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ABSTRACT

We have conducted an HCN (J = 1-0) survey of 37 star-forming and quiescent dense cloud cores.
HCN emission was detected toward 31 of the 33 cores containing embedded point sources, with only
weak or no HCN detection among four starless sources. We find that the J = 1-0 transition of the HCN
molecule is particularly well suited for revealing the early stages of star formation in molecular clouds.
In the sample of star-forming cores, there is excellent spatial coincidence (better than 7”) between the
position of the peak integrated HCN emission and the location of the associated young stellar object
(YSO). Furthermore, emission strength in this HCN transition is well correlated with the YSO class:
Class 0 and Class 1 YSOs are preferentially detected. Detecting strong (>1 K km s™!) HCN emission
from a molecular cloud core indicates the presence of an embedded YSO and thus, indirectly, of a col-
lapsing core. In addition, detection of very strong (>3 K km s~ !) HCN emission implies an 80% likeli-
hood of the presence of an embedded Class 0 YSO.
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1. INTRODUCTION

Star formation occurs in the densest regions of both giant
molecular clouds and dark clouds. These clouds contain
smaller and denser regions, the dense cores, with physical
conditions adequate for the onset and later development of
core collapse. The collapse of a core leads ultimately to the
formation of a single star or a group of stars. Thus, knowing
the physical conditions within cores is of crucial importance
for our understanding of the details of this very early stage
of star formation.

However, cold molecular hydrogen gas cannot in general
be directly detected. In most cases, it has been traced using
observations of other molecular transitions. The CO mol-
ecule is often used to trace relatively low density H, and can
be used efficiently to delineate the extent of a molecular
cloud. However, molecules with higher dipole moments are
needed to search for dense cores within a cloud. For
example, the J = 1-0 transition of the HCN molecule
(dipole moment of 3 D) traces gas with densities n > 10°
cm ™3 (e.g., Turner 1974), i.e., about 100 times denser than
traced by the corresponding CO transition.

In a previous paper (Afonso, Yun, & Clemens 1998, here-
after AYC98), we have presented the results of an HCN
(J = 1-0) survey of dense cores in a sample of 24 star-
forming and quiescent Bok globules, the smallest and sim-
plest molecular structures of the interstellar medium. The
main goal was to study the physical properties of the dense
cores and their relationships to the formation of the young
stellar objects (YSOs) found embedded in the cores. We
showed that HCN emission was detected toward 11 of 13
globules containing embedded point sources, with no HCN
detection among 11 starless globules. Furthermore, we have
shown that this HCN transition is well correlated with the
YSO class, detecting preferentially Class I (and possibly
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Class 0) YSOs. Our results indicated that detecting strong
(>1K km s™!) HCN emission from a molecular cloud core
seemed to imply the presence of an embedded protostar and
thus, indirectly, of a collapsing core.

However, our globule sample contained no Class 0
sources. In order to test whether cloud cores containing
Class 0 sources are also strong HCN emitters (which has
consequences for the picture of the precollapse evolution of
a dense core), we needed to determine the intensity level of
HCN emission in Class 0 objects. In this paper, we report
observations toward a new sample of cloud cores, many of
which contain YSOs in different stages of evolution, and
many of which contain Class 0 objects.

By searching for HCN emission from a sample of clouds
containing quiescent and star-forming examples, i.e., con-
taining starless clouds and clouds with YSOs, we seek to
probe the physical conditions of the evolutionary stages of a
molecular cloud core during the star formation process. In
so doing, we are able to estimate the duration of detectable
HCN emission, and we link this emission to the presence of
protostellar sources embedded in the cloud cores.

In this paper, we present our HCN survey of molecular
gas associated with YSOs at different stages of evolution.
Applications of these results to studies of the star formation
process are discussed. In § 2, we describe the observations
and data reduction. In § 3, we present and discuss our
results, and in § 4 we summarize our findings.

2. OBSERVATIONS AND DATA REDUCTION

The sample of Bok globules surveyed for HCN and
described in AYC98 did not contain Class 0 sources. There-
fore, the new sample of cloud cores was selected mainly by
the requisite of their being associated with Class 0 sources.
No distinction has been made as to the type of star forma-
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tion environment (small globules and dark cloud cores
accepted indiscriminately). Furthermore, for the purposes
of comparison and statistics, a few cores associated with
non—Class 0 sources (starless or associated with Class I,
Class II, or small clusters of YSOs) were added to the new
sample presented in Table 1. Most of the sources were
extracted from tables of Class 0 sources contained in Gre-
gersen et al. (1997) and Yun et al. (1996). In both cases the
tables are a compilation from the literature.

Millimeter observations at 88.63 GHz (the J = 1-0 rota-
tional transition of HCN) were carried out toward this
sample of YSOs using the 15 m Swedish-ESO Sub-
millimetre Telescope of the European Southern Observa-
tory during 1998 September 22-24. The half-power
beamwidth of the telescope was 56” at the observing fre-
quency. The main-beam efficiency was 0.75. The back end
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included a 1000-channel acousto-optical spectrometer with
43 kHz resolution (0.15 km s~ ). Each source was observed
using dual beam switching (chop throw of 11') with integra-
tion times of 4 minutes toward each position. The pointing
error was found to be better than 7”. We obtained a five-
point map for each source, taken in an approximately full-
beam—spaced grid.

Spectral line intensities were calibrated and corrected for
atmospheric losses using the standard chopper-wheel
method to obtain the antenna temperature, T%. The data
were processed using standard procedures of the Contin-
uum and Line Analysis Single-dish Software (CLASS)
package developed at Observatoire de Grenoble and
IRAM. Baselines were fitted and removed, followed by
Gaussian fitting, yielding the values of the line parameters
(peak, width, and integrated intensity).

TABLE 1
HCN SuUrVEY OF DENSE CORES

Source RA. Decl. Associated Visr Avpwam TR=*1 IE3t Tx Tyen
Name (B1950.0) (B1950.0)  Point Source (kms~!) (kms™?) (K) (K km s~ 1) (K) (K km s™1)
] 2 (3 @ ()] 6 M ®) ) (10

TTauri.................... 04 19 04.2 19 25 06 1I* 8.30 1.3(0.1) 0.68 (0.06) 0.94 (0.04) 1.02 (0.11) 1.36 (0.08)
L1551 NE®................ 04 28 50.5 18 02 10 0 7.44 >0.58 >1.73 >1.18 >3.26
L1527 e, 04 38 48.0 2557 05 0 <0.11 <0.16 <0.11 <0.16
RNO 43 MM ............ 0529306 124735 0 997 1.51(007) 0.65(0.06) 104 (0.04) 159 (0.12)  2.12(0.08)
NGC 2024 FIR 5 ........ 0539130 —015708 0 10.93 2.18 (0.14) 7.91(0.09) 18.32(0.27) 13.65(0.27) 34.08 (0.81)
HH 24 MMS ............. 0543351 —00 1147 0 9.84  148(0.02) 241(0.06) 3.80(0.06) 460 (0.18)  7.03 (0.18)
CB35 .o, 05 44 27.0 10 25 33 Starless <0.10 <0.15 <0.10 <0.15
NGC 2264G .............. 0638257 095855 0 428 149 (024) 020(004) 031(003) 065(0.12)  0.77 (0.08)
IRAS 08124 —3422....... 081229.6 —342202 0 4.64 1.07 (0.02)  1.30 (0.05) 1.48 (0.03) 2.40 (0.15) 2.61 (0.09)
IRAS 08261 —5100....... 0826 11.6 —5100 39 I 533 151(0.14) 024 (005  0.38(001) 049 (0.15  0.80 (0.03)
IRAS 08337—4028....... 08 3342.6 —4028 02 e 7.10 297 (0.14) 1.80 (0.06) 5.69 (0.07) 3.12 (0.18) 10.36 (0.21)
IRAS 11590—6452....... 1159031 —645211 0 —4.80 1.31 (0.03) 3.85(0.11) 5.39 (0.08) 7.63 (0.33) 10.25 (0.24)
IRAS 12345—6911....... 1234 46.5 —69 11 06 I <0.11 <0.17 <0.11 <0.17
IRAS 13036—7644%...... 130341.0 —764403 0 3.86 >0.95 >2.19 >1.90 >4.60
IRAS 13224—5928....... 1322300 —592815 11 —33.12 1.33 (0.07)  0.38 (0.03) 0.54 (0.02) 0.80 (0.09) 1.09 (0.06)
SZ83 weeeeeeeeeeaa, 1553244 —374035 Il 492  129(0.16) 024 (0.06) 033 (0.04) 043 (0.11) 047 (0.06)
IRAS 16029—4548....... 16 02 57.0 —45 48 08 11 <0.11 <0.16 <0.11 <0.16
VLA 1623 ................. 1623249 —2417 46 0 2.18 1.10 (0.04) 1.11 (0.07) 1.30 (0.04) 2.15(0.21) 3.33 (0.15)
V346 Nor ........cc....... 16 28 57.0 —44 49 06 d —3.18 1.55(0.05) 1.33 (0.07) 2.21 (0.05) 2.65 (0.21) 4.20 (0.15)
IRAS 16293 —2422%...... 1629209 —242213 0 3.69 >2.40 >6.83 >4.46 >13.65
IRAS 17012—3603....... 1701 120 —-3603 10 0 10.57 1.37 (0.09)  0.40 (0.06) 0.57 (0.04) 0.80 (0.18) 1.05 (0.09)
IRAS 17157—-3215....... 1715440 —321536 1 10.92 1.68 (0.01)  0.40 (0.06) 0.71 (0.04) 0.76 (0.18) 1.96 (0.17)
IRAS 17159—3324....... 1715550 —332416 1 7.48 1.56 (0.11)  0.41 (0.07) 0.68 (0.04) 0.84 (0.21) 1.35(0.13)
IRAS 17172—4316........ 1717159 —4316 54 1 —7.41 1.22 (0.03)  0.81 (0.04) 1.07 (0.03) 1.48 (0.12) 1.99 (0.07)
IRAS 17181 —4405....... 17 18 09.3 —44 05 48 ° —13.04 2.10 (0.06) 0.83 (0.06) 1.84 (0.04) 1.45 (0.18) 3.43 (0.14)
IRAS 17193 —4319....... 1719180 —431924 0 —8.88 1.94 (0.02) 2.76 (0.07) 5.68 (0.05) 5.24 (0.21)  10.65 (0.15)
CB98 ., 17 44 020 —2029 26 f 10.35 0.60 (0.04) 0.92 (0.07) 0.59 (0.03) 2.01 (0.21) 1.24 (0.08)
BHR 145 ...ooooeeeen. 1744230 —434212  Starless 775 092(0.15 019 (007  0.17(0.03) 049 (021)  0.48 (0.09)
BHR 142 ....ccccceee.... 1759 180 —46 39 54 Starless 5.67 1.02 (0.11)  0.24 (0.06) 0.25 (0.03) 0.61 (0.18) 0.65 (0.09)
CB112 . .cceveiiieieaa.., 18 06 00.0 —01 50 33 Starless <0.11 <0.17 <0.11 <0.17
CB130 ....ccevveeeeenn... 18 13380 —023352 f 7.66 1.67 (0.55) 0.11 (0.07) 0.19 (0.05) 0.83 (0.21) 0.84 (0.10)
L483Y i 18 14 50.6  —04 40 49 0 5.11 >0.67 >1.57 >1.95 >3.39
IRAS 18162—2048....... 1816 13.0 —2048 49 0 12.81 3.28 (0.12)  0.59 (0.06) 2.05 (0.07) 1.13 (0.18) 3.55(0.17)
Serpens SMM 1°......... 18 27 17.3 011323 0 8.51 >2.01 >7.50 >2.79 >7.73
Serpens SMM 2.......... 1827280 011045 0 708 196 (0.02) 323(007) 673 (0.06) 581(021) 14.00 (0.20)
L723 oo 1915420 1906 55 0 1072 212(0.17) 034(006) 0.77(0.06) 081 (0.17)  1.88 (0.16)
B335 . 19 34 35.7 07 27 15 0 8.22 >0.80 >0.80 >1.81 >1.84

Notes.—Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Errors are 1 ¢ and

upper limits are 2 .

 There could be some contribution from the younger, more embedded, infrared companion.

® Spectrum exhibits strong self-absorption.
° Embedded cluster (Santos et al. 1998).

4 FU Orionis star (with a possible younger, more embedded, infrared companion; Reipurth et al. 1997).

¢ Several embedded sources (Santos et al. 1998).
f Weak millimeter source (Launhardt & Henning 1997).



992 YUN ET AL.

3. RESULTS AND DISCUSSION

In Table 1 we list the sources observed. Columns (2) and
(3) give the positions observed toward each source. When
available, we give in column (4) the associated YSO class,
according to the classification of Adams, Lada, & Shu
(1987), extended by André, Ward-Thompson, & Barsony
(1993). Columns (5)—(10) give the results of the HCN survey.
Columns (5)—(8) list, respectively, the line velocity Vg, the
FWHM line width Av, the line peak T; (antenna tem-
perature corrected for the main-beam efficiency), and the
integrated line intensity (area, Iycy = | Tg dv) for the central
line component (F =2-1 transition, usually the most
intense). Columns (9) and (10) give respectively the line peak
and the integrated line intensity of the three hyperfine com-
ponents summed together. Values in parentheses are 1 ¢
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errors, and upper limits are 2 ¢. For nondetections, the
upper limit in the integrated emission, o;, is the area of a
Gaussian line with peak intensity equal to 6, and FWHM
equal to the largest Avgwy among the weakest detections.

3.1. Spectra and Maps

In Figures 1 and 2 we present two examples of the spectra
obtained. The first example (Fig. 1) shows the spectra of
RNO 43 MM, in which the hyperfine structure of the
J = 1-0 rotational transition of the HCN molecule is
clearly seen. The main line splits into three components:
F=0-1 (886339 MHz), F =2-1 (88631.8 MHz), and
F = 1-1 (88630.4 MHz) (see, e.g., De Lucia & Gordi 1969;
Bogey, Demuynck, & Destombes 1981). The second
example (Fig. 2) reveals self-absorbed spectra of IRAS

RNO43MM

AS

el

Fi1G. 1.—Top: Example of spectra obtained toward RNO 43 MM. The hyperfine splitting of the J = 1-0 rotational line of HCN is clearly seen. Bottom:
Map of HCN emission-line profiles for RNO 43 MM. The spectra are presented in their relative angular positions. The horizontal velocity axis and the

vertical antenna temperature axis are the same as in the top panel.
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F1G. 2—Top: Example of self-absorbed spectra obtained toward IRAS 13036 —7644. The hyperfine splitting of the J = 1-0 rotational line of HCN is
clearly seen. Bottom: Map of HCN emission-line profiles for IRAS 13036 —7644. The spectra are presented in their relative angular positions. The horizontal
velocity axis and the vertical antenna temperature axis are the same as in the top panel.

13036 — 7644, indicating the presence of very large optical
depths. Self-absorbed lines were also seen toward L1551
NE, IRAS 16293 —2422, 1.483, and Ser SMM 1.

Figures 1 and 2 also reveal that the HCN emission tends
to peak at the position of the YSO (located at the center of
the five-point map). This good spatial coincidence between
the peaks of the HCN emissions and the location of the
associated YSOs reinforces our previous finding (AYC98)
that the HCN emission is related to the presence of the
YSOs in the cores.

3.2. HCN, Starless Clouds, and the Evolutionary
Stages of YSOs

Analysis of Table 1 indicates that the strongest HCN
emission was detected toward sources with associated Class
0 YSOs. In order to better visualize this trend, for the

objects with an entry in column (4), we have plotted, in
Figure 3, the total HCN integrated line intensity given in
column (10) of Table 1 versus the class of the associated
YSO (given in col. [4]). Each circle and horizontal line in
Figure 3 corresponds to one source and its associated YSO.
The sources without a known associated embedded YSO
appear in the class of “starless” clouds. Arrows represent
upper and lower limits.

From left to right and from top to bottom, the sources
represented in this figure are as follows:

Starless—BHR 142, BHR 145, CB 112, CB 35;

Class 0—NGC 2024 FIR 5, Ser SMM 2, IRAS
16293 —2422, IRAS 17193 —4319, IRAS 11590— 6452, Ser
SMM 1, HH 24 MMS, IRAS 13036—7644, IRAS
18162—2048, 1483, VLA 1623, L1551 NE, IRAS
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F16. 3.—HCN emission and the presence (or absence) of a point source.
All very strong emissions were detected toward cores with an associated
Class 0 YSO. See § 3.2 for a description.

08124—3422, RNO 43 MM, L723, B335 IRAS
17012 —-3603, NGC 2264G, L1527;

Class I—IRAS 17172 —4316, IRAS 17157—3215, IRAS
17159 — 3324, IRAS 08261 —5100;

Class II: T Tauri, IRAS 13224—5928, Sz 83, IRAS
12345—6911, IRAS 16029 —4548.

Figure 3 shows that only weak HCN detection (Igcy < 1
K km s~ 1) occurred for the starless clouds. In addition, the
highest values of HCN emission are seen only toward the
sources with associated Class 0 YSOs.

For a more complete analysis of the relationship between
HCN emission and the evolutionary stage of a cloud core,
we present in Figure 4 the same information as in Figure 3
but including the sources from AYC98. A breakdown of the
HCN brightness of the sources included in Figure 4 is
shown in Table 2. The group of sources with associated
Class 0 YSOs appears as a distinct group when we consider
the presence of very strong HCN emission (defined here as
I'yen > 3 K km s~ 1), In this group, more than half (12/19) of
the sources exhibit very strong HCN emission, while only
8% (3/40) of the sources without an associated Class 0 YSO
show very strong HCN emission. From these numbers, we
estimate that detection of very strong HCN emission
implies an 80% likelihood of having found an embedded
Class 0 YSO.

Figure 5 shows the cumulative fraction of sources with
integrated intensities smaller than or equal to a fixed value.

TABLE 2

BREAKDOWN OF THE SOURCES SURVEYED: HCN
INTENSITY AND CLASS 0 SOURCES

Type Iyen >3 Tyen <3 Total
Class O ............ 12 7 19
Non—Class O...... 3 37 40
Total............ 15 44 59
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F1G. 4—Same as Fig. 3, but including the sources from AYC98

The rightmost curve corresponds to the group of sources
with an associated Class 0 YSO; the curve to the left corre-
sponds to the group without an associated Class 0 YSO.
About 60% of the sources in the former group show very
strong HCN emission, whereas this is true for only 8% of
sources in the latter group. The probability that the values
of Izcn observed for the two data sets (the Class O group

Cumulative Fraction
o
(@)

-1
Iy (Kkm s77)

FiG. 5—Cumulative fraction of sources with HCN integrated intensity
smaller than or equal to a fixed value. The line to the right shows the
sources with associated Class 0 objects; the line to the left shows the
starless sources or those with non—Class 0 objects. Note the large number
of sources with large I'yycy values in the Class 0 group sources. The dashed
vertical line is drawn at I;cy = 3 K km s~ 1. About 60% of the Class 0
group sources have Iycy > 3 K km s~ %, while this is the case for only less
than 10% of the non—Class 0 group sources.
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and the non—Class 0 group) come from a single parent dis-
tribution is 0.002% (Kolmogorov-Smirnov test).

The absence of, or very low emission values for, HCN
emission in the group of starless cores indicates that the
stage of the star formation process between when the cloud
core becomes sufficiently dense to excite the HCN J = 1-0
transition and the appearance of an infrared point source is
very brief. If the horizontal axis in Figure 4 is seen as a
temporal axis, the concentration of strong HCN detections
seen in this figure indicates that HCN emission is a rela-
tively transient phenomenon and that strong emission
occurs only during the period of protostellar accretion. As
described in AYC98, this is in good agreement with esti-
mates of the timescale for the formation of a dense core and
the timescale for protostellar accretion (e.g., Fiedler &
Mouschovias 1993). It appears that once a cloud core
reaches a sufficiently high density, enabling both HCN exci-
tation and the start of protostellar accretion, it will rapidly
form a YSO (first detected as a Class I or Class 0 source). As
a result, we expect that it should be very difficult to detect a
core with strong HCN emission and no YSO.

3.3. HCN, Ammonia, and CS

Since the work of Myers & Benson (1983), ammonia has
been used to identify dense cores in dark clouds. In addi-
tion, in the past few years, CS has also been used to trace
dense material within molecular clouds. However, until
now neither of these two tracers has been shown to be useful
in establishing an observational distinction between starless
and star-forming cores.

Myers et al. (1987) have found that about half of the
ammonia-traced dense cores were associated with IRAS
sources, while the other half were starless. Lemme et al.
(1996), in their survey of ammonia in Bok globules, found a
large number of starless globules exhibiting strong NH;
(1, 1) emission.

Using data from Matthews & Little (1983), Torrelles et al.
(1986), Bourke et al. (1995), Anglada et al. (1996), Lemme et
al. (1996), and Anglada, Sepulveda, & Gomez (1997), we
have assembled the integrated line intensity of the ammonia
(1, 1) transition for 48 of the sources included in Figure 4.
The 11 remaining sources do not have ammonia data in the
literature.

We plot the ammonia integrated line intensities in
Figures 6 and 7, which are the same as Figures 4 and 5,
respectively, but for ammonia instead of HCN. As in the
case of HCN, ammonia emission is stronger toward sources
with associated Class 0 and Class I YSOs than it is for the
remaining cases. However, a comparison of Figures 5 and 7
indicates that the separation of starless and Class 0/I
sources is more enhanced for HCN than it is for ammonia.
The corresponding Kolmogorov-Smirnov test gives a
match probability of 0.04%, 20 times higher than the HCN
value.

The comparison described in the previous paragraph
should in fact be done with the same sample of sources for
both HCN and ammonia. Therefore, we have repeated the
comparison excluding from the HCN sample the same 11
sources that do not have ammonia data. No significant
deviation was found from the results described above.

The fraction of starless cores among strong ammonia
detections is much higher than among starless HCN cores.
We thus confirm that while ammonia traces dense cores,
HCN is more selective at detecting cores with embedded
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F1G. 6.—Same as Fig. 4, but for ammonia emission instead of HCN

objects. In particular, very strong (>3 K km s~ ') HCN
emission is a useful tool for locating Class 0 objects.
According to the chemical evolutionary models of Scap-
pini et al. (1998), in the initial stages of the evolution of a
diffuse cloud to form a dense cloud core, the abundance of
HCN is about 3 orders of magnitude higher than that of
ammonia. However, the relatively low density of those
initial stages (<10* cm ™) and the high value of the HCN
critical density (210> cm™?) should suppress any HCN
emission during this low-density period. At a later stage, but
still before a point source has been formed in the cloud core,

Class#0

Class O

Cumulative Fraction
o
(@)
[

-1
INH3 (K km s~ )

Fi1G. 7—Same as Fig. 5, but for ammonia emission instead of HCN
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the abundance of ammonia rises sharply, becoming 2-3
orders of magnitude higher than that of HCN, favoring a
stronger ammonia emission from a still starless core. The
buildup of the HCN abundance is more gradual, and large
HCN abundances are obtained later, very likely when the
density has reached the value required to excite the HCN
J = 1-0 rotational transition.

A similar analysis is needed for the CS transitions in
order to investigate whether CS transitions can distinguish
between starless cores and star-forming cores.

4. SUMMARY

We have conducted HCN (J = 1-0) observations of a
sample of YSOs. Of the 37 sources, four were starless (with
no evidence for embedded YSOs), 19 were associated with
Class 0 YSOs, four were associated with Class I YSOs, and
five were associated with Class II YSOs. The remaining five
sources represent cores that could not be classified with
certainty.

1. HCN emission was detected toward 31 sources: two
starless (weak), 18 Class 0 YSOs (mostly very strong), four
Class I YSOs (strong), and three Class II YSOs (weak). The
remaining five unclassified sources were also positive detec-
tions.

2. Very strong (>3 K km s~ !) HCN emission is seen
toward 12 (of 19) cores lodging embedded Class 0 YSOs.

Strong (>1 K km s~ ) HCN emission is seen toward most
Class I sources and from two Class IT YSOs.

3. The spatial distribution of the HCN emission tends to
peak at the position of the associated YSO point source.

4. The J = 1-0 transition of the HCN molecule detects
preferentially Class 0 and Class I YSOs.

5. The strong presence of the J = 1-0 transition of the
HCN molecule signifies recent star formation in small
molecular clouds. Detecting strong (>1 K km s~ ') HCN
emission seems to imply the presence of a collapsing core.

6. Class 0 sources are embedded within dense cores that
are very strong HCN emitters. Detecting very strong (>3 K
km s~ ') HCN emission indicates an 80% likelihood of
having found an embedded Class 0 YSO.

7. The physical conditions required to excite strong
HCN (J = 1-0) emission are either reached by the time a
protostellar core has formed (at about the end of the ambi-
polar diffusion stage or beginning of the protostellar accre-
tion stage) or are coeval with protostar formation.
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