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Abstract. Results of theJ = 1 — 0 HCN observations to- Detailed clumpy model simulations have been performed to

ward 34 bright far-infrared sources selected from the IRAS Poiittthe observed HCN and HCN spectra toward S140 IRS1.

Source Catalog are reported. Together with 17 sources obserihd best fit model parameters are calculated, including radial

in this line earlier (Pirogov et al., 1996) they form a completéependencies of clump density and volume filling factor.

sample of the sources with flux densiti&6100 ym) > 500 Jy

andd > 0° in the outer Galaxy. Key words: stars: formation — ISM: clouds — ISM: molecules
The HCN data are compared with the HEONH3;, CS - radio lines: ISM — ISM: individual objects: S 140

and CO data taken from literature. Prominent correlations with

nearly similar slopes of 1 are revealed between line integrated

intensities of the molecules known to be high density tracers i

(HCN, HCO', NH; and CS). The correlations become highet- Introduction

after adding the data for dark clouds, small globules and cirrvéry young massive stars at early stages of evolution are of-
cores implying similar excitation and formation mechanisms @y associated with bright infrared sources, ultracompact H I
the considered molecules. Collisional excitation in I‘egions WiFEQionS, embedded in dense molecular cloud cores. Observa-
different densities as well as different molecular abundanagsns in molecular lines that trace high-density gas can give
and velocity dispersions in different types of cores seem to pgportant information about physical conditions within dense
important in producing these correlations. The following relgpres as well as about the relationship between young stellar
tions hold on the average over3 orders of magnitude of inte- ghjects and their parent clouds cores. Usually, investigations
grated intensitiesl (HCN) g I(HCO™) ~ I(CS) > I(NHs)  are concentrated on distinct objects observed in various molec-
where ammonia integrated intensities are several times lowg4r lines which are indicators of particular physical parameters
than HCN ones. Correlations are also found between HCN aRfihin cores (e.g. density, temperature) also taking into account
CO integrated intensities for the sample sources as well as §gajlable infrared, radio and optical data. Another direction of
tween HCN line widths and those of other species. The HGlsearch concentrates on observations of samples of objects cho-
lines have the same widths as the HCOnes and are larger sen according to particular criteria in one or several molecular
than CS and especially NHine widths. lines. These observations even being performed without map-
Weak correlations are found between HCN line widths anfing of each object give an opportunity to reveal statistical prop-
luminosities of IRAS sources as well as between HCN int@rties of a sample under study as well as to select objects for
grated intensities, IRAS flux densities at 100 and luminosi- fyrther detailed investigation.
ties of IRAS sources divided by distance squared. For many years most systematic molecular line studies of
The sources with most intense HCN lines have associat@flr forming regions were concentrated on dense cores in dark
water masers and molecular outflows while the lack of assogjouds and globules which are the sites of low-mass star forma-
ated maser and outflow implies weak or no HCN emission. tjon and have relatively compact and simple structure. Recently
In order to reproduce the anomalies of the= 1 — 0 HCN  high-mass star forming regions have begun to be explored sys-
hyperfine structureff;» < 0.6) detected in several sources totematically (e.g. Anglada et al. 1996, Bronfman et al. 1996,
gether with suprathermal line widths the model calculations gs§me et al. 1992, 1997, Zinchenko et al. 1995, 1998). Criteria
performed. Two models have been considered: a microturbulgiét a young high-mass star exists inside a dense core are the
one with a smooth density distribution and a clumpy model. &istence of a high luminosity infrared point source satisfying
is found that in the parameter space explored a clumpy modekg color criteria of Wood & Churchwell (1989) or ultracom-
preferable in comparison with a microturbulent one due to th@ct H Il region observed in radio wavelength continuum. Water
absence of self-reversals on calculated profiles and the pofgsers as well as high-velocity molecular outflows which are
bility of reproducing HCN profile anomalies and suprathermgigications of dynamic activity are often associated with high-
line widths. mass stars at an early stage of evolution.
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The HCN molecule is known to be a widely spread highwith an SIS mixer. The system noise temperature (SSB) varied
density tracer of molecular clouds, star forming regions, ebetween 300 K and 500 K during observations depending on el-
velopes of late-type stars and other galaxies. Anehey1—0 evation and weather conditions. We used the backend filterbank
HCN survey toward molecular clouds associated with galagpectrometer with 250 KHz frequency resolution correspond-
tic optical H 1l regions and enhanced CO emission (Burov &tg to~ 0.83 kms! velocity resolution at thg = 1 —0 HCN
al. 1988) detected HCN emission in more than half of the ofsequency. The telescope has’4s%eam width at the HCN fre-
jects observed, although there were sensitivity, spectral resajuency that corresponds to spatial resolutions 0.1-1.8 pc for
tion and, probably, pointing accuracy limitations during thesmir sources. The pointing accuracy was checked regularly by
observations. The present paper includes the results of rnevgervations of SiO masers and did not exceed)” but usu-

J = 1—0HCN observations toward 34 bright FIR sources withlly was as good as 5. The observations were performed in
flux densitiesS (100 um) > 500 Jy according to the IRAS Point the dual beam-switching mode with the offset positieri1’ in
Source Catalog (PSC) (IRAS Catalogs 1988) located in the ouggimuth. We express line intensities in the units of main beam
Galaxy in the 6—12" right ascension range with > 0°. To- brightness temperatur@y;s), which is an antenna temperature
gether with 17 sources previously observed in this line (Pirogowrrected for main beam efficiency, radome and atmospheric
et al. 1996, hereafter Paper I) these objects form a complateenuation. The main beam efficiency was taken to be 0.59
sample of bright IRAS point sources in the given coordinaté the HCNJ = 1 — 0 frequency (L.E.B. Johansson, private
range. Most of them can be associated with high-mass stessnmunication).

embedded in dense cores according to theju®012,m and The source list is given in Table 1. Apart from the sources
25 pm/12um colors (Wood & Churchwell, 1989). observed at OSO this list also contains the sources previously

The goal of this investigation is two-fold. The first one is tobserved at the RT-22 CrAO radiotelescope (Paper 1). Both
study physical properties of dense cores associated with brififese subsamples form a complete sample of bright FIR sources
FIR sources by comparing the HCN data with other availabiethe outer Galaxyq = 0" —12") havingS (100 zm) > 500 Jy
molecular line data as well as with parameters of IRAS sourcesndd > 0°. Each of the sources were observed with a single
Most of the sample sources were observed earlier infthe pointing centered on the position of IRAS point source (IRAS
1 — 0 CO line by Snell et al. (1988, 1990) from which we toolCatalogs 1988).
the sampling criteria. All the sample sources were also observed Table 1 contains coordinates and distances to the objects as
by Schreyer et al. (1996) inthe= 1 -0 HCO* and NH; (1,1) well as the names of associated objects. Most of the distances
and (2,2) lines. The sample sources were partly observed intidch are the distances to OB associations and H 1l regions
J = 2 — 1 CS line by Carpenter et al. (1993), Bronfman dhat are associated in position and velocity with FIR sources
al. (1996) and Zinchenko et al. (1998). All these data sets a taken from Snell et al. (1988, 1990) and Lada (1985). For
obtained with nearly the same spatial resolutien()” — 60”’)  two sources (03211+5446 and 04073+5102) the kinematic dis-
and give an opportunity to compare different line parameteences are given. Corresponding references are summarized in
with each other. the footnotes of the table.

Oursecond goalisto selectthe mostadequate model of HCN
emission. The hyperfine structure of the HON= 1 — 0 tran-
sition which is clearly resolved in many sources of the samﬁe

gives invaluable additional information about dense gas corhe results of data processing are compiled in Table 2. For most
ditions although they complicate the picture due to non-LTéf the sources the results of Gaussian fitting of the HCN triplet
ratios. Two models, a microturbulent one with a smooth denSWth fixed Separation between components of the same width
distribution and a clumpy model have been used to reprodugstresponding to thd = 1 — 0 HCN hyperfine structure are

the observed HCN line profiles. It is shown that the problem gfven_ Table 2 includes the peak main beam temperature and
non-LTEJ = 1 — 0 HCN hfs ratios together with suprathermaj,elocity of theF = 2 — 1 component, the line width (FWHM),

line widths can be most easily understood only within a clumphd relative intensities of the satellite componefRts,andRg»
model. We performed detailed HCN and*N clumpy model (Columns 2-6). Total integrated intensities are given in Col-
simulations for the dense core associated with the bright ifmn 7. The HCN spectrum toward 05345+3157 has been re-
frared source S140 IRS1 and obtained a good agreement fi@cessed and the corrected results are given in Table 2 instead

Observational results and LTE column densities

tween model and observed spectra. of those published in Paper I. Many sources demonstrate ei-
ther prominent high-velocity wings (00338+6312,00494+5617,
2. Observations 02219+6152,02232+6138,06056+2131, 06319+0415) or some

) additional emission features. Due to an ambiguity of deconvolv-
TheJ =1 — 0 HCN observations (at 88631.8 MHz) were P€ing these spectra into multiple HCN triplets, we give in Table 2
formed in February 1996 at the 20-m radiotelescope of the QR equits of single triplet fitting if there are only weak addi-
sala Space Observatory (OSD)The telescope was equipPeqional features that do not strongly affect the main components.
1 The OSO 20-m telescope is operated by the Swedish Natiof@r those sources where fitting with a single Gaussian triplet is
Facility for Radio Astronomy, Onsala Space Observatory at Chalmeétgsatisfactory, the peak main beam temperatures measured by
University of Technology eye as well as corresponding velocity and total integrated inten-
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Table 1. The source list: coordinates and distances to the objects.

Name «(1950) 6(1950) D Associated objects
SIS )OO (kpc)

00338+6312 003353.3 6312 32 0?85 RNO 1B, L1287

00494+5617 0049 27.8 56 17 28 35 NGC 281, S184

01195+6136 0119317 61 36 35 2.0 5187

02219+6152 02 2155.3 6152 34 2.3 AFGL 326, W3-IRS5, S190

02230+6202 022302.3 620224 %.2 AFGL 328, W3N

02232+6138 02 2313.7 61 38 46 2.3 AFGL 331, W3(OH)

02244+6117 0224 27.2 6117 47 2.2 AFGL 333, W4

02575+6017 0257 35.6 6017 22 %.2 AFGL 4029, 1C1848, S199

02593+6016 0259 20.6 60 16 08 %.2 AFGL 416, S201

03035+5819 030333.2 581921 3.0 AFGL 437, BFS 26

03064+5638 0306 26.9 56 38 56 b2 AFGL 5090

03211+5446 0321118 54 46 51 3.1 AFGL 5094, BFS 31

03236+5836 032339.0 58 36 33 0.9 AFGL 490

03260+3111 0326 04.7 311141 0.5 NGC 1333, HH7-11

03595+5110 035931.6 511041 3.3 AFGL 5111, S206

04073+5102 04 07 18.5 5102 30 8.2 AFGL 550, S209

04269+3510 04 26 57.2 351001 0.8 AFGL 585, S222, LKH&101

04324+5106 04 32 28.7 5106 39 6.0 AFGL 5124, S211

04329+5047 04 3258.3 5047 21 6.0 AFGL 5125, S211

05100+3723 051001.7 372335 2.6 AFGL 5137, S228

05197+3355 051946.4 335539 3.2 S230

05274+3345 0527 27.6 334537 1.8 AFGL 5142

05281+3412 052807.8 3412 46 1.8 AFGL 5144, S237

05345+3157 0534 32.6 315740 1.8 AFGL 5157

05355+3039 0535 34.0 303948 1.8 AFGL 5158

05358+3543 05 3548.8 354341 1.8 S231

05375+3540 0537321 354045 1.8 S235B, BFS 46

05377+3548 05 37 46.7 3548 25 1.8 S235

05445+0016 05 44 33.7 0016 44 0.5 AFGL 818, NGC 2071

05480+2544 054801.9 254450 2.1 BFS 48

05480+2545 0548 04.8 254529 2.1 BFS 48

05490+2658 0549 05.2 26 58 52 2.1 S242

05553+1631 0555 20.3 16 31 46 %0 AFGL 5173

06006+3015 060041.4 301505 4.7 AFGL 5176, S241

06013+3030 06 01 21.2 303053 4.7 CED 061

06055+2039 06 05 33.9 2039 47 2.0 S252A

06056+2131 06 05 40.9 213132 %0 AFGL 6366S, S247

06058+2138 06 05 53.9 21 3857 %0 AFGL 5180, S247

06061+2151 06 06 07.3 215112 X0 AFGL 5182, S247

06063+2040 06 06 23.0 204002 2.0 AFGL 5183

06068+2030 06 06 53.0 203041 X0 AFGL 5184, S252

06073+1249 06 07 23.5 12 49 24 4.8 AFGL 5185, S270

06099+1800 06 09 57.9 180012 0.8 AFGL 896, S255

06105+1756 06 10 33.0 17 56 22 2.5 S258

06114+1745 06 11 28.6 17 45 33 %5 AFGL 5188

06117+1350 06 1146.4 1350 33 3.8 AFGL 902, S269

06155+2319 06 15 32.7 2319 26 1.6 BFS 51

06308+0402 06 3052.7 04 02 27 1.6 RNO 73

06319+0415 06 3159.0 04 1509 1.6 AFGL 961, GGD 18

06380+0949 06 38 00.6 094924 0.8 AFGL 4519S, NGC 2264, S273

06384+0932 06 38 26.2 093225 0.8 AFGL 989, NGC 2264, S273

2 Yangetal. (1991), ° Schreyer etal. (1996), © Lada (1985), 4 Snell et al. (1988),

°Snelletal. (1990), f Henningetal. (1992), & Brand & Blitz (1993), b Carpenter et al. (1993).
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S oran T 7T] 05345+3157, 05355+3039, 06006+3015, 06308+0402 and,

F06058+2138 =

probably, 06117+1350. The HCN column densities for these
sources calculated under the LTE assumptibg (= 10 K)
using formula (2) from (Pirogov et al. 1995) lie in the range:
(3.5—24.4)-10'2 cm=2. Column density estimates only weakly
I depend on the assumé&y, value and are close to minimum for
£ 06061+2151 1 T« = 5 — 10 K. Therefore, these estimates should be treated
f 1 as lower limits.
Most of the sources demonstrate prominent anomalies of
hyperfine intensity ratios;2 < 0.6, Ro2 < 0.2) implying that
TP — T4 2o o 20 a0 thelines are notoptically thin and not in LTE, having different
e 3 eXcitation temperatures for the hyperfine components. In order
[ 06117+1350 4 toderive physical properties of these sources we performed non-
1 LTE modelling with microturbulent and clumpy structures. The
details of model simulations are given in Sect. 7.
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] ———————————— 4. Comparison between HCN and other molecular data
;06056+2131 E ;06384+0932

Most of the sample sources were observed earlier injthe
1 — 0 CO line with the 48 beam width at the 14-m FCRAO ra-
1 diotelescope by Snell etal. (1988, 1990). All the sample sources
R L (N Pl b 103 were observed in the NH(1,1) and (2,2) lines at the 100-m
0 720VLSR(,) km/zf 0 S0 R0 02040 60 Effelsherg radiotelescope (A®eam width) as well as in the
_ J =1—0HCO" line at the 14-m radiotelescope of Mat®vi
Fig. 1. The samples of the observeid= 1 — 0 HCN spectra Radio Station (60 beam width) (Schreyer et al. 1996). 20
sources of the present sample have been mapped by Carpen-
ter et al. (1993) in the/ = 2 — 1 CS line at the 14-m FCRAO
sity are given. For 04073+5102 and 06068+2030 where signaeiotelescope (53beam width). Also, 22 sources of the sam-
to-noise ratios are small while the HCN spectra probably exhilpiie were included in thg = 2 — 1 CS survey of IRAS point
multicomponent structure, only integrated intensities for theurces (Bronfman et al. 1996) performed at OSO and SEST
(-65 kmst...-40 kms!) and (0 kms®...30 kms) veloc- radiotelescopes with 3%nd 50 beam widths, respectively; 9
ity ranges, respectively, are given in Table 2. The HCN spessurces of the sample were observed by Zinchenko et al. (1998)
trum toward 06105+1756 contains an absorption feature whighthe same line at the 20-m OSO radiotelescope. A comparison
is probably due to a signal in the reference position. The inteetween.sg (HCN) and velocities of other molecular species
grated intensity for this source is obtained from Gaussian fittinghows that all of them are in excellent agreement with each other
A few of the most intensive = 1 — 0 HCN spectra are shownimplying that molecular emission comes from the same clouds.
in Fig. 1. All the data sets are obtained with nearly the same beams imply-
HCN has been detected in 44 cases of 51, a detection ratengfthat molecular line parameters can be compared with each
86%. We did not detect any emission toward five sources of théner.
sample while two of the sources (03595+5110 and 06380+0949)
show emission features with velocities that significantly diffeé{
from CO velocities (Snell et al. 1990). For these seven source
upper limits of main beam temperaturegare given in Ta- In Fig. 2(a,b) the HCO and NH; (1,1) integrated intensities
ble 2. The upper limit for 03211+5446 from Paper | has alg§&chreyer et al. 1996) are plotted versus those of HCN, respec-
been corrected. tively. The CS integrated intensities derived from the- 2 — 1
The relative intensities of thd = 1 — 0 HCN satellite CS data (Bronfman etal. 1996, Carpenter etal. 1993, Zinchenko
componentsRis = Typ(F =1 —1)/Tu(F =2 —1) and et al. 1998) are given in Fig. 2(c) versus HCN. In Fig. 2(d) the
Roo=Typ(F =0-1)/Typ(F = 2—1), show significant vari- CO integrated intensities for bright FIR sources (Snell et al.
ations from source to source. Note, that small signal-to-noi$888, 1990) are plotted versus HCN. The HG®IH3, CO and
ratios as well as a presence of high-velocity wings or additionabst of the CS integrated intensities are calculated by multi-
emission features could affect the valuedgf and Ry, ratios plying peak line temperature and line width. The data corre-
obtained from single Gaussian fits in some cases. Among thepending to bright FIR sources are marked by filled squares.
sources that do not demonstrate any prominent additional f&&e intensities plotted in Fig. 2(a-c) show a higher degree of
tures, several hav®,, and Ry values close to the optically correlation (the correlation coefficients are0.8 — 0.9) com-
thin case (0.6 and 0.2, respectively) within the uncertaintiparing with those plotted in Fig. 2(d) (the correlation coefficient
of their determination. They are: 02593+6016, 04269+351i8,~ 0.6). The least-squares linear fits are shown in Fig. 2 as

%. Integrated intensity comparison
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Table 2.TheJ = 1 — 0 HCN observational results.

J=1—-0HCN

Name TnB VLsr AV Ris Roz I Telescope KO® outflow”

(K) (kms™) (kms™) (Kkms™)
00338+6312 ~ 5 -18.9 24.7 RT-22 Y Y
00494+5617 ~ 2.8 -31.3 26.5 0SO Y Y
01195+6136 <0.8 RT-22 N N
02219+6152 ~ 4 -42.8 34.2 RT-22 Y Y
02230+6202 <0.4 0SO N N
02232+6138 ~ 6 -48.8 46.6 RT-22 Y Y
02244+6117 0.44(6) -51.0 32(2)  06(1) 0.4(1) 2.2 RT-22 N N
02575+6017 5.8(1) -38.6 241(2) 0432 0.22(2) 25.6 RT-22 Y Y
02593+6016 0.62(6) -39.1 35(2)  07(1) 0.3() 4.6 0S0 Y N
03035+5819 4.0(1)  -40.3 2.64(5)  0.45(3) 0.16(3) 19.9 RT-22 Y Y
03064+5638 1.7(1) -41.1 1.73(6) 0.34(5) 0.23(4) 5.0 RT-22 N N
03211+5446 <0.6 RT-22 N N
03236+5836 1.7(1) -13.2 3.3(1)  0.57(6) 0.38(5) 14.2 0SO Y Y
03260+3111 0.70(8) 7.7 18(1)  08(1) 0.5(1) 3.8 0S0 N N
03595+5110 <0.2 0SO N N
04073+5102 3.1 RT-22 N N
04269+3510 0.54(6) -1.7 222)  06(1) 0.2(1) 2.6 0S0 N Y
04324+5106 1.7(1) -37.3 30(1)  0.30(6) 0.35(6) 8.9 RT-22 N N
04329+5047 0.28(6) -38.3 40(4)  08@3) 04(2 3.6 0SO N N
0510043723 0.5(1) -7.1 34(3)  04(1) 0.0(1) 2.1 RT=22 N N
05197+3355 0.4(1) -4.9 19(2) 08(33) 09(3) 16 RT=22 N N
05274+3345 ~ 3.4 -5.0 20.5 RT-22 Y Y
05281+3412 <0.3 0OSO N N
05345+3157 0.65(4) -19.0 2.1(2) 0.55(7) 0.13(7) 2.1 RT-22 Y Y
05355+3039 0.67(7) -16.6 17(1)  06(1)  0.3(1) 2.1 RT-22 N N
05358+3543 3.0(1) -18.3 25(1)  0.35(5) 0.17(5) 11.2 RT-22 Y Y
05375+3540 4.76(4) -17.1 2.25(2)  0.35(1) 0.23(1) 20.5 6sSO Y Y
05377+3548 3.6(3) -20.4 22(1)  0.6(1) 0.0(1) 10.8 RT-22 Y N
05445+0016 0.5(1)  10.2 233)  06(2) 0.7(2) 45 0SO0 Y N
05480+2544 0.9(1) -9.5 242  08(2) 0.2(1) 3.7 0SO0 N N
05480+2545 2.8(1) -9.4 3.31(7)  0.66(5) 0.35(4) 21.8 0SO N N
05490+2658 1.27(6) 0.6 2.8(1)  058(6) 0.30(5) 7.6 0S0 N Y
05553+1631 0.51(7) 5.3 32(3)  02(1) 0.2(1) 2.5 0SO0 Y Y
06006+3015 1.45(6) -9.1 35(1)  0.59(5) 0.21(4) 10.0 0SO0 Y N
06013+3030 <0.9 RT-22 N N
06055+2039 1.1(1) 8.7 412)  06(1)  0.4(1) 10.9 0S0 Y N
06056+2131 4.3(1) 2.6 3.82(6) 0.58(3) 0.24(2) 35.0 0SO Y Y
06058+2138 4.5(2) 3.4 4.24(8) 056(4) 0.41(3) 42.0 0SOo Y Y
06061+2151 2.2(1) -0.8 3.8(1)  043(5) 0.33(4) 16.7 0S0 Y N
06063+2040 1.2(1) 8.8 25(1)  0.40(6) 0.16(7) 4.6 0SO0 N N
06068+2030 4.5 0SsOo N N
06073+1249 1.3(1) 25.2 29(1)  051(8) 0.36(7) 9.8 0SO0 N N
06099+1800 5.5(2) 6.8 3.9(1)  0.45(4) 0.34(4) 47.0 0SO0 Y Y
06105+1756 0.5(1) 7.7 222) 08(2) 0.2(2) 2.1 0S0 N N
06114+1745 1.3(1) 7.4 3.0(1)  0.43(7) 0.25(6) 9.6 0SO0 N N
06117+1350 1.8(1) 18.2 46(1)  0.53(6) 0.26(4) 15.1 0SO Y N
06155+2319 0.8(1) -5.6 24(1)  06(1) 0.0(1) 3.4 0S0 N N
06308+0402 0.8(1) 15.8 23(2)  05(1) 0.2(1) 36 0S0 Y Y
06319+0415 ~ 1.4 13.9 10.8 0SsO N Y
06380+0949 <0.3 0OSO N N
06384+0932 4.4(1) 8.1 54(1)  051(4) 0.42(2) 54.6 0SO0 Y Y

# H,0 masers according to Henning et al. 1992
b outflow according to Wu et al. 1996

¢ Paper |

41999 data
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107 grem g - —————— = ynchanged with addition of the data for low-mass star-forming

] 1 regions and high-latitude cirrus and translucent cores. Correla-
tion coefficients are as high as 0.94-0.97 for the total data sets
in Fig. 2(a-c) while regression lines (drawn by dashed lines) go
very close to those obtained for the sample of bright FIR sources
alone except for thivg I(HCO™)-log I(HCN) dependence that
has slightly higher slope< 0.8) than of the dependence for the
sample of bright FIR sources alone.

Itis clear that common line excitation and molecular forma-
tion mechanisms of different high-density tracers should exist
in high-mass, low-mass star forming regions and cirrus cores. It
is doubtful, however, that radiative excitation could be effective
in all these different types of cores. E.g., radiative excitation of
CS and, probably, HCN via lowest vibrational states is impor-
tant only in regions very close to IR sources (Carroll & Gold-
smith 1981). Optical depth variations also cannot produce the
observed correlations over such extended integrated intensity
] ranges because in this case the most intense lines in bright FIR
1072 Lo w w 10" ] sources should be highly saturated. Therefore, the most prob-
able excitation mechanism for the considered molecules could
be collisional excitation. Different densities as well as differ-
Fig. 2a—d.Integrated HCO a, NH3 b, CScand CQd intensities versus ent molecular abundances and velocity dispersions in different
HCN integrated intensities for the sample of bright FIR sources (filagpes of cores seem to be important in producing the observed
squares), low-mass star-forming regions (open triangles), high-latityderrelations.
cirrus and translucent cores (crosses). See text for the references There are kinetic temperature estimates for 16 sources from
the sample derived from ammonia data (Schreyer et al. 1996,

solid lines. The slopes of regression lines are close tdorthe ~ Zinchenko et al. 1997) which are 15 — 30 K. However, no
log I(CS)-og I(HCN) and théog I(NH5)-log I(HCN) depen- significant correlation is found betwedn= 1 —0HCN param-
dencies. The slopes are0.7 and~ 0.5 for thelog I(HCO™)— eters and kinetic temperaturds, ratios decrease from 0.6
log I(HCN) andlog I(CO)-og I(HCN) dependencies, respecto ~ 0.4 as kinetic temperature increases, yet, the significance
tively. The mean values af,,.,/I(HCN) ratios are).6 + 0.4, of this correlation is not high due to the small humber of data
0.5+0.3,0.2 + 0.1 and10.2 & 8.5 wherel,,,,; means HCG, points.
CS, NH; and CO integrated intensities, respectively.

High correlations between integrated intensities of fouwros | ine width comparison
molecular species which are considered to be high-density trac-
ers (HCN, HCO", NH; and CS) imply common line excitation!n Fig.3 we compare HCN line widths with those of other
mechanisms in the sample cores. Possible chemical, radiafi@lecular species for the sources where line widths are deter-
transfer and optical depth source-to-source variations seenini®ed. All molecular line widths correlate with those of HCN
be of minor importance. Lower correlation between CO andith correlation coefficients of 0.7 for HCO' and CS versus
HCN integrated intensities could be due to the fact that the dtN (Fig. 3 (a) and (c), respectively) and-ef0.5 for NH; and
lines are more opaque and trace regions of lower density tifa® versus HCN line widths (Fig. 3 (b) and (d), respectively).
the other lines under Comparison. The lines shown in Flg 3 Correspond meol = AVHCN

In order to compare line parameters in high-mass star foribere AV, means HCO, NH;, CS or CO line widths. The
ing cores with those of low-mass star forming regions and cfO line widths are higher than those of HCN, while the am-
rus cores we included in our analysis the data obtained in d&aRnia widths are lower than HCN. The HCGnd HCN line
clouds, clouds associated with Herbig Ae/Be stars, Bok gloidths for the sample sources are close to each other; both have
ules and high-latitude cirrus and translucent cores. The dHtg same mean value 3.1(0.8). The mean values of C3 aNH
were taken from Harju (1989), Scappini et al. (1994), ScappfaC line widths are 3.0(0.9), 2.2(0.5) and 4.3(1.3), respectively.
& Codella (1996), Turner etal. (1997), Benson & Myers (1989), All molecular line widths are much higher than prob-
Turner (1995a, 1995b, 1996) and Zhou et al. (1989) and are ke thermal widths calculated from kinetic temperatures
plotted in Fig. 2(a-c). (< 0.2 kms™1), reflecting either high optical depths or con-

All the data sets including the sample of bright FIR sourcddbutions from non-thermal motions. However, at that angular
cover~ 3 orders of magnitude of integrated intensity rangéesolution very high optical depths seemto be unreal for the lines
High-mass, low-mass star-forming regions and cirrus cores c@hhigh density tracers, because peak line intensities are much
centrate in different regions of the diagrams (see Fig. z(b,(gynaller than possible kinetic temperatures. The HCN profiles
Correlations found for bright FIR sources remain practical§is0 do not show any evidences of saturation such as flat tops or

Tyens K km/s
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ST A TS
vt Y Y4 ] CSluminosities calculated for 16 objects observed by Carpenter
2| o 1 - - 1 etal. (1993) also show a correlation with FIR luminosities with
" o " 1] the same correlation coefficient.
I | We compared HCN line parameters with IRAS point source
oWl o/l . . luminosities {rir) Which lie in the range- 4-102—3-10° L
0 2 4 6 0 2 4 6 8

(Schreyer et al. 1996). We found no correlations between
F = 2 — 1 main beam temperatureR;, and Ry, ratios and
Lrr. Thereis a correlation between HCN line widths dnrgr
(Fig. 4a, correlation coefficient is 0.5). 06384+0932 has been
excluded from the comparison because the observed HCN line
width in this source is probably the result of blending of two
self-reversals for the sources compared. The differences in lirgocity components (Wouterloot et al. 1988). HCN integrated
widths of different species could therefore reflect differencé@stensity does not correlate withiprg (Fig. 4b).
in velocity dispersions of non-thermal motions which could in  Dust color temperatures (Schreyer et al. 1996)-arzs —
turn attribute to different sizes of emission regions within th€) K and are systematically higher than gas kinetic tempera-
same beam. In such a case Nshould be more centrally con-tures. They show no correlation with HCN line parameters.
densed on the line of sight than other species under comparisonweak or no correlations between HCN line parameters and
while HCO"™ and HCN should have more flatter distributionparameters of IRAS point sources, probably, result from the
than NH;. fact that IRAS is not sensitive to most of the cold dust which in
turn can be better mixed with dense gas traced by HCN. On the
other hand, in order to search for possible correlations it could be
more fruitful to compare gas and dust parameters both integrated
over the same regions as it follows from comparison of the data
Comparison between parameters of IRAS sources and molggen from Carpenter et al. (1990, 1993) or to compare distance
ular lines is widely considered to give a clue to how dust anfldependent parameters.
gas are coupled in dense molecular cloud cores. Correlationsin order to avoid possible uncertainties introduced by dis-
revealed by Wouterloot et al. (1988) between kinetic tempesnces we also compared HCN integrated intensities with flux
atures of ammonia cores, line widths and IRAS point sourgensities at 10@m (S1o) and found a correlation with corre-
luminosities showed that stellar objects embedded into molégtion coefficient o~ 0.5. A comparison betweeR(HCN) and
ular cloud cores play an essential role in heating and dynamifRAS luminosity divided by distance squarddg / D?) shows
supportofthese cores. However, further investigations do notsimilar correlation (correlation coefficientis 0.5). Other HCN
ways confirm these trends. E.g., there are no correlations fouiné parameters do not show significant correlations either with
between ammonia line parameters and IRAS point source Bl or Lgig /D?.
minosities for the sources of our sample (Schreyer et al. 1996)
despite the distribution of data over the same range as the
from Wouterloot et al. (1988).

Carpenter et al. (1990) have calculated FIR luminosities for
18 sources of the present sample from IRAS images an60 Columns 8 and 9 of Table 2 contain letter flags indicating if
and 10Qum for the regions they mapped in CO. We compardtie source has associated water masers according to Henning
CO and FIR luminosities from Carpenter et al. (1990) and foured al. (1992) and/or high velocity molecular outflow according
a prominent correlation with correlation coefficient 0.75. Thi®s Wu et al. (1996). HO masers and molecular outflows are

AVhen, km/s

Fig. 3a—d.HCO™ a, NH3 b, CSc and COd line widths versus HCN
line widths.AVio = AVicen lines are also shown

5. Comparison between HCN data and parameters
of IRAS sources

Cgj!t'csl,tatistical distributions of the sources
with associated H,O masers and high-velocity outflows
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0 w—m 0 1 with the mean value 0.48(0.10) and3 < Rgpe < 0.42 with
I ‘ ‘ ‘ ‘ the mean value 0.28(0.09). There is no differencé&in and

10 20 30 10 20 30 Ry distributions for the sources with and without associated
Inoy. K km/s H,O masers.

Fig. 5a—d. Number of the sources with and withoutb associated Note, that several sources with an intenfse= 2 — 1

H»0 masers and withand withoutd molecular outflows versus HCN component demonstrate small deviations from a single HCN

integrated intensities Gaussian. Those deviations which could be connected ei-
ther with high-order baseline distortions or real emission
features usually can be fitted by a second Gaussian triplet

indicative of high dynamic activity of young stellar objects. 24f higher width. We have excluded these sources from fur-

sources of the sample have associated water masers (47%}h8P analysis except 05480+2545 and 06056+2131 where

sources (39%) demonstrate molecular outflows and 17 of thefa spectra show clearly resolved narrow components over

have both associated water maser and molecular outflow. Seyefiestal emission. Deconvolution of these spectra into two

sources with no HCN detections have both no associat€d HGaussian triplets reveals the following parameters of nar-

masers and outflows. row componentsTyg = 2.3(0.2) K, Rz = 0.59(0.09),

The distributions of the sources with and withous®1 R, = 0.24(0.06) andAV = 2.6(0.1) km s~ for 05480+2545
masers versus HCN integrated intensity are plotted in Fig. 5(agd Tz = 3.6(0.3) K, Ri2 = 0.46(0.10), Roz = 0.22(0.06)
while similar distributions for the sources with and without outand AV = 3.2(0.1) kms™! for 06056+2131. The sources
flows are plotted in Fig. 5(c,d). The distributions of the sourcggth line widths higher than 4 knts' also have been excluded
without associated £0 masers as well as without outflows ar¢rom the analysis because thdir= 2 — 1 andF = 1 — 1
narrower and peak at lowd(HCN) values as compared withcomponents are unresolved which can cause ambiguities in
the distributions of the sources having associate@ hasers deriving correct values of intensity ratios. Three of the re-
and outflows. Similar distributions were found by Schreyer et @haining 13 sources (05345+3157, 05480+2545, 06006+3015)
(1996) for the sources with and without associated water masgése R, and R, close to the optically thin values (0.6 and
versus NH and HCO' integrated intensities. As a result, the.2, respectively). Eight sources (02575+6017, 03035+5819,
sources with most intense HCN lines most probably have @3064+5638, 05358+3543, 05375+3540, 06056+2131,
sociated HO masers and demonstrate outflow activity whilg6063+2040, 06114+1745) demonstrate highly anomalous
the lack of water maser emission implies weak or undetectalgle, and nearly optically thinR,, ratios: (0.34-0.46) and
HCN emission. (0.16-0.25), respectively. Two other sources demonstrate
enhancedR; ratios: (0.3—0.35) and following,- ratios: 0.3
for 04324+5106 and 0.58 for 05490+2658,5(F = 2 — 1)
andAV forthese 13 sources are: 0.65 K-5.5 K and 1.7 kia-s
3.5 kms!, respectively.R;, and Ry, for these sources are
R15 hyperfine intensity ratios versugy, are shown in Fig. 6; plotted versusAV(HCN) in Fig.7(a) and (b), respectively.
both have uncertainties 0.1. Corresponding error bars areThere are no correlations betweéti, and Ry, ratios and
indicated. The LTER>(Ry2) dependence is also shown. All theboth intensities and widths of the main component. Five of
data points concentrate in the lower left corner under the LThe 13 selected sources were mapped by Carpenter et al.
curve demonstrating well-known anomalies of intensity ratiof1993) in theJ = 2 — 1 CS line. Four of them (02575+6017,
The data points lie in the following ranges3 < Ri2 < 0.66 04324+5106, 05375+3540, 06056+2131) have a centrally

7.J = 1 — 0 HCN hyperfine intensity ratios.
Modelling results
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peaked CS distribution and demonstrdte, = 0.3 — 0.48 L o
while the remaining one (05490+2658) with a fragmented GS | (%) R:z 1 oal () oz 1
distribution hasR, = 0.58. B [

Anomalies of the intensity ratios of the=1—-0HCN hy- o[ d % 1 osf ]
perfine components are a well-known phenomenon which de-, . £l } i
pends on the gas temperature. Usually clouds with kinetic tefr- b%{% } 1 04 e ]
peratures of 10 K (dark clouds) demonstrate either nearly op- ° i da
tically thin or enhanced; » values (see e.g. Harju 1989, Sandefl® [ 1 °° Loyt k
et al. 1983). On the other hand, in clouds with kinetic tempera; (. ‘ ‘ o L ‘ ‘
turesz 20 K (warm clouds)R; , ratios are usually much lower 0 2 4 0 2 4
than 0.6. These effects are well explained by population redis- AVyey, km/s

tribution in overlapping thermally broadened hfs components o ) _ _

in the HCN.J — 2 — 1 transition which effectively differs for Fig. 7a and b. R12 aand Ro2 b hyperfine intensity ratios versus line

the clouds with kineti £10 K and of > K widths. The curves correspond to the results of calculations for multi-
ec Qu s with kinetic tgmperatureSre 10 K and of<, 20 zone microturbulent models. See text for details

(Gottlieb et al. 1975, Guilloteau & Baudry 1981, hereafter GB;

Turner et al. 1997). According to GB?;5> and R, ratios de-

crease below optically thin values (0.6 and 0.2, respectively)

in warm clouds demonstrating prominent anomalies as longt@ss of hfs components to come from inner core regions with
overlapping components in thle= 2 — 1 transition become op- nearly thermal broadening while line wings should come from
tically thick. While the standard approach includes only thermgjjter regions. Alternatively, the cores could consist of small
line overlaps the observed HCN lines demonstrating anomaligsresolved clumps having nearly thermal velocity dispersions

have highly suprathermal line widths implying either additiong}hile the observed line widths reflect velocity dispersions of
local microturbulent broadening or some macroturbulent or sygterclump motions.

tematic motions on the line of sight. In order to explain the
observed HCN spectra with anomalous component ratios and bu " del |
suprathermal line widths one needs to perform non-LTE modeft- Microturbulent multi-zone model results

simulations to solve for nonlinear radiative transfer problemsye performed model calculations for spherically-symmetric
the case of hyperfine splitting. microturbulent multi-zone models where parameters (density,
Preliminary HCN simulations performed for a homogeremperature and microturbulent velocity) can be power-law
neous isothermallfxiy = 20 — 50 K) spherically-symmetric functions of radius. A model is similar to the one described by
cloud model with constant excitation conditions throughout theirner et al. (1997) and uses Varshalovich & Khersonsky (1977)
cloud and purely thermal broadening (similar to GB modefbllisional rates. HCN abundances are assumed to be constant
show that theR,, and Ry, anomalies occur withia- 10'* —  throughout the core. In order to compare the results of calcula-
10'® cm™2 column density range as far as number density is tions with observational data the calculations were performed
107 cm~3. Asitwas shown in Paper |, hyperfine intensity ratiofor HCN column densitiex 3 - 10'2 cm~2. At theseN(HCN)
are rather sensitive to velocity dispersion of local microturbulefiodel profiles often are self-reversed due to a decrease of ex-
motions (hereafter microturbulent velocity;.;) which gives citation temperatures to the edge when lines become optically
an additional broadening due to local non-thermal motions. fi§ick. For example, alt0® cm=3 andV,,; = 0 km s~ the model
microturbulent velocity increases the anomalies become legfectra become self-reversedatHCN) 2 10'3 cm~2. Self
prominent and completely disappeartat, > 2 kms™'. This absorption occurs at lower values S{HCN) if number den-
was also noted by Gottlieb et al. (1975). At higher microturbiity decreases outward but it can be shifted to highi@ACN)
lentvelocities modeR;»(Ro2) dependence goes asymptoticallyalues by choosing higher central densities or if microturbulent
to the LTE curve. Thus, kinetic temperatures might have an g&locity increases outwards.
fect on hyperfine intensity ratios only if local microturbulent Because none of the considered profiles demonstrate self
velocity dispersions are about or lower than thermal ones Whiigsorption, we restricted the model parameters to the values
the observed line widths are much higher than thermal widthg. which model profiles are close to Gaussian. It is found that
Although a homogeneous model with constant excitatigiearly Gaussiay = 1 — 0 HCN model profiles with promi-
conditions is rather simplified for detailed analysis of the HCNent anomaliesi:» < 0.5) exist within the following range of
emission coming from the cores with bright FIR sources, it cgiymber densitiess - 10° cm—3 — 3 - 106 cm~—3.
give a correct qualitative description of how intensity ratios de- The curves (a-c) in Fig. 7(a,b) correspondRe, and Ry
pend on microturbulent velocity. As it was shown in Paper |, thialues plotted versus line width for a 10-zone model with kinetic
model withTkx = 30 K and number densities 16-10°cm™  temperature of 30 K and densitiels: 105 cm~—2 (a), 106 cm™—3
fails to reproduce the observdt; ratios and line widths for (b) and3 - 10 cm—3 (C) Microturbulent velocities increase
several sources of the sample. This result leads to the cong¢fgm 0 kms! to 2 kms™! along each curvelV(HCN) is ~
sion that these sources should have microturbulent velocity ando'3 cm~2. The ' = 2—1 intensity decreases with line width

density gradients along the line of sight to allow peak intengiom ~ 5 K down to~ 1 K when line width is> 1 kms!.
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Higher column densities lead to higher= 2 — 1 intensities L b

with saturated or self-reversed profiles. ool () Riz 1 b (®) Roz ]
Three other curves correspond to the following models: [

n oc 7~ 1 with central density 19cm=3, Ty = 30 K (d); 06| >{JJ ) 1 osf ]
. ,

n = 10% cm~3, Ty o< 7~ %4 with 30 K at the center (e);

n =10% cm=3, Ty = 30 Kand Vi, o< 795 (). 0ar 47 £ O4p . ]
It is clear from Fig.7(a) thai?;, anomalies occur only © i ab

at AV < 1kms! confirming the thermal nature of the ef-"* | 1 °° YT £

fect while the observed data points correspond to higher lingt_. ‘ ‘ o L ‘ ‘

widths. Rys ratios are practically insensitive to the model be-  © 2 4 0 2 4

ing close to 0.2 except model (e) which gives higher values at AVyey, km/s

AV < 1kms™L. The effect of self absorption can be reducelg_ 82 and b.R dRes b hvperfine intensity rati i
by increasing power-law index df,, () dependence. How- "'J: ©3andb.-fi12 @ andfio> b NYPETHne INtensity ratios versus ine
- . dths. The curves correspond to the results of clumpy model calcula-
ever, as soon as a power-law index becomes higher than 0.5,[i See text for details
model line profiles become prominently non-Gaussian witha

sharp peak and extended wings.

Thus, it seems unlikely that the microturbulent model withomogeneous isothermal balls of the same size without inter-
a smooth distribution of parameters can reproduce the Obserﬁgdstructure_ Physica| parameters of each C|ump (number den-
HCN profiles with prominentz; » ratio anomalies and high line sity, kinetic temperature, microturbulent velocity) as well as

widths. velocity dispersion of interclump motions can be represented
as functions of distance from the center. The HCN excitation
7.2. Clumpy model results parameters are calculated for one representative clump in each

zone by an iterative method. A detailed model description is

There are many indications that molecular clouds and their COEf%en in the Appendix.
are clumpy on all spatial scales down to telescope resolution First we used a model that is divided into 10 equally spaced
limits (see Goldsmith 1995). This is implied by nearly identiconcentric zones each of which contained randomly distributed
cal line widths and map sizes of different molecules with d|E|umpS A Sing]e C|ump's diameter was set equa| to 1/5 of the
ferent critical densities as well as by nearly constant volungne width. No additional microturbulent broadening was as-
densities derived from multitransitional analySiS in clouds W|tﬁjmed The model parameters were: C|ump number density, ve-
strong column density variations. One more reason for clumpicity dispersion of interclump motions, which determined the
ness comes from a correlation detected betw@d and C Il resulting line width, HCN abundance and kinetic temperature
emission maps and molecular maps (for clouds with exterrglcilumps. In order to reduce statistical fluctuations (ripples) on
sources of ionization). The early ideas about the pOSSlblllty @fnergent prof"es the resumng HCN=1-0 Spectra were
clumpy structure came from analysis of molecular line profileg/eraged over 100 independent lines of sight. The volume fill-
most of which have highly suprathermal line widths withoyhg factor of clumps was constant throughout the model cloud
any evidence of self-reversals and saturation which can be g4ving the value of 0.2. Model spectra were fitted by Gaussian
plained as a superposition of emission from a large numbertglets in order to compare line parameters with the observed
individual unresolved clumps within the telescope beam. Rgg|yes.
cent multi-transitional CS and*¢S modelling (Juvela 1998)  Consistent with the results of Juvela (1998) and Park &
has shown that clumpy models can be fruitful for analysis efong (1998) it was found that clumpiness helps to avoid line
molecular line maps toward regions of high-mass star formgrofile self absorption both due to effects of macroturbulence
tion. Juvela (1998) as well as Park & Hong (1998) show thgh( spatial dilution.
a use of clumpy models can help to avoid problems related to | Fig. 8(a,b) we plotted the observeti, and Ry inten-
the line profile self absorption in microturbulent models. Ifthgity ratios, respectively, versus line widths along with model
clump’s volume filling factor is sufficiently small, the emissioryrves. Clump number density is either constantl0* cm—3
from a single clump can escape from the cloud without signi(ia), 105 cm~3 (b,c),3 - 10° cm~3 (d) or decreases outwards as
cant scattering thus providing information about its parametefse 3.105 .51 (e,f). The velocity dispersion of interclump mo-
Observed line widths in this case should reflect velocities §nsincreases from 0.5 kmrsto 2kms ! orfrom L kms! to
interclump motions. One might expect that the anomalies of thgm s-! (f) because of self-absorption on line profiles at smaller
J =1 — 0 HCN hyperfine structure that originate in clumpselocities in the latter casa/(HCN) is~ 10'4 cm~2 (a,c,f) and
with nearly thermal local line widths can be seen in emergents 5. 1913 cm—2 (b,d,e). Kinetic temperature has a constant
profiles within such models. value of 30 K (a-d) or decreases outwarddagy o 30 - r 04

We developed a program that calculates HCN excitation p@-f). TheT'(F = 2— 1) temperature decreases along each curve
rameters as well as emergeht= 1 — 0 HCN profiles within a \yith increasing line width being in the range of the observed in-
spherically-symmetric model that can consist of many clumpsnsities of the sources under comparison. Higher column densi-
unresolved by a telescope beam. Clumps are considered t@igf€|ead to smalleR,» and vice versa. Lower number densities
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lead to flat-topped and self-reversed line profiles while highpresent sample. The= 1—0H'3CN line parameters observed
number densities lead to highBr= 2 — 1 intensities out of the toward S140 IRS1 are the followin@i g (F = 2—1) = 1.2K,
observed range. AV =22kms ! andR;s ~ 0.6, Ros ~ 0.2 (Pirogov et al.

It is clear from Fig. 8 that the HCN spectra observed in 8995). The ratios of hyperfine intensity components imply that
sources with reducefl; ; ratios ¢~ 0.4) and nearly optically thin the H'3CN line is optically thin. The lower limit of the HCN
Rys values & 0.2) can be reproduced, e.g., with clump numbegolumn density ¥ (H'3CN)) calculated under the LTE assump-
density~ 10°> cm=3 and N(HCN) ~ 10'* cm~2 (curve c). tion (I.x = 10 K) is & 8 - 1012 cm~2 (Pirogov et al. 1995).
Ry» values are not so critical to number and column densiti€sir observations with 40toward IRS 1 covered most of the
but they are sensitive to the value of kinetic temperature beisgherical component and, probably, a part of the arc component.
higher whenTkn decreases outwards (curve (e)). It is diffi- In order to reproduce the observdd= 1 — 0 HCN and
cultto explain within the considered range of model parameté#$?CN spectra toward S140 IRS1 we performed detailed model
the enhancedRy, values ¢ 0.3) observed in 04324+5106 andcalculations of the spherical component. We took 0.44 pc for the
05490+2658 wherd V' are higher than 2.5 knTs. For repro- outer radius (Zhou et al. 1994) and divided the model core into
ducing these anomalies one, probably, needs to include an Exzones, each zone having 0.026 pc width. Clump parameters:
tended diffuse envelope into the model which could effectivehumber density, kinetic temperature as well as volume filling
absorbF’ = 2 — 1 component intensity relative t8 = 0 — 1. factor and velocity dispersion of interclump motions were kept

As the next step, we examined the clumpy model more th@enstant within each zone and could be varied from zone to zone
oughly by fitting model profiles to the HCN and #CN spectra as power-law functions of a zone's radius. Microturbulent ve-
observed toward the bright infrared source S140 IRS1. Thoulglity was set to zero in order to obtain the effect of thermal line
not included in the considered sample, this well-known higleverlaps alone. The velocity dispersion of interclump motions
mass star-forming region demonstrates very strong HCN lingas set to 1.3 kms' according to the optically thin HCN
with the same kind of anomaly that has been detected in thére width. Following Zhou et al. (1994) we assumed the cen-
sources of our sample. Moreover, S140 IRS1 has been widehl zone to be empty in order to account for the cavity around
observed and modelled in various lines that gives a possibilly sources. Clumps have constant size throughout the model
to compare with the parameters found by other authors. Tetmre. The HCN abundance was assumed constant and its value
results of our model simulations are given in the next sectiorwas varied in order to fit the calculatédd= 2 — 1 intensity to

the observed value.

7.3. L1204/S140 IRS1 dense core — implications Th_e resulting spectrum was calc_:ul_ated by a‘_’e“%gmg spectra

for clumpy structure for all independent lines of sight within the pro_jectlon of each

zone on the plane of the sky and then convolving the averaged

The dense core of the L1204 molecular cloud is located northodel spectra corresponding to different projections with’a 40
east of the S140 optical H Il region and contains a cluster of thrieeam. The quality of fitting was controlled by the sum of squares
infrared sources, IRS 1-3, which are identified with high-maseé$ residuals {2) between model and observed values of line
stars of spectral type B (Evans et al. 1989). The multitrangirofile temperatures.
tional CS observations of the core (Zhou et al. 1994) reveal A clump’s number density and volume filling factor were
two different components on a subarcminute spatial scaleset to be power-law functions of radius:= no(r/R)~* and
spherical one centered on IRS 1 which dominates inhighS P = Py(r/R)~”, respectively, where,, and P, correspond
emission and an arc component that dominates in Jo@S to the second zone arfd is the outer radius. While searching
emission and Nkl emission (Zhou et al. 1993) being closer tdor suppressed;, ratios together withRqz ~ 0.2 or slightly
the photon-dominated interface region between the H Il regibigher we found that the best fits occur at kinetic temperatures
and molecular cloud. The arc component demonstrates resolged0 K. This could be related to the fact that the overlaps of
clumpy structure (Hayashi & Murata, 1992) while the sphericéte second pair of closely located components inthe 2 — 1
component shows a central disk surrounded by a cavity etransition ' = 2 — 2 andF = 1 — 0, see GB) which lead to
bedded in an inhomogeneous dense envelope (Wilner & Wekippressedi, ratio are still effective at temperatures higher
1994, Minchin et al. 1993, Harker et al. 1997). The core alsban 20 K. We set the kinetic temperature to have the following
contains a bipolar outflow that originates at IRS 1 (Bally & Ladaw: Tix = 30(r/R) =" which gives 30 K in the second zone
1983, Hasegawa et al. 1991). and 10 K at the edge of the cloud. The best fit parametérs{

TheJ = 1 — 0 HCN observations toward S140 IRS1 per9.3) correspond ta,g = 1.8-10cm™3,a = 0.6, P, = 0.2 and
formed at RT-22 (Pirogov et al. 1995) as well as at OSO durimg= 0.3. Microturbulent CS modelling performed by Zhou et
our observing session in February 1996 reveal a narrow spec#la{1994) resulted in the following radial dependence of number
component blended with a high-velocity component of lower imtensity:n = 1.4 - 105(r/R)~%8 which has a power-law index
tensity. The Gaussian fitting by two HCN triplets with differentlose to the totah(r) and P(r) index from our results. Lower
widths gave the following parameters for the stronger and n&inetic temperatures (e.g. 13 K for all zones) can give even
rower componentlyg (F = 2—1) = 10K, AV =2.6kms™! better fits, yet, low temperatures contradict with high HCO
andRi> = 0.37, Ryp2 = 0.24. The anomaly of the/ = 1 — 0 line intensities observed toward S140 IRS1 witH 28solution
HCN spectrum is of the same kind as detected in 8 sources of (Hasegawa et al. 1991). The number of clumps within the first 4
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literature as well as with parameters of the IRAS sources. We
also tried to select the most adequate model of HCN emission.

HCN emission has been detected in 44 sources of 51 (86%).
HCN column densities arg; 3 - 1012 cm~2 for the sources
where HCN was detected.

The comparison of the HCN integrated intensities with those
of HCO*, NH3, CS and CO taken from literature reveal strong
correlations with similar slopes of 1 between line integrated
intensities of the molecules known to be high density tracers
(HCN, HCO", NH3 and CS). In order to enlarge the range
of compared parameters we combined the data for bright FIR

[ S sources with molecular line data for dark clouds, small globules
—20 -10 0 10 and cirrus cores. The correlations become higher with nearly the

Velocity, km/s . . L L. .

same slopes implying similar excitation and formation mecha-

Fig.9.TheJ = 1 — 0 HCN and H3CN profiles toward S140 IRS1 nisms of the molecules that trace high density gas in low-mass
(Pirogov et al. 1995). Smooth curves correspond to the modelling gnd high-mass star forming regions and cirrus cores. Collisional

sults within the clumpy model. See text for details excitation of the considered molecules in regions with different
densities as well as different molecular abundances and veloc-

zones which give the main contribution to the resulting spectruf dispersions in different types of cores seem to be important
is ~ 16000 with an average volume filling factor of 0.11 whichn Producing these correlations. The fpllowmg relations hold
is somewhat lower than estimates made by other authors (Ziuthe average over 3 orders of magnitude of integrated in-

etal. 1994, Spaans & Dishoeck 1997). The HCN abundancdggsities:/(HCN) = I(HCO™) ~ I(CS) > I(NHs) with
~5.1079. ammonia integrated intensities being several times lower than

Because FPCN lines are optically thin and th@,, andR,, HCN ones. Correlations are also found between CO and HCN

ratios are approximately equal to 0.6 and 0.2, respectively, be|Atpgrated intensities as well as between HCN line widths and
insensitive to particular forms of density and volume filling fadine widths of different molecular species for the present sample
tor laws, it is much easier to get the best fit in this case. We us¥id’right FIR sources. The HCN lines have the same widths as
the power-law parameters from the HCN fitting and fit only tH&€ HCO™ ones and higher widths than CS and, especially; NH

F =2 — 1 peak intensity varying the abundance and allowirl§'€s- _ _ _
N(H'3CN) to be not lower than the LTE value. The be$¢@N Weak correlations are found between HCN line widths and

fit (v2 ~ 3.3) was found af{ (H'*CN)~ 1.8-10~'0. The HCN Iuminogities Qf IRAS sources as.v.vell as between H.CN .inte—
and H3CN spectra are shown in Fig. 9 together with the begfated intensities, IRAS flux densities at 1@@ and luminosi-
fitting curves. ties of IRAS sources divided by distance squared.

Among the observed parameters of the HCN artdGN 24 sources of the sample have associated water masers
lines, the most uncertain are line intensities while hyperfilté7%6) and 20 sources demonstrate outflow activity (39%). The
intensity ratios and line widths seem to be better determing@urces with most intense HCN lines have associated water
parameters. This is due both to calibration uncertainties af@sers and molecular outflows while the lack of associated
uncertainties introduced by conversion of antenna temperatufé&sers or outflows points to weak or no HCN emission.
into brightness temperatures. Allowing fer20% uncertainties [N order to reproduce the anomalies of the= 1 — 0 HCN

of line intensities leads to 50% uncertainties for calculatedNyPerfine structuref,, < 0.6) observed in several sources to-
HCN and H3CN abundances. gether with suprathermal HCN line widths model calculations

are performed. Two spherical-symmetric models have been con-
sidered: a microturbulent one with a smooth density distribution
and a clumpy model. It is found that in the parameter space ex-
We presented the results of tHe= 1 — 0 HCN observations plored the clumpy model is preferable in comparison with the
toward 34 galactic star-forming regions associated with brigmjcroturbulentone duetothe lack of self-reversals on calculated
FIR sources (100 um) > 500 Jy). Together with 17 sourcesprofiles and a possibility to obtain anomalous HCN hyperfine
observed in this line earlier (Pirogov et al. 1996) they form igtensity ratios and suprathermal line widths.

complete sample of bright IRAS sources located in the outer Detailed clumpy model calculations have been performed
Galaxy (" < a < 12";§ > 0°). The sample sources ardo fit the observed HCN and'¥iCN spectra toward the bright

associated with high-mass young stellar objects embeddednifiared source S140 IRS1. Power-law distributions of a clump’s
dense molecular cloud cores. number densitypg o« r~¢, and volume filling factor,P, o
The goal of this investigation was to search for HCN emig- ”, gave a best fit atg = 1.8-10% cm™3, e = 0.6, Py = 0.2
sion toward dense cores associated with bright FIR sources. 8% 3 = 0.3. The number of clumps in a 40beam should
studied their physical properties by comparing HCN line p&&~ 16000. The velocity dispersion of interclump motions is
rameters with parameters of other molecular lines taken fréh® kms . Kinetic temperature of clumps should not exceed

8. Conclusions
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30 K which is necessary to obtaiRy: = 0.2 together with Iteration process is similar to the one described by Turner
R12 < 0.4 values observed in this source. et al. (1997). It includes a double-iteration scheme according
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as a clump’s volume filling factor. Clumps are assumed to be
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Gaussian with both thermal and microturbulent contributions 407, 657
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field which enters into balance equations for level populatiofttlieb C.A., Lada C.J., Gottlieb E.W., Lilley A.E., Litvak M.M.,
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. . : . . yashi M., Murata Y., 1992, PASJ 44, 391
atic velocity components on a given ray give particular DOppI?Irenning T., Cesaroni R., Walmsley M., Pfau W., 1992, AGAS 93, 525
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excitation for a given clump in a zone. Because all clumps injygyela M., 1998, A&A 329, 659

zone are identical, next representative clump can take an arlida C.J., 1985, ARA&A 23, 267

trary place in next zone. Therefore, it is possible to considenanchin N.R., White G.J., Padman R., 1993, A&A 277, 595
new spatial distribution of clumps as all possible clumps copragani L., 1998, A&A 333, 269

figurations are statistically equivalent (see Pagani 1998).  Park Y.-S., Hong S.S., 1998, ApJ 494, 605

Appendix A: a clumpy cloud model
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