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Abstract We estimated the ortho-# abundances of G267.9-1.1, G268.4-0.9, G333.1-0.4 an@.&33
1.5, four of the brightest ortho-#D sources in the southern sky observed by the SubmillimetareW
Astronomy Satellite (ortho-tD 1,7 — 1y; line, 556.936 GHz). The typical molecular clumps in our sEmp
have H column densities 0f02? to 1022 cm~2 and ortho-HO abundances of £3°. Compared with pre-
vious studies, the ortho-4#® abundances are at a low level, which can be caused by thefopetratures
of these clumps. To estimate the orthgcHabundances, we used the €S= 2 — 1 line (97.98095 GHz)
and CSJ = 5 — 4 (244.93556 GHz) line observed by the Swedish-ESO 15 m Siibraier Telescope
(SEST) to calculate the temperatures of the clumps and hea@5dust continuum observed by the Caltech
Submillimeter Observatory (CSO) telescope to estimateitheolumn densities. The observations o™

(J =1 — 0) for these clumps were also acquired by SEST and the comdsppabundances were es-
timated. The NH' abundance in each clump shows a common decreasing trencHttveacenter and a
typical abundance range from 18 to 107°.
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1 INTRODUCTION be from cold gases. To date, space observations, (e.g.,
the Submillimeter Wave Astronomy Satellite (SWAS)
Water was first detected in the interstellar medium (ISM)(Melnick et al. 2000); the Odin satellite; the Infrared Spac
over 40 years ago (Cheung et al. 1969). It is an essenti@bservatory (ISO); the Spitzer Space Telescope and the
coolant in star-forming regions and plays an important roleHerschel Space Observatory) have detected water lines,
in the energy balance of prestellar objects (Doty & Neufeldncluding the 556.936 GHz ortho4® 1,, — 1y line.
1997). Thus, the abundance of water is a crucial parameFhis ground-state transition was observed by SWAS first.
ter, especially for massive star formation (Emprechtingewith the upper state lying only 27 K above the ortheeH
et al. 2010). Since the physical conditions of star-formingground state, it provides access to estimate the water abun-
regions affect the water abundance (with respect 4 H dance in cold molecular gas, in which massive stars form
water acts as an excellent diagnostic for energetic phén cold dense clumps and young stellar objects are deeply
nomena (Kristensen & van Dishoeck 2011). As an abunburied.
dant oxygen-bearing molecule formed in molecular clouds,  \Water can form in several different routes, both in
its abundance also gives constraints on the abundance gs phase and on dust grains. Once they form, th@ H
atomic oxygen, therefore it affects the abundances of othenolecules can be desorbed from the ice mantle of dusts,
chemically related oxygen-bearing species. remain frozen on the dust surface or freeze onto the dust
Accessible water lines and feasible methods are necegrains from the gas phase. Water ice on the dust surface can
sary for estimating the abundance of water in star-formingdesorb thermally when the dust temperature rises above
regions. Water lines originating from different levelspeo  about 100 K (Hollenbach et al. 2009). In another way, pho-
gas under different conditions. Most rotational watergine todesorption occurs when the ice absorbs ultraviolet (UV)
including the ground-state transition of ortho- and paraphotons (van Dishoeck et al. 2013). When the temperature
H,O, cannot be observed from the ground due to thés as low as about 10K and the density is high enough,
existence of telluric water (Emprechtinger et al. 2010)freeze-out will dominate (Bergin & van Dishoeck 2012)
Although there are indeed some transitions that have beeand consequently lead to low,@ abundances. Thus, tem-
detected from the ground, their upper states are over 200 ferature and UV radiation are essential factors that affect
above the ground state (Snell et al. 2000a). The high erwater abundance.
ergies over the ground state indicate high gas tempera- To compare observations with predicted results, the
tures when collision with K is considered as the exci- abundances of para- or orthg;® are estimated based
tation mechanism. Thus, these transitions are unlikely ton the spectra obtained from telescopes. For the ortho-
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H>0O line (1,0 — 191, 556.936 GHz), an effectively opti- was not identified as an isolated radio source in the
cally thin approximation (Snell et al. 2000a) was adopted,  Galactic radio source survey (Goss & Shaver 1970).
which makes it convenientto estimate the orthgeHabun- The associated 22 GHz water maser was identified by

dance. In the Herschel key programme “water in star- Braz et al. (1989).

forming regions with Hersehel” (WISH), the non-local (3) G333.1-0.4. Itis one of the clumps in the giant molec-
thermodynamic equilibrium (LTE) radiative transfer code  ular cloud (GMC) G333 (Lowe et al. 2014). It was
RADEX (van der Tak et al. 2007) was used to reduce the firstidentified as an extensivaitiegion (Beard 1966),
ortho-H,O line (19 — 191, 556.936 GHz) data to estimate with a brightness temperature of 17.8 K (Shaver &
the H,O abundance in a low-mass protostar (Kristensen  Goss 1970). The associated 22 GHz water maser was
et al. 2012). In this paper, we estimate the orth@H identified by Caswell et al. (1974). The orthg®l
abundances of four of the brightest orthgdH sources 556.936 GHz line obtained by the SWAS exhibits a
(G267.9-1.1,G268.4-0.9,G333.1-0.4and G336.5-1.5)in  pronounced inverse P Cygni profile and related study
the southern sky observed by SWAS. The paper is orga- (Li et al. 2004) suggests that it is a rare case of direct
nized as follows: in Section 2, we briefly describe the ob-  observational evidence for large scale infall in a star
servations of these clumps and the data reduction proce- forming region.

dures. In Section 3, we present the calculations and est{4) G336.5-1.5. Itis identified as an isolated compact H
mates of clump temperatures, clump massescélumn region in both the survey of HL@9recombination line
densities and finally the estimate of orthg@®abundances emission in Galactic Hregions of the southern sky
based on observations. In Section 4 and Section 5, we (Wilson et al. 1970) and the investigation of Galactic
present the discussion and conclusion respectively. The ap radio sources at 5000 MHz (Goss & Shaver 1970).

pendix contains some supplementary material. Its brightness temperature is 7.2 K (Shaver & Goss
1970). G336.5-1.5 is associated with bright-rimmed
2 OBSERVATION AND DATA REDUCTION cloud (BRC) 79, one of the 89 clouds in a catalog
) of BRCs with IRAS point sources (Sugitani & Ogura
2.1 Source Selection 1994). It has the largest Hcolumn density among

the 43 southern hemisphere BRCs (BRC 77 and BRC
78 excluded) and the IHregion RCW 62, accord-

ing to '3CO observations (Yamaguchi et al. 1999). Its
ortho-H,O 556.936 GHz line obtained by SWAS ex-
hibits the highest antenna temperature among all ob-
served sources (other than solar system objects and the
Galactic Center), which makes it an interesting object
to study.

We checked the co-added spectra of the orth®H;, —

1y; line of all the 386 sources in the five and a half years
of the SWAS nominal mission from Lambta/e selected
four of the sources witll’; higher than 0.1 K (excluding
the sources in the Galactic Center region) in the southern
sky. These four sources are G267.9-1[% € 0.10 K),
G268.4-0.9 1% = 0.16 K), G333.1-0.41(; = 0.20 K)

and G336.5-1.8[(; = 0.45 K). Among these four sources,
G336.5-1.5 has the highegf.

These four sources are located in star forming re- Compared with the other three sources, G336.5-1.5
gions RCW 38 (G267.9-1.1 and G268.4-0.9), RCW 106as a higher Galactic latitude. Its associated 22 GHz
(G333.1-0.4) and RCW 108 (G336.5-1.5), respectivelywater maser was detected in a survey of 45 southern
Although being bright at 8&m, they are all associated with BRCs (Sugitani & Ogura 1994) for ¥ maser emission
the 22 GHz 6 —5,3 water masers (Kaufmann et al. 1976; (Valdettaro et al. 2007), with a total integrated® flux
Braz et al. 1989; Caswell et al. 1974 and Valdettaro et aldensity of merely 5.4 Jy kms. All these features men-
2007), which are believed to be good indicators of the lotioned above imply that these four sources are likely to be
cation of massive star formation (Juvela 1996). The propmassive star forming active clumps. We use “clumps” to
erties of these four sources are summarized briefly as folefer to these four sources in this paper.
lows.

(1) G267.9-1.1. It is the third brightest source in the in—2'2 Observation and Data Reduction
vestigation of Galactic radio sources at 5000 MHz g oservations were carried out with three telescopes.

(Goss & Shaver 1970), with a brightness temperarya ortho-HO 1 — 11 line (556.936 GH b d
ture of 124.0 K (Shaver & Goss 1970). The associ-Wme1 OSrWXSI-i Théocslgl an(q 1 line (9?%?)59(5) éﬁ'rzv)e

ated 22 GHz ¢ —5;3 water maser (without OH main- CSJ = 5 — 4 line (244.93556 GHz) and M+
line emission) was first reported by Kaufmann et aI.J — 1 — 0 line (93 17340 GHz) data were from

(1976). the Swedish-ESO 15 m Submillimeter Telesco
T - pe (SBST
(2) G268.4-0.9. It was identified in an 11 cm sUVeyrpo 350 ,m dust continuum data were obtained with

of Vela (Manchester & Goss 1969), near the SOUrC8ha syubmillimeter Hi .

. gh Angular Resolution Camera Il
G267.9-1.1 (denoted as G268.0-1.0 in the same SU'SHARC II; see Dowell et al. 2003) of the Caltech
vey) with a lower brightness temperature. However, it

1 http://lambda.gsfc.nasa.gov/product/swasts cfm 2 http://www.eso.org/public/images/esopia00049teles/
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Table1 Observational Parameters of Molecular Lines

Transition Frequency Instrument Beam Size Av Av
(GHz) (kHz) (kms1)
Ortho-H 0 1,0 — 1o 556.93599 SWAS 3/3x 4.5% 1.0 x 103 0.55
CS (2-1) 97.98095 SEST 42 43 0.13
CS (5-4) 244.93556 SEST 17 43 0.052
NoHT (1-0) 93.17304 SEST A4 43 0.14

Notes:® Melnick et al. 2000; ° For G267.9-1.1Av of the CS (5-4) line is 0.060 knTs, andAv is 49 kHz.

Submillimeter Observatory (CSO) telescope. The observaand NHT J = 1 — 0 line (93.17632 GHz) were carried
tional parameters of molecular lines are listed in Table 1. out with SEST. These four clumps were mapped with CS
J =2 — 1 (except for G333.1-0.4),C3 =5 — 4
221 SWAS observation and NHY J = 1 — 0in 2002 Mar 24-28. The main-
beam efficiencies were 0.73 (C6= 2 — 1), 0.56 (CS
The observations of the ortho.@ 1,0 — 1 line J = 5 — 4) (Lapinov et al. 1998) and 0.74 (N
(556.936 GHz) were performed with SWAS from 1999 .J = 1 — 0) (Mardones et al. 1997), respectively.
January 20 to 2001 May 3 (G267.9-1.1), 1998 December | the mappings, the spacing of the square scanning
20 to 2003 June 5 (G268.4-0.9), 1999 September 15 tgrids is40”, but in the CS (5—4) mappings for G268.4-0.9,
2002 February 25 (G333.1-0.4) and 2001 September 2219333.1-0.4 and G336.5-1.5, additional sampling made
2004 July 21 (G336.5-1.5). The data were obtained fronthe square scanning grids quincunxes. In each map, every
the SWAS SpeCtrum service in the NASA/IPAC infrared pixe| was observed with the position switch mode Sepa_
science archive rately. The reference positions are selected approxignatel
The ortho-HO 557 GHz 1 — 1 line data acquired 1800’ away from the centers of the maps (the coordinates
by SWAS were converted into FITS format with a uni- in Columns (2) and (3) of Table 3).
form 190 x 190 arcset pixel size after the spectra in ev- The Gildas software package was also used. For sev-
ery single beam (which are also in the same sampling cel 4 spectra, the baselines seem to follow a sine function
were averaged and then the baselines were substractgglt ith changing periods and amplitudes. In addition, for
The Gildas software packa‘bwa_s used for averaging and seyeral spectra the line widths of the real emission lines
baseline subtraction. The baselines of spectra were accepfre similar to the periods of their sine baselines, so we left
able and a1 or 2* order polynomial was used for base- them with their sinusoidal baselines. We check all the spec-
line fitting. The typical root mean squares (RMSS) of they 4 gne by one for baseline fitting. These spectra are near

ortho-H,0 557 GHz 1 — 1y, spectra are 0.017 K for e edge of the mapping area and our calculation results
G267.9-1.1,0.013 K for G268.4-0.9,0.014K for G333.1ra affected little.

0'4.’ ?ng 0'9[3 :;f;or Gt3'3(t3.5_1t"5' T;he diﬁ\?\;ﬁm RMSslare After the baseline subtraction, the obtained spectra
{“f'g ¥h u_eto |te(rje_nt|n e_gi:l_ra Ioptrllmesih e;;;’%f_'a CUwith RMSs less than 1K (forC3 = 5 — 4in G333.1-
ated the integrated intensities of the ortho@H z .4 and G336.5-1.5, the sigma limits are 0.5 Kand 0.84 K,

Lo — 1o line, the antenna temperatures were correcte espectively) were selected and written in FITS format

with a main beam efficiency of 0.9. . . . )
with a uniform40 x 40 arcseé pixel size.
For G268.4-0.9 and G333.1-0.4, the antenna tempera- The RMSs of the CS (2-1) spectra in the center of the

tures below zero are due to the high noises and the subtrac- o
tion of the baseline. The double-peaked spectra of orthognages are 0.16 K for G267.9-1.1 (RA = 08:59:12.0, Dec

H2O 10 - 1p; lines of G268.4-0.9 indicated strong self- _ —47:29:04), 0.16 K for G268.4-0.9 (RA = 09:01:54.3,

absorption (Ashby et al. 2000). We performed a Gaussia&) §C3 9_,52_34973@5?) 4a8ng1%é)6 'I}'i]éoli\cl\/(lsss?’gft)ﬁég S(Iz'? 4')
fitting for both non-absorbed emission peaks and the ab- octra in the ce;;er of the images are 0.42 K for G267 9—
sorption peaks and obtained the integrated intensity of th 1 (RA = 08:59:12.0, Dec 2?47_29_04') 0.16 K for '
emission of the averaged and baseline subtracted spectru 68 4_0_9 (R.A _ 0§_61_54 3 Dec.:4.7'4é'5§) 0.13 K
The spectrum of G333.1-0.4 shows a pronounced inverse : ; TS o

Cygni profile. We took into account both the watercompo-Or G333.1-0.4 (RA = 16:21:02.1, Dec =50:35:15),

nents corresponding to emission and absorption featuresirg_g'ﬁgol; for G336.5-1.5 (RA = 16:39:58.9, Dec =

. We did not have CS (2-1) data for G333.1-0.4. The
2.2.2 SEST observation RMSs of the NHT (1-0) spectra in the center of the im-
The observations of the C§ = 2 — 1 line @agesare0.20K for G267.9-1.1 (RA =08:59:12.0, Dec =
(97.98095 GHz), CS = 5 — 4 line (244.93556 GHz) —47:29:04),0.18 K for G268.4—0.9 (RA =09:01:54.3, Dec
= —47:43:59), 0.19 K for G333.1-0.4 (RA = 16:21:00.8,
3 http:/lirsa.ipac.caltech.edu/applications/SWAS/S¥NgSitm| Dec = —50:34:55), and 0.17 K for G336.5-1.5 (RA =
4 http://www.iram.fr/IRAMFR/GILDAS/ 16:39:58.9, Dec =48:51:00).
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2.2.3 CSO observation 3.2 CSExcitation Temperatures

The 350um dust continuum observations were performed3-2.1 The estimate of CS excitation temperatures

with SHARC Il on CSO during 2014 April 4 and 5. The ¢ 567 91 1 G268.4-0.9 and G336.5-1.5 (we did not

data were taken when these four regions were close tH . N
) ) ; : ave CS (2-1) line data for G333.1-0.4) the excitation tem-

their maximum elevation (approximately 20 degrees at the eratures of the CS molecule were estimated based on the

CSO site) and thesos ¢, was lower than 0.06. The box P

. CS (2-1) line and CS (5-4) line. The estimated CS exci-
scan mode was used for the SHARC Il observation. The_ . .
beam size of SHARC Il is 8 and the grid spacing for fation temperatures were subsequently adopted in the esti-

the sampling is 1.5¢<1.5 arcset. For each scan, the to- mates of clump masses (and then thecdllumn densities),

tal integration time is 14.71 minutes and the correspondinOrtho'walter abundances and" abundances.

i o ; . 9 The estimate is based on the following assumptions
RMS is 212 mJy bean'. Pointing and focusing ca_\hbra- i.e., (1) The CS molecules are in LTE. (2) The cosmic
tion was done every 2 hours during the observation. Thé

: [ background radiation (CMB) can be ignored.
data reduction tool CRUSHvas used for further data re- o owave . . . :
duction. The flux calibration was done by observing Mars (3) CS (2-1) and CS (5-4) lines are optically thin. Since

T e ot GebE G272 11, 208109 and G220 15 al o
1.1, 0.61 Jy beam' for G268.4-0.9, 0.79 Jy bearh ’ :

for G333.1-0.4 and 0.53 Jy beatfor G336.5-1.5. The '° i€ population diagram method (in LTE) (Goldsmith &

weather is the main reason for the variation of the noisegﬁgger 1999), for the upper levels= 2 and.J = 5 there

in different maps.

Nthin T2-1 Ei=
In D + In ot = In Nyt —InZ — T 1)
3 RESULTSAND ANALYSIS and
thl{l T5—4 EJ:S
3.1 SpectraMap and Dust Map In =% L In =InNiyy —InZ — 2
gj=5 1 —e™5-1 kTex '

Figures 1, 2, 3 and 4 are line profile maps of G267.9— . thi thi o
. respectively N5 and N2 are the column densities at
1.1,5268.4-0.9,G333.1-0.4and G333.6-1.5. Intheseline" " " /"7 =% " o optically thin situation respec-

proflle_ maps, all offsets are relative t(_) the correspondlngtively' 93— and gy_s are the statistical weights of level
coordinates (see Table 3) and the units are arcsec. Empty 2 and level/ — 5 respectively, ands_, andr are
= = ) 5— 2-1

boxes are Fhe p05|t|ons.W|tr.10ut sampling. _the corresponding optical depths,.. is the total column
~ There is a “hole” with little CS (2-1 and 5-4) emis- density of the CS molecule arilis the partition function.
sion in the center of the emission region of G267.9-1.17__ s the excitation temperature of these two transitions.

Moreover, the centroid velocities of the CS spectra in thesjnce we assumed that the CS (2—-1) line and CS (5-4) line
east of the hole are different from those of the CS spectraigre optically thin, we considered

the west of the hole. In the south of the hole, the CS spectra

all have two obvious peaks and in the north of the hole, the In—2"L —g (3)
spectra all have two peaks as well. We overlapped the CS 1—emm

(2-1) integrated intensity map on the 3@t dust contin- and -

uum in Figure 5. We can see that the intensity peaks are In—>—% _ —o. 4)
associated with the 350m emission and in the “hole” the 1—ems

dust emission is much weaker than the surrounding areag:rom Equations (1), (2), (3) and (4), we obtained

The RMSs of CS (5-4) spectra of G333.1-0.4 vary a Ej_5 — Ej—

lot, which is caused by different integration times. The in- Tox = m’ ®)

tegration time (on source time) changes from less than 0.8 . (ngsz‘;‘g‘)

minutes to more than 3 minutes. In G336.5-1.5's CS (54 hile

spectra, there are similar situations. By = hBoJ(J +1). (6)
The 350um dust continuums of these four clum.ps ar%J is the rotational quantum number aBd is the rotational

- ~constant of the CS molecule at vibrational energy level
the temperatures, masses, tblumn densities and ortho- ~ 0in Hz ©.458437 x 1010 Hz, Kewley et al. 1963). The

water abundances of these four clumps. The areas for mass

and ortho-water abundance estimates are shown in Whi%atlsncal weights of the/ = 2 a’?d J =5 level, gy .
indg;j—s, equal 5 and 11 respectively. Thus, we can write

boxes with solid lines and dashed lines, in the correspon(ﬁ tion (5

ing figures, respectively. quation (5) as
24h B,

Tex b (AN )

5 http:/mww.submm.caltech.edu/ sharc/crush/ kIn ( 5Nihn
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Fig.1 Upper Left G267.9-1.1 CS (2-1) line profile map. It is obvious that aifgons (-40", —80") and (-80", —120") relative to
the coordinates in Table 3, the emissions at these two posiire much weaker than the surroundings and that may $uggéss”
in molecular gas with significantly lowerd/olume density. Similar and more significant phenomena easelen in the CS (5-4) line
profile map.Upper Right G267.9-1.1 CS (5-4) line profile majpower Left G267.9-1.1 ortho-kO 1,0—101 line profile map. The
two empty boxes are positions without samplingwer Right G267.9-1.1 NH™* (1-0) line profile map.

Now we focus on the CS column densities of the up-Substituting Equation (11) into Equation (8), we obtained
per levels = 2 andJ = 5). Based on Rohlfs & Wilson

3
(1996), when the molecular line is optically thin, the col- ~ Nthin — 8y _ /TCXTudv
umn densities of the upper level & 2 or J = 5) are A AuTex (eW - 1)
in 8 83
Nltlh = hv /Tudv7 (8) = w o /Tde, (12)
CSAul (em - 1) CgAulTCX (em — 1)

wherev is the frequency of the CS (2-1) or CS (5-4) line, Since the four clumps in our study are all extended sources,
T'ex is the excitation temperaturd,, is the corresponding the antenna temperatufg, ~ Tg, and the column densi-
Einstein A-coefficient andr, is the optical depth. In an tjes of upper levels in the optically thin case are

isothermal medium, the relationship between the bright-

3
ness temperaturég, the excitation temperaturg., and JALL . 8mv /Tadv. (13)
the cosmic background temperatifig,ckgrouna €an be de- " 3 Ay Tox (ek’%i _ 1)
scribed as

In Equation (13) V' is dependent off .

T = Toackgrounae™ ™ + Tex (1 = ™). ) If we adopt the Rayleigh-Jeans approximation
When the CS lines are optically thin, hy < kT (14)
l—e™ =71, 10 . . . ex. .
¢ i (10) in Equation (13), then this equation will be reduced to
and if the background radiation can be ignored, then Srli?
hinx TRV
Tp ~ TexTy. (11) R / Tadv. (15)
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Fig.2 Upper Left G268.4—0.9 CS (2-1) line profile malgpper Right G268.4-0.9 CS (5—4) line profile map. The empty boxes are
positions without samplind.ower Left G268.4—0.9 ortho-EO 1,0 — 1p1 spectrum at RA 09:01:54.31, Dec —47:43:5%.6wer Right
G268.4-0.9 NH™ (1-0) line profile map.

This expression is the same as that from Goldsmith &erformed iterative calculations to corréct, gradually,
Langer (1999), and it does not depend on the excitatione., we ran the iteration cycles ofVthn — T, .” We kept
temperaturd’.. comparing the latest, calculated from the latesythins
However, we notice that if we estimate the columnat theJ = 2 and.J =5 level with the previously calculated
densities of upper levels through Equation (15), then sig?.x. The iterations would not end until the absolute value
nificant deviation will arise due to the high frequency of theof the difference between these tWa, values was less
CS (5-4) line. The deviation in upper level column densi-than 0.05 K.
ties will lead to significant deviation of the subsequently The calculation of CS excitation temperatures was
derivedT .. ) .
I in only applied to the positions where both the CS (2—-1) and
The excitation-temperature-dependéff* was de- inei " higher th h
rived by correcting theVthin* with line frequencyr and CS (5-4) line intensities were higher tham. 3\t these po-
u sitions, gas along the line of sight would be considered CS

excitation temperatur€ex (5—-4)-traced dense gas and the areas corresponding to all
, hy , these positions are treated as “CS (5-4)-traced areas,” in
N = ,w - N (16)  which the CS molecules can be well-excited through col-
kTex (6”0* - 1) lisions (at least for the CF = 1 — 2 excitation, since

the critical density of the CS (5-4) line is far greater than

For each sampling position, we neéd™® at the that of the CS (2-1) line) and the calculated CS excita-
J = 2 andJ = 5 level to calculate the excitation tem- tion temperatures approximately equal the kinetic temper-
perature of CS, while the excitation temperature of the C&tures of the gas; the kinetic temperature of the gas is an
molecule is required when we derivad™™ (Eq. (16)). As  essential parameter in subsequent estimates. Considering
a start, we calculatety t"in* for theJ = 2 andJ = 5level  the sampling spacing (comparing it with the beam size),
(Eqg. (15)) and then we derived an excitation temperaturao interpolation was applied to positions where the quality
(Eq. (7)) fromNthin* (J = 2 andJ = 5 level). Inthe next  of signal is poor (low signal-to-noise ratio) and the corre-
step, we obtained the first{*'» through Equation (16), sponding CS column densities.At 2 andJ =5 as well as
with which we subsequently calculated an excitation temthe 7,.s were denoted as zero at these positions. The aver-
perature again (Eq. (7)). Sindé'"" is dependent off.,, age CS excitation temperatures of these four clumps (cor-
andT ., is derived fromNthins (J = 2 and.J = 5 level), we  responding to the areas within the white boxes (solid lines)
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Fig.3 Upper Left G333.1-0.4 CS (5-4) line profile map. The empty boxes ar&ipas without sampling. The RMS changes a lot
in different spectraUpper Right G333.1-0.4 NH™ (1-0) line profile map. A spectrum with extremely low RMS igaim. The three
empty boxes are positions without samplihgwer. G333.1-0.4 ortho-HO 1,0 — 191 spectrum at RA 16:21:02.08, Dec —50:35:15.0.

in Fig. 6) are listed in Column (5) of Table 3. In those areascolumn density in the CS (5-4)-traced area was deduced
all calculated CS excitation temperatures are non-zero. Weom the final results of the iteration f@Fex—ciump-
subsequently estimated the masses of the clumps within
these white boxes (solid lines) in Section 3.3. 3.2.2 The non-LTE analysis for CS (2—1) and CS (5-4)
We also derived a “characteristic” CS excitation tem- lines
perature,lex_clump, fOr the CS (5-4)-traced area in each
clump (G267.9-1.1, G268.4-0.9 and G336.5-1.5). FoSince it is possible for the CS lines to be optically thick
each clump, we averaged the integrated intensity of the C&specially for the CS (2-1) line) in the actual situation,
(2-1) line (and CS (5-4) line, as well) at every sample powe also performed non-LTE analysis for the CS (2-1) and
sition in the CS (5—4)-traced area (the white boxes (solicCS (5—4) lines with RADEX (van der Tak et al. 2007) in
lines) in Fig. 6), then with these average integrated intensthe CS (5—4)-traced areas (the white boxes with solid lines
ties we derived the “characteristic” excitation temper@asu in Fig. 6). To perform this analysis, for each clump we
T ex—clump through exactly the same assumptions and proadded up the integrated intensities of the CS (2-1) line and
cesses as we previously described. CS (5-4) line at every sample position in the CS (5—4)-
Figure 7 shows the population diagrams calculated fotraced area (the white boxes (solid lines) in Fig. 6) respec-
the Tex—clumpS Of G267.9-1.1, G268.4-0.9 and G336.5-tively and found the corresponding average values. Based
1.5. The population diagrams were deduced from correen the average CS (2—1) and CS (5-4) integrated intensities
spondingN thin*s (atJ = 2 andJ = 5, in dashed lines) and we derived the line intensity rati®_1)/(s—4) (CS (2—
the lastNthins (at.J = 2 and.J = 5, in solid lines) we re- 1)/CS (5-4)) in the CS (5-4)-traced area for each clump.
trieved in the iteration. We can see that the correction ofWe then performed the non-LTE analysis with RADEX in
the upper level column densitie$ € 2 andJ = 5) for the  a kinetic temperature range from 10K to 200 K and an
Rayleigh-Jeans approximation does make a difference iR, density range from 10to 10° cm~3. According to the
the slopes of these plots. We derived the final values folV cs—ciump We had estimated for each clump (see Section
the T'ex—clump$, i.€., those deduced from the slopes of the3.2.1), we performed the analysis with CS column densi-
plots in solid lines in Figure 7, were listed in Table 2, to- ties of 103 cm~2 and 104 cm~2 and got the line inten-
gether with/V s — crump, the average CS column density in sity ratio maps on the kinetic temperatufg(,)-density
the CS (5-4)-traced area of each clump. The average Q8ane. To estimate the probable Hensity within the CS
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Fig.4 Upper Left G336.5-1.5 CS (2-1) line profile map. The empty boxes at pipeuright corner are positions without sampling.
Upper Right G336.5-1.5 CS (5-4) line profile map. The empty boxes argipas without an observatio.ower Left G336.5-1.5
ortho-H,O 1,0 — 1o line profile map. The empty boxes are positions without samgpLower Right G336.5-1.5 NH™ (1-0) line
profile map.

(5—-4)-traced area for each clump, we need the correspon{li) The absorption coefficient at 35Qm, Q(350), is
ing kinetic temperature in addition to th&_1)/(5—4)- 2x107%;

When we took theifl’cx—c1umpS @s the corresponding ki- (iii) The characteristic grain radius is Opdn;

netic temperatures in the CS (5-4)-traced areas (and this(ig) The grain density is 3 g cr?;

in accordance with the LTE assumption which we would(v) The gas to dust ratio (GDR) is 100.

adopt in the following estimates), the clumps are marked

on the maps as Figures 8 and 9 show. The corresponding The clump mass can be expressed as

average H densities of the clumps within the CS (5-4)- 9 5 10-4 \ 3
traced areass., S, are listed in Table 2 together with other Morump = 0.10 Mg [ X } { ]
parameters. The non-LTE analysis suggests that all these @ (350) | | 350 pm

clumps have quite high,s in the CS (5-4)-traced areas. D 1°TGDRT S (v)

The non-LTE analysis results offer references for assuming Lka [ 100 } { Ty }Pf (Ta), (A7)
densities in the subsequent estimates. We did not perform

non-LTE analysis for G333.1-0.4 since we only obtainedvhereS(v) is the flux density of the cloud at 350m at

CS (5-4) data. distanceD, in Jy,T 4 is the dust temperatur®,(T4) is the
Planck factor and
3.3 Clump Massesand H, Column Densities Py (Ty) = eM/KTa 1, (18)

To estimate the kicolumn densities of these four clumps, | this formula (Li et al. 2007), the dust temperature is
we adopted the assumptions made in Li et al. (2007)yn essential parameter. Although high density gases are
namely, present in these clumps, there can be a significant differ-
ence between the dust and gas temperatures at the same
() The medium along a certain line of sight has a singleposition (Goldsmith et al. 1997). However, whe(H-) =
temperature (Goldsmith et al. 1997); 10° cm~3, the dust temperature approximately equals the
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Table2 Non-LTE Analysis Parameters And Results

Clump R(271)/(5—4) Texfclump (K) Ncsfclump (Cm72) Nav (CI’T'I73) nav(cmig)
NCS*Clump =10 cm—2 NCS*Clump =10" cm—?
G267.9-1.1 1.0 22.4 5.1 x 1013 2.0 x 109 2.9 x 106
G268.4-0.9 2.5 11.5 6.8 x 1013 3.8 x 106 1.2 x 106
(G333.1-0.4 - - - - -
G336.5-1.5 1.7 14.8 5.9 x 1013 2.7 x 109 1.7 x 106

Notes:* We did not perform non-LTE analysis for clump G333.1-0.&sithere were only CS (5-4) data.
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Fig.8 Line intensity ratio map on the kinetic temperature-voludemsity plane with CS column densities of'4@m=2. The red,
green and blue diamonds represent G267.9-1.1, G268.4r€ 8286.5-1.5 respectively.

gas temperature (Li et al. 2007). Thus we can assume thegmperatures along the same lines of sight in the CS (5—
along a certain line of sight the dust temperature equald)-traced areas.
the local gas temperature in this volume density condi- In the 350um emission data, the grid spacing for the
tion. Since the CS (5-4) transition has a critical densitysampling is1.5 x 1.5 arcseé. By summing up the calcu-
of about 16 cm~3, we assume that within the boundarieslated mass of every cell in the sampling grid, we calcu-
of CS (5-4)-traced areas(H,) = 10° cm~3. According lated the total mass of each clufaSubsequently we esti-
to our non-LTE analysis with RADEX (in Section 3.2.2), mated the H column densities for each of the clumps cell
this assumption is reasonable and we therefore adopt they cell as
approximation of dust temperature above in the following
estimate. NHg(cell) = Mclump(cell) (Dfé)27 (19)
Here we assume the gas temperature equals the kinetic
temperature. Based on the relation between the CS excita-° “The total mass” is the sum of the calculated mass of everlesin
tion temperatures and the kinetic temperatres mentond1 "2 e bos i sld nes o e € Tre bounee o
before, we actually adopted the calculated CS excitatiojth available calculated CS excitation temperatures edprofile of
temperatures as the local gas temperatures and the dutst 350um image (for G267.9-1.1).
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Fig.9 Line intensity ratio map on the kinetic temperature-voludemsity plane with CS column densities of'4@m~2. The red,
green and blue diamonds represent G267.9-1.1, G268.4r€0.8336.5-1.5 respectively.

whereM.jump(cenr) 1S the calculated mass of every single line is expected to be optically thick at the line center even
cell, f is the mass fraction of H in gas with“de to H  for a relatively low water abundance, every collisionally
ratio of 0.08459 (Balser 2006)D is the distance from excited upper level molecule can always produce a pho-
the clump, and is the sampling grid spacing, which is ton which finally escapes the cloud (Snell et al. 2000a).
1.5". Since the CS (5-4) line has a high critical densityThus, the optically thick gas can be effectively thin (Snell
of about 16 cm~2 and referencing our non-LTE analysis et al. 2000a). Therefore, the integrated antenna tempera-
with RADEX (in Section 3.2.2) we assume that the ele-ture is proportional to the column density of orthe®
ment His all in the form of H in the dense gases within the under known temperature and Molume density, accord-
CS (5-4)-traced areas when we calculated the moleculéng to Snell et al. (2000a),
hydrogen column densities. The calculated clump masses . ) )
(of the CS (5-4)-traced areas, within the white boxes (solid _ s _ hv —n
lines) in Fig. 6) are listed in Column (6) of Table 3. The Todv = Cnu, 2u3l~cN (0= H:0) ar P < kT ) '
average H column densities in the areas used to estimate (20)
the ortho-HO abundance (white boxes (dashed lines) inl bdv is the integrated intensity, in K knm$. C'is the col-
Fig. 6) are listed in Column (9) of Table 3. The olumn lisional de-excitation rate coefficient from levehlo level
densities in these four clumps are on the order of magnilo:-
tude 132 cm2 or 10*2 cm™2.

3.4.2 Kinetic temperature and other details

3.4 Ortho-H,O Abundance . .
2 Equation (20) can be written as

3.4.1 Method [ Todv

b
The observation of the 557 GHz orthg® 1,7 — 191 X-(0-H0)=a- N (H3)ny, ’ (1)
line was performed with SWAS with a pixel size of about
190 x 190arcseé and a main beam efficiency of about 0.90 With
(Melnick 1995). This ground-state transition has a large a= 1 , (22)
spontaneous emission raté, As the stimulated absorp- C- 2§2k . Z_; - exp (;;k”)

tion coefficientB is proportional to the spontaneous emis-
sion rate, it leads to large opacities and makes excitatiowherea is a constant at a given temperature.

by photon trapping important (Wannier et al. 1991). Since  We adopted an Hvolume density of 19cm=3 in the

the collisional de-excitation rate coefficiefitis far less estimates since the areas where we estimated the ortho-
than A, this line has a high critical density and the exci-H,O abundances (the white boxes with dashed lines in
tation is subthermal (in other words, the de-excitation ofFig. 6) are in the CS (5-4)-traced areas. The average H
upper level molecules is dominated by emission photonsolumn densities in the white boxes with dashed lines are
rather than collisional de-excitation). Thus, although th listed in Column (9) of Table 3.
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The value of coefficient depends on the kinetic tem- NyH™ column densityV; .1 is estimated as
perature and the correspondiig Assuming that CS lines
and the ortho-HO 1,o — 1 line originate from the same Neotal = Ni—y Z exp {hBeJ(J‘f‘ 1)] @3
gas, we take the calculated CS excitation temperatures 2J+1 kT

as the kinetic temperatufg; at corresponding areas and . . . "
adopt them in the estimate of ortho-water abundance. Sin@cording to Rohifs & Wilson (1996)V,—, is the NoH

the pixel size of ortho-kO data is much larger than that of €0lUmn density without the Rayleigh-Jeans approxmlatlon
the CS lines (the sampling spacing), there is an avera J =1 B_C IS _the rotational constasnt O_f the,N

effect for the kinetic temperature. We calculated the averD10|eCUIe atvibrational energy level= 0 °. J is the rotla-
ageTy. and the corresponding standard deviation (Table 3ional quantum number of the upper level ahd- 1. k is
Columns (7) and (8)) to restrict the temperature range fothe Boltzmanp constant arfdis the Planck constant. We
the estimate. The collisional de-excitation rate coeffitie adopt_the excitation temperatures of .CS as the temperature
were calculated according to the effective collisionaliexc ~ - Z+'S_ the rotational partition function of Ni™. Since
tation rate of ortho-HO from level 1, to level 1, (here- N2H" is a linear molecule (Mangum & Shirley 2015),
after the effective excitation rate) by para- or orthgad when the .contrlbutlon of the vibrational excited states is
the ortho to para ratio of H The effective excitation rates not taken into account,
were adopted from Dubernet et al. (2009) and Daniel et al. oo

(2011) from 5K to 80 K. Assuming that HHmolecules are 7~ Z (2J + 1) exp (
in LTE, the ortho to para ratios of Hwere derived ac- J=0

cording to the H rotational energy levels from Dabrowski

(1984) and the fractional population in the kotational Do 1S the rigid rotor rotational constant of the,N*
levels (Phillips et al. 1996). molecule at the ground vibrational state= 0 and By =

46586.88 MHz (Mangum & Shirley 2015)J is the rota-
tional quantum numberanti=0,1,2,..., k. handT are
3.4.3 OrthoH,O abundances as the same as in Equation (23).
i According to Mangum & Shirley (2015), if we use one
The values of. (see Eq. (21)) and the estimated orthgeH o several hyperfine transition(s) that can be observed to
abundances at the kinetic temperatures for every clump agfsrive the column density of *, we must take the rel-
listed in Table 4. ative line strengths of the hyperfine transition(s) into-con
The ortho-HO abundances in the most probablesideration. However, in our observation the spectra cover
temperature ranges of these four clumps (i.e., G267.%ll the seven hyperfine transitions which can be observed
1.1, 30-40 K; G268.4-0.9, 10-15 K; G333.1-0.4, 30-intheJ = 1 — 0 transition. Thus, we just calculate the ro-
40 K; G336.5-1.5, 15-20 K. The corresponding ortho-+tational partition functions at corresponding tempersur
H>O abundances were called “the typical orthegadHabun-  and then estimate the;N+ column densities. We average
dances” in Section 4.1) are presented in Figure 10 togethéhe estimated kicolumn densities at everyJN ™ pixel and
with some other ortho-tD water abundances of GMC then estimate the N abundances. The results are shown
cores (Snell et al. 2000b) and molecular outflows (Franklirin Table 5 and Figure 11 and all offsets are relative to the
et al. 2008), which are based on the same orth®kan-  corresponding coordinates (J2000) in Table 3 and the unit
sition observed by SWAS. The ortho,& abundances of is arcsec.
these four clumps are at a low level compared with other

results. 4 DISCUSSION

(24)

_hBoJ (J +1)
kT '

35 N,H* Abundances 4.1 Ortho-H,0 Abundances

] N ) o The typical ortho-HO abundances of these four clumps
Since the critical density of the /8™ (1-0) line is far  gre in the rang@.7 x 10719 = 5.8 x 10~1° for G267.9-
lower than that of the CS (5-4) line, we can assume thaf 1 4.1 10-19-4.2x 101 for G268.4-0.93.8 x 1010

CS lines ((5-4) and (2-1)) and the;N™ (1-0) line are  _5 9 x 10~ for G333.1-0.4 and arourid? x 100 for

all thermally populated in the CS (5-4)-traced areas, thug 335 5-1 5.

their excitation temperatures are all approximately equal  The typical ortho-HO abundances are at a low level
to the kinetic temperatures. In this situation, we can adoggompared with those of cold (< 50 K) GMC cores esti-
the excitation temperatures of CS as the excitation tempefnated with the same principle by Snell et al. (2000b). The
atures of NH™ at the same positions. Then with the sameypper limits of the ortho-KO abundances of these four
assumptions and approximations we used in calculation Qfiymps are on the order d—'°, lower than the abun-
the column density of upper level CS molecules, we calgances of most of the GMC cores in Snell et al. (2000b).
culate the corrected ™ column density af = 1. The | our estimate, the effective excitation rates we adopted

8 http://www.cv.nrao.edu/php/splat/speciestadatadisplayer.php?
7 i.e., the “effective rate coefficient” in these two papers speciesid=148
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Table 3 The Parameters of the Four Clumps

Source RA J2000 DecJ2000 Distance Averdge Mass  Averagdi SD' of T, AverageN(Hz)
(kpc) (K) M) (K) (K) (cm=2)

(1) ) (3) (4) (%) (6) ) (8) 9)

G267.9-1.1 08:59:12.00 -47:29:04.0 4.5 26.5 2.5 x 103 31.1 30.7 3.7 x 1022

G268.4-0.9 09:01:54.30 —47:43:59.0 7.3 11.5 4.6 x 103 11.5 1.4 1.2 x 1023

G333.1-0.4 16:21:02.10 -50:35:15.0 3.6 —€ 1.2 x 10 31.9 - 4.4 x 1022

G336.5-1.5 16:40:00.20 —48:51:20.0 4.4 16.2 9.0 x 103 17.8 6.3 8.5 x 1022

Notes:® Frogel & Persson 1974. Zinchenko et al. 1995 Lockman 1979¢ Thompson et al. 2004. We could not
perform the estimate of CS excitation temperatures for pl@333.1-0.4 since there were only CS (5-4) data. We
adopted its kinetic temperature (31.9 K) from Lowe et al.1@®0and applied it in the following estimates. This kinetic
temperature was derived from the rotation temperaturesofitds (1,1) and (2,2) transitiond. “SD” stands for “standard
deviation.”

Table4 The Values of coefficieri and Ortho-HO Abundances

Ty (K) a G267.9-1.1 G268.4-0.9 G333.1-0.4 G336.5-1.5
(x10~10) (x10~19) (x10~19) (x10710)
5 3.7 x 1021 7.1 - - -
10 2.6 x 1020 7.0 4.1 - 5.7
15 1.1 x 1020 7.1 4.2 - 5.7
20 6.7 x 1019 7.0 - 7.2 5.7
30 3.6 x 1019 5.8 - 5.9 4.7
40 1.8 x 101° 3.7 - 3.8 -
50 1.0 x 1019 2.4 - - -
60 7.2 x 1018 1.8 - - -
80 4.7 x 1018 1.3 - - -
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Fig.10 The estimated ortho-HD abundances of clump G267.9-1.1, G268.4-0.9, G333.1A0.45836.5-1.5 in the most probable
temperature ranges (G267.9-1.1, 30—40 K; G268.4-0.9,51R:-6333.1-0.4, 30-40 K; G336.5-1.5, 15-20 K), in compariaith
other results derived from the 557 GHz orthe®1;, — 1y1 line observed by SWAS. The solid black triangles repregennitolecular
cloud cores from Snell et al. (2000b). The solid red triasglad solid blue triangles represent the redshifted anghified emission
respectively in each molecular outflow from Franklin et 20@8). The solid green triangles linked with green linesstie ortho-HO
abundance ranges of the four clumps in this paper.

for para-H (J = 0) are larger than those from Phillips (van Dishoeck et al. 2013). However, at such low temper-
et al. (1996) by a factor of1-3 at temperatures from 20K atures and high densities, the freeze-out procedure domi-
to 80 K. This fact should be noticed when comparing oumates (Bergin & van Dishoeck 2012) and until the temper-
results with the results in Snell et al. (2000b) or Franklinature is above about 100 K (Hollenbach et al. 2009), water
et al. (2008) (see Fig. 10). molecules can be desorbed through thermal sublimation.

Also, in the interior of the dense clump, the desorption of
The low abundances may be caused by the low teMg;6n water molecules is unlikely to be caused by pho-

peratures of these clumps if we consider the water vagygegorption. Although there is an average effect for the

por originating from the interior of the clumps. Even at temperature in the large SWAS beam (and in the ortho-
temperatures as low as 10K, water can form in the ISM
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Table5 NoH™ Abundances

Clump N;H+ Abundances
G267.9-1.1 1.0x 10710 -1.5x 10-8
G268.4-0.9 6.1 x 10711 —4.3 x 10~9
G333.1-0.4 2.6 x 10710 —4.2 x 1079
G336.5-1.5 5.6 x 10711 —1.4 x 1079
G267.9-1.1 (3268 4-0.9
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Fig. 11 Upper left G267.9-1.1 NH™ abundanceUpper right G268.4—-0.9 NH* abundancelower left G333.1-0.4 NH™" abun-
danceLower right G336.5-1.5 NH™ abundance. The color bars are abundance scales.

H>O pixels, also), we can find that the areas along thé\ similar phenomenon has been confirmed in the outflow
line of sight from where the ortho-#D emissions originate powered by L1157-mm (a low-mass Class 0 protostar), in
are quite cold, or in other words, are not warm enough tavhich the water abundance of the hot component is about
produce much water vapor. Consequently the orth®@H two orders of magnitude higher than that of the nearby
abundances are low. colder component (Busquet et al. 2014). In the areas we es-
On the other hand, since these clumps are all locatedimated ortho-water abundance, the maximum CS excita-
in star forming regions, the orthoJ® emission therefore tion temperatures of G267.9-1.1, G268.4-0.9 and G336.5—
can originate primarily at the intermediate depth of thesdl.5 are 165.2K (and the second largest value is 86.6K),
clumps where neither the photodissociation nor the freezl5.8 K and 42.3K, respectively (and for G333.1-0.4, the
ing out of the HO molecules, but the photodesorption pro-average kinetic temperature is 31.9K, according to Lowe
cess dominates according to a model for the temperatugs al. (2014)). For G267.9-1.1, there is a possibility that t
and chemical structure in molecular clouds (Hollenbachwarm component makes a big contribution to the origina-
et al. 2009). Thus, since we took the Eolumn densities tion of gaseous water. However, we cannot infer more in-
along the line of sight to estimate the abundances, it conséermation on structures smaller than the SWAS beam size
quently results in apparent low ortho,8 abundance for Wwhich can further reveal the origination of gaseous water.
the whole clump while in the photodesorbed layer the wa-  |If the ortho-H,O 1,7 — 1o; line originates from the
ter vapor is actually more abundant. same gas as CS lines, as we assumed when we estimated
In addition, there are also considerations of possiblehe ortho-water abundance, then the CS lines may help
factors which can cause the apparent low orth®tdbun-  to find traces of outflows. The CS spectra of G267.9-1.1
dances of those clumps but have been masked due to thave broad wings. We found that 267.9-1.1 as well as
averaging effect of the large SWAS beam. For example3268.4—0.9 does show velocity variation over the clump
small structures in the clump such as a hot outflow mayn its channel map, but the spatial resolution of CS data is
contribute the majority of the observed gaseous water. Thieot high enough to identify the outflows. Lapinov et al.
water abundance may vary greatly within the same clump(1998) have mapped G268.4—0.9 (G268.42—-0.85) in CS
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J = 5—4(SEST20"” sampling spacing) andl = 7—6 (the  masses, we then derived their averagecblumn densities

CSO telescopd,0” sampling spacing) lines. They used the and estimated the ortho-® and NHT abundances.

Maximum Entropy Method (MEM) deconvolution tech- The typical molecular clumps in our study have H

nique to achieve higher angular resolution (Lapinov et alcolumn densities of 1022 to 1023 cm~2 and ortho-HO

1998). In their study, the CS (5—4) map shows two peakabundances of 10°. The low ortho-HO abundances can

with an LSR velocity difference of about 0.7 Kntsand  be caused by the freeze-out o§® in the interior of the

on the CS (7-6) map, a bipolar structure was identifiecclumps due to the low temperatures if the orthgaHorig-

but no further temperature information was offered for thisinates from the interior of the clumps.

bipolar structure (Lapinov et al. 1998). The typical NH* abundances of these four clumps in
To be honest and objective, it is kind of arbitrary to as-this paper range from 10" to 10-?. Since in the center ar-

sume such a high density over the whole area in which weas of the clumps, dust at such a high density is at temper-

estimated the ortho4® abundance in each clump. There atures such that CO can be released into the gas phase, the

are very likely to be H density gradients in these areas. If common trend of abundance decreasing toward the cen-

we adopt 16 cm3 rather than 10cm—3 as the H density  ter of the clump can be a result of the depletion gHY

in the ortho-HO abundance estimation, then the typicalcaused by CO.

ortho-H,0 abundances will be at the magnitude of 10

the same as those of most of the GMC cores in Snell et afrcknowledgements We sincerely thank the anonymous
(2000b). referee and the scientific editor for their wholehearted and
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us improve this paper. This research is supported by the
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The NH* abundances of these four clumps are in thgVos. 2012CB821800 anq 2015CI_3857100), the National
range of 1.0 x 10-1° — 1.5 x 10~ for G267.9-1.1, Natural Science Foundation of China (No. 11373038) and
6.1x 1011 — 4.3 % 10~° for G268.4-0.92.6 x 10~ 10 — the Strategic Priority Research Program “The Emergence
4.2 % 10-° for G333.1-0.4and.6 x 10-11 — 1.4 x 10-9  of Cosmological Structures” of the Chinese Academy of

for G336.5-1.5. The distribution of ™ abundance in Sciences (Grant No. XDB09000000).

each clump has a common decreasing trend toward the

center. Although the abundance distributions we derived\ppendix A: SUPPLEMENTARY MATERIAL
are only projected results in a plane perpendicular to th
line of sight, we noticed that Melnick et al. (2011) sug-
gested that BH™ is likely to be distributed primarily in
the clump rather than in the surface layers. When it come
to the depletion of NH*, CO and electrons are the ma-
jor destroyers of NH™ in the gas phase and their reaction
with NoH™T generates hN(Aikawa et al. 2001, Aikawa et al.
2005). According to Bergin & Tafalla (2007), in the dense
cores the neutrals (including CO) will rapidly freeze onto
the grains. Consequently, the abundance gfiN will in-
crease as a result of the disappearance of CO (Bergin
Tafalla 2007). However, when we focus on temperature

we notice that when the dust temperature rises from 10 K N .
P ig. 6) are located within the areas with calculatedddl-

to about 30 K, CO begins to sublimate (van Dishoeck et al. - )
2013). Thus, based on the gas temperatures we estimat gn densmes-. Howgver, thg esﬂmated ort Ly X Elbgn- .
nce of the pixels with maximum integrated intensity still

4.2 NyH* Abundances

?n the temperature range (20K to 80K), para- and ortho-
H, are barely populated at energy levels other than 0
ndjs = 1 (jo is the rotational level of ki), respectively.
e adopted the effective rate coefficientgat 0 andjo
=1 from Dubernet et al. (2009) and Daniel et al. (2011).
For G267.9-1.1 and G336.5-1.5, we estimated the
ortho-H,O abundance at the ortho,8 integrated in-
tensity maximum pixel in FITS format data. Although
there is more than one sampling cell having emission
g:u the CLASS format data, when written in FITS for-
mat, only the pixel with maximum integrated intensity
190x 190 arcset, the boxes with white dashed lines in

the dust temperatures are approximately equal to local ) s
( b bp yeq 9 aracterize the ortho-4® abundance of these clump in

temperatures at such a high density as we had assume§
we can infer that in the high density center of the clump,a Sense. For G268.4-0.9 and G333.1-0.4, the CLASS for-
t ortho-HO data only have one sampling cell and the

the gas and dust are warm enough and the gaseous CO | ; :
g g 9 center of the cell is the same as the corresponding coor-

Y
i)b;r(ljdr?gti-nhlng ;gi;e&cz;ecgigﬁ;erg ?gei(gna}tg(rj. that Ie‘msdina!tes in Table 3 (with a deviation of 0.01§ on RA). So
we just estimated the ortho-® abundance in the only
sampling cell (the box with white dashed lines in Fig. 6,
5 CONCLUSIONS 190x 190 arcset, the same as the pixel size of the FITS
format data).
We studied G267.9-1.1, G268.4-0.9, G333.1-0.4 and We calculate the ortho-40 abundance of G336.5-1.5
G336.5-1.5, four of the brightest ortho,@® sources in the in the overlapping area of the white box (dashed lines) and
southern sky observed by SWAS. We estimated their C&he white box (solid lines) with corresponding averdge
excitation temperatures in the CS (5—4)-traced areas araverage H column density and proportionally corrected
estimated their masses. Based on the temperatures and tivtho-H,O integrated intensity.
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When calculating the partition functions of CS and
N2H™*, we summed the polynomial term by term from the
J = 0 level, following the incremental rotational quantum

B.-R. Wang et al.

Juvela, M. 1996, A&AS, 118, 191
Kaufmann, P., Gammon, R. H., Ibanez, A. L., et al. 1976, Natur
260, 306

number. When the value of a term is less than 0.1% of th&ewley, R., Sastry, K. V. L. N., Winnewisser, M., & Gordy, W.

sum of all the terms of the lower levels, then this term will
be the last term added in the summation.
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