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ABSTRACT

We present a survey for dense material around young IRAS sources in the Perseus molecular cloud
complex in the NH; (J, K) = (1, 1) line at 1.3 cm. NH; emission was detected in eight, and mapped in seven,
out of 10 positions chosen for study. The dense cores found typically have lower masses and narrower line
widths than cores previously studied in Perseus and are located near sources of lower luminosity. NH; cores
are found throughout the Perseus complex; however, much of the detected dense gas is concentrated into two
filamentary “ridges” located in the western part. As a group, NH; cores in Perseus have a mean line width of
0.6 km s~ !, mean radius of 0.12 pc, mean Kinetic temperature of 13 K, and mean mass of 9 M. These mean
values are larger than the mean values for NH; cores with associated stars in Taurus, but smaller than the
mean values for cores associated with stars in Orion A. Some of the cores in Perseus are “thermally domi-
nated,” with thermal and nonthermal line widths similar to most Taurus cores, while others are
“nonthermally dominated” and are more similar to the cores in Orion A. We conclude that the Perseus
complex is intermediate in its star-forming potential between the predominantly low-mass star-producing

regions like Taurus and the regions capable of the producing high-mass stars such as Orion A.
Subject headings: ISM: individual (Perseus molecular cloud) — ISM: molecules — radio lines: ISM

1. INTRODUCTION

Stars form in dense condensations within molecular clouds.
These condensations have large column densities (Ny, 2 1022
cm~?) and gas densities (ny, 2 10* cm™3), making them
opaque both visually and in the lines of CO, a common tracer
of molecular cloud material. To study the contents and proper-
ties of these dense cores, then, one must observe at other wave-
lengths, where these cores are less opaque.

The spectral lines of the 23 GHz inversion transition of NH
have proved to be good tracers of the densest material in dense
cores, particularly those forming low-mass stars (see, e.g., Ho &
Townes 1983; Benson & Myers 1989). The upper levels of the
rotational ladder are collisionally populated significantly only
within regions of relatively high volume density (ny, 2 3

x 103 cm ~3), so emission is observed only toward high-density

material. The (J, K) = (1, 1) transition has 18 hyperfine com-
ponents, grouped into five spectrally distinct groups, allowing
for determination of the optical depth of the emission. Further-
more, the (J, K) = (2, 2) lines are shifted in frequency from the
(1, 1) lines by less than 1 GHz, and therefore both transitions
can be observed with the same telescopes and receiver configu-
rations, allowing for more accurate determinations of excita-
tion and kinetic temperatures.

NH; emission has been observed toward a variety of dense
cores, from small “starless” cores that may or may not ever
produce a star, to cores containing individual young stars, and
cores containing young star clusters with O and B stars (Ho &
Townes 1983; Myers, Ladd, & Fuller 1991). Observations indi-
cate that the mass, line width, and temperature of an NH; core
increases with the luminosity of the embedded source or
sources (Wouterloot, Walmsley, & Henkel 1988; Stacy et al.

1988; Ladd 1991; Myers et al. 1991). Myers et al. (1991)
showed that NH; cores can be described as thermally or non-
thermally dominated, depending on whether the thermal line
width, inferred from the kinetic temperature, exceeds the non-
thermal line width, determined from the observed line width.
They showed that cores containing embedded sources with
luminosity less than ~10 Ly are generally thermally domi-
nated, while cores with luminosity greater than ~10 L are
generally nonthermally dominated.

The Perseus molecular cloud complex is interesting because
there exist young sources with luminosities both greater and
less than 10 L. The infrared survey of Ladd, Lada, & Myers
(1993) showed that Perseus contains embedded sources
ranging in luminosity from 0.6 to 320 L, and suggested that
Perseus is intermediate in its star-forming properties between
the Taurus complex, where stars predominantly appear to
form in relative isolation (YSO surface density ~ 10 pc~2), and
the Orion complex, where the dominant mode of star forma-
tion involves large clusters with densities of 100 pc™2. In this
work, we examine the properties of the dense gas in the Perseus
complex and compare the Perseus cores in Taurus and Orion.

The Perseus molecular cloud complex is a conglomeration
of regions of high visual extinction extending over some 9° at a
Galactic longitude of ~ 160 degrees and latitude ranging from
—23° to —14°. Its high Galactic latitude and its low LSR
velocity determined from observations of CO (Sargent 1976)
and '3CO (Bachiller & Cernicharo 1986) suggest that it is
within a few hundred parsecs of the Sun, though its actual
distance is somewhat controversial. Most authors agree that it
is associated with the Per OB2 association, whose distance has
been estimated to be 334 + 12 pc (Borgman & Blaauw 1964).
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However, Lynds (1969) notes that the dark-cloud complex is
probably in front of the OB association and that 350 pc is
probably an upper limit to the dark-cloud distance.

The complex has been observed in lines of CO (Sargent
1976; Ungerechts & Thaddeus 1986) and !3CO (Bachiller &
Cernicharo 1986; Bally 1991), and its visual extinction has
been estimated using star counts (Cernicharo & Bachiller
1984). It is extended over 15 x 55 pc (Sargent 1976), and the
total mass of gas in the region is estimated as 2 x 10* M,
assuming a distance of 350 pc (Cernicharo, Bachiller, & Duvert
1985). An east-west gradient in LSR velocity is seen in several
lines with velocity increasing to the east. Sargent (1976) con-
cludes that the velocity gradient does not result from a single
object, but rather a series of distinct clumps at slightly different
velocities. Cernicharo et al. (1985) suggest that there are two
distinct clouds, one located at a distance comparable to that of
the Taurus complex (~ 200 pc), and a second layer at ~ 300 pc,
the distance of the Per OB2 association. However, the higher
spatial resolution '3CO mapping of Bally (1991) appears to
show that, while the velocity structure is complex and filamen-
tary, there is a smooth progression in velocity from east to west
for the bulk of the gas.

Most measurements of stars believed to be associated with
the complex yield distances of 350-500 pc, similar to that
derived by Borgman & Blauuw (1964) for the Per OB2 associ-
ation (see, e.g., Harris, Morgan, & Roman 1954; Strom, Gras-
dalen, & Strom 1974; Herbig & Jones 1983). Based on these
results, we adopt a distance of 350 pc.

The complex contains six well-studied regions of star forma-
tion activity—L1448 (see, e.g., Bachiller et al. 1990a; Anglada
et al. 1989; Levreault 1985), L1455 (e.g., Heyer et al. 1986;
Schwartz, Frerking, & Smith 1985; Davidson & Jaffe 1984;
Goldsmith et al. 1984), NGC 1333 (e.g., Loren, Vanden Bout,
& Davis 1973; Loren 1976; Ho & Barrett 1980; Schwartz,
Waak, & Smith 1983; Strom, Vrba, & Strom 1976; Harvey,
Wilking, & Joy 1984), B1 (e.g., Bachiller, Menten, & del Rio-
Alvarez 1990b; Bachiller, Martin-Pintado, & Planesas 1991;
Cohen & Kuhi 1979; Goodman et al. 1989), IC 348 (e.g.,
Blaauw 1952; Bachiller, Guilloteau, & Kahane 1987; Strom,
Strom, & Carrasco 1974), and B5 (e.g., Goldsmith, Langer, &
Wilson 1986; Langer et al. 1989; Benson & Myers 1989; Fuller
et al. 1991)—and a small collection of individual emission line
stars (Herbig & Bell 1988). Two of these star formation regions,
NGC 1333 and IC 348, are particularly bright and contain
newly formed intermediate-mass stars of spectral type B, as
well as a cluster of young stars of lower masses. The brightest
sources in the other four regions have significantly lower lumi-
nosity than do B stars.

Parts of the Perseus complex have been searched previously
for NH;, but no systematic, cloudwide study has been report-
ed. In this paper we present the results of an IRAS-based
search for NH; emission throughout the complex. In § 2 we
describe the observational method, search list, and initial data
reduction. In § 3 we compare our results with previous NH,
work in Perseus and produce a Perseus core sample for com-
parison with Taurus and Orion. In § 4 we discuss the compari-
son between Perseus, Taurus, and Orion, in terms of both the
dense gas content and young stellar populations. We present
our conclusions in § 5.

2. OBSERVATIONS

We observed the sources in the Perseus complex in the
(J, K) = (1, 1) 23.7 GHz inversion transition of NH; at the
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37 m telescope of the Haystack Observatory! in Westford,
MA, during seven multiday observing sessions in 1988 Decem-
ber, 1989 June, 1990 February, 1990 July, 1991 February, 1992
June, and 1992 December. Our observations were frequency
switched by 0.11 MHz to remove atmospheric and instrumen-
tal contributions. The measured full width at half-maximum
(FWHM) beam size was 88”. We used three detection configu-
rations during the survey. Some of the observations were made
with a single-maser receiver and with either a 6.66 MHz or 4.44
MHz bandwidth and 1024 channel autocorrelator, which
resulted in FWHM velocity resolution of 0.12 km s~ ! and 0.08
km s~ !, respectively. Other observations used a two-maser
system, which detected orthogonal linear polarizations
through two 3.2 MHz bands and split the autocorrelator into
two 512 channel systems. These observations have FWHM
velocity resolution of 0.12 km s~!. System temperatures
ranged from 55 to 100 K during the winter observations and
from 85 to 150 K in the summertime. In all cases, spectra were
integrated until the rms antenna temperature (T%) was less
than 0.1 K (typically 30 minutes in winter and 60 minutes in
summer), and in most cases, less than 0.05 K.

The spectral intensities were corrected for variation in atmo-
spheric attenuation and antenna gain with elevation. The
antenna surface was modified on several occasions over the
course of these observations, and the gain dependence on ele-
vation was remeasured after each rerigging of the antenna. We
determined the gain correction by observing a source of known
brightness (B5; Benson & Myers 1989), and by regular moni-
toring of one of our stronger detections (Per 6 [0-1]; the
numbers in brackets indicate the offset in arcminutes from the
map center position) at a variety of elevations and during
varied weather conditions. We assume a telescope beam effi-
ciency of 0.25. From these measurements, we estimate that the
corrected line antenna temperatures T% are reproducible at the
20% level.

Pointing corrections as a function of both azimuth and ele-
vation from the standard Haystack pointing map were used for
all the observations. We monitored the telescope pointing by
observing continuum point sources (usually 3C84) frequently
during our observing sessions. We consistently found pointing
errors <35”, and typically <20” (<0.2 times the FWHM
beam width).

In the six brightest cores we detected, we observed nine
positions with strong (1, 1) lines in the (J, K) = (2, 2) 23.7 GHz
inversion transition. We used the single-maser system
described above with the 444 MHz bandwidth and hence
a FWHM velocity resolution of 0.08 km s~ !. These observa-
tions were conducted under excellent weather conditions in
1991 February, and all the (2, 2) spectra have rms noise levels
<0.04 K.

Our source list was constructed from a comparison between
the TRAS Point Source Catalog, Version 2 (1988; hereafter
PSC) and the visual extinction maps of Cernicharo & Bachiller
(1984). We selected all PSC sources with S;00,m > S60um
located within 0.4 pc (in projection) of an extinction peak
whose maximum extinction exceeds A, = 4. We did not dis-
criminate on the basis of PSC data quality. The resulting
source list contains 13 PSC objects. Three sources, IRAS
03245+ 3002 (L1455; Anglada et al. 1989), IRAS 03301 + 3057
(B1; Bachiller et al. 1990a), and IRAS 03271 + 3013; (Bachiller

! Radio astronomy at the Haystack Observatory of the Northeast Radio
Observatory Corporation is supported by the National Science Foundation.
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TABLE 1
IRAS PSC SOURCES SEARCHED FOR NH
GaussiaN Fits®

RA. Decl. PosiTION OF PEAK T% T% Visk AV rms

PSC NAME (1950) (1950) CorRE NAME No. oF PosITIONS ([, 6]) (K) (kms™Y) (kms™Y) (K)
03213+3102......... 2052 17" Per 1 14 [1, 0] 0.16 4.09 0.84 0.028
03256+3016......... 40.6 31 d 5 0.021
03256 +3055......... 39.2 20 Per 3 28 [0, 0] 0.76 7.27 0.80 0.042
03262+3123......... 16.8 13 Per 4 49 [-1, —6] 0.60 7.50 0.68 0.063
03267+3128......... 45.5 48 Per 5 16 [0, 0] 0.76 8.13 0.67 0.031
03271+3013......... 10.3 34 Per 6° 21 [o, —1] 0.82 5.80 0.70 0.048
03295+3050......... 30.3 50 Per 7 27 [2, —1] 0.60 6.71 0.82 0.024
03303+ 3108......... 19.6 14 Per 9 27 [-2,2] 0.61 6.92 0.54 0.10
03380+3135......... 1.6 2 Per 10 5 [0, 1] 0.1 7.81 15 0.030
03406+3144......... 39.8 2 d 4 0.040

* Results listed are for a single Gaussian fit to the blended main group of hyperfine components.
® Entries indicate the offset from the IRAS position to the positions of peak T* in arcminutes of right ascension and declination.

¢ Observed in NH; previously by Bachiller et al. 1991.
4 No NH, was detected toward this source.

et al. 1991; Tafalla et al. 1993) have been observed in NH;,
previously. We also mapped the region around IRAS
03271+ 3013 but did not remap the regions around the other
two sources. We observed the remaining objects, except IRAS
03255+ 3103 (however, see Knee, Cameron, & Liseau 1990 for
a CS map) in the survey presented here. Table 1 contains our
source list.

3. OBSERVED CORE PROPERTIES

Out of 10 positions surveyed, eight had detectable NH;
emission with T% > 0.1 K. The number of positions surveyed
toward each IRAS PSC source and the position of the peak T%
are listed in Table 1, along with the T%, line center velocity
(Visr), and line width (AV) derived from a single Gaussian fit to
the blended main group of hyperfine components. The posi-

tions of these detections and the upper limits are overlaid on
the 3CO map of Bachiller & Cernicharo (1986) in Figure 1,
along with the positions of previously studied NH; cores in
Perseus.

3.1. Spectral Properties

The NH; emission from nine positions in six cores was
bright enough to permit a detailed modeling of the hyperfine
structure as described by Benson & Myers (1989). The least-
squares fit of the model spectrum to the observed spectrum
determines the center velocity, the intrinsic line width, the total
(1, 1) optical depth, and the (1, 1) excitation temperature. The
beam filling factor, ®, was estimated from our maps. The
results of this fitting are displayed in Table 2. Nine positions
were also observed in the (J, K) = (2, 2) transition. From the
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FI1G. 1.—Search positions for our NH; survey overlaid on the '*CO map of Bachiller & Cernicharo (1986). Black circles indicate detections; shaded circles

indicate nondetections. Previously mapped NH; cores are indicated by white boxes.
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TABLE 2
PARAMETERS DERIVED FROM DETAILED FITS TO SPECTRA

Visk AV T Ty log n log Ny,

Name (kms!) (kms™Y) ) T (K) (K) (cm™3) (cm~?)
Per3[0,0]......ccceevvennnt 7.03(1) 0.39(2) 0.8 6.0(7) 6.1(1) 11(2) 4.18(3) 14.1(7)
Per3[=2, —1] weveveennn. 6.83(1) 062() 08 392 641) 113) 42404 14.19)
Per4[0,0]..........c.utt 7.53(1) 0.31(1) 09 5.1(6) 5.1(2) 10(3) 4.00(6) 14(1)
Perd[—1, —4] vevveen... 7.58(1) 027(1) 10 397 506  93)  40(1) 14(1)
Per5[0,0] .eecveerrennnn.n. 8.25(1) 031(1) 05  436) 982 116) 5030 142)
Per6[0,0].......cceeevnnn 8.09(1) 0.31(1) 0.7 6.8(6) 6.5(3) 11(3) 4.27(5) 14(1)
Per7[2, =11 coveeeeeannnn 6.80(1) 0422) 07 585 s58(1) 11Q2)  4.12(4) 14.1(6)
Per7[—2,—1] ............ 6.47(1) 0.37(2) 1.0 6(1) 4.3(2) 11(4) 3.70(7) 14(1)
Per9[—3,2] ccevvnvvennnn 6.90(1) 0.40(2) 0.7 7.1(7) 5.5(1) 11(1) 4.06(2) 14.2(5)

NoTe.—Numbers in parentheses are the errors in the least significant digit listed. Errors in ¥ g, AV, 7, and T, are the
1 o errors from the 18-component fit. Errors in Ty, log n, and log Nyy,, result from formal propagation of the errors in

Visrs AV, 7, and T, (see text).

(1, 1) and (2, 2) spectra at these positions, we have calculated
the kinetic temperature (T), total volume density (1), and NH;,
column density (Nyy,) using the method of Benson (1983). The
best-fit values for these parameters, along with their 1 o errors
are listed in Table 2.

3.2. Map Properties

We have mapped the (1, 1) emission in seven of the eight new
cores. Maps were extended at least to half-power, typically
with 10 measurements within the half-maximum contour. For
the eighth core, Per 10, NH; emission was sought in five posi-
tions but detected at only one. The main (1, 1) component of
each spectrum was fit with a single Gaussian to determine the
antenna temperature (T%), LSR velocity, and observational
line width at each position. The T% maps are shown in Figures
2-8. The IRAS position is noted in each map as the [0, 0]
position.

The maps can be divided into two groups, based on their
morphology: (1) maps that have a single maximum (Per 1, Per
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1 0
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FiG. 2—Contour map of T*% toward Per 1. Detections are labeled with
their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.13,and 0.16 K. The [0, 0] position is (37212032, 31°2'17").

3, Per 5, and Per 6), and (2) those that have multiple peaks
connected by low-level emission (Per 4, Per 7, and Per 9). Each
source in the first group is centered or nearly centered on its
associated IRAS source position. Several of them are barely
resolved in one direction. Per 1 and Per 5 in particular are
almost point sources. The sources in the second group are not
centered on their respective IRAS positions, with the exception
of Per 4, where one of the peaks is centered on the IRAS
position. The individual peaks in these sources are also very
small, but there is considerable low-level emission extending
for several beams.

Because many of these maps are multipeaked, we estimate

their size r as
A @ 2710.5
@7

where A is the area within the half-maximum contour, © is the
FWHM beam size of the observations (88”), and D is the

Per 3

0.23

Declination (arcmin)

-4 1 N 1 N 1 N A N 1
2 0 -2 -4
Right Ascension (arcmin)
FiG. 3—Contour map of T% toward Per 3. Detections are labeled with
their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.3,0.5,and 0.7 K. The [0, 0] position is (3"25™39:2, 30°55'20").
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] F1G. 6.—Contour map of T% toward Per 6. Detections are labeled with
[ their values, and nondetections are listed as filled dots. Contour levels are 0.1,
-8F . 0.25,0.4,0.55, 0.7, and 0.85 K. The [0, 0] position is (3"27™10:3, 30°13'34").
1 assumed distance to the Perseus complex (350 pc). Since the
. . L) peaks in the multiply-peaked maps are typically not separated
-10 " PYR S PN
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Right Ascension »(arcmin)
FiG. 4—Contour map of T% toward Per 4. Detections are labeled with

their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.25,0.4,0.55, and 0.7 K. The [0, 0] position is (326™16:8, 31°23'13").
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FiG. 5—Contour map of T% toward Per 5. Detections are labeled with
their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.25,0.4,0.55, and 0.7 K. The [0, 0] position is (3"26™4535, 31°28'48").

at half-power, we calculate r in the following two ways. First,
we estimate r from the entire map, using the value of the
brightest detection to determine the half-power contour. Then
we estimate r for each clump based on its half-power contour.
Where the half-power contours are not closed around a single

2 This method for determining core size has been used by Cesaroni &
Wilson (1994), but differs slightly from the method used by Benson & Myers
(1989) and Harju, Walmsley, & Wouterloot (1991), who fit the maps with
elliptical Gaussians and quote the geometric mean of the deconvolved major
and minor axes. The differences between the sizes derived by these two
methods exceeds 10% only if the cores are not well resolved (i.e., map minor
axis <1.50) and the aspect ratio of the map is greater than 5.

Per 7

Declination (arcmin)

-4 1 L Il 1

4 -2 -4

2 ]
Right Ascension (arcmin)

FiG. 7—Contour map of T% toward Per 7. Detections are labeled with
their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.25,0.4, and 0.55 K. The [0, 0] position is (3:29™30%3, 30°50'50").
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FiG. 8—Contour map of T% toward Per 9. Detections are labeled with
their values, and nondetections are listed as filled dots. Contour levels are 0.1,
0.25,0.4, and 0.55 K. The [0, 0] position is (3"30™19%6, 31°8'14").

clump, we have divided the map at the saddle point between
clumps. Values for r using both methods are listed in Table 3.
Errors are estimated by propagating the map rms error into
our estimate for r.

We then calculate two values for the mass of each clump—a
mass My based on the measured column density and r, and a
mass M, based on the volume density and r:

4n

M, =2.
=23

nm,r’ )
and

2
My =23 ?” Nm,r? %)

where m,, is the mass of a proton and the factor of 2.3 accounts )

for the presence of helium and other metals. We have assumed
that N is the maximum column density in a constant-density
sphere of density n and radius r and that the abundance of
NH; relative to H, is 10~ 7. This abundance is similar to that
found by Bachiller et al. (1987), (1991) for other cores in
Perseus and is consistent with our estimates for the volume
density and size of the cores presented here (ie., nr >~
107 "Nyn,-)

This formulation is slightly different from that used by
Benson & Myers (1989) in that we use the radius rather than
the diameter of the circulated FWHM contour as the radius of
the sphere used to calculate the total mass. Hence M, calcu-
lated using the method above results in a mass a factor of 8
lower than that determined by Benson & Myers (1989) for the
same core. Using the above definitions, we find better agree-
ment between M, and M, for the cores mapped here, and also
for many cores in other complexes. ‘

The masses are listed in Table 3, along with errors propagat-
ed from the errors in r, n, and N. The errors in M, are typically
larger than the errors in M,, due to the greater uncertainty in
N, but the errors in M, do not reflect the uncertainty which
arises from assuming that the line-of-sight size of these clumps
is similar to their map size r.

The cores of the “ new Perseus sample ” (hereafter NPS) have
remarkably similar properties. The mean intrinsic NH; line
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width of the group is 0.35 km s !, with a standard deviation of
only 0.05 km s !, which is nearly as small as the uncertainty of
each measurement. Similarly, the mean kinetic temperature is
11 K, with a standard deviation of 0.4 K, which is much less
than the uncertainty in the individual temperatures. The
derived volume densities n all have log n ~ 4, with the excep-
tion of Per 5. Toward Per 5, we have found a high value for the
volume density (log n = 5.0), mainly because the source is
bright (T*% ~ 0.8 K) and very compact. However, our estimate
for the filling factor in our 88” beam (0.52) is not well con-
strained by the map, and even small errors in this value will
affect the volume density estimate. If the filling factor is instead
as large as 0.7, the derived volume density drops to 3 x 10*
cm 3, which is more similar to the values derived toward other
cores in this sample.

The mean value of r in individual clumps is 0.11 pc (standard
deviation ¢ = 0.03 pc), while the value for complexes (i.e., con-
sidering adjoining clumps together) is 0.13 pc (¢ = 0.04 pc).
The average value for M, in individual clumps is 5 M (6 = 4

TABLE 3
NH; CORE PARAMETERS

r log n

log Ny,* M, My
Name (pc) (cm™3)

©m 3  (Mg) (M)

Observations Reported in This Paper

Perl .............. 0.12(4)
Per3 .......ccc.... 0.15(1) 42 22.1 12)  1122)
Perd .............. 0.21(3) 4.0 220 198)  16(36)
Nclump ....... 0.143) 4.0 220 6(4) 7(17)
Sclump ........ 0.17(2) 4.0 22.0 12(4) 11(25)
Per5 .ccoccvnnnnn.. 0.07(1) 50 22 6(3) 2(4)
Per6 .............. 0.11(1) 43 22 5(1) 4(9)
Per7 oovvennnnn.. 0.16(2) 39 220 83)  10(22)
Eclump ........ 0.09(2) 4.1 22.1 1) 46)
W clump ... 0112) 37 220 ) 409
Per9 ......oun...n. 0.09(2) 4.1 222 A1) 5(6)
Eclump ........ 0.12(4) 4.1 222 1(1) 33)
Wclump ....... 0.07(2) 4.1 222 5(5) 8(9)
Observations Reported Previously
L1448°............ 0.21 4.5 225 61 49
L1455° ........... 0.26 40 220 38 24
Nclump ....... 0.15 4.0 220 8 8
Cclump ........ 0.16 4.0 220 10 10
Sclump ........ 0.15 4.0 220 8 8
NGC1333°....... 0.29 43 22.5 106 97
HH7-11 ....... 0.17 43 22.5 23 35
HH12.......... 0.12 43 225 7 16
103282¢ ........... 0.07 4.8 223 5 4
1 0.24 40 220 17 8
IC348 ............ 0.18 40 214 12 9
Eclump ........ 0.09 4.2 214 3 3
Nclump ....... 0.10 4.5 214 8 3
Sclump ........ 0.05 4.0 214 0.3 0.7
BS® ..o 0.19 3.8 21.5 9 4
Nclump ....... 0.11 38 21.5 1.7 1.3
Sclump ........ 0.12 3.8 21.5 2.3 1.6

NoTe—No estimates for n and N (and hence M, and M) are available for
Per 1 due to the low quality of the (J, K) = (1, 1) spectrum and the lack of a (2,
2) spectrum.

* Ny, is determined from Nyy,, assuming an abundance of NH, relative to
H,of 1077

b Anglada et al. 1989.

¢ Ho & Barrett 1980.

4 Bachiller et al. 1991.

¢ Bachiller et al. 1990a.

f Bachiller et al. 1987.

8 Benson & Myers 1989.
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TABLE 4
MEAN VALUES OF NH; CORE SAMPLES

AV Tk r My M,

Sample No. of Cores (kms™?) (K) (pc) (Mg M)

New Perseus sample (NPS) ................ 10 0.35(0.05) 11(0.4) 0.11(0.03) 6(3) 5(4)
Combined Perseus sample (CPS).......... 22 0.55(0.32) 13(3) 0.12(0.04) 9(13) 9(12)
Taurussample ..........c.cooveeeeinenn... 12 0.33(0.1) 10(2) 0.06(0.01) 1.1(0.7) 1.2(1.3)

Orionsample ..........c.ooevveiniiiniinn 17 1.12(0.5) 17(4) 0.15(0.07) 21(25) 2

NoTe.—Numbers in parentheses are the 1 ¢ dispersions in each sample about the listed mean value.
2 Mean value of M,, is not listed for the Orion sample because estimates of n are not available for many of the cores in this

sample.

M ), while the average value for My is 6 M (6 = 3 M). The
average value for M, in complexes is 8 M (o6 = 5 M), while
the average value for My is 7 M (6 = 4 My,). In all cores, M,,
and M, differ by less than the errors on M. The mean proper-
ties for the individual clumps in the NPS are tabulated in
Table 4.

3.3. Comparison with Other Cores in Perseus

From the literature, we compiled a list of sources in Perseus
previously observed in NHj;, and we list the properties of those
cores with the properties of our new cores in Table 3. We have
determined r in the same manner for these cores that was used
in equation (1), and we adopt the published estimates for n and
Ny,. M, and My are calculated as in equations (2) and (3),
respectively. Emission from four of the six previously observed
regions can be divided into clumps, based on examination of
the published maps. We have calculated r, M,, and My for
these clumps as well. Combining these cores with the NPS, we
construct the “combined Perseus sample” (hereafter CPS) of
23 individual clumps of NH; emission and list the mean
properties of this sample in Table 4.

Most of the mean properties of the CPS are quite similar to,
but slightly greater than, the mean properties of the NPS. The
mean values of r and Ty are only about 10% larger. However,
the mean line width of the CPS is nearly a factor of 2 greater
than the mean line width of the NPS. Thus it appears that the
cores studied previously are more turbulent than the NPS.

The average value of M,, for individual clumps in the CPS is
9 Mg (0 =12 M), and the average value of My is 9 My
(6 = 13 M), suggesting that the cores in the NPS are less
massive than the previously mapped cores. Four out of 13 of
the previously studied clumps are more massive than any core
in the NPS. Furthermore, the mean complex mass of the pre-
viously studied cores is much higher (My = 28 M) than the
mean complex mass of the NPS (M, = 8 M), indicating that
the cores in the NPS represent the lower mass and more iso-
lated component of the CPS.

3.4. Comparison with Cores in Other Complexes

In addition to Perseus, two other molecular cloud complex-
es, Taurus and Orion A, have been studied in the NH; line in
similar detail. In this section, we use the same methodology to
compare the properties derived from the CPS with the proper-
ties of cores in these other complexes, using data from the
literature.

It is particularly useful to compare the CPS with cores from
these two cloud complexes, because these complexes are so
different from one another in terms of their star formation
output. The Taurus complex generally produces stars of low
luminosity and final stellar mass, mostly in small isolated

groups with low surface density (Jones & Herbig 1979; Gomez
et al. 1993). In contrast, the Orion complex produces stars of
much higher mass and luminosity, and much of the star forma-
tion is more clustered into a few sites of vigorous activity (e.g.,
McCaughrean 1989).

We have chosen cores in Taurus from the lists of Benson &
Myers (1989), Menten & Walmsley (1985), and Ungerechts,
Walmsley, & Winnewisser (1982). Since our survey was based
on a source list derived from the IRAS PSC, we have selected
only those cores associated with IRAS sources. We found 10
such sources in Benson & Myers (1989) and added the cores
associated with IRAS 04287+ 1801 (Menten & Walmsley
1985) and IRAS 04325 +2702 (Ungerechts et al. 1982), both of
which are also associated with IRAS PSC sources.

The mean properties of this sample of NH; cores in Taurus
are listed in Table 4, along with the standard deviation in each
mean value. It is quite clear from these values that the Taurus
sample differs quite considerably from the CPS, particularly in
terms of line width and size. The mean line width of the CPS is
larger than the line widths of all but one Taurus core. The
mean value for r in the Taurus sample is 0.06 pc—about one-
half the value for the CPS. The mean value for M, is 1.2 M
(0 =13 My), and the mean value of My is 1.1 M (o0 = 0.7
M ). Both mass mean values are considerably smaller than
those found in the CPS.

To construct a sample of cores in the Orion A complex, we
have used the NH; survey of Wouterloot et al. (1988) to iden-
tify NH emission associated with IRAS PSC sources. Twelve
cores satisfy these criteria, 10 of which have been mapped by
Wouterloot et al. (1988) and Harju et al. (1991). From the two
sources that were not mapped, we can obtain measurements of
AV and T, but we have no information about the size or mass
of these cores.

We have also added those cores mapped by Batrla et al.
(1983) and Cesaroni & Wilson (1994) along the ridge of dense
gas near the Orion A H 11 region. All these cores are likely
associated with young stars due to the high density of sources
in this region; however, we will choose only those five cores
clearly associated with IRAS PSC sources to add to our
sample. These five cores have properties that are representative
of the variety of conditions in all the cores along the ridge.
Thus our Orion sample contains 17 cores, 15 of which have
been mapped.

The mean properties of the Orion sample are listed in Table
4, along with the standard deviation in each mean value. A
comparison of these mean values with the mean values from
the CPS shows that the Orion sample also differs quite con-
siderably from the CPS, but unlike, the values for the Taurus
sample, the Orion mean values are all larger than the CPS
mean values. In particular, the mean mass (M) and line width
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are more that twice as large as the CPS mean values, while the
mean size and kinetic temperature are larger by factors
between 1 and 2.

Histograms of these properties for the three complexes show
even more clearly how Perseus appears to be intermediate
between Orion and Taurus in its dense core properties. Figures
9, 10, 11, and 12 show histograms of line width, size, kinetic
temperature, and mass M, for the three complexes.

Figure 9 is indicative of the differences between the NH;,
cores in the three complexes, as well as their relative ranking.
In the Taurus sample, most of the cores have line widths less
than 0.32 km s~ !, while most of the cores in CPS have line
widths between 0.32 km s~ ! and 1 km s~ !, and in Orion,
almost half have line widths greater than 1 km s~ !. We assess
the significance of the differences between these distributions
using the Kolmogorov-Smirnov (K-S) test. The ‘probability
that the Taurus and CPS samples have been drawn from the
same parent sample is 2 x 1073, while the probability that the
Perseus and Orion samples have been drawn from the same
parent distribution is 10~ 3. These results indicate that all three
samples are probably drawn from separate parent distribu-
tions, but that the CPS is more similar to the Taurus sample in
line width.

However, the CPS looks much more like the Orion sample
than the Taurus sample in terms of core radius (Fig. 10). Both
in terms of the peaks of the distributions at 0.1 pc and the tails
toward large size, the CPS is strikingly similar to the Orion
sample. In contrast, the Taurus sample is much more centrally
peaked at 0.06 pc and has no tail toward large sizes. The K-S
test indicates that the CPS and Orion samples are not signifi-
cantly different (the probability that they come from the same
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normalized. The number of cores used in each sample is indicated at right.
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parent sample is 2 x 1072) but that the Taurus and CPS
samples are quite significantly different, with a probability that
they come from the same parent sample of 1076, ‘

The radius of the largest beam size used to observe the cores
in each of the samples is indicated in the panels of Figure 10 by
a heavy vertical line (some of the cores in the Taurus and
Perseus samples have been observed with smaller beam sizes).
While the size of each core has already been corrected for the
telescope beam, it is telling to note that in all three samples, the
peak of the histogram occurs in the bin just larger than the
telescope beam size. This suggests that in all three regions,
some of the cores may be underresolved. However, the exis-
tence of large-size tails in the histograms of the Orion and
Perseus samples still distinguishes them from the Taurus
sample.

The kinetic temperature histogram of the CPS, shown in
Figure 11, is fairly distinct from both the Taurus and Orion
histograms. All three samples appear to be significantly differ-
ent, based on K-S statistics. Like the Taurus sample, the CPS is
quite centrally peaked, but the CPS distribution peaks at a
higher temperature than the Taurus distribution. The Orion
sample is distributed over a much larger range in kinetic tem-
perature, from 9 to 27 K.

Only in the mass distribution does the CPS show consider-
able breadth (Fig. 12). Here while the Taurus and Orion
samples appear to be more centrally peaked, the Perseus dis-
tribution is more smoothly distributed from about 1 M to
about 30 My. In contrast, most of the cores in the Taurus
sample have My less than 1 M, and the Orion sample peaks
sharply at about 15 M. The probability that any two of these
samples was drawn from the same parent is less than 5 x 1073,
Note that if some of the Perseus cores are underresolved by the
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B R B B B LI I telescope beam (see above), then the masses derived are upper
ol Taurus limits to the true mass. This effect would only further broaden

g : . the CPS mass histogram and make it even more significantly
r N=12 B different from the Taurus and Orion samples.
g AF 3 Using the kinetic temperatures and line widths derived from
E 3 these data, we can compare the thermal and nonthermal
2 E energy content of each of the cores. We calculate the thermal
7Y SR B SIS EPPEFIN N S R line width, AV, as
o 6 IOM ‘hn‘:ornturo (K)eo 26 30
L I I I I AV2=81n2—k1;‘, 4)
g ° - Perseus - 23m,
[ N=21 E and the nonthermal line width, AVyy, as
i °r 3
E ‘F ] AV§T=AV2—81n2ﬂ, )
of : Mo
S S A B e I I e B B B where Ty is the kinetic temperature derived from the data, AV
° & *inetic Temperatare (K)- » is the intrinsic NHj line width, k is Boltzmann’s constant, m,, is
L L B B B the mass of a proton, and m, is the mass of the NH; molecule.
ob Orion _ (Tll;igsl;nethod is exactly the same as that used by Myers et al.
é st N=17 ~j Histograms of the ratio of nonthermal to thermal energy for
i LE E all three samples are shown in Figure 13. In both the CPS and
g . ] the Taurus sample, the majority of the cores are thermally
21 - dominated; i.e., their thermal line width exceeds their non-
N 1—1—'_'|—l s e P thermal line width. Only two cores in the Taurus sample and
o 5 10 16 20 26 30

Kinetic Temperature (K)

FiG. 11.—Histogram of core kinetic temperature for the Taurus sample
(top), the CPS (middle), and the Orion sample (bottom). Note that all three plots
are normalized. The number of cores used in each sample is indicated at right.
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six cores in the CPS have energy ratios greater than unity. In
contrast, most of the cores in the Orion sample are non-
thermally dominated, and in some cases the nonthermal
energy exceeds 10 times the thermal energy content. The prob-
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FiG. 13—Histogram of the thermal/nonthermal energy ratio for the
Taurus sample (top), the CPS (middle), and the Orion sample (bottom). Note
that all three plots are normalized. The number of cores used in each sample is
indicated at right.
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ability that the CPS and the Taurus sample were drawn from
the same parent distribution is 5 x 1073, indicating that the
differences between them are probably only marginally signifi-
cant. However, the probability that the CPS and Orion
samples were drawn from the same parent distribution is
4 x 107%, and we conclude that these distributions are signifi-
cantly different.

Thus, while the mean properties of the three complexes
suggest that Perseus is intermediate between Taurus and
Orion in its dense core properties, the histograms demonstrate
that some of the properties of the CPS are more like those of
the Taurus sample, while the others are more like those of the
Orion sample. The distributions suggest that while Perseus is
indeed intermediate in its dense gas properties between Taurus
and Orion, it is more appropriately labeled “hybrid” in that
the CPS contains elements similar to both the Taurus and
Orion samples. Nowhere is this distinction clearer than in the
distribution of masses in the three samples. While the Taurus
and Orion samples are fairly centrally peaked at very different
masses, the CPS is much more broadly distributed, spanning
the gap between the Taurus and Orion distributions.

However, it does not appear that Perseus is simply a mixture
of low-mass cores like those in Taurus and high-mass cores
like those in Orion. The cores in Perseus with line widths
similar to those in the Taurus sample have larger sizes, higher
masses, and slightly higher kinetic temperatures than their
Taurus counterparts. Likewise, the Perseus cores with sizes
similar to those in the Orion sample have lower kinetic tem-
peratures and narrower line widths than their Orion counter-
parts.

4. DISCUSSION

4.1. Star Formation within Perseus

Our new observations show that, in addition to the dense
gas associated with the well-known clusters and more lumi-
nous sources in Perseus, there are many thermally dominated
cores associated with less luminous and more isolated sources
in the complex. The NPS cores are typically much less massive
than the ones previously observed toward NGC 1333, B1, and
L1448, and together they account for less than 25% of the total
detected dense gas mass in the complex. In fact, the total mass
of all of the NPS cores is approximately half of the mass con-
tained in dense gas toward NGC 1333,

4.1.1. Spatial Distribution

These cores show that the spatial distribution of dense gas in
Perseus is not confined to the well-known centers of current
and recent star formation. The previous observations concen-
trated on strong column density peaks in the complex, while
the new detections presented here are found throughout the
complex, at the positions of smaller column density peaks (see
Fig. 1). These new observations add an isolated low-mass com-
ponent to the distribution of dense gas in the complex.

The spatial distribution of dense cores is not random,
however. Four new cores (Per 3, two toward Per 4, and Per 5)
are located near the NGC 1333 core, and four others (two each
toward Per 7 and Per 9) are located near B1. Toward both Bl
and NGC 1333, the cores are roughly aligned along a north-
northeast-south-southwest axis.

Figure 14 shows the distribution of the NH; cores in the
NGC 1333 region, along with all the IRAS PSC sources,
including the sources detected by the pointed IRAS study of
NGC 1333 by Jennings et al. (1987). The dense gas in this
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region appears to be organized into a “ridge ” extending ~ 20/
(~2 pc) to the north-northeast and south-southwest of NGC
1333. The projected separation between individual cores is
about 0.5 pc along the ridge, and may be smaller since the ridge
has not been fully sampled in NH;. (Benson 1992 reports
detecting NH; emission at the position of the embedded infra-
red source SVS-3, which is located at [6.2, 0.6] in Fig. 14, and
another core has been detected toward an extinction peak at
[—7.1, —3.6]; Ladd, Myers, & Goodman 1994). The infrared
sources also appear to be preferentially located along the ridge
and, in particular, clustered toward NGC 1333. In the near-
infrared, the clustering toward NGC 1333 is even more promi-
nent, with over 100 sources detected within a 6’ x 6 region
(Aspin & Sandell 1991).

An emission structure of similar extent and position angle
can be seen in the CO and !3CO J = (1 - 0) maps of Loren
(1976), although Loren’s maps show less emission to the north
of NGC 1333 toward Per 4 and Per 5. The ridge can also be
seen in the larger beam size and slightly undersampled !3CO
J =(1-0) map of Bachiller & Cernicharo (1986; Fig. 1),
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F16. 14—Contours of T% toward the NGC 1333 ridge. The data for cores
Per 3, Per 4, and Per 5 are from this work ; the data for NGC 1333 are from Ho
& Barrett (1980) and have been multiplied by 1.5 to account for the improve-
ment in the efficiency of the Haystack antenna between 1980 and 1991. Con-
tours start at 0.15 K and increment by 0.15 K. Filled squares mark the
positions of IRAS sources detected by Jennings et al. (1987) in their pointed
study. Filled squares mark the positions of IRAS PSC sources outside the field
of view of the Jennings et al. observations.
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although its half-power extent is also smaller than the full
extent of the ridge seen in NH. It is quite likely that because of
high column densities in this region, these CO maps are more
sensitive to temperature than column density and therefore
peak more strongly at the position of NGC 1333. However, it
is also clear that these NH; cores are the densest part of
a connected structure of high column density extending over
~4pc.

Another less massive ridge structure can be seen in the
Perseus complex near B1 (Fig. 15). Here new cores Per 6, Per 7,
and Per 9 align with previously observed cores B1 (Bachiller et
al. 1990a) and 103282 (Bachiller et al. 1991) along a northeast—
south-southwest axis extending over slightly more than 1° (~6
pc). The IRAS sources in this region also appear to be distrib-
uted along the same axis. The projected separation between
NH; is larger than the projected separation between cores in
the NGC 1333 ridge, though this ridge is not as well sampled in
NH;. The northernmost three NH; cores are within a curving
ridge of high column density material measured in C!80
J=(1-0) and CS J =(1-0) emission (Bachiller et al.
1990a). These NH; cores are coincident with three of four CS
peaks identified by Bachiller et al. (1990a).

4.1.2. Association with Young Stars

The IRAS sources associated with the cores of the NPS are
of lower luminosity than the sources associated with the pre-
viously observed cores in Perseus. Many of these sources have
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F1G. 15—Contours of T% toward the Bl region. The data for cores Per 7
and Per 9 are from this work; the data for Bl and IRAS 03282 have been
estimated by eye from the integrated NH, intensity maps of Bachiller et al.
(1990a, 1991). The scaling of the B1 and IRAS 03282 data relative to Per 6, Per
7, and Per 9 is arbitrary for this schematic. Contours for the Per 7 and Per 9
data start at 0.1 K and increment by 0.1 K. Filled circles mark the positions of
IRAS PSC sources.
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only been detected in one band in the PSC. However, all these
IRAS source positions have been searched at 2 um, and near-
infrared counterparts to six out of the eight IRAS sources have
been found, including four out of five sources detected in only
one band by IRAS (Ladd 1991; Ladd et al. 1993). Combining
the near-infrared photometry with the IRAS PSC detections or
ADDSCAN fluxes where available (Clark 1991), we find that
the mean luminosity of the sources associated with the cores of
the NPSis L= 1.0 L, (6 = 0.7 Ly).

These sources also appear to be single and relatively iso-
lated. The near-infrared survey of these sources mapped out
the IRAS error beam and, with one exception, found at most
one near-infrared source in each field to a detection limit of
16.5 mag at K (toward IRAS 03380+ 3135 two sources were
found). Therefore we conclude that the sources associated with
the cores of the NPS are not members of clusters or stellar
density enhancements of the type seen toward NGC 1333 and
IC 348 in the Perseus complex, or toward many of the red
IRAS sources in the Orion A complex (Chen & Tokunaga
1994). However, because of the field of view (45") and pixel
scale (0”8) of the infrared survey, we cannot rule out less con-
centrated clusters or binary systems with separations <1.

In addition to being associated with lower luminosity
sources, the cores of the NPS also have the smallest and most
thermally dominated line widths of all the cores in the Perseus
complex. We plot the thermal and nonthermal line widths for
all the Perseus cores as a function of luminosity in Figure 16.
For each multiple-peaked region in Table 3, we choose only
the core closest to the luminosity source for display, so only 14
pairs of points are plotted. The correspondence between both
thermal and nonthermal line width and luminosity is evident
in this plot. This relation was first noted by Myers et al. (1991)
when comparing a large number of cores from many different
complexes, but here we find that the trend is present even for
cores taken from a single complex. Myers et al. (1991) found
that the division between thermally dominated and non-
thermally dominated cores occurs at a luminosity of about 10
L ; our Perseus data also appear consistent with that finding,
although the number of cores containing sources of luminosity
>10 L, is very small.

The data presented here indicate that the dense gas in the
Perseus complex exists under a wide variety of conditions,
ranging from relatively quiescent, isolated low-mass cores in
the environs of low-luminosity objects, to massive, highly turb-
ulent cores located within rich young clusters. This conclusion
is similar to the result found by Ladd et al. (1993), who note in
their infrared study of the complex that star formation takes
place in both spatially isolated and clustered modes within the
complex.

4.2. Perseus in Relation to T aurus and Orion

The NH; results presented here, along with the infrared
results presented by Ladd et al. (1993) indicate that the Perseus
complex is intermediate in its star-forming properties between
the regions like Taurus, which produce mainly low-luminosity
stars, and those regions like Orion, which are capable of
producing stars of much higher mass. The mean mass of the
Perseus NH cores is significantly greater than the mean mass
of the NH; cores in Taurus, and somewhat less than the mean
mass in L1641. The average values for the thermal and non-
thermal line widths in these cores are also intermediate
between the predominantly thermally dominated cores in
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F1G. 16.—Thermal and nonthermal line width vs. luminosity for the Perseus cores with associated luminosity sources. Nonthermal line width is indicated by the
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Taurus and the predominantly nonthermally dominated cores
in L1641,

The organization of the dense gas within the complex is also
an indicator that Perseus is intermediate between Taurus and
Orion. Many of the known dense cores in Perseus are aligned
within two large filamentary structures, much like the long
linear NH; structure seen connecting OMC-1 and OMC-2
(Cesaroni & Wilson 1994). However, the largest ridge in
Perseus (the NGC 1333 ridge) is roughly a factor of 2 less
massive and smaller in linear extent than the Orion ridge, and
in NH;, it does not appear to be as well connected or
organized into a single linear element. Filamentary structure is
also seen in Taurus, but usually with a lower volume density
tracer (e.g., 13CO, Fukui et al. 1991; H,CO, Clark 1991). All
three complexes show filamentary structure, but in Taurus, the
filaments may rarely have densities high enough to excite NHy
emission, while in Orion, the filament densities are high
enough to excite NH; emission all along their length. Fila-
ments in Perseus may have densities high enough to excite

NH; emission only at some places along the filament’s length.
Thus in Orion, the NH; cores are almost continuously con-
nected, and in Perseus the cores are aligned but not connected.
With perhaps only one NHj, core per filament in Taurus, the
distribution of NH 5 cores shows no linear organization.

The relationship between the cores and their associated
sources also indicates that Perseus occupies the middle ground
between Taurus and Orion. In Figure 17, we plot the thermal
and nonthermal line widths of the cores in all three complexes
as a function of the luminosity of their associated stars. The
upward trend in thermal line width, nonthermal line width,
and the ratio between nonthermal and thermal line width as a
function of luminosity is more evident in this plot than in
Figure 16, not because of any increase in dynamic range in
luminosity or line width, but rather because of the addition of
two nearly segregated samples—the low-luminosity, thermally
dominated cores of the Taurus sample and the high-
luminosity, nonthermally dominated cores of the Orion
sample. While the Taurus and Orion samples are segregated
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FI1G. 17.—Thermal and nonthermal line width vs. luminosity for the Taurus, Perseus, and Orion cores with associated luminosity sources. Nonthermal line width
is indicated by the filled symbols, and thermal line width is indicated by the open symbols.
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into the thermal and nonthermal regions of the diagram, the
cores of the Perseus sample span the entire dynamic range.

Although the mean properties suggest that Perseus occupies
an intermediate state between these two extreme modes of
star-forming clouds, it is perhaps more accurate to describe
Perseus as a hybrid combination of the two. In its isolated
population, Perseus appears to be much more like Taurus,
with single stars of low luminosity forming from individual,
thermally dominated NH; cores. However, its more massive
cores harbor young stars of higher luminosity that form in
groups or clusters much like the cores in L1641. Furthermore,
the most massive core in Perseus, in NGC 1333, is associated
with a rich cluster of more than 100 young stars (Aspin &
Sandell 1991).

A rank-ordering of the star-forming capability of molecular
clouds has been sought by several authors. Myers (1991) sug-
gested that clouds might be ordered by their gravitational
potential, in which clouds with high masses and densities pref-
erentially produce more stars of higher mass in more clustered
environments. Wiseman & Adams (1994) have ordered nearby
clouds based on their structure derived from maps of 60 um
and 100 pum continuum emission. They define a cloud’s
“complexity” based on measures of the fraction of cloud
material at high column density, the number of filaments, and
gravitational potential, and note that more complex clouds
appear to harbor more vigorous star formation activity.

The common trend in core and young star properties seen in
the three clouds examined here supports the hypothesis that
the large-scale properties of a molecular cloud influence the
type of star formation within and, furthermore, that more
massive, more turbulent molecular clouds contain larger, more
nonthermally dominated dense cores, which in turn produce
more massive stars and richer clusters.

5. CONCLUSIONS

1. We have surveyed 10 positions in the Perseus molecular
cloud complex for 23 GHz NHj line emission and detected
NHj; in eight positions. At seven of these positions, we have
constructed maps of NH; dense cores, bringing the total
number of mapped regions of NH, emission in Perseus to 14.
These new cores have a mean kinetic temperature of 11 K,
mean size of 0.11 pc, mean line width of 0.35 km s !, and mean
mass of 6 M. All these means are smaller than those derived
from the cores previously studied in Perseus.

2. The NHj; cores in Perseus as a group have a mean size of
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0.12 pc, mean line width of 0.6 km s~ !, mean kinetic tem-
perature of 13 K, and mean mass of 9 M. The mean values
are larger than the mean values for cores associated with
young stars in the Taurus complex, but smaller than the mean
values of cores associated with young stars in the Orion A
complex. Histograms of these quantities suggest that the
Perseus cores are similar to Taurus cores in their line width
and kinetic temperature, while they are more similar to Orion
cores in their size. The mass distribution of the Perseus cores is
intermediate between the mass distributions of the Taurus and
Orion cores.

3. Many of the detected NH, cores in Perseus are located
along two high-density ridges, one centered on the NGC 1333
region and another extending southwest from the Bl core.
These ridges are 4-6 pc in extent and contain over 60% of the
dense gas mass detected in Perseus.

4. We partition the observed line width into thermal and
nonthermal components and find that many of the Perseus
cores are thermally dominated, but a significant fraction (6 of
21) are dominated by nonthermal motions. This property dis-
tinguishes Perseus from Taurus, where nearly all the NH,
cores are dominated by thermal motions (10 of 12), and Orion,
where nearly all the NH; cores are dominated by nonthermal
motions (14 of 17). Furthermore, a plot of line width versus
luminosity shows that, while the Taurus cores are prefer-
entially located in a low-luminosity, thermally dominated
regime and the Orion cores are preferentially located in a high-
luminosity, nonthermally dominated regime, the Perseus cores
span the entire range in luminosity and line width.

5. The mean properties of the Perseus sample of NH; cores
identify Perseus as an intermediate complex between Taurus,
whose cores are less massive and more quiescent and have
produced stars of lower luminosity, and Orion A, whose cores
are more massive and more turbulent and have produced stars
of higher luminosity. We conclude that Perseus is a hybrid
complex, containing examples of isolated, low-mass star for-
mation, as well as examples more commonly associated with
higher mass, clustered star formation.
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