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Abstract. We have mapped the dense parts of the cometary—shaped, star—forming dark cloud L 1251 in the rotational lines
of HCN, HNC, HCO and CS at 3 mm, and observed selected positions in SQCCH and rare isotopomers of the mapped
molecules. Using the CS line we detected 15 cores with size®.df-0.3 pc. New estimates of the fraction of dense gas in the
cores yield a revised average SFE~df0%. Although 3 times lower than the previous estimate, this high SFE still points to
externally triggered star formation in the cloud. Around IRAS 2232501, the source proposed to drive a previously detected
extended CO outflow, our data suggest the existence of either a rotating #i€lor a dense outflow with a dynamical age of

~2x 10 years. A stability check seems to rule out the disk interpretation. We suggest that both continuum sourcesnof Beltr”
et al. are protostars each driving its own outflow.

Using methyl acetylene as a thermometer we find indications that at lower temperatufeantti& species are defined by
different partition functions. A “temperature gradient” was found in the cloud, with the highest temperature detected in the head
region. The column density ratios derived from these observations and the previously publisheat&show in general little
variations, but for two exceptional locations. One of these is in the tip of the “head” with high relative SO aratbidtdlances,

and the other is in the “tail” with low CO and HC@olumn densities with respect to HNC, HCN and Nkh the first case the
abundance ratios can probably be explained by an advanced stage of chemical evolution assisted by an elevated temperature.
The second location is likely to be an example of CO and H@€pletion, and the implication is that also HNC and HCN
belong to the molecules which are more resistant against freezing—out than CO arid HCO
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1. Introduction Void (Grenier et al. 1989). At least two supernovas have ex-
i , i _ploded in this area within the last10° years, as indicated
The overall star forming féiciency (SFE, defined as the ratloOy the presence of the major radio— continuum loop, Loop IlI
Mstar(Mstart Mgad), WhereMgasis the total gas mass of a moleCigerkhyijsen 1971) and a runaway star HD203854, whose
ular cloud andMs is the mass of embedded protostars) fQfy,ce velocity suggests that it might have been a companion
the Galaxy is estimated to be ony2% (Myers et al. 1986). 4t 5 gypernova somess 10P—10° years ago (Kun et al. 2000).
Similar low SFEs are typical for dark clouds where low —masg, o Cep—Cas Void is suggested to be created by a third SN
stars are born. However, there are clouds with much highe(rGrenier et al. 1989). However, the estimated age dfyt0

than—average SFE which indicates that triggered star formas,ns that this SN is much too young to haffeeted the star
tion is significant in such cases. For example supernova Sh?&hning processes observed now.

fronts may stimulate the formation of stars through their local

effects on density, kinetic temperatures, turbulence, ionization Detected kb stars in the vicinity of the cloud (Kun 1982)
degrees and, as a result, chemical processes. and seven embedded YSO (KP) indicate that the cloud

L 1251 (Lynds 1962) is an example of a dark cloud witi? an active low—mass star formation site. Of the YSOs,

an estimated SFE as high as 30% (Kun & Prusti 1993; K|52‘-§AS 223767455 and IRAS 223487501, classified as Class |

Both location and cloud morphology suggest that extern ?OZ (Mardof?es et ?:' 1997) a}pparerlnly powerktvyo def
triggering has contributed to the on—going star formatiofgCte CO outflows (Sc _vvartz eta._1988, Sat,O&FU ui 1989;
to et al. 1994). Herbig—Haro objects (&= et al. 1992;

This cometary—shaped cloud, at a distance of 300 pc (Klg'f I d th Imsl .
lies on the Eastern boundary of the Cepheus cloud compl@{oa et al. 1995) and D masers (0th & Walmsley 1994;

with the “head” turned towards the center of the Cep—CXg'Ikmg etal. 1994; Xiang &Turn_er1995;_C_I§ussen etal. 1996;
Toth & Kun 1997) are observed in their vicinity.

Send gfprint requests toS. Nikolic, The overall distribution of molecular gas in L1251
e-mail: silvana@oso.chalmers.se has been previously studied by Sato et al. (1994) and
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Fig. 1. The 3CO integrated intensity map of L 1251 in the (-2, —6.5) kim&locity range obtained by Sato et al. (1994). The center position
is RA = 22'33" Dec = 74°58 (1950.0). For the designations of the regions indicated, see the Introduction. The bold—line polygon outlines tl
area presented in Figs. 2—4.

Toth & Walmsley (1996; TW). Sato et al. identified fivé®0 is 45’ and the main beamfiéciency is 0.6. The pointing was

cores which they designated as “A” to “E” in increasing RAhecked by observing several SiO maser sources and we esti-

direction (see Fig. 1). In their ammonia survey, TW discownate the pointing uncertainty to be abodtréns in Az and El.

ered three regions of dense gas, “head”, “north” and “tail”; thEhe observations were made either in the frequency (main iso-

“head” region containing 3 ammonia cores (H1 to H 3) anipes) or the dual beam switching mode (rarer isotopes). The

the “tail” region consisting of 4 cores (T 1 to T 4), whereas iohopper—-wheel method was used for the calibration, and the

the "north” a single ammonia core was detected (N, see thiitensity scale is given in terms d7,. We used mostly a grid

Fig. 3). The ammonia “head” group of cores corresponds point spacing of 30, however, occasionally a 80step was

core “E” of Sato el al., group “north” to core “C” and the “tail” used. The data were reduced using thé K&ckage.

group to core “A”.

Apart from NH;, commonly used tracers of dense material

are CS, HCQ, and_the isomeric molecules HCN and HNC3 The maps

because their rotational transitions near 3 mm are easy to ob-

serve and have critical densities higher thatd@3. In this Our HCN and HNC (1-0) integrated intensity maps are shown

paper we present maps of these molecules in the densest partsig. 2, and the corresponding CS (2—-1) and HGD-0)

of L1251, and estimate their column densities along with someaps are shown in Figs. 3 and 4, respectively. The area mapped

other molecular species in selected positions. The cloud cgnHNC and HCN covers the two ammonia cores in the “head”

tains both protostellar and prestellar condensations and sheigsignated as “H1” and “H2” by TW, the northern part of

clear signs of external influence. The physical conditions are 251, and the cores “T1”, “T2” and “T3” in the tail. All these

therefore likely to vary across the cloud. The aim of this studynmonia cores are associated with newly born stars or proto-

was to investigate whether any indications of such variatioggirs. The maps in CS and HC@clude also the starless core

can be traced in the observed molecular lines, and how thelgg” on the western side of the head core group. Also indi-

possible changes are reflected in chemical abundances.  cated in these figures are the locations of YSOs and T Tau stars
probably associated with the cloud. Labeling of these sources
in the upper panel of Fig. 2 follows that of Table 3 of KP.

A comparison between our maps and theaNiap of TW

We used the Onsala Space Observatory’s (OSO) 20—-m téRueals two major dierences: i) in NH the head and tail
scope over five observing sessions in 1998, 1999 and 2@egions have similar integrated intensities whereas in HCN,
to map the cloud in the HCN (1-0), HNC (1-0), CS (2-1) artdNC, CS and HCO the head region is clearly brighter. For
HCO" (1_0) transitions. Selected positions were Subsequerﬂw latter molecules the hlgher integrated intensities in the head
observed in3CO (1-0), G80 (1-0), H3CN (1-0), HNBC (1— are due to a larger number of velocity components in the line
0), C34s (2-1), H3CO* (1-0), SO (2—1;) and CHCCH (5¢— Of sight (see Sect. 3.2); ii) the core around IRAS 2284501

4¢). The receiver was a SIS mixer with a typidabe = 100K (N1a) is not visible in NH. Ammonia peaks further up in the
(SSB) in the frequency range used. We used a 1600—charii¥th near the T Tau star #9.

correlator with 20 MHz bandwidth (i.e. a velocity resolution of
0.04kms?! at 90 GHz). The HPBW of the telescope at 90 GHz! The program is developed by P. Bergman, OSO.

2. Observations
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Fig. 2. HNC (upper panel) and HCN (lower panel) integrated intensity maps of L 1251 in the (-2, —6.5) kedacity range (for HCN the

velocity range of the main 2—1 component). The center position is the same as in Fig. 1 and the observed positions are indicated by dots.
The intensity scale is i ;dv [Kkms™] and contours start from 0.9 and increase by 0.45 increments to 4.5 for HNC and from 0.8 with a

0.4 increment to 4.0 KknT$ for HCN. The stars denote the FIR point sources classified as T Tau stars, and the triangles those classified as
embedded YSOs (from Kun & Prusti 1993).

3.1. Identification of cores estimated from the extent of the half power intensity contour

Th how local . hich hi q deconvolved with the beam assuming Gaussian shapes for the
e maps show local maxima which roughly correspond to the 1, 55 well as for the source. In most cases cores are ellipti-

ammonia cores detected by TW. B_ecause. of th? denser S2]” and we use the geometrical mean of the major and minor
pling and the higher spectral resolution available in the preseb,q 1, yefine the size. Virial masses are derived using the for-
study we see, however, more structure than discernible in the .- v = 150D A2 (see Johansson et al. 1998). For 5 cores
. . . . . . vir — . .
previous NH maps. Using the spatial —velocity mformatloqn ependent mass estimates are derived from {#® @bser-
available, we have identified altogether 15 cores in the map aions asM = 1.456x 102 Neuso, (D2 + D2), whereDs and
= 1. S b/ S

:ﬁg'ﬁn’ most Offv%’_r\'/{fz_c,?jn pe Seen in a_llltfotur lines. Somet p are source diameter and beam size at the corresponding fre-
e NH cores o Ivid€ in our maps Into two componen %uency, respectively (see Nikol€t al. 2001).

Following the nomenclature of TW we label the five cores stud- - .
ied in detail as H1a, H2a, H2b, N1a and T1la, where “a” and “b” We have calculated standard deviation of the core diam-

indicate a presence of a secondary peak or a separate veldtiyS for all available molecules to be in the rangel to

component not resolved in the previous Nebservations. ~0:3pc. The e_mi_ssion extents_of obs_erved molecules agree, in
Table 1 lists the identified cores in order of decreasing R'ROSt cases, withie:1o- of the arithmetical mean of a core.

offset (i.e., in head—to—tail direction). The columns are: (1) core The large diferences between masses estimated from the

identification number: (2) line center velocity: (3, 4) core cenirial theorem and the €0 data, obvious in three cores, may

ter in the RA and Dec fsets with respect to the center of th@0ssibly be linked to the presence of young stellar objects; en-

map; (5) full width at half intensity of the integrated emishanced turbulence afat ordered motions like, e.g., outflows

sion corrected for the beam size; (6) the full halfwidth of theould cause the discrepances.

global line profile of the core; (7) virial mass; (8) mass cal- From the G80 data, Sato et al. (1994) derived a total gas

culated from @O and (9) association with YSOs or T Taumass in the head region of 6&,. Adding up our estimates of

starsand core designation following TW. The core sid®, is core masses in the same region, we arrive 8 M, (using
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Fig. 3. The CS (2-1) integrated intensity map of L 1251. The velocity range of the emission, the center position, the intensity scale and mar
are as in Fig. 1. Contours start from 0.65 to 1.3 by 0.13 K khasid from 1.3 to 2.34 by 0.26 Kkms
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Fig. 4. The HCO (1-0) integrated intensity emission map of L 1251 for the (-2, —8)®mslocity range. The center position, the intensity
scale and markers are as in Fig. 1. Contours start from 0.8 and increase by 0.45% km's

Mco where available, otherwisi,;;), indicating that most of 3.3. An HCO™" “disk” or a dense bipolar outflow?
the mass is concentrated in the dense cores. For the northern
region of L 1251 Sato et al. (1994) estimate a total gas mass of

56 M. We derive a mass of 34, for core 7 (i.e. the N1a core) Close inspection of the HCOspectra in the Nla core

; ) . ; 0 .
implying that for this region at least 65% of the total mass is N ea reveals a possible interaction with the CO outflow
the form of dense gas.

(Sato & Fukui 1989) within~2' from the IRAS 223437501
source. At the estimated distance of the cloud this equals
3.2. Channel maps and decomposition of the “head” 36000 AU. In this area the line shapes of HC&how signif-
region icant wing emission betweer8 and-2kms! as well as self-
absorption features. Figure 6 shows the extents of the blue—
The observed emission in the head covers the range fromarfil red—shifted emission at the most extreme velocities. The
to —2km s, while the northern area and the tail are seen ondyructure presented mimics either a rotating HC@isk” or
in the ranges (-6, —4) and (-5, —3) km srespectively. This is a “toroid” (see, e.g., Torrelles et al. 1983) around the proto-
consistent with the dominant velocity components of @0  star, or a dense HCOoutflow. The dashed line in Fig. 6 gives
emission according to Sato et al. (1994). roughly the orientation of the CO outflow axes. If the structure
Figure 3 shows the HNC (1-0) line emission of the head ris-considered to be a disk, then the disk radiusi® 000 AU.
gion in four velocity channels. The other observed lines shdBuch large HCO “disks” around low—mass protostars are
similar features in the corresponding channel maps. Two velowt uncommon (see, e.g. Fridlund et al. 2002). On the other
ity components, centered at-3.5kms?! and at~~4.5kms? side, if we are observing a dense outflow, then the dynamical
are clearly seen in the maps. These two velocity componeatg is approximately the same for both wings and is equal to
are also discernible in the HRC spectra of H1a, H2a and H2b.2 x 10* years.
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Table 1. Derived parameters from the CS (2—-1) observations. Sizes and masses assume a distance of 300 pc.

Core ug? Aa AS D Av M2 Mco® Comment$)
kms™  ['] [’] [pc] kms™] [Mo] [Mo]

1 -48 210 -15 026 130 66 16 T Tau () #16; Hla

2 -42 200 -05 016 Q75 14

3 -33 195 -15 014 Q74 11 11 T Taucandidate star #15; H2a

4 -43 185 -20 016 168 70 8 embedded YSO #1l4ompact outflow; H2b
5a -36 140 -15 013 115 26 H3

6° -46 70 60 016 098 23 T Tau candidate star #9; N 2

7 -5.0 55 35 025 121 55 36 embedded YSO #8xtended outflow; N1 a
8¢ -44 -80 -1.0 013 066 8

9 -44 -100 -1.0 013 Q76 11

10d -41 -105 10 009 093 12

11 -43 -115 00 015 097 18 4 embedded YSO #6; Tla

12d -4.2 -125 -05 007 Q75 6

13b -40 -130 05 008 076 7 embedded YSO #5; T2

144 -43 -145 00 009 112 14

154 -44 -155 05 008 097 11 embedded YSO #4; T 3

Gaussian fitted line center velocity at the peak position of the core.

M,;; = 150D Av? (Johansson et al. 1998).

Mco = 1.456x 1073 Newsg (D2 + D).

IRAS point sources and detected outflows that fall within the half intensity contour of the core emission. The positions observed in the
rarer isotopomers are also indicated.

2 Surveyed only in CS and HCOP Not detected in HC®. © Not detected in HCN? Detected only in CS.

A W N P

Table 2. Total column densities derived using the LTE assumptidaetween dferent molecules brings forth some pairs with large
(see the text). For the three cores in the “head” appropriate velooifgriations in the column density ratios, and others with minor
components were used (see Table 1). The formal errors are 10-1g¥anges. For example,'BCO*/C80 and HNC/H!3CN are
which include intensity calibration~L0%) and spectral noise. roughly constant+3 x 10 and ~2, respectively), #5/s0

has by far the lowest value towards Hla, andBBIC80 is
Molecule [cm?] Hla H2a H2b Nla Tla clearly largest towards T1a.

13CO [109] 6.1 59 75 139 7.9 We have estimated also the, ldolumn densitiesN(H>),
C!80 [10%] 12 19 16 27 11 with the aid of G80 and the conversion factor {8D]/[H] =
C¥*s [1047 43 77 115 140 112 1.7 x 10°7 determined by Frerking et al. (1982). Th&H,)

H*CN  [10] 25 54 37 21 66 values have been then used to derive the fractional abundances

HN*C [104] 44 76 63 55 138 of other observed molecules. In the conversion to the main
HBco* [104] 40 58 37 86 46

SO [109] 1.8 10 10 07 10
a 14 _ —
NHs [1077] 18 9.9 22 Table 3. H, total column densities (in [£9cm™2]) obtained from
a From TW; velocity components of the cores in the head are nocO using a conversion factor oN (H,)/N (lsco_) = 48X
resolved. 10° (Dickman & Clemens 1983) and from #D using the ratio

[C*¥O]/[H,] = 1.7x1077 (Frerking et al. 1982), and the calculated
fractional abundances of the main isotopomers with respect £p [H
derived from [G8Q].

4. Column densities and relative abundances

Table 2 gives column densities, derived assuming LTE condi- Hla H2a H2b Nla Tla

tions and optically thin emission, towards selected positions. [°COl= [H] 293 284 358 G667 377
In addition, it was assumed that the excitation temperature,[C'°0l = [H:] 6.76 1141 965 1606 712
Tex is 10K for3CO and G20, and 6K for the other species cs [10°9 14 15 26 19 34
which are likely to be subthermally excited (see, e.g., Caselli HCN [10°] 29 36 29 10 71
et al. 2002). The column densities 0f4S and HN3C show HNC [10°] 50 52 50 26 149
the largest variations across the cloud. TRéSCcolumn den- ~ HCO* [10°] 46 39 30 41 49
sity has a minimum towards H1la in the head, wherea$®aN SO [10°] 28 07 10 05 13
peaks towards T1a in the tail. The column densities of the otherNHz [0 26 - 10 - 31

molecules change less than by a factor of three. A comparison
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> 20 ' ' Fig. 6. Integrated intensity map of the blue — (greyscale) and the

] red—shifted (contours) HCCemission of the N1a core. The velocity
ranges are (-7, —8) and (-2, —3) kmh for the blue and the red wings,
respectively. The intensity scale is Tijdv [K km s™1] with contours
from 0.09 by an increment of 0.01 Kkm's The filled square marks
the position of IRAS 223487501, the solid line marks the proposed
A ] disk and the dashed line shows the orientation of the corresponding
CO outflow.

(-4, -3) km/s 1
L e lowest SO abundance. In the other molecules the changes are
T S less marked. It should be noted that the fractional abundances
I derived here reflect column densities relative 6@ and do
_____ not represent the true relative abundances with respecg to H

e -H2a - 4 in case the &0/H, column density ratio changes, e.g., due to

..... I CO depletion.

Dec offset [arcmin]

5. Estimates of temperatures from CH 3;CCH

T Symmetric top molecules, like methyl cyanide, £EN, and
‘ . (-8,-2) km/s
s 20 5 15 methyl acetylene, C¥CCH, make good temperature probes
because eack—component of a gived rotational transition
has a dfferent energy level. Radiative transitions between dif-
Fig. 5. The HNC channel velocity maps of the “head” region. ThéerentK—ladders are prohibited by the selection ral¢ = 0;
observed positions are indicated by dots. The intensity scale istlirus the populations of fierent K-ladders are determined by
T,dv[Kkms™]and the contours start from 0.15 and are increasing leyllisions and depend mostly on the gas kinetic temperature.
0.3Kkms?. The velocity ranges are given in the lower right comerg\lso, being relatively close in frequencies, &llcomponents
Embedded YSOs are marked with triangles and the YSO suspectegddp he observed simultaneously, avoiding calibration problems.
be driving tht_a compact outflpw |s_marked by a rectangle. Additionally, Thed = 5— 4, K = 0,1,2,3, transitions of methyl acety-
our core designations are given in the second and fourth panel. - . .
lene were observed towards the previously selected five cores in
L 1251. Figure 7 shows the spectra. To estimate kinetic temper-
isotopomers fractional abundances the following isotopic ratiatures we have used the rotational diagram method (see, e.g..
characteristic of the local ISM have been us&€/°C = 77 Anderson et al. 1999) which assumes LTE conditions and op-
and 325/%'s = 22 (Wilson&Rood 1994). The column tically thin emission. The derived rotational temperatures are
density estimates and the fractional abundances are givemtiexpectedly high as are the associated errors. The reason fol
Table 3. According to this table the position H1a has the lowekis can be traced back to the intensity of tie= 0 rela-
CS abundance and the largest SO abundance. The fractidivalto theK = 1 transition; with the exception of the region
HCN and HNC abundances seem to peak towards Tla. NBHda, the observed ratios all indicalg; > 50 K. Such results
with the highest H (in fact C'80) column density, has thecan be explained in terms of non—LTE excitation or that the

RA offset [arcmin]
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Table 4. The results of the CBCCH rotational diagram method
weighted with observational errors plus E, A species uncertainties
(case I) and using thk = 1 andK = 2 lines only (case IlI). Ammonia
temperatures are from TW.

Hla H2a H2b Nla Tla

case |
Trot [K] 27+6 16+5 18+2 23+2 22+7
Ngt [102cm?] 31+8 16+8 21+4 27+5 8+3
case I
Trot [K] 15+4 8+2 15+2 16+3 10+5

Ngt [102cm?] 25+2 27+5 23+1 28+2 8=zx1
T K] 10 12 14 - 10

|
=
[N
T

2
In (TMB Av/pv gu)
5

Fig. 7. The observed CECCH 5—4 spectra smoothed to a velocity res-

olution of 0.12kms?. Core designation is given in the upper right -12¢

corner and the observeld = 0,1,2, 3 transitions are marked with

solid lines. The intensity scale 1§, [K], and the velocity scale ig sg -13; 20 20 50 20
[kms™]. E, K

Fig. 8. Rotation diagram of the C}¥CCH 5—4 transition for core N1a.

For definition of case | (dotted line) and case Il (solid line) see the
text and Table 4. The error bars refer to the observational uncertainties
only.

total abundances of thd (K = 0) andE (K = 1) species

are not equal. Assuming@: = 15K, the E/A population ra- 6. Discussion

tio would be about 1.5 based on the= 0 and 1 transitions.

Askne et al. (1984) find that statistical equilibrium and rot-1. Kinematics of the cloud

tional diagram calculations agree, with the exception of Colgl, high spectral resolution observations have revealed two
regions. Thel_r analysis indicate that the t_otal abun_dances_of h&inct velocity components in the head region, separated by
A andE species are equal, however, defined ifedent parti- 5,51 1 kms. The same components are most likely present
tion functions at low kinetic temperatures. For TMC —1, thejf, other molecules as well. The fact that these were interpreted

observations show an intensity ratio-of between th& =0 5q yelocity gradients by TW is due to their cruder velocity res-
and 1,J = 5-4 transitions, while the statistical equilibriumg tion.

analysis indicateSk ~ 10K andTrt ~ 6K. Observationally, — gimjjarly, a superposition of these two components at

this is very similar to our sample (with the exception of Hla)east partly explains the observed CS line asymmetry, i.e.,

possibly indicating that this head core is warmer than the regle infall profiles” seen by Mardones et al. (1997) towards

of the cores observed here. IRAS 22376+ 7455. Yet a possible infall of dense gas cannot be
To proceed we have introduced an uncertainty inAtend ruled out.

E species populations of 30%. The results are given as “case I”

in Table 4 and clearly show smaller errors in the derived Param®- v sos and T Tau stars in dense cores

eters in spite of larger total errors in the input data, a reflection

of the inconsistent intensities of thé = 0 and 1 transitions. Five out of six embedded YSOs, as proposed by KP in the

Figure 8 shows graphically this inconsistency common for aktgion we have surveyed, are most likely associated with the

our cores with the exception of Hla. In “Case II” we have onlgenser parts of L 1251: FIR sources #4, #5 and #6 in the tail

used the&K = 1 and 2 transitions (i.e. the-species) to estimate area (associated with the cores 15, 13 and 11 in Table 1, respec-

the rotation temperatures. These results are further discussetil/gly), source #8, (IRAS 22343501) in the northern area

Sect. 6.4. with core 7 (N1a) and source #14 (IRAS 2237855) with
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core 4 (H2b). Additionally, based on their projection onto dense Under the assumption that the properties of the FICO
areas, three T Tau candidate stars are probably associated eiitiission (see Fig. 6) are similar to those in the N1a core, i.e.,
the cloud: sources #16 and #17 in the topmost part of the hd@d CO")/1 (H**CO") ~ 7, we derive a total mass of this feature
area and source #9 in the northern area of the cloud, all caisM = 50x1yg(HCO') A[M;], wherel g is the velocity inte-
cident with detected kit emission stars. Sources #13 and #1grated emission [K kns$] andAis the area of the HCOwing
in the head area are both blended by the strong IR emissamission [pé]. It is further assumed that the isotopic abun-
from IRAS 22376-7455, and have ill-defined error ellipsesdance ratio is 77 and that the fractional abundance of HCO
Since the former source does not seem to be associated vgth x 10™° (see Table 3). The total wing emission integrated
any dense core it may be either only projected on the cloader the full velocity range and wings areas is 0.1 KKf%'s
area or is a faint, low—mass embedded star (Kun, priv. comyjelding ~5 M, of molecular gas, equally distributed between
The position of source #15 correlates well with the center tfe approaching and receding emission regions.
core 3 (see Fig. 5), where the HCN peak integrated emission is Assuming that this emission originates from a disk rotat-
~2.5Kkms?. Yun et al. (1999) derived an 80% likelihood ofing with a velocity of~2km s at its outer edge we find the
tracing an embedded Class 0 YSO if the detected HCN emigntrifugal force to be-12 times larger than the gravitational
sion is stronger than 3Kk Thus, source #15 may be arforce of the central star and the “disk” combined. Since the ob-
embedded ClasgIOY SO. served radial velocity is only a lower limit to the “rotation ve-
) locity”, this factor (proportional tay./M) can most likely be

To derive the SFE of the cores we assuMe ~ 1Mo cgngjdered as a lower limit, although our derived mass could be
for all the embedded YSOs and TTau stars with unknowp,qerestimated if the HCOis more saturated than in the sur-
masses, i.e., sources #6, #15, #16 and #17. IRAS 2ZBY85 | ndings. However, the BCO* spectrum toward the IRAS
and IRAS 223437501 have estimated masses oféiMo and - g5 rce (N1a core center) shows no signs of wing emission, in-
2.35Mo, respectively (Kun 1998). If we use the masses of the.1ing a saturation level of the main isotope emission similar
cores listed in Table IMco), SFEs for the H1a, H2a, H2b, N1ay, |o\yer than assumed. Based on our high ratio of centrifugal

and Tla cores are approximately 11%, 9%, 18%, 6% and 20f% o jtational forces we thus find it unlikely that the observed
respectively. On average, SFE of the observed cores would k&q+ wing emission defines a disk.

~13%, almost 3 times lower than the previously estimated SFE 5, ihe other hand. if the observed structure represents

for the whole cloud, but still 5-6 times higher than the overall jonse outflow. the derived dynamical age of the flow is

SFE for the Galaxy. 2 x 10* years (not corrected for an unknown inclination), i.e.,
an order of magnitude less than the CO outflow. The discrep-
ancy between the dynamical ages for the CO and the suggestec

6.3. Nature of IRAS 22343+7501 HCO" outflow indicates that they are offtrent origin. This
is further emphasized by the apparentlyfelient orientations

Based on IRAS and sub-mm continuum observation$the flows in the plane of the sky as well as in the radial di-

Mardones et al. (1997) derived the bolometric temperatueztion (in contrast to CO, the red— and blue—emission regions

of IRAS 223437501 to be<108K, and classified the sourceof HCO* partly overlap). As noted earlier, we can probably

as a Class| YSO. Using Chen et al. (1995) empirical relaeat the derived mass &b M, in the HCO wings as an up-

tion between age and bolometric temperature for YSOs wipler limit. We define a lower limit by assuming optically thin

Tho < 1000K, we estimate IRAS 22343501 to be (13 + HCO* wing emission and arrive at0.5M,,. Using this range

0.1) x 10* years old. This age would classify the source axf masses, the released kinetic energy of the H8@w is es-

a very young Class| YSO. Sato et al. (1994) derived the digmated to be 4—-4& 10%¢J and mechanical luminosity to be

namical timescale (using an inclination of°3%f the CO out- 1-10x 10?°Js i.e., 0.03-0.8,; the lower limit comparable

flow to be 92 x 10* and 18 x 10° years for the blue— andto the mechanical luminosity of the CO outflow although the
the red—wing, respectively. Provided that IRAS 2284801 is CO outflow is spread over an area of the order of a magnitude
the CO outflow driving source, consistent age estimates wolddger. In this picture of two outflows traced by the CO and
require that the flow plane is close to the plane of sky, i.éhe HCO emission, both continuum sources of Beaitrét al.

tited by 4-8. Kun (1998) estimated the mass of a hypd2001) could be protostars each driving its own outflow.

thetical central star to b#, = 2.35M,. Near—infrared im-

ages (Rosvick & Davidge 1995) and recent 3.6cm and 6¢ . o

VQI]_A c(ontinuum obser\?ations (zarissom Meehan et al. 199 ;'4' HCN/HNC ratios and kinetic temperatures

Beltran et al. 2001) show that this IRAS source actually coccording to gas—phase chemical models the main route for

sists of several protostellar objects. The near—IR images @xeduction of HCN and HNC is by dissociative recombination

hibit a 20-30 large nebulosity corresponding to a maximunwith electrons (e.g. Hirota et al. 1998):

size of 9000 AU. VLA continuum measurements revealed P

sources, separated by, 4.e., about 2000 AU. Both continuu;\"nIY_?CNH +€ > HNC+H, HCN+H. (1)

sources have spectral indices consistent with thermal enBsissed on their observations of starless and star forming cores,

sion, and any of them could be the CO outflow driving sourddirota et al. (1998) derived a branching ratio of the reaction

(Beltran et al. 2001). The proposed HC@isk would encom- of 0.4 for the HNC production. The branching production ra-

pass both sources. tio of HCN, «, is defined as [HCNJHNC] = a/1-q, if
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Tkin < T¢, WhereT, ~ 24 K is the threshold temperature abovéut its abundance remains roughly constant because of recy-
which neutral-neutral reactions dominate the HENC ratio. cling via HCS (Nejad & Wagenblast 1999). The situation of
We have estimated in the directions of the sample cores. IIHCN and HNC is less clear in this picture. The precursor ion,
the head part of L 1251 botiatal emission and the previouslyHCNH", is produced mainly via a reaction between Nahd
defined core emission is considered. All cores i.e., Hla, H2he C' ion, thus involving both a typical “late-time” molecule
H2b, N1a and T1la have a branching production ratio of HCAhd an ion characteristic of young chemistry.

in the ranger = 0.2-0.4. Similar values in the HZacores are In the recent models of Rawlings et al. (2002) it is shown
observed also when the total velocity ranges of the HCN atitht in an “H-rich” environment the nitrogen chemistry is initi-
HNC emission are considered. However, towards the Hla cated at an early stage, and because of the ésstive destruc-

the branching ratio for the HCN production of thetal emis- tion of He" (due to a low CO abundance), Nibrms quickly

sion is as high as = 0.8+0.1. The latter ratio is probably a re-thereafter. Under these circumstances also HNC is produced at
flection of more energetically favorable paths for destruction efrly times via G- NH,. NH, forms from a dissociative recom-
HNC once the temperature of the gas exceeds the critical tevmation of NH;, which is one of the precursors of ammonia. In
perature in the region. Thus, this ratio indicalgs > 24K, the “H-poor” models of Rawlings et al., on the other hand, the
while the rest of the cores are colder. This pattern is favorémmation of HCN is éficient via N+ CH, or N + CH3 at early

by the temperatures derived from our §ECH observations times. From these results one can expect that at early stages
(Table 4), although one should bear in mind the relatively largéchemical evolution the HCMINC abundance ratio depends
errors. However, as pointed out in Sect. 4 there are indicati@tiongly on the initial H content.

that the partition function of th& andE species deviate atlow  The division of molecules into “early—time” and “late—
temperatures and, in our simple analysis, overestimate the teime” species is valid eventually only until a protostar is formed
peratures. Thisféect would then apply to all our cores excepin a core, as this may change the physical conditions and con-
towards Hla. sequently the chemical composition of the ambient cloud via

In conclusion, our HCMHNC and CHCCH results favor a heating of du_st grains, enhanced turbulence and radi_ation fi(_ald
kinetic temperature in excess-25 K towards H1a and less or(S€€, €.9. Nejad et al. 1990). As a consequence of intensified
significantly less thar20 K for the rest of the cores. This tem-d€S0rption and ionization, we are then able to observe charac-
perature increase of the dense gas is likely caused by shd€ktically “young” chemistry. _
originating from outflows an@r radiation from the embedded X —ray surveys of star forming regions showed that Class
stars. We searched the 2MASS All Sky Catalog and in the hall! YSOs have significant X —ray emission (e.g., Getman
region of L 1251, clustered around the twg stars and the two €t @l. 2002; Casanova et al. 1995). The heatifigoe of this
embedded YSOs (#14 and #15), we found 23 point sourcglission is very localized (e.g., Lepp & McCray 1983), but
This suggests that the head region of L 1251 is much more pi3€ X —ray induced ionizationfigcts the whole coyeloud.
ductive than the northern core (8 point sources), and the fafiSanova et al. (1995) derived X —ray induced ionization rate
cores (6 point sources). Regarding the possibility of exterffoughout thep Oph cloud core to be comparable with the
heating, the newly born pre—main sequence stars observed!Byally assumed cosmic rays ionization rate-aD™*’s™*. A
KP could, in principle, heat the outer parts of the cloud to o@raradoxical §|tuat|on may occur in the sense that a dynamllcally
25K. However, there the gas density is too low to excite tfder core, with a central Class 0 embeddgd YSO is chemically
molecular transitions observed by us. Another possibility, ¥gunger than a pre-protostellar core (Kontinen et al. 2000).
suggested in the Introduction, is that the cloud has encoun-All the dense cores studied here are associated with pro-
tered at least one external shock; however such shocks HQRars or newly born stars: the presence of T Tau stars in the

cooling times in a dense gas of the order of years (see, e¥finity of Hlawould indicate a dynamical agd 0°-10' years
Smith & Rosen 2003). for this core, while the embedded YSOs (#6, #8, #14 and #15)

in the remaining 4 cores point to ages of*200 years, with

the tail core being the youngest. The fact that Hla is located
6.5. Star formation and “Early-" and “Late—time” near the compression front corroborates the notion that the core

molecules is the most evolved among the L 1251 cores.
The fractional abundances given in Table 3 and the column

Based on the production pathways via ion-molecule or neutreknsity ratios given in Table 5 show soméeliences but lack
neutral reactions, and their dependence on neutral carbon (€lBar trends with respect to the adopted dynamical ages of the
some molecules are classified either as “early-time™+{10cores. The large S@S and NH/CS column density ratios in
10° years after the onset of chemistry) or “late-time” specié¢4la in the head conform with the idea that this core has reached
(maximum abundances reached at steady state, after atfeut H advanced stage of evolution. However, as discussed above
10° years of chemical evolution; e.g. Herbst & Leung 1989). Qine would possibly expect the presence of a T Tau star to alter
the molecules discussed here HCGO and NH are usually the chemistry towards “younger” stages. This suggests that the
considered as late-time molecules; HCecause it is formed influence of this T Tau star is hardly significant, provided that
from CO, and the latter two because their formation mechpresent chemical networks of dense and cold clouds predict the
nisms involve relatively slow neutral-neutral reactions. SO &volution of molecular abundances in a rather accurate way. On
furthermore destroyed primarily by CI| which at later stagehe other hand, the relatively low CO and HC@olumn den-
is locked up in CO (e.g. Nilsson et al. 2000). CS forms earlgities in T1a with respect to NHand HNC (see Table 3) can
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Table 5.Ratios of column densities, based on Table. 3. Relative errors We have made additional observations towards five cores in
of the ratios are in the range of 5-15%, for SO, CS, H@ad HNC. SO, CH,CCH and rare isotopomers of the mapped molecules
For ratios that include ammonia, errors are in the range 20-25%. in the selection. Using methyl acetylene and the H@NC

ratios as thermometers, we find a “temperature gradient” in the

[SO] [HCO] [NHs] [SO] [HCO']  [NHjg] cloud. The highest temperature is detected in the head region.

[CS] [CS] [CS] [HNC] [HNC] [HNC] The derived column density ratios do not change much
Hla 20 32 186 06 09 53 from core to core. This is probably traceable to the fact that all
H2a Q5 26 - 0.1 0.8 - cores are star forming and most of the molecules observed are
H2b Q4 11 39 Q2 06 20 characteristic of mature chemistry. Two of the cores have, how-
Nia Q2 21 - 02 16 - ever, peculiar abundance ratios. The core located in the tip of
Tia 04 14 % 0 03 20 the “head” of the cloud, has clearly higher &% and NH/CS

ratios than seen anywhere else in the cloud, suggesting that the
core has reached a very late stage of chemical evolution, prob-
ably assisted by an elevated temperature due to shock —heating
be understood in two alternative ways: fiI‘St, Tla can be in ﬁnthe head. In the other exceptiona| core, |y|ng in the more
early stage and CO and HCGave not yet had time to reachqujescent “tail” of the cloud, the column densities of CO and
the steady state abundances. This alternative would then imgi¥o* are low compared with those of HNC, HCN, and NH

that NH; and HNC are here early time species, and according\jigs suggest that this is due to depletion of CO and HCd

the models of Rawlings et al. (2002) would indicate an initiallyg 5 corollary, that also HNC and HCN, like hiselong to
“H-rich” environment. The second alternative, and in fact trtﬁe molecu'es that remain |0nger in the gas phase than CcO and
more likely, is that CO and HCGare depleted in T1a. PreviousqCO*. The similar behavior of the former three molecules can
observations have namely shown that\¢&n remain in the probably be explained by their close relationship in the ion—
gas—phase in the situation where CO is heavily depleted (erdplecule reaction schemes.

Wlllacy etal. 1998, Tafalla et al. 2002) These studies concern Four out of the five cores considered in L 1251 have em-
mainly starless cores, but may be valid for cores with low—maggdded protostars in fiiérent stages of evolution. The revised
protostars which have noffacted their surroundings yet. Theayerage SFE 0f10 % is almost 3 times lower than the previous
high fractional HNC and HCN abundances in T1a suggest figstimate, but stil5 times higher than the overall SFE of the
thermore that also these molecules are more resistant aga@fifiaxy. This high SFE indicates a contribution from externally
freezing—out than CO and HCOThis may be attributed 1o triggered star formation.

the replenishment of the HNCHon via the reaction between
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