2003 and July 2004 with the IRAM 30 m telescop? MM Peak flux of & = 75 mJybeam over a diame-
We used the A100 (B100) SIS receiver and the VESPA autoc{i?—r of rln,_pﬁvl when a 20 K dust temperature an@a pm =
relator with a frequency resolution of 40 kHz that is equéval E;)Ol cnt gt dust mass opacity are assumed, cf. ggs. 1 and
h

to 0.135 kms? at 86.847 GHz. The system temperature for bo and will therefore be less likely to form high-mass stars i

e near future. We apply the source extraction techniquelde
2 |RAM is supported by INSUCNRS (France), MPG (Germany) andoped by Motte et al. (2003) which uses a multi-resolutior-ana
IGN (Spain). ysis (Starck & Murtagh 2006) and the Gaussclumps program
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(a) The CygX—North region of Cygnus X complex at 1.2 mm
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Fig. 2. Millimeter continuum imaging of the Cygnus X molecular ctbaomplex obtained with the MAMBO and MAMBO-2
cameras installed at the IRAM 30 m telescope. These 1.2 mns leage been smoothed to dfieetive angular resolution of 15
allowing a sensitivity of 0.1-5 pc cloud structures. Themraidio sourceg (Downes & Rinehart 1p66) and a few well-knsources
are indicated as reference mar&3.he CygX-North region (see Fi. 1 for its location): maximflux is ~ 8 500 mJy beant (color
scale is saturated beyond 500 mJy bé%rand rms noise level is = 10— 20 mJy beart.
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Fig.2. (continued)b The CygX-South region: maximum flux is 8500 mJybeant (color scale is saturated beyond
500 mJybearm) and rms noise levels are 9 18 mJybeam in bl, ~ 14 mJybeam' in b2, ~ 14 mJybeam in b3,

~ 13 mJybeam in b4, and~ 15 mJybeam' in b5. Note that the MAMBO-2 maps associated with DR12 and DR6 @ Ei
are ignored since they do not display any compact and dersse ga
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(c) CygX—NW region at 1.2 mm 3.3. Large-scale cloud structures in Cygnus X

To complement the study performed in S. 3.2, we here make a
census of the large-scale ( pc) cloud structures of Cygnus X.

5 pe We first smooth the MAMBO-2 maps to a 5%esolution, which
roughly corresponds te 0.5 pc and is the resolution of a,N*
survey performed at the FCRAO (Schneider et al. in prep.). We

15" beam then identify 40 large-scale cloud fragments above the amedi

50- = 75 mJy beamt level and fit them by a 2-D Gaussian. Note

that the skynoise reduction technique we applied may have fil

tered out part of the large-scale emission (for more detaits

Appendix A). The present analysis is therefore less setae t

that performed in Sec}. 3.2 for the small-scale fragmentsef

Cygnus X molecular clouds. Tabl]a 2, which is only available

electronically, lists the 40 large-scale clumps found ig@ys X

and gives their 1.2 mm basic characteristics (in Cols. 1-i@) w

the same convention as in Tafjle 1. In addition, Col. 7 lis¢s th

compact fragments (if any) harbored by each larger-scale-st
ture.

42°20'00"

8 (2000)

3.4. Mass and density derived from millimeter continuum
maps

The mass and density of the compact cloud fragments fc)
and large-scale structures ( pc) of Cygnus X are determined
from their dust continuum parameters given in Talples 1[and 2.
These tables list the mass (Col. 6 vs 5) and volume-averaged
density (Col. 7 vs 6) estimated for each identified dense core
and clump using methods and assumptions described below.
Before we estimate the mass of each cloud fragment,
3 e « (2000) we should ensure that the millimeter sources identifed in
20724700 0723700 Sects.[3]2 and 3.3 are indeed density structures. According
o (2000) to previous studies of high-mass star forming regions (see

Fig. 2. (continued)c The CygX-NW region: maximum flux €9- Motte et al. 2003), the main source of contamination of
is ~ 800 mJy bear (color scale is saturated beyon .2 mm fluxes is the free-free emission fromnHegions.

= - - fortunately, the published centimeter wavelength free-
500 mJy bearmt) and rms noise levels are-916 mJybeamt n
in cL, ~ 13 mJybeant in c2, ~ 18 mJybeam in c3, and Mages of Cygnus X (e.g. Wendker et al. 11991) lack the neces-
~ 12 mJy beamt in c4. sary angular resolution to estimate the amount of likelytaoi-

nation of each 1.2 mm source. Furthermore, the spectratiofde
the free-free emission is unknown, precluding the extraarh
of its flux at 1.2 mm. Observations with high-density tracersh
as molecular lines at the IRAM 30 mfi€elsberg, and FCRAO
telescopes, as well as 3@éh continuum with SHARC Il at the
tutzki & Gusten 1990} Kramer et al. 1998). We first identif CSO, suggest that the vast majority of the 1.2 mm compact and
129 compact< 1 pc) cloud fragments above the median S  |arger-scale fragments are definitive density structuraset
75 mJybeam' level in the MAMBO-2 maps, where spatialpy dust emission rather than free-free centimeter soukees (
scales larger than 1 pc have been filtered out (see e.d. . 1Echneider et al. in prep.). Fifteen millimeter sources dfl&
We then precisely derive the 1.2 mm characteristics of @ f are suspected to containiHegions (cf. Sec.l); their asso-
ment by fitting a 2D-Gaussian in the image where its local backated masses and densities are therefore upper limits.
ground (or surrounding large-scale emission) has beeregnti  \ve believe that the millimeter continuum emission of cloud
removed (see Appendix B for more details). fragments identified in Sects. B.2 gnd 3.3 is mainly thermat d

The compact fragments extracted here are marked and @aission, which is largely optically thin. For any given tus
beled in the left-hand parts of FigF] B—4 and Fifg [Ip—1mroperties and gas-to-dust ratio, the 1.2 mm fluxes are thus d
Table [1, which is only available electronically, lists th@91 rectly related to the total (gas dust) mass of the fragments.
fragments discovered in Cygnus X and gives their 1.2 mm bler present mass estimates, we use the 1.2 mm integratesd fluxe
sic characteristics as estimated above. The fragmentssted | (S, ) of TableqJLH2 without correction for any free-free con-
in increasing RA coordinate for each region. They are nurtamination, and derive the mag€{ » mm given in TableﬂlHZ),
bered (Col. 1) and named after their 2000 equatorial coordis follows:
nates (Col. 2). Their 1.2 mm peak flux density (Col. 3), their _
FWHM size (Col. 4), and integrated flux (Col. 5) are mea- S m &
sured assuming a Gaussian shape. In Col. 9, we list previdﬂ%-2 mm = %12 mm B1.2 mm Tdus)
names given to strong millimeter peaks of the DR21 filament ' ‘wint )
(cf.IChandler et al. 199Ba), as well as the name of nearbyhsenc 53 M, x [ Siz mm)( d )

o

mark sources (e.g. Carey et al. 2D00). 100 mJy)\ 1.7 kp

41°00'00"

5 (2000)
41°20'00"

40°50'00"

20"20™00° 20"19™00°

[l
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kiomm | Tdust) ™t 1 The volume-averaged densities listed in Tap]d$ 1-2 and used
0.01cnfgt (20 K) ’ (D) in Tabledf are estimated as follows:

<Ny, >= M1.2 mm (2)
wherekq » mmis the dust opacity per unit mass column density 2 47 x FWHM®’

at 1.2 mm,B1 2 mn{Tqust IS the Planck function for a dust tem-Where M . . .

: 1.2 mm iS the mass derived by Eq.| (1) af¥WHM is
peratureTqus, and where we assume a distance of 1.7 kpc, the full width at half maximum, determincgd by Gaussian fits.
RN : , 4¥sing a radius equal to orféWHM in Eq. @) allows one to
to-dust mass ratio) is likely to vary with density, tempery;c rately determine the volume-averaged density bedaese
ature, and_the evolutionary state of the emitting mediugy,y (and thus the mass) measured within such an aperture-corr
(Henning et al. 1995). Models of dust in low-mass protoatellg Pnds ta> 98% of the integrated flux (respectively total mass)
cores (e.g} Ossenkopf & Henning 1p94) suggest that a vaIue0$ Gaussian cloud structures. The often-used, beam-as#rag

k12mm = 0.01 cnrg™ iOSEWGL'gSUited for cool (10- 30 K) * heak density would of course be higher, butis less relevaetw
and high-densityriy, ~ 10° cm ) cloud fragments. This value ggiimating physical constraints such as the free-fall ime
agrees with the cross-comparisons of dust emission suthogin

an UCHu region with its CO ice absorption and gas emission

2). We therefore choose a dust opacity per uhi Signpost of stellar activity toward the Cygnus X
(gas+ dust) mass column density @f > mm = 0.01 cnfg™* cloud fragments

for compact cloud fragments. We use this value for all thesden

fragments because the average dust properties of thesepc We investigate the spatial coincidence of the compact diags
structures should not change drastically when they corgairments identified in Sect. 3.2 with mid-infrared, SiO, ceretfer
massive protostar. We also adogt mm = 0.01 cntg! for free-free, and maser emission ge S¢ctb[411-4.3). lsaage-
larger-scale{ 1 pc) clumps, despite the fact that a lower valugloud structures identified in Seft. 3.3, which are assediaith
is generally used for lower-density starless cloud fragmi@ng. neither compact fragments displaying signposts of stelt&v-
Ward-Thompson et al. 1999). We estimate that the absoliue vaity nor bright mid-infrared sources, qualify as starlessmps as
taken for the dust mass opacity is uncertain by a factor of 2. indicated in Col. 7 of Tablf 2.

The temperature to be used in Eﬂ (1) is the mass-weighted
dust temperature of the cloud fragments, whose value caild p1. Coincidence with mid-infrared point sources
determined from gray-body fitting of their spectral enerdgg+d . )
tributions. Such measures are not yet available but we tigcer¥Vhen searching for the signature of embedded stellar ersbryo
measured the ammonia rotational temperatures of the Cygnufie cross-correlation of compact millimeter sources with i
dense cores (Wyrowski et al. in prep.). The ratios ofsNH,1) frared catalogs is crucial. Among the near- to mid-infrasad
and (2,2) transitions observed with théf&sberg 100 m tele- Veys that are currently available and complete for the Cggtu
scope (40 beam) give cold temperatures (5 K) for the ma- Complex, we choose that performed by t&X® satellite; its
terial located within a 0.33 pc diameter of a millimeter peaf@ngular resolution (29 is far better than that provided by
To estimate the temperature averaged-om.1 pc scales, we |RAS and its wavebands (from 8 to 2im) are better suited
assume a Classic@Kr) o r*2 density law and inner heatingthan those OT 2MASS. Tha)”:zer satellite prOV_Ides better an-
(T(r) « r%4), in agreement with small-scale fragments bedular resolution and sensitivity but the mapping of Cygnus X
ing highly centrally condensed and generally protosteftdr With the Spitzer/MIPS camera is far from being complete,
Sectsl.2). We thus estimate thd 1 pc fragments should and published results from ttgpitzer/IRAC camera generally
have mass-weighted dust temperatures in the range of 15__251_M()ss-<aorrelate well with (sub)millimeter sourcese(
This does not preclude any hotter or colder components frgaavis etal. 2007 and the counterexample ERLYYX-N57 of
being embedded in the 0.1 pc fragments; temperature graMarston et al. 2004). - _
dients will be discussed in companion papers (Schneider et a To search for coincidence with mid-infrared point sources,
in prep.; Wyrowski et al. in prep.). For simplicity, we assamWe carefully examine the structure of tMSX emission at the
Tqust = 20 K in Eq. (1) for all the cloud fragments of Tafle 1€*act location of each cqmélactmllllmeter_spurce (see-ngintd
We add estimates made wiffy,g; = 40 K for Hu regions Side of Figs[BH4 and Figh.]12414). A millimeter source is de-
(identified in Sect[5.211) and the brightehg > 5 x 10°Lo) fined to be detected bYISX if it coincides with pointlike emis-
infrared protostars of Cygnus X: IRAS 20348129, studied Sion atboth 8 and 2im. Slightly more extendeMISX emission
by [Beuther et al. (200) which corresponds to CygX-N5, arig considered for three developeduHegions (cf. Sect 5.3.1):
LkHA 225S which coincides with CygX-NWS5. To avoid bias-PR21 (associated with CygX-N46 and N47), S106-IR (associ-
ing our statistical results, we hereafter use the estimatede ated with CygX-S18, S19 and S20) and IRAS 2088605 (as-
with a homogeneous 20 K temperature. The dust temperaturé@¢iated with CygX-S39 and S40). Given the resolutioM&X
large-scale clumps is morefficult to constrain since it may vary images MSX point sources have similar sizes to those of com-
according to the presence or absence of strong externangeatPact cloud fragments detected by MAMBO-2. The detection, at
We estimate that the mass-weighted dust temperature mgy V2th 8 and 2um, allows the rejection of peaks of infrared emis-
from Tqust= 10 K to 20 K, and choos&g,s = 15 K as an aver- Sion created by small grains at the interface of photo-dission

aged value to use in Ed] (1) for the large-scalel(pc) clumps regions and molecular clumps (e.g. Abergel et al. P002). The
of Table[p. latter are actually externally heated sources whose pddks s

% h wavelength and sometimes disappear a1l We add

The mass estimates in Tab[¢d]1-2 are globally uncertain . .
a factor of 2 due to uncertain dust emissivity. The individu r more sources which are only detected ay21: CygX-

masses can vary lw30% relative to each other when dust tem- 30 (W75N(B)), CygX-N46 (DR21) and N47 (DR21-D), whose

peratures vary from 15 to 25 K, or #50% for the 10to 20 K 3 The Midcourse Space Experiment provides images observed at 8,
temperature range (see also fg. 1). 12, 15, and 2um with a 20’ resolution 1).
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Fig. 3. MAMBO maps of CygX-North left: gray-scale and contoursght: contours overlaid on @m images obtained bMSX
and converted to Jy st) extracted from Fig[|2a. Regions shown are west of DR®1 dround DR211l§) and DR22 €). The
1.2 mm and &m images have 11and 20’ angular resolutions, respectively. The compact cloudfrexgts discovered in MAMBO
images (see Tab|} 1) are labeled and marked by crosses iretjtscale plot. The infrared sources which coincide withANBO
cloud fragment are also indicated. Contour levels are itlgaic and go from 40 to 800 mJy beatin a andc, and from 40 to
4800 mJy beant in b.
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8 um emission is extinguished by their high-column densitprotostars which are among the brightest known SiO outflow
and CygX-N65, which is very weak. The positional accuraey rsources.
guested between the compact sources of MAMBO-2 MSX Among the 28 most massive fragments whose SiO emis-
is 10 (i.e. the sum of the maximum pointing errors of botlsion is displayed in Fig[]5, only two (CygX-S18, and CygX-
images), which corresponds to 0.08 pc at 1.7 kpc. Such a n§B) are not detected. This implies a very high detection oéte
row association is made possible by the small sizeD(1 pc) 93 % (> 79 % when considering the five high-mass fragments
of the compact cloud fragments extracted from the MAMBO-&hich have not been observed), with a typical detectionlleve
images. In fact if we consider looser associations, méi8X of ~ 0.15 Kkms™! (see Tablg]3). This detection rate stays high
point sources lie on and possibly within clumps,~at0.2 pc even when considering the observation of the-2 M, dense
from the density peaks which we identified as compact frageres listed in Tabkﬂ 3. Down te 25 Mg, the compact frag-
ments (e.g. Figq] 3a-b). We reject these loose associations ments of Tabl€]3 that do not have any SiO emission are all asso-
like previous studies that considered, for example, thai>Cy ciated with infrared point sources: CygX-$$806-IR, CygX-
S12 (respectively CygX-S30) and IRAS 202948 (respec- N6/IRAS 203434129, and CygX-N1®1SX 81.4452-0.7635.
tively IRAS 20293-3952) coincide (cf. Figs] 4a and 4c, seqhis suggests that all massive fragments down to at leakt.40
also Beuther et al. 2002). In fact, theBESX point sources ly- and maybe 2%/, drive SiO outflows arnydr contain hot cores.
ing within dust clumps sometimes coincide with extremely re  |n Fig. B we show the emission spectra separately for the
objects detected bgpitzer/IRAC (EROs,|Marston et al. 20D4, high-luminosity infrared sources>(10® L,) and the massive
7), confirming that (sub)millimeter and aréd  infrared-quiet cores (cf. their definitions given in Sefi&.2 and
surveys generally identify ffierent population of stars in termsp.3.1). The two groups obviously haveffdrent behavior. All
of age angbr mass. nfrared-quiet cores are detected in SiO(2-1) and mosterth
Our cross-correlations are illustrated in the right-haadg are particulary bright; the averaged peak line temperadace
of Figs,'}-ﬂi and Figﬂ_El4_ Their results are given in Cof. 8 integrated intensity are 0.55 K and 4.6 K kmi,gespectively. In
Tablel]. When there is a coincidence witivi&X point source, contrast, only a small fraction of the high-luminosity ifed
Col. 8 gives its 2Jum flux as taken from th&1SX catalog (see sources show a strong SiO line; the averaged peak line tem-
Note c for exceptions) and Col. 9 gives tHRASor MSX name. perature and integrated intensity are 0.22 K and 1.9 K¥ms
Otherwise, when the MAMBO-2 source is not detected or seegspectively. Since only two high-luminosity infrared soes
in absorption at &m, Col. 8 of Tableﬂl mentions “—” or “Abs”. (CygX-N4§DR21 and CygX-N3pPN75N) are strong SiO emit- _
With the above selection criteria, 36 compact cloud fragé’s: the contrast is even larger when comparing the median
ments of Cygnus X (i.e. less thanf3of the sample) are as-values: 0.7 Kkrin?s_1 for the_h|gh-lum|n03|ty mfra}red sources,
sociated with mid-infrared emission detected\bgX. The other @nd 3.1 Kkms=® (i.e. 4.3 times more) for the infrared-quiet
93 fragments are undetected down~00.15 Jy at 8um and Cores. The SIiO Imes of mfrared—qwet cores are also 3 tmégi
~ 3 Jy at 21um, which are the completeness levels of tnharighter than the brightest SiO outflows of the nearby lonssna
MSX _catalog (MSX C6) in Cygnus X (sele_Egan et al. JooProtostars (see Tabje 3). o .
Bontemps et al. in prdp.). Some of these sources are even seerfimost all the SiO lines shown in Figg] 5 arfd] 15 dis-
in_absorption against the filise mid-infrared background.play outflow wings with line width at the base of emission
Interestingly, some of the Cygnus X fragments which are uifiat can reach up te- 60 kms*. Among the ten brightest
detected bpMSX harbor a weak 24m source irSpitzer images. SIO sources, the average of the line width at the base is as

To preserve the homogeneity of our study, we do not use thigh as 41 kms', thus clearly suggesting outflow shocks. A
information here. few SiO lines might also indicate the presence of at least two

emission components: a wide base (due to outflow shocks)
and a narrower component which may indicate a contribu-
4.2. Survey for SiO emission tion of shocks inside a hot core gnd lower velocity out-
. . ) o i flows. The best examples of two-component lines are those
Silicon monoxide (SiO) emission is an excellent tracfetected toward CygX-S28FGL 259, CygX-N44DR21(OH),
of shocked gas, usually associated with molecular ownd CygX-N43DR21(OH)-S, while the best example of single-
flows (e.g.|Ziurys & Friberg 1987} Mart-Pintado et al. 1992; component lines suggestive of a unique powerful outflow are
Schilke et al. 1997). SiIO may also have been detected dygX-N4gDR21, CygX-N53, CygX-S30, and CygX-N68.
shocks toward hot cores (e.g. Hatchell et al. 2001 and refer-
ences therein). We have surveyed for SiG(2) emission by o ) ] o
making single pointings toward almdsall the most massive 4.3. Coincidence with radio free-free and maser emission

(M1.2 mm> 40 Mo fragrr:jen_ts of Tablﬂl 1and .‘3 f((ajw Iless m"’.‘SS:VWe have used the SIMBATdatabase to search for complemen-
fragments. Figurg] 5 an Fi§.]J15 (only provided electrofjya tary signposts of stellar activity: centimeter free-fremigsion
display the SiO(2- 1) lines for all the observed fragments, Ofand OH, HO, and CHOH masers. SIMBAD gives inhomoge-
dered by decreasinil; » mm In Table[B and for each 1.2 mm o0, ,< iformation on our sample of 129 compact cloud frag-
compact fragment (Col. 1), we give the peak line temperatuig, s since it compiles results of Cygnus X surveys peréoim

(Col. 3), the line width at half maximum (Col. 4), the full &n ..\ . | luti d hiah- | aattud-
width at the base (Col. 5), and the integrated intensity (6}l Ygghnglgge?o?r\;vgetﬁirnrgxa gcl)z?caeg_ 'gh-anguiarresaintsi

of the SiO(2-1) emission. For direct comparison, we list3it@ Within Table [], fifteen dense cores coincide with a
line parametersscaledtotheCygnusXdlstanceofthreé)yleaéma”_diameter ¢ ’10,,) source of radio emission de-

tected at 2, 3.6, 6, 11, or 21 cm (e.p. Kurtzetal. 1994;

4 Three sources (CygX-N32, N47, and S20) are included in beams
targeting other fragments (CygX-N30, N46, and S18 respalg). Two 5 SIMBAD is the reference database for identification and ibibl
sources (CygX-N69 and CygX-S10) were not observed becdese tography of astronomical objects, developed and maintaiye@DS,
are among the lowest-density fragments. Strasbourg.
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Fig.5. SiO(2-1) lines observed toward the 28 most massivd@ M) cloud fragments of Cygnus X: 14 high-luminosity infrared
sources on the left and 14 infrared-quiet protostellar €orethe right, both ordered by decreasMg » nm from top to bottom.
The local velocity at rest of each cloud fragment, as meaisoyeptically-thin tracers, is indicated by a dashed line.

Foonematkermani et al. 1990). We cannot check the ndense cores are associated with centimeter continuugornd
ture of the detected centimeter emissions with the cumid-infrared emission, but one (CygX-N53) is neither a cen-
rent database, but it most likely corresponds to freéimeter nor aViSX source. In Col.90fTabIE 1, we indicate when
free emissions emitted by i regions. Furthermore, sev-some centimeter free-free @ndmaser emission is detected to-
eral 1.2 mm continuum sources coincide with OH,G{ ward a Cygnus X dense core.

andor CH;OH maser sources (e.d. Braz & Epchtein 1983;

Maldettaro et al. 2001 Pestalozzi et al. 2005). Most of ¢hes
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Table 3.SiO(2-1) observations of the most massive dense cores afu@yy compared with the brightest SiO protostellar sources
at< 500 pc

Source M1.2 mm Tsio AVewim A Voutflow f Tsio dv Possible nature

name Mo) (K) (kms?1) (kms?) (Kkms?)

N46, DR21 <609-949 0.38 16.9 64.8 .8+ 042 UCHu region

N30, W75N(B) < 361-563 0.65 5.4 25.8 Z+016 hyper compact ki region?

N44, DR21(OH) 446 1.45 6.0 43.0 X3+ 0.25 massive IR-quietprotostellar core
S18, S106-IR <145-226 <0.10 - - <0.15 compact Hr region

N48, DR21(OH)-S 197 0.78 4.0 49.7  45:0.26 massive IR-quietprotostellar core
S8, Mol 121S <121-188 0.10 4.6 22.1 06+0.18 UCHuregion

N58, IRAS 203754109 <92-144  0.086 3.8 7.1 B4+0.10 compact Hiregion

N38, DR21(OH)-W 138 0.86 4.6 375 &+ 025 massive IR-quietprotostellar core
N51, W75S-FIR2 125 0.29 3.6 12.7 .5k 0.19 high-luminosity IR protostellar core
S26, AFGL2591 <80-124 0.30 2.8 18.7 JB5+019 UCHmregion

N40, DR21(OH)-N2 106 0.63 2.6 144 .2+ 018 massive IR-quietprotostellar core
N12 86 0.87 4.0 26.5 4+021 massive IR-quietprotostellar core
N53 85 0.80 6.4 57.6 .8+0.31 massive IR-quietprotostellar core
N3 84 0.40 4.8 215 B+021 massive IR-quietprotostellar core
S30 82 0.32 9.3 35.2 .8+ 0.26 massive IR-quietprotostellar core
N10, IRAS 203564126 <52-81 0.12 2.4 4.7 B35+0.10 UCHuregion?

N6, IRAS 203434129 44-68 < 0.07 - - <0.10 high-luminosity IR protostellar core
N43, W75S-FIR1 66 0.25 3.4 9.1 91+ 015 high-luminosity IR protostellar core
NW1, IRAS20178 4046 <38-59 0.05 2.6 3.4 A5+0.06 UCHuregion?

N63 58 0.23 7.2 36.5 .8+ 023 massive IR-quietprotostellar core
S32 54 0.29 6.2 24.6 2+ 028 massive IR-quietprotostellar core
N14, IRAS 203524124 50 0.16 2.4 7.1 .61+ 0.13 high-luminosity IR protostellar core
NW14, Mol124 32-50 0.16 41.6 64.4 .&+0.76  high-luminosity IR protostellar core
S37, IRAS 203054010 45 0.05 - 3.2 09+ 0.09 massive IR-quietprotostellar core
N68 44 0.27 13.7 43.8 .8+ 025 massive IR-quietprotostellar core
S41, IRAS 203064005 27-42 0.30 2.0 8.2 .81+ 0.09 high-luminosity IR protostellar core
N65 41 0.19 3.8 16.9 .06+ 0.16 massive IR-quietprotostellar core
S7 40 0.58 6.0 28.4 5+023 massive IR-quietprotostellar core
NW2 36 0.10 - 2.0 18+ 0.09 IR-quiet protostellar core

S43 35 0.16 2.2 6.1 .89+ 0.13 IR-quiet protostellar core

N24 34 0.09 4.7 5.1 B89+ 0.10 IR-quiet protostellar core

NWS5, LkHA 225S 22-34 0.045 - 14.9 .80+ 0.26 infrared protostellar core

N60 30 0.08 2.0 4.5 20+0.10 IR-quiet protostellar core

N16, MSX 81.44520.7635 29 < 0.09 - - <0.12 infrared protostellar core

N28 27 0.09 1.8 3.5 025+ 0.09 IR-quiet protostellar core

N62 27 0.10 2.6 8.5 82+0.11 IR-quiet protostellar core

S16 24 0.10 2.6 145 B1+0.13 IR-quiet protostellar core

N18 23 < 0.08 - - <011 ?

N59 20 < 0.08 - - <011 ?

NW9, IRAS 20216-4107 19 <0.10 - - <0.15 infrared protostellar core
L1448-MM @ 1.7 kpc - - - ~ 140 ~ 1.4 low-mass class 0 protostar
L1157-MM @ 1.7 kpc - - - ~25 ~1.80) low-mass class 0 protostar
Orion-IRc2 @ 1.7 kpc - - - ~74 ~9.20 high-mass protostar

a Intensity which has been distance-corrected (extramoidtiom 300 pc to 1.7 kpc) using values from Table 2] of Nisirale{2007) and
excluding R4 which would fall outside the beam.

b Intensity which has been distance-corrected (extramwlaiom 440 pc to 1.7 kpc) using values from Table 3| of Nisirale{2007) and
summing up BO and B1 components.
¢ Intensity which has been distance-corrected (extramoidtom 450 pc to 1.7 kpc) using the spectrum of Fig. 1 in ZiyBriberg (1987).

5. Discussion 0.3 pc with a mean size of 0.1 pc (see Secf. 3.2 and Talj|e 1).
They should therefore be called “dense cores”. The 40 larger
5.1. A sample of high-density cores scale structures of TabE 2 have typical sizes~o0f0.7 pc;

we will call them “clumps”. In Table[|4, we give the mean
Our 1.2 mm continuum imaging of the Cygnus X molecuproperties of the Cygnus X dense cores and clumps and com-
lar cloud complex gives a complete view of the structure @fare them with those of a few representative studies (Motte
its highest-column density portions, with spatial scalsging et al. 1998; Ward-Thompson et al. 1999; Beuther et al. 2002;
from 0.03 pc (deconvolved from the beam) to 3 pc. Accordir@athborne et al. 20D6). In Fif]. 6a-b, we plot the mass and den-

to_the terminology used for nearby molecular clouds (e.§ity distributions of these 1.2 mm sources samples.
Williams et al. 200P), it covers scales typical for denseesor

(~ 0.1 pc) and clumps~ 1 pc). The 129 compact cloud frag-  The typical size of the Cygnus X dense coresis 5 to 10 times
ments identified in Cygnus X have sizes ranging from 0.03 smaller than the average cloud structures identified bylesing
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Table 4. Mean properties of the Cygnus X clumps and cores comparédwitimeter cloud structures of a few reference studies

HMPOs IRDCs CygX clumps Cygnus X >40M, CygX Nearby, low-masg o Oph
clumps clumps (all starless) dense cores dense cores dense corep condensations
FWHM 2 size (pc) 0.5 0.5 0.680.78 0.10 0.13 0.08 0.007
Mas$ M1 2 mm{Mo) 290 150 1000 780 24 91 4.7 0.15
< ny, > (cm) 85x10° 59x10° 14x10°/67x10° | 1L1x1C° 19x10° 35x 10 19x10°
Number of sources 69%° 190 40/ 10 128 33 22 60
Referenceb Q) 2 3) 3) 3) @), (5) 5)
Distance (kpc) 0.3-14 18-7.1 17 1.7 1.7 0.14-0.44 0.14
(a) _DeconvolvedrWHM sizes derived from a 2D-Gaussian fit, except for HMPOs andGRIbr which sizes are taken from Table 1 of
Beuther et al. (200R) (mean estimates are taken when trendists unknown) and Table 3 of Rathborne et al. (2006).

(b) Mass consistently estimated from the 1.2 mm integratedu$ing Eq. (1). The mass valueq of Beuther et al. (3002) hage recalculated
using«q 2 mm = 0.01 cn? gt but those of nearby, low-mass dense cores@@ph condensations are kept while they assuig ym =
0.005cnfgt.

(c) Volume-averaged density homogeneously recalculatadyEq. ﬂZ) for every list of sources.

(d) References: (1) Beuther et al. (2002); (2) Rathborné €2@06); (3) this paper; (4) Ward-Thompson et al. (1p99)otte et al. (1998).

(e) We limit our comparison to the main HMPOs componentsciviaire the most likely progenitors of high-mass stars.

(@ | (b)
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Fig. 6. Distribution of mass &) and volume-averaged densitl) (of the Cygnus X dense cores compared to those of clumps
hosting high-luminosity protostars (main component of HDAP Beuther et al. 2002) and clumps referred to as IRDCs
(Rathborne et al. 20P6). The Cygnus X histograms are alsgaoed to density spectra of nearby dense cores (Motte e998; 1
Ward-Thompson et al. 1999) apdOph condensations (Motte et al. 1998).

dish studies of high-mass star-forming regions (see Tﬂlabdﬁl On average, the Cygnus X dense cores are a factor of 5 more
also|Reid & Wilson 2045; Hill et al. 20p5). Using the terminolmassive and a factor of 3 denser than nearby dense cores iden-
ogy mentioned above, HMPOs (for high-mass protostellar otified by [Motte et al. (1998) an¢l Ward-Thompson et al. (1999)
jects, Beuther et al. 2002) and IRDCs (for infrared dark diju (see Tablg|4 and Figl. 6a-b). The latter sample includestesbl
e.g.|Rathborne et al. 2J06) are actually “clumps”. We are hgure-stellar cores located at 140-440 pc from the Sun, artbell
able to reach the scale of dense cores because Cygnus X ismnaéocluster dense cores of th®phiuchi main cloud which are
of the closest high-mass star-forming regions, our MAMBO-&ither pre-stellar or already forming low-mass stars.iSteally,
survey has a good spatial resolution, and we deliberately &tudying the Cygnus X region gives access to dense corefiwhic
cus on high-density cloud structures. As a consequenceeof thare one to two orders of magnitude more massive than those ob-
small sizes, the Cygnus X dense cores have masse85@M;, served in nearby regions. The 33 most massive compact cloud
see Table[|1) which are up to one order of magnitude smalfesgments of Cygnus X (i.e. with masses larger thaiVii) see
than those obtained by Beuther et al. (2002) and RathborneTabIe@) already have 19 times more mass than the dense cores
al. (2006) (see Tablg| 4 and Figl 6a). In contrast, Cygnus of low-mass star-forming regions (cf. Takﬂh 4). Thus, they d
dense cores have densities averaged over fHAHM size not have any equivalent in the nearby star-forming regioms a
(1 x 10* — 2 x 10° cm3) which are more thamne order of represent good candidate sites for forming intermediatkigh-
magnitude higher than those of HMPOs and IRDCs (cf. Taﬂe 4nass stars.
and Fig[bb). As interesting illustrations, the Cygnus X HO&P In terms of average density, Cygnus X dense cores are in-
called IRAS 203434129 and IRAS 202983952 (Beuther et termediary cloud structures between nearby dense cores and
al. 2002) are twice as large and 7 times less dense than tse defandensations in the Ophiuchi main cloud (cf. Tablf 4 and
cores we have identified within them (see CygX-N5, CygX-NBig. b). This result suggests that th@@ency of mass trans-
and CygX-S30in Tablf] 1). fer from the gas reservoir to the star(s) is high. Indeedsthe
formation dficiency estimated in the Ophiuchi dense cores is
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~ 31% over 16 yr (Bontemps et al. 2001), and the good agree- 1o°|- AGL 2001 ,,
ment inp Oph between the pre-stellar condensation mass spec- R I 1
trum and the stellar IMF suggests affi@gency of 50%- 100% “* IRas zotresots FS108 IR o pRe1—c]|
(Motte et al. 1998[ Bontemps et al. 2001). While the low-mass Tas ogrreasst Sk . =
starless condensations are believed to be the direct ptogen . s s TRAS 2035044126 < % 50

of single stars, the Cygnus X dense cores will probably form o & ® | [Ras 2031344120 ]
small groups of stars. The large mass of the Cygnus X derse S8 o541

cores, compared to that of nearby dense corep @yh conden- £ IRAS 202164107 ;: s osspraze e TE

sations, argues for the formation of intermediate- to higgss = 52 o owmsrm

stars (cf. Fig[J6a). With their high density and small size t 1ot | WrES-FIRE @ e S
Cygnus X dense cores can probably be seen as the inner part of o ©
clumpgprotoclusters over which the stellar IMF does not glob- o o w °

ally apply. Therefore, we may expect that the4d0 My, dense o N%E ﬁ ? i f i

cores of Cygnus X have a high probability of forming-120 Mg o . o S
of stars, including at least one high-mass star. The detecti ' 10! 107 10°
of maser emission toward a few moderate-mass20 M) M gmm [Mo]

dense cores that remain weak at mid-infrared wavelength (ﬂ‘
Wyrowski et al. in prep.) suggests that thed0 M, limit for a
Cygnus X dense core to host a high-mass protostar is redson

g. 7. Separating the high-luminosity (10° L) sources from
aigfrared—quiet cores using their 2dn flux (limit setto 10 Jy). In
ygnus X, 15 UCHi regions (red star-like markers) and 10 in-
frared protostars (red filled circles) have high luminasityfew
infrared-quiet cores (blue open circles) are wd4®X sources
5.2. The high potential of Cygnus X dense cores to form (like DR21(OH)) but most of them remain undetected (those
massive stars more massive than 40, are plotted here).

The Cygnus X molecular complex has already formed gen-

erations of high-mass stars, since it contains several OB 89.2. “High-luminosity infrared sources”

sociations |(Uyaniker et al. 2001) and numerous: egions

(Wendker et al. 1991). We here discuss its ability to formhhig Dense cores which are luminous at infrared wavelengths are

mass stars in the near future by making a census of embedually considered to be the best candidates to be (or to

ded Hu regions (Sec.l), high-luminosity protostellar gorenost) high-mass protostars (e.g. Wood & Churchwell 1989).

(Sect[5.2]2), and massive infrared-quiet cores which dgity  Following a similar philosophy, we qualify as “high-lumisity

in SiO (Sect3). We summarize in Talﬂe 5 the number ffrared sources” those Cygnus X dense cores with bolomet-

objects found at various stages of the high-mass star famatric luminosity larger than 1L, which corresponds to that

process. of a B3 star on the main sequence. This luminosity converts
into a MSX 21 um flux of ~ 10 Jy, assuming that the lu-
minosity of high-mass protostars is dominated by their mid-

: to far-infrared luminosity and their average colors are de-

5.2.1. Embedded H 1 regions fined by [Wood & Churchwell (198P) (see their Table 1). In

practice, we estimate the total flux in tH®AS bands us-

Within our sample of high-density cores, we identify 1809 the simplified formula® of Casolietal. (198) and the
embedded Hi regions from their bright infrared and cen{Vood & Churchwell (1989) colors to express this total flux as
timeter continuum emissions (see Cols. 8-9 of Taﬂle 18.function of the singléRAS 25 um flux. We finally convert the
Most of them are already recognized as compact @b um flux into an expectedISX flux at 21um by an inter-
ultra-compact Hi  regions [Downes & Rinehart 1966; polation between 25 and Jim using the Wood & Churchwell
Haschick et al. 1981] Kurtz etal. 1§94, Molinari et al. 1998isolor. Ford = 1.7 kpc, we finally estimate a typica¥lSX
Trinidad etal. 2003). Five others (CygX-NAR21-D, flux at 21um of ~ 10 Jyx (Liras/10° Lo) for a B3 protostar.
CygX-N5&IRAS 203754109, CygX-S185106-IR, S20, Figure[} displays the 2i&m flux detected toward Cygnus X
CygX-S27MSX 77.9550-0.0058) coincide with radio cen-dense cores as a function of their mass. With a 10 Jy limit in
timeter _sources from the 1.4 GHz Galactic Plane Surv&jd. [, we detect all the embeddedittegions plus 10 sources
Zoonematkermani et al. 1990) or old centimeter mary\ghich are “high-luminosity infrared protostellar core§hree
Harris 197B; [Pipher etal. 1976). As expected, obsen@tthe latter are associated with OH,®l, andor CH;OH maser
tions of high-density tracers such as CS, Nke and 35qum emission: CygX-N4aN75S-FIR1, CygX-N4/DR21(OH), and
continuum made toward these 1.2 mm sources suggest sdRY8X-NWSLKA 225S.
free-free contamination (e.g. Motte et al. in prep.). The high-luminosity infrared sources of the present
Cygnus X survey are mosthfRAS sources fulfilling the
Despite harboring an H region, most of these massiveWood & Churchwell (1989) criteria for UCH regions or ob-
young stellar objects are embedded and some of them (gegts in an earlier stage of high-mass star formation. Many o
CygX-N4gDR21, CygX-N3QW75(N), CygX-3AFGL 2591) them were already identified as high-mass protostellarcesur
even show high levels of ongoing star formation activitygisu e.g. W75S-FIR1 and -FIR2 (se¢e_Chandler et al. 11993a) and
as maser emission afod powerful outflow shocks (see Tab[gs 1IRAS 203434129 and IRAS 202164107 (Beuther et al. 2002).
and[3 and Figg] 5 arj§i 8). In agreement with theserégions be-
ing compact, ultra-compact, or even hyper-compact, oumti2 = 6 Figag = 17510723 W m2x(S15/0.79+ S5/ 2+ Se0/3.9+ S100/9.9)
study is sensitive to young and thus “embeddedrdgions”. with S1,, Sas, Seo, S100 EXPressed in Jy.
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The profile of the SiO lines provides us with useful addi-

] tional constrains. Half of the infrared-quiet protosteltres
1 © | in Table [:B (CygX-N53, N63, N68, S30, S32 and possibly
i © o “—* 1 N3, N65, S7) show clear and smooth outflow wings in their
o e © 1 SIiO line profiles. These profiles are so clean that it can be
o taken as a good indication that the SiO emission is domi-
nated by a single SiO outflow which, in turn, has to be pow-
ered by a high-mass protostar. Four infrared-quiet preliast
cores (CygX-N4/DR21(OH), CygX-N43DR21(OH)-S, CygX-
N38DR21(OH)-W, and CygX-N12) have a profile which is
more indicative of two emission components: a strong narrow
s line plus a line with large wings (see Se4.2). This cageari
= 1 | from two different SiO outflows which would both still be pow-
i 1 erful, or from a single outflow composed of two main veloc-
oF ‘ T ity patterns in the SiO shocks. An alternative interpretaiis

M, o [Mo] that, besides the outflow, some shocks associated with ahot ¢

: . . . would be detected as a narrow SiO line component.

Fig. 8. Integrated intensity of Sl(_)(2-1) detected toward the Therefore, the- 40 M,, dense cores of Cygnusx all have a
Cygnus X dense cores more massive thaWd0as a function of p;n robanility of containing (at least) one high-masspstar,
their mass. In_frared-qwet cores (b_Iue open circles) afieitsly whether or not they are bright infrared sources. Our sa@®ecti
stronger in SiO than the high-luminosity protostellar cofeed of extreme-density cores has thus proven to be véigient in

filled circles) and UCH (red star-like markers). locating sites of future formation of high-mass stars.

Si0(2—1) intensity [K km s ']

5.2.3. Strong SiO emission as a probe for high-mass 5.3. “Massive infrared-quiet protostars”: definition and
protostars lifetime

In contrast to high-luminosity infrared sources, massivg3.1. Definition
infrared-quiet cores are not all expected to host high-mpeste- ] o )
stars. It is therefore interesting and somewhat surprisirfipd ~ We define as “massive infrared-quiet protostellar coreg’ th
that all of them are bright SiO emitters (cf. Taljje 3 and f)g. 5CY9Inus X dense cores that are more massive thav4Gveak
As shown below, their SiO(2-1) lines are well interpretedias  at infrared wavelengths (i.e< 10 Jy at 21um), but present
to a powerful outflow that is probably driven by one high-magiome signposts of stellar activity. Talfle 1 provides a it o
protostar. 33 dense cores more massive thanMg (see also _Tabl_eﬂ 4)
As shown in Fig-[|8, which presents the SiO intensity gind F|g.|]7 allows the identification of “h|gh-lum|n(_)s_|ty in-
the Cygnus X dense cores versus their mass, the SiO lines (ated sources” (see also Sefct. §.2.2). The 17 remainingeden
tected for infrared-quiet cores are several times brigtitan C€ores should either be infrared-quiet protostellar corestar-
those observed for the high-luminosity sources. As an exal@sS cores. Among them, four are already identified as proto-
ple, the well-recognized UCH region CygX-S2fAFGL 2591 stgllar cores by their weaklSX detection angbr their associ-
is weaker (in SiO) than a completely unknown source such @don with masers: CygX-N4BR21(OH), CygX-N65, CygX-
CygX-N53. Since (SiO) outflows are tracing the accretion pr&3 7IRAS 20305-4010, and CygX-N53. The majority of the
cess (seE Bontemps et al. 1996), this result suggests thaiv@a 17 massive mfrared-.qmet. cores have been survey(_edlln SiO(2
infrared-quiet cores are in a more active accretion phase tht): 14 positions are listed in Tatfle 3 and CygX-N32 is inchiide
high-luminosity infrared sources. Furthermore, the SiGisem in the beam targeting CygX-N30. The brightness and lineshap
sion of massive infrared-quiet cores is several times geon Of their SiO emission prove that the infrared-quiet coresadk
than the most extreme SiO shocks associated with nearby IgfQtostellar in nature and that they probably host a higssma
mass class 0 protostars (see e.g. Thple 3). This suggestiehaProtostar (see Sedt. 5.p.3).
infrared-quiet cores host either a clear single SiO outflawedh
by a high-mass protostar, or a group of SiO qutf_lows as extrem8 » | ifetime of high-mass protostars
as those of L1448-MM or L1157-MM. Quantitatively the mean
SiO brightness of the massive infrared-quiet cores in Cgghu Our study supports the existence of massive infrared-qudet
would require the summation of two low-mass class Os drivifigstars, overlooked by infrared-based surveys (see fh. it
extreme SiO outflows (and up to 5 in the case of CygX-N53)rovides a sample of (mostly) new massive infrared-quiet pr
This is rather improbable, since we evaluate the occurehcetastellar cores which contain high-mass protostars. Vildastk
such SiO outflows to be of the order of 6% (2 out of 35 class @se necessary angular resolution to identify individughhmass
known atd < 500 pc; e.g[ André et al. 2000). Statistically, therotostars, but the characteristics of each Cygnus X demse ¢
summation of several tens of low-mass class 0s would be reere massive than 4l are believed to be shaped by those of
quired to explain the bright SiO emissions observed here. Tasingle embedded high-mass protostar (cf. Sgcts. 5.[L ) 5.
SiO outflows of these infrared-quiet cores better resenhialiedf  With this assumption, we give the first lifetime estimatestifiis
the high-mass protostar Orion-IRc2 (4ee Ziurys & Friber§ L9 new population of high-mass protostars, assuming a corstan
and Table[|3). These intensity comparisons suggest that themation rate in Cygnus X over the past 1-2 Myr.
infrared-quiet protostellar cores of Cygnus X are much more Since our sample of Cygnus X dense cores is complete
active (in star formation) than nearby low-mass protostng for embedded, massive, young stellar objects, we can tstatis
that a large fraction of them should host high-mass analbgsaally estimate the relative lifetimes of massive infracpdet
class Os. protostars and high-luminosity infrared sources (inahgdin-
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Table 5. Massive young stellar objects found in Cygnus X at varioages of the high-mass star formation process

Starless Pre-stellar | Massive IR-quiet  High-luminosity Hu OB stars
clumps cores protostars IR protostars regions
Number in Cygnus X 10 <1 17 25 ~ 800 2600+ 1000
References this paper this paper this paper this paper | Wendker etal. 1991 | Knodiseder 2P00
Statistical lifetimé ~7x1C yr <8x 1P yr ~13x10%yr ~19x 10 yr ~6x 10 yr 2+1)x1CPyr
<ny, > 6.7x10°cm= ~15x10Pcm3 17x1CP cm3
Free-fall timé& 4% 10 yr ~9x10%yr 8x 10t yr
Number in Orion ? ? ~1 ~1 ~6 ~ 81

(a) Lifetime of massive starless clumps, pre-stellar cdrdsared-quiet protostars, high-luminosity infrarediszes, and Hi regions measured
relative to the known age of OB stars (cf. Hanson P003) ugiegensus given in Line 3.

(b) Free-fall time measured from the mean values of the vetareraged density given in Line §qeq_f5)| = ,132(33—’;».

frared protostars and embeddediHegions). The separation
of infrared sources between embedded kegions and high-
luminosity infrared cores is not final since centimeter conim
follow-up observations are necessary, and a low-level of ¢
timeter free-free detection might be indicative of outfldvosks
rather than Hr regions. In the following discussion, we therefor
treat cores hosting high-luminosity infrared sources argsjbly
protostars as a single population. According to the numbgrs
high-luminosity infrared sources and massive infrareikipro-
tostars given in Tablf§ 5 (and taken from Sefts. p[2.115m2
Sect.[5.3]1), the infrared-quiet protostellar phase ohiritass
stars might last as long as their better-known infraredifpro-
tostellar (or embedded H) phase. This resultis in disagreement
with the idea that high-mass protostars are very luminows fr ;
the very first stage of their evolution and thus that theirered- Lo S -
quiet phase is very short-lived. 10 Time from the beginning of star formation [yr] 10
Table[b gives our current estimates of the number of masig. 9. Number of massive young stellar objects as a function
sive young stellar objects forming and stars already forined of the time elapsed since the beginning of the protostebér ¢
Cygnus X. The number and age of OB stars in Cygnus X agpse in Cygnus X and Orion. The age estimates (also given in
taken to be those of the Cyg OB2 associat{on (Knodisede20&ect.[5.3]2) areot statistical, in order to have the X-axis and

Hanson 2003), increasing uncertainties to take into adcounaxis independent.
the other (smaller) OB associations which haviedent ages

(Uyaniker et al. 20Q1). The number of iHregions is crudely

given by the numbers of centimeter free-free sources obderv

in Cygnus X [Wendker et al. 1991). The statistical lifetinués

high-mass protostars derived relative to the number of @B st protostellar phase in Fif}. 9. TheiHegions phase should last for
give a time range of (6 — 3.1) x 10* yr for the infrared-quiet several times the typical lifetime of UCHiregions ¢ 10° yr, cf.
protostellar stage and @ 7.9) x 10* yr for the complete pro- Wood & Churchwell 1989), starting in Fiff 9 at the end of the
tostellar stage (see also Taflle 5). For the sake of compatis® protostellar phase. The free-fall time of high-mass priaissin
statistical lifetime measured for the high-mass prottstphase Cygnus X agrees, within a factor of 3, with the statistictd-li

in Cygnus X ¢ 3.2 x 10% yr) is one order of magnitude smallerimes of the complete population of high-mass protostars (i
than the typical age of nearby, low-mass class | protoseags ( cluding both infrared-quiet and high-luminosity infrarpbto-
Kenyon & Hartmann 1995) and more closely resembles that sthrs) derived relative to the number of OB stars (see Tjble 5
ow-mass class 0s (df. André et al. 2p00). To compare Cygnus X to Orion, Tab[{a 5 makes the cen-

Figure[$ displays the number of high-mass protostars, Hsus of all massive young stellar objects known in Orion, and
regions and OB stars (i.e. objects in the three main evalatip Fig. |§ shows their distribution as a function of time. The Aum
phases) as a function of the time elapsed since the beginfindper of high-mass stars (down to B3 spectral type) within all
the protostellar collapse (i.e. since the formation of arbgtatic the Orion OB associations is measured by Brown et al. (1994),
stellar embryo). Absolute lifetimes of the high-mass pstété  while the Hu regions are associated with the well-known reflec-
lar phase (encompassing both the infrared-quiet and the higion nebulae M42, NGC 2024, NGC 1977, M43, NGC 2068, and
luminosity infrared protostellar phases) as well as thdsts®@ NGC 2071. One source could qualify as a high-luminosity in-
high-mass starless phases can be roughly estimated from tfrared protostar (Orion-IRC2) and another as a massivared-
free-fall dynamical timescales. Tatﬂe 5 gives the estimate quiet protostar (OMC1-S). Interestingly, the massive ypstel-
made using the mean values of the volume-averaged densityasfobjects forming, and stars formed, in Cygnus X are 20g¢ime
massive dense cores observed in Cygnus X. The most massiare numerous than in Orion (see Taﬂle 5), in good agreement
dense cores of Cygnus X should thus collapse in a free-fiadl ti with the mass ratio (13) of the Cygnus X and Orion cloud com-
of ~ 8 x 10* yr, which is taken to be the end of the high-masglexes.
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5.4. Where is the pre-stellar phase of massive star starless £ 0.8 pc size and % 10° cm™3 density, see Tabldg 2

formation? and[4). The Virial mass of these clumpllf, = 3Ro2/G,
Bertoldi & McKee 199P) are estimated from thel\" linewidth
measured at their peak location (Schneider et al. in preyl) a
&Ke FWHM size given in Tablﬂz; they suggest that most of these
V&umps are close to being gravitationally bound.

. o o2 ; ; From the numbers of starless clumps and pre-stellar cores
density & 10° cm™). This non-detection of starless cores meanf.acted in Cygnus X and compared to the numbers of OB

that high-mass pre-stellar cores, If they exist, are sheti stars, we statistically estimate their lifetimes to bel0* yr

(.< 1.03 yr, see TabIeE|5). This is particularly surprising since th§nd< 10° yr, respectively (see Tabl} 5). These lifetime values
lifetime of pre-stellar cores and condensations in neddvy: oo onsiderably smaller (by factors of 60-110) than the-fre
mass star-forming regions is more than two orders of madﬂltufaII times we estimated. They are also shorter than thartfifet

hl_ner 1-4x 10° yr, e.g.|Onishi et al. 2003; Kirk et al. 2dOS;Observed in nearby regions that form mostly low-mass stars,

ndré et al. 2047). Below, we consider two interpretalic#is gy o starless cloud structures with volume-averageditiEns
ther the star formation activity of Cygnus X is not continsou

. . ~ -3 ~ -3 pre- ifeti
(see _Sec_.l) or massive pre-stellar clumps are dymdignic Sf 1061)/?3a$1r3~ Eligsdyr ég; (l::r% ﬂa\é%t';edsrg;_
evolving into protostars (see Se4.2). erences therein). Therefore, massive pre-stellar coess sebe
short-lived or even transient cloud structures compareeééoby
5.4.1. Star formation in Cygnus X cannot be caused by a low-mass pre-stellar cores, to high-mass protostars,@anhs-
burst sive starless clumps.

. A dynamical process should thus be acting to create pre-
If the Cygnus X molecular complex were experiencing a suddgfy|iar condensations from starless clumps. It should persu

burst of star formation, it might be due to the interactiothwi ggnic to concentrate mass from densities of T0® cn3 to
the Hu regions angbr OB associations, including the Cyg OB 105 cm 3 in a time as short as, or even shorter than, the
cluster. In this case, we expectigrences in the concentration offreefal timescale. Similarly short lifetimes are thetizally ex-
gas and in the population of young stellar objects in the GygXected in molecular clouds where highly turbulent processe
North and CygX-South regions. _ _ dominate_and pre-stellar cores are magnetically supieadrit
Evidence shows that the concentration of gas ifedi ge.g.IVézquez-Semadeni et al. 2005). Such dynamical psese
ent in_CygX-North and CygX-South. The CO survey Ofre also necessary for the protostellar lifetime to lasbfdy one
Schneider et al. (2046), the present MAMBO-2 maps, afgbe-fall time (see Tablf] 5) and, consequently, for the etimm
our small-scale analysis trace various cloud structure® ($g pe strong enough-( 103 M, yr1) to overcome the radia-
Sects[3]1-3]2). We can thus measure the gradual conéentrajon pressure and form a high-mass star. In fact, the DR24 fila
of molecular clouds (0.5-50 pc scales), firstinto 0.1-5 pées;  ment is observed to undergo a global supersonic collapssj-po
and then into 0.1 pc dense cores. In CygX-North (280° Mo,  ply due to a strong external compressipn (Chandler et aB:99
cf. Schneider et al. 2006), the concentration factor is &tmh 5). This is encouraging but it remains to be ve
step while in CygX-South (48R 10° Mo) it is 18 for each step. fied whether such a dynamical process acts throughout the com
Therefore, when considering the mass involved in densescorgiex.
the CygX-North regioniis 5 times more concentrated (CO @oud  Taken together, the lifetimes measured here suggest a faste
concentrate into 0.1 pc cores with affigiency of~ 1.5%) than goution (by a factor 10 at least) of the pre-stellar andgro
CygX-South (concentratiorfleciency of~ 0.3%). This SUGQESIS gig|lar phases of high-mass stars compared to those typical
that CygX-North could be 5 times moréfieient in forming  toynd for nearby, low-mass stars. Molecular clouds hartgpri
dense cores, and possibly forming stars, than CygX-South.  high-mass star formations should thus be quantitativelgint

In contrast, the relative numbers of *high-luminosity ared iy terms of e.g. density and kinematics than those of oureclos
sources” versus “massive infrared-quiet protostellaesbare nejghborhood.

identical (within our large error bars) in both regions. Mover,

other generations of (massive) young stars have alreadyefbr

nearby (see e.g. théSX sources at- 0.2 pc from the dense g conclusions

cores). The agreement between the free-fall lifetime aadth-

tistical lifetime of high-mass protostars relative to OBrstalso In order to improve our knowledge of the high-mass star for-
suggests that star formation has been continuous, at least anation process, we started an unbiased search for its sarlie
the past~ 10° yr (see also Fig[|9). Therefore, it is highly im-phases, i.e. the high-mass analogs of low-mass pre-stellas
probable that Cygnus X is currently experiencing a burstaf s and class 0 protostars. One of the best targets for suchistud
formation. Cygnus X, which we recently recognized as the richest molec-
ular and Hu complex at less than 3 kpc (it is located at 1.7 kpc
from the Sun). We have therefore made a complete 1.2 mm con-
tinnum survey of the Cygnus X cloud complex and have per-

The present study fails to find a single good candidate for bg&rmed SiO(2-1) follow-up observations of the best cantéida
ing a pre-stellar dense core, i.e. a starless cloud steigtith Progenitors of high-mass stars. Our main findings can be sum-
a~ 0.1 pc size and a 10° cm™3 volume-averaged density, Marized as follows:

which is gravitationally bound. This does not preclude, how

ever, the existence of smaller and denser pre-stellar esade 1. Our MAMBO-2 (1.2 mm, 1% resolution) imaging of the
tions (~ 0.01 pc size and 10° cm~3 density according to Motte Cygnus X molecular cloud complex gives a complete view
et al. 1998, see Tabl} 4) within the Cygnus X protostellaesor  of the cloud structures ranging from 0.03 to 5 pc, i.e. from
On the other hand, we have identified 10 clumps which may be dense cores to clumps (cf. the terminology used for nearby

Among the 33 most massive>( 40 M;) dense cores of
Cygnus X, no starless cores are found, with the possible
ception of CygX-N69 which was not selected for SiO obser
tions because of its relatively large size and correspanidin-

5.4.2. Is the star formation in Cygnus X dynamic?
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. The Cygnus X dense cores are the high-density parts of m%n

. Lifetime measurements of the pre-stellar and protastell,
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molecular clouds). We performed a multi-resolution analy- will definitely contribute to a better knowledge of the high-
sis to identify a few tens of massive large-scaleQ.7 pc) mass star formation process during its earliest phases.

clumps and extract 129 compaset (.1 pc) dense cores. _ _
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Appendix A: A skynoise reduction technique dedi-
cated to extended sources

Ground-based (sub)millimeter continuum observationstba
nomical sources are hampered by the emission of the atmi@sphe
and its fluctuations, called “skynoise”. The bulk of the atmo
spheric emission and its slow variations in time can be readov
by the dual-beam scanning mode generally used for bolome-
ter observations (the “EKH method], Emerson et al. 1979).
However, the residual atmospheric fluctuations generagxan
cess noise in the restored maps that can dominate the Gaussia
noise (see e.g. FiﬂOa). In the present study, more théaothal
the on-the-fly maps were observed with a skynoise level quali
fied as medium or high. In our maps, medium skynoise implies
o = 30— 60 mJy beam® and high skynoise- > 60 mJy beartt,
while the nominal rms isr ~ 15 mJybeam'. This excess
noise can theoretically be suppressed by using the facttthat
is well correlated across the whole array. Several skyn@ise
duction algorithms have been developed assuming thatreithe
the atmospheric emission is equal in all receivers at alesim
(“mean” or “neighbor” approximation), or that it is corréda
on a few seconds of time with correlation ¢oeents decreas-
ing when the angular separation of receivers increases(gee w ‘ ‘ ‘ w ‘
NIC and MOPSIC IRAM softwares for bolometer-array data, 20°32700" (2000) 20"30700°
Broguiere et al. 1995 and Zylka 1998). Whilfieient for the
detection of pointlike sources, such assumptions can hee dFig. 10. 1.2 mm map of the DR13 filament in the Cygnus X
matic consequences on the representation of the extended emolecular cloud complex obtained with MAMBO-2 at the
sion. Indeed, the large-scale structure of a source leadsdoe- IRAM 30 m telescope. Contour levels are -45 mJy belamnd
lation of bolometer signals which is non-zero, and cautiarstn then 45 to 315 mJy bearh with steps of 45 mJybearh
be taken not to filter out most of the extended emission. (&) Mosaic built from individual maps taken with low to
i medium skynoise. As a result, the rms noise level ranges from
We have developed a program which uses a source moglgl mJy beam' to 60 mJy beartt. (b) Mosaic built from in-

and the mean approximation to remove the skynoise while ptiyidual maps processed by our skynoise reduction program.
serving, as much as possible, the structure of sources i@ The resulting noise level is relatively uniform with = (14 +

ular clouds (compare Fig.]10a-b). We describe below its fop) mJy beamt.
steps:

(1) The first step consists of creating a good source model. A

first-order data processing is done by reducing all indialdu

maps and combining them with weights consistent with their

intrins_ic quality, i.e. accounlting for bOth G_aussian no&m:i duced with the default procedure and combined to creatderbet
skynoise levels (see e.g. Flm 10a). This f_wst—prder _mo&am; econd-order processed) mosaic (see e_gmig. 10b).
used as a model of the source after cutting its noisier patts

(mostly map edges) and removing artefacts such as negesive | 1 hiS process can evidently be iterated to improve the map
els stronger than the rms. sensitivity but a single iteration already reduces mosthef t
(2) This source model is then subtracted from all the origingkynoise and probably gives more secure results. Tr?f final
scans. To do so, we first simulate the on-the-fly dual-beam sigd'V'dua1I mr?fs have a noise rms of 205 mJybean,

39°00'00"

5 (2000)

38°40'00"

39°00'00"

5 (2000)

After skynoise reduction

38°40'00"

nals of each bolometer when the MAMBO-2 camera is mappi mJy bea belng th(_a nominal rms in the absence of
the source model with the observational geometry of the rédfynoise, and with a zenith atmospheric opacity-00.2. Our
scans (se€ Motte & André 2401, and the routine “simulate” r°t{<yn0|se reduction technique has thus improved the mag-sens
NIC). These simulated source signals are then removed fiem {iVity by a factor of~ 2 on average, and up to a factor of 6 for
original on-the-fly dual-beam signals recorded by eachrbelo the poorer quality original maps.

ter. At this point, and for each scan, the bolometer datastse Our method relies on the quality of the source model and
should only contain Gaussian noise and skynoise. thus mainly on the redundancy of observations taken in every
(3) As a third step, the skynoise emission contained in easimgle pixel. The redundancy is currently 20 for one single
processed scan is estimated by using the averaging methudp and~ 40 on average, since most parts were imaged sev-
While cruder than any “correlation method” (like that prepd eral times. The mosaics shown in Fiffs. 2a-c recover mostof th
in NIC), it allows the treatment of each observing point @ak extended emission up te 10, which is the azimuthal size of
every half a second) independently. We often find the avegagiindividual maps. In agreement, the Cygnus X main region has
method to be moreficient, suggesting that the skynoise powenecently been imaged with the SHARC-Il camera installetiat t

is strong at high frequency. CSO telescope (Motte et al. in prep.). Those data generatly ¢
(4) Afterwards, the original scans are reduced for skynbise firm the cloud structures detected in our MAMBO-2 maps. We
subtracting, for each scan, the skynoise data stream d¢stimacknowledge, however, that the extended emission is atedu
above from the on-the-fly dual-beam signals of each bolometi& a couple of sites where data are too noisy and not redundant
Finally, the individual scans, now treated for skynoises @- enough to build a good source model (e.g. south of DR23).
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Appendix B: An extraction technique dedicated to
compact sources

Since stars are generally forming in the densest parts oéenol
ular clouds, we have developed a source extraction tecaniqu
aiming at identifying and extracting dense compact fragsen
that should be the best potential sites of star formation. :
In spirit, this method is equivalent to an eye search of log
cal density peaks followed by flux measurements with an apex-
ture optimized for each source. We outline below the procedu
for this automated method, which was originally developgd b
Motte et al. (2003):
(1) As a first step, one has to determine the ffuiengthscale
at which the sources of interest (here dense cores, cf@t@ 1 8
separate from their surrounding (here clumps and clouds, cf
Fig. [11 lc) This scale corresponds to twice the mean outer ra
dius of the most compact objects one can distinguish on theSss
MAMBO-2 map or the mean projected distance between them. g
This scale is typically about 5 to 10 times tH®BW. 20°27740°
(2) For further analysis, we only keep spatial scales smidbn
the cutdf lengthscale determined at step 1 (here 1 pc). For this
purpose, we use a multiresolution program based on wavelet
transforms (MRE, cf. Starck & Murtagh 2006). This makes a se-
ries of filtering operations and provides “views” of the ineag

s <zooo

37°25'00"

20°
a (2000)

37°20'00"

at different spatial scales. We therefore $wati wavelet planes a2t w o
of the original image up to that scale to create images lila¢ th-ig. 11.Separation of cloud structures from the MAMBO-2 map
shown in Figb. of S106 shown ing) into (b) dense cores (i.e. compact struc-

(3) As a third step, we use a version of the Gaussclumps ptares with size scales smaller than Y2&nd €) their environ-
gram (Stutzki & Giisten 1990; Kramer et al. 1p98) which hasent (i.e. cloud structure with a typical scale128’). Dense
been customized for continuum images (see_Motte et al| 200&es extracted by the technique described in Appendix B are
and|[Mookerjea et al. 20p4) and optimized for compact sotircemdicated by crosses.
Gaussclumps is applied to the filtered image created at step 2
It identifies compact fragments above a &b level (here
75 mJybeam') and gives first- guess parameters of a 2D-
Gaussian fit. If the Gaussian shape is not ideally fitting com-
pact fragments, it gives appropriate estimates of thee aizd
mass even when their environment is not perfectly filtered
out. Gaussclumps is known to béieient at deblending com-
act sources. Noisy edges that usually pose problems (gee e.
Kramer et al. 1998) have been removed.
(4) Finally, the most critical and time consuming step isno i
prove the extraction of individual fragments from theirrewnd-
ing background. The main goal is to avoid Gaussian fits being
biased to a single lengthscale, which would be that detexthin
at step 1. We therefore repeat steps 2 and 3 for the souraes ide
tified at step 3 and use a ctit@scale optimized for each frag-
ment. We estimate the scale up to which one fragmentis regolv
from its surrounding to be twice the first-guess measuresof it
GaussiarFWHM (see step 3). Therefore, for each of the (here
129) sources, we create a final-guess filtered image andtadjus
its Gaussian fit parameters.

8 The original image can be expressed as the sum of all wavelesv
(also called planes) plus the smoothed image (last plan&icimg all
remaining scales).

9 Gaussclumps parameters for initial guesses BWHM= 1.1 x
HPBW, aperture= 1.5 x HPBW
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Table 1.Properties of dense cores (compact cloud fragments) @etecthe Cygnus X complex

Fragment Slp_;ar:ima FWHM 2 Sl'”é mm M2 mnt <ny, >° Msx¢ Ngme, comme_nFs, qnd coincidence
name (mJy  (pcx pc) (mJy) M) (cm3) 21um  with stellar activity signatures
beam) Jy)
CygX-North region
N1 J203532.#421953 120 A5x0.09 320 17 4 x10° -
N2 J203534.8422023 110 @2x0.07 380 20 0x10 3.74 MSX81.30391.0520
N3 J203534.2422005 720 (11x0.09 1580 84 Fx10° -
N4  J203558.8422431 90 @M6x 0.06 120 <6 <12x1C° - probably not an embedded YSO
N5 J203606.5413958 160 A2x0.07 350 19 9.410% -
N6 J203608.1£413958 260 @23x0.14 1280 44-68  3.2-5x10 90.88 IRAS 203434129
N7 J203615.7425305 80 @2x0.10 190 10 2x10 -
N8 J203638.4422911 170 @A7x0.09 500 27 & x 10° Abs
N9 J203639.5425113 100 @3x0.14 500 26 17 x 10¢ Abs
N10 J203652.2413623 590 14x0.09 1530 <52-81 <1.5-2.410° 99.33 IRAS 20350-4126, cnt free-free,
masef (CH3OH/OH)
N1l J203656.8421320 180 1x0.06 340 18 4 x10° Abs
N12 J203657.4421127 740 (11x0.09 1630 86 Bx10° Abs
N13 J203658.4421118 90 ®M4x0.03 100 5 1x 10 Abs
N14 J203700.9413457 500 0x0.07 940 50 BHx10° 19.71 IRAS 203524124
N15 J203710.9413339 80 (M9x0.03 110 6 2l x 10° -
N16 J203716.9421631 210 d2x0.12 550 29 B x 10t 3.87 MSX81.44520.7635
N17 J203726.5413319 100 A5x0.03 200 10 16x10° -
N18 J203730.2421359 110 A7x0.13 430 23 27 x 10¢ -
N19 J203745.8424343 80 (M9x0.03 110 6 19x 10¢° -
N20 J203747.4423842 100 10x0.03 150 8 2Lx 10 2.06 MSX81.794%0.9116
N21 J203801.¥423933 100 16x0.14 380 20 5 x 10¢ -
N22 J203803.4423956 90 @7x0.11 420 22 19 x 10 -
N23 J203804.9423317 80 @2x0.06 250 13 Dx10 -
N24  J203805.8423952 140 @7x0.17 650 34 Px 10 -
N25 J203810.4423805 170 a2x0.11 450 24 & x 10* -
N26 J203821.2421131 100 (0x0.10 340 18 % x 10¢ -
N27 J203831.6423804 90 @0x0.10 200 11 4ax10 -
N28 J203833.¥423944 140 @9x0.11 510 27 Px 10 -
N29 J203834.6420619 110 @5x0.13 540 29 D x 10¢ -
N30 J203836.6423730 3650 (a5x0.10 10640 <361-563 <0.8-1.%10° 136  W75N(B), cm free-freg,
masef (CH3OH/H,O/OH)
N31 J203836.9423750 120 ®M3x0.03 130 7 12x 1 - close to Hi region W75N(A)
N32 J203838.8423733 540 (16x0.10 1630 86 7 x10° -
N33 J203847.8423800 100 ®M8x 0.07 170 9 8l x 10 -
N34 J203854.8421917 150 A9x0.07 430 23 6l x 10¢ -
N35 J203854.4421855 90 (@3x0.03 160 8 5x 10 -
N36 J203858.5422330 90 (@9x0.03 210 11 2x 10 -
N37 J203858.6422435 80 (®M3x0.03 80 4 87 x 10° -
N38 J203859.4422223 830 (18x0.09 2610 138 7 x10° - DR21(OH)-W
N39 J203859.9422732 70 (@6x0.08 200 10 Px 10 -
N40 J203859.8422343 400 (B3x0.08 2000 106 nx10° - DR21(OH)-N2
N41 J203900.2422325 180 @®M3x0.03 180 10 9 x10° - DR21(OH)-N1
N42 J203900.8421907 90 ®M5x0.03 100 5 45 x 10° -
N43 J203900.6422435 370 d9x0.10 1250 66 nx10° 15.9  W75S-FIR1, maset (H,O/OH)
N44  J203901.8422246 2970 (14x0.11 8430 446 Dx 10 6.78 DR21(OH),
masef® (CH;OH/H,O/OH)
N45 J203901.4421814 130 @3x0.08 300 16 & x 10* Abs
N46 J203901.4421934 4200 (19x0.14 17930 <609-949 <5.9-9.1x10° 272 DR21, cmfree-free,
mase? (H,0)
N47  J203901.4421954 630 M8x0.03 840 <28-44 <1.2-1.%1¢° 272 DR21-D, cm free-free
N48 J203901.5422203 1160 (@7x0.11 3720 197 Bx10° - DR21(OH)-S
N49  J203902.8422700 80 (5x0.03 160 8 2x 10 -
N50 J203901.9421835 80 @4x0.03 240 12 0 x 10 -
N51 J203902.4422459 680 (19x0.10 2370 125 Dx 10 26.50 W75S-FIR2
N52 J203903.8422615 180 16x0.12 630 33 HOx10 -
N53 J203903.2422549 590 14x0.09 1600 85 2x 10 - maset (CH;OH/H,0)
N54  J203903.6422530 150 @8x0.08 450 24 & x 10* 10.85 W?75S-FIR3
N55 J203906.1421819 100 A5x0.05 220 11 Dx 10 Abs
N56 J203916.9421607 270 (12x0.08 600 32 Ux 10 3.68 MSX81.66320.4651

N57 J203919.8421556 130 ®M9x0.05 210 11 5Bx 1P Abs ERO1
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Table 1.Continued

Fragment Slpganfma FWHM 2 Sl'”é mm M12mm’ < ny, >° MSX¢  Name, comments, and coinciden
name “(mJy  (pcx pe) “(mJy) Ms) (cm3) 21um  with stellar activity signatures
beam) Jy)
N58 J203925.9412001 430 @3x0.19 2730 <92-144 <4.2-6.6<10° 634.13 IRAS 203754109, crd free-free
N59 J203931.2412003 200 (@2x0.05 370 20 Dx 10° -
N60 J203936.2411937 160 @6x0.13 560 30 Lx10 -
N61 J203957.6415911 100 @2x0.09 230 12 4 x 10* 11.63 MSX 81.51680.1926
N62 J204003.6412756 140 (@8x0.12 500 27 FHx 10 - close to MSX 81.1109-0.1459
and MSX 81.1225-0.1343
N63 J204005.2413213 740 (@M8x 0.05 1090 58 N x10° Abs
N64  J204027.2415651 100 @2x0.09 220 12 %6 x 10* Abs
N65 J204028.4415711 230 @6x0.12 780 41 & x 10* 2.0
N66  J204029.8414933 110 @5x0.06 250 13 6l x 10* Abs
N67 J204031.8414957 100 @8x0.05 150 8 14 % 1CP Abs
N68 J204033.5415903 390 @0x0.10 840 44 Dx 1P Abs
N69 J204033.¥415059 110 @7x0.18 1280 68 2x10 -
N70 J204034.8413845 80 @2x0.07 170 9 50 x 10 Abs
N71 J204038.2415259 80 (@1x0.06 230 12 Ax 10 -
N72 J204045.¥415750 100 @8x0.13 540 29 7 x10¢ -
CygX-South region
S1 J201643.8392313 90 (@M8x0.05 140 8 M x 10 3.08 IRAS 201493913
S2  J201648.5392212 100 @7x0.06 260 14 % x 10* Abs
S3  J201658.6392106 210 (@2x0.08 440 23 2x10° 5.27 IRAS 201533911
S4  J20173768392139 90 @4x0.10 230 12 3 x 10t Abs
S5 J201745.8392041 120 @6x0.09 340 18 4 %10 -
S6  J202036.6393821 120 ®M3x0.03 120 6 12 x 10 -
S7 J202038.8393820 280 (@22x0.03 760 40 Hx 10 -
S8 J202038.8393751 900 (@9x0.12 3540 <121-188 <1.4-2.x10° 145.48 Mol121S, cn® free-free,
maset! (H,0)
S9 J202039.5393738 120 ®M3x0.03 130 7 1N x 1P -
S10 J2020444393520 180 @9x0.14 760 40 4 %10 -
S11 J202153#395933 110 @5x0.11 340 18 FHx 10* -
S12 J2022204395821 130 @6x0.08 350 18 % x 10* - close to IRAS 202053948
S13 J2026324395721 160 (@5x0.11 500 27 9 x 10* 4.84 MSX 78.37621.0191
S14 J2026348395725 200 ®M9x 0.05 330 17 2Ax 10 Abs
S15 J2027140372258 120 @9x0.12 630 34 2 x 10t Abs
S16 J202717£372218 260 (@1x0.05 460 24 Dx 1P -
S17 J202718#372227 130 @M7x0.06 210 11 14 x10° -
S18 J2027260372246 960 ((@21x0.13 4270 <145-226 <1.2-2.0<1C° 413.63 S106-IR, cmi? free-free,
mase? (H,0)
S19 J202726:8372233 310 ®M8x0.03 420 <14-22 <6.1-9.5¢1C° 413.63 part of S106-IR, cri? free-free
S20 J2027274372256 510 (@1x0.11 1300 <44-69 <1.2-2.<1¢° 413.63 part of S106-IR, crhfree-free
S21 J2027298372258 120 ®M3x0.03 130 7 12 x 10° -
S22 J202731#372334 80 (@A3x0.03 150 8 15x 1P -
S23 J2027318372154 110 @4x0.03 310 16 2x10° —
S24 J202734#372311 140 (@8x0.09 420 22 Hx10 -
S25 J2029236401110 120 ®M5x0.03 140 7 6l x 10° -
S26 J2029248401118 880 (@4x0.10 2340 <80-124 <2.1-3.410° 1023.40 AFGL 2591, cni? free-free,
mase? (H,O/OH?)
S27 J2029318390113 130 @9x0.09 420 <14-22 <2.7-4.%10 23.55 MSX 77.955600.0058,
cn? free-free
S28 J202936-8390112 120 @2x0.08 270 <9-14 <36-56x10" 204.20 IRAS 2027%3851, cnt free-free
S29 J202958:8401558 160 @3x0.12 710 37 Ax 10 -
S30 J2031126400316 360 (@6x0.16 1560 82 77x 10 - close to IRAS 202983952
S31 J2031142400305 110 @3x0.07 220 12 & x 10* -
S32  J2031208385716 250 @1x0.11 1010 54 ®x10* -
S33 J2031445385639 80 @4x011 230 12 277 x 10* -
S34 J2031578401830 150 @0x0.12 610 32 Ax 10 - in IRDC G79.3-P3
S35 J203158:8385836 200 (@2x0.06 410 22 14 x10° 5.00
S36 J203220-8401949 80 @M7x0.03 100 5 5 x 10° - in IRDC G79.340.33
S37 J203222:£402012 240 (@A8x0.12 860 45 & x 10* 4.44 IRAS 20305-4010
in IRDC G79.34-0.33
S38 J203222:4401919 90 @3x0.12 410 22 D x 10 - in IRDC G79.34-0.33
S39 J203229£401600 170 @4x0.09 440 <15-23 <4.2-6.6¢<10* 37.71  MSX79.2963-0.2835,

cmt free-free
S40 J203232:2401625 80 (6x0.10 240 <8-13 <1.6-2.6<10* 73.03  MSX 79.3076-0.2768, crf free-free
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Table 1.Continued

Fragment Slpgarﬁma FWHM 2 Sl'”é mm M12mm’ <ny, >° MSX?  Name, comments, and coincidence
name “(mJy  (pcx pe) “(mJy) Mo) (cm3) 21um  with stellar activity signatures
beam) y)
S41 J203233:8401653 220 (19x0.11 800 27-42  3.7-5%10 49.4 part of IRAS 203064005
S42 J203239:0384603 90 @8x0.13 340 18 D x 10 -
S43  J203240-8384631 140 @3x0.13 650 35 29 x 10t Abs
CygX-NW region
NW1 J201938.8405638 280 (@A7x0.15 1110 <38-50 <4.2-6.6<10" 400.66 IRAS 201784046, cm free-free
NW2  J201940.5405704 200 @3x0.07 680 36 77 x 10* -
NW3  J202029.9412144 80 @5x0.07 190 10 Lx10 -
NW4  J202030.8412207 130 @®M7x0.05 180 10 2 x 10 -
NW5  J202030.¥412125 420 M®7x0.06 640 22-34  3.2-5X1C° 85.85 EM* LKHA 225S, maséf (H,0)
NW6 J202032.12412354 130 (@5x0.03 250 13 Dx 1P -
NW7  J202032.2412123 80 @M7x0.03 100 6 5x 10 -
NW8  J202323.8411749 90 @O0x0.04 150 8 12x10° -
NW9  J202324.8411739 230 10x0.04 370 19 Dx10° 27.47 IRAS 202164107
NW10 J202343.6411657 160 (@0x0.08 520 27 57 x 10* -
NW11 J202413.8411700 110 (@A3x0.09 290 15 4 %10 -
NW12 J202414.8421143 140 @M6x 0.06 200 11 2 x 10 Abs
NW13 J202419.5421545 100 @7x0.09 290 15 Hx 10 -
NW14 J202431.¥420423 420 (@2x0.09 940 32-50 1.2-2X10° 15.58 Mol124 = IRAS 202274154,
maset! (H,0)

Notes:

(a) Peak flux, deconvolvdeMWHM size, and integrated flux derived from a 2D-Gaussian fit tdltBemm map after background
subtraction (cf. Sec@.z and Appendix B). An upper lifivHM of 0.03 pc was assumed for unresolved fragments.

(b) Mass derived from Col. 5 using E(ﬂ (1) and assuming mm = 0.01 cnf gt and Tgyst = 20 K. A second estimate with
Tqust = 40 K is made for Hr regions and the brightest infrared protostars of Cygnus X.

(c) Volume-averaged density derived from Col. 4 and Col.i6gi&q. @).

(d) The 21um fluxes are those given in tihdSX point source catalog (MSX C6), except for CygX-N30, N43, N¥M87, N65 and
S41, for which an aperture flux is measured on the MSX map. T8X [Mux of two extended Hi regions is equally distributed
between CygX-N46 and N47, and between CygX-S18, S19, S20rayments detected at 2dm are also detected at/8n
with the exception of CygX-N30, N46, N47, and N65. “Abs” medhat sources are seen in absorption a8

(e) Observations of high-density tracers toward CygX-Nggast that this 1.2 mm source does not correspond to a demsz cl
fragment. Its nature is yet unclear but it is probably note far future or ongoing star formation.

References: (1) Kurtz et al. 1994, (2) Pestalozzi et al. [2(®FHaschick et al. 1981; (4) Minier et al. 2001; (5) Argoraet2000;
(6)Harris 197B; (8) Braz & Epchtein 1983; (9) Zoonematkemned al. 199; (10) Molinari et al. 199Bb; (1f1) Palla et al919(12)

Pipher et al. 19%6; (13) Trinidad et al. 2003; (14) Palla e1805.
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Table 2. Properties of clumps (large-scale cloud structures) tieden the Cygnus X complex

Structure FWHM 2 Sl'”é mm. Mi2mn?  <nh, >¢  Comments
name (pex pe) (mJy) Mo)  (en®)
CygX-North region
CI-N1 J203534.3422004 048x0.31 8470 665 ®x 10" contains CygX-N1, N2, N3
CI-N2  J203605.8420851 146x 0.94 15150 1189 31x10° Starless?
CI-N3  J203607.3414001 064x0.38 7010 550 DB x10* contains CygX-N5, N6
CI-N4  J203651.5413625 066x 0.65 14780 1161 ZX¥x10* contains CygX-N10
CI-N5 J203657.9421132 (68x 0.49 11690 917 Bx10* contains CygX-N12, N13
CI-N6 J203701.9413453 (81x 0.64 13580 1066 2x10* contains CygX-N14
CI-N7 J203711.9413338 145x 0.90 16370 1285 Bx10° contains CygX-N15
CI-N8 J203728.4421630 180x 1.01 17060 1339 3x10°
CI-N9  J203729.8421409 132x0.73 14350 1127 9% 10 contains CygX-N18
CI-N10 J203805.8423937 (87x0.51 10000 785 1 x10* Starless? contains CygX-N21, N22, N24
CI-N11 J203833.2420619 125x0.74 14880 1168 5 x10° Starless? contains CygX-N29
CI-N12 J203836.8423937 130x 0.56 10240 804 $x10° contains CygX-N28
CI-N13 J203836.8423734 (48x0.40 46930 3684 DBx10° contains CygX-N30, N31, N32
CI-N14 J203900.5422238 (88x 0.44 92460 7259 Bx10° contains CygX-N36, N38, N41, N44, N48
CI-N15 J203901.8421935 (56x 0.39 70210 5513 3x10° contains CygX-N42, N46, N47
CI-N16 J203901.¥422507 (191x 0.60 47360 3718 Bx10* contains CygX-N37, N43, N51, N53, N54
CI-N17 J203927.2412009 (078x 0.59 15980 1254 I x10* contains CygX-N58, N59
CI-N18 J203936.4412001 (91x 0.36 5710 449 Dx10* Starless? contains CygX-N60
CI-N19 J203955.4420020 179x 1.10 18110 1422 2x10° contains CygX-N61
CI-N20 J204003.6412814 103x0.77 14080 1105 6x10° contains CygX-N62
CI-N21  J204005.4413210 31x0.20 3350 263 D x10* contains CygX-N63
CI-N22  J204027.8415707 068x 0.37 5200 408 Mx10* contains CygX-N64, N65
CI-N23  J204033.8415045 (080x 0.57 8700 683 Hx10° Starless? contains CygX-N67, N69
CygX-South region
Cl-S1 J202038.5393753 (61x0.34 13920 1093 @x10* contains CygX-S6, S7, S8, S9
Cl-S2  J202044-8393525 067 x 0.45 4870 382 Ax1C° contains CygX-S10
Cl-S3  J202716-4372231 123x 0.69 26640 2092 1x10* contains CygX-S15, S16, S17
Cl-S4  J202726.9372248 073x 0.53 33420 2624 #x10* contains CygX-S18, S19, S20, S21
Cl-S5 J202924.9401116 042x0.38 10090 792 =2x10* contains CygX-S25, S26
Cl-S6  J202959.4401555 125x 0.60 11560 908 ®x10° Starless? contains CygX-S29
Cl-S7 J203112:4400314 062x0.49 10710 841 2Ax10* contains CygX-S30, S31
Cl-S8 J203119.2385731 (086x 0.56 8740 686 ®x10° contains CygX-S32
Cl-S9 J203156.¥401833 139x 0.60 12140 953 2x10° Starless? IRDC G79.33P3, contains CygX-S34
Cl-S10 J203221:8401955 (92x0.79 17490 1373 8x10° contains CygX-S36, S37, S38
Cl-S11 J203232:8401635 99x 0.67 14010 1100 8x10° contains CygX-S39, S40, S41
Cl-S12 J203240#384614 067x 0.52 6480 509 Dx10* Starless? contains CygX-S42, S43
CygX-NW region
CI-NW1 J201939.6405651 073x 0.64 14190 1114 5Bx10° contains CygX-NW1, NW2
CI-NW2  J202030.5412132 064x0.41 6890 541 1T x10* contains CygX-NW3, NW4, NW5, NW7
CI-NW3  J202344.5411701 97x0.71 11480 901 GHx10° Starless?, contains CygX-NW10
CI-NW4  J202420.83421527 (96 x 0.66 8160 640 Bx10° Starless?, contains CygX-NW13
CI-NW5  J202431.7420419 (073x 0.60 8670 681 ®Bx10° contains CygX-Nw14

Notes:

(a) Deconvolved~WHM size and integrated flux derived from a 2D-Gaussian fit to tBerim map smoothed to a 5heam.
(b) Mass derived from Col. 4 using E<ﬁ| (1) and assumingmm= 0.01 cn? g~* andTqyst= 15 K.
(c) Volume-averaged density derived from Col. 3 and Col.iBgi&q. @).
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Fig. 12. MAMBO maps of CygX-North left: gray-scale and contounsght : contours overlaid on @m images obtained bySX
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Fig. 13. Same convention as Fiﬂlz for MAMBO maps of CygX-South esterd from Fig.|]2b. Regions shown are the most
western part of CygX-Soutla), around Mol1211§), around AFGL 2591d), and south of DR5d). Contour levels are logarithmic
and go from 60 to 180 mJy beamin a, from 60 to 2000 mJy bearhin b, from 40 to 200 mJy beam in ¢, and from 40 to
1000 mJy beart in d.
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Fig. 13. (continued) Same caption for the region around DB%6d DR13 ). Contour levels are logarithmic and go from 40 to
200 mJy bear in e, and from 60 to 300 mJy bearhin f.

a (2000)




F. Motte et al.: High-mass star formation in the Cygnus X claxp

31

T 10
§
a
)
3
o
e
3
=)
3
S
&
o
5
© 10®
I
& .
- MSX 78.4373+2.6584
Ly o L
2 a1 I I % EREN I MY
20"20™00° 10° 20° 20"20™00° 10° 20°
a (2000) a (2000)
. T T T T
g | LKHARR5S (b)
& rCygX—-NW 10°
<
- Sh
S N
o, - -
g y . q 1 r g
g A
= B 10f 5 pe
< '~ ol By
5 “T" a0
S . . o r . i d
e LKHA 2258 ]
3
I
i
! MAMBO-2 beam
H !
,” o 10"
- . . . 1
20°20740° ) 20°20™40%
« (2000) o (=000)
5
S
g
e
<
.- 10°
§ e
8
8
g
©
5
S
Bl
o .
A P ‘ ] [ A A A
20°24™20° oo° 10° 20° 20"24™20° [l 10° 20°
a (2000) a (R000)

Fig. 14.Same convention as Fig.|12 for MAMBO maps of CygX-NW extrddtem Fig.@c. Regions shown are those of FEIg. 2c4
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14. (continued) Same caption for the

180 mJy beant in d.

Fig.

5 pe

region around Moll2¥ Contour levels are logarithmic and go from 60

08 [
02— ‘

0.1

Trab [K]

||

AL B LA B
[ CygX-NW5
F LkHA 2258

7913#[xwx{###

IR B L e e
C T 1T ‘ T T T ‘ T T ‘ T 1T ‘ ‘ ‘ ‘ T ‘ T T T ‘ ‘
[ CygX—N60

F cygx-N16
[ MSX6C 81.4452+0.7835

Tmb [K]

Trab [K]

[P B BRI AR AT ' PO RPN BPRL AR BTN B

-0.1

—40 20 0 20 40 —40 20 0 20 40 —40 20 0
Visp [km/s] Visg [km/s] Visp [km/s]

15.Si0(2- 1) emission toward 12 additional fragments, ordered byeBsingM; »mm.

Visg [km/s]

to



