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Abstract. Odin has successfully observed the molecular p@eh A in the 572.5 GHz rotational ground state line of ammonia,
NHz (Jk = 1o — 0p). The interpretation of this result makes use of complementary molecular line data obtained from the ground
(C*"0 and CHOH) as part of the Odin preparatory work. Comparison of these observations with theoretical model calculations
of line excitation and transfer yields a quite ordinary abundance of methé@iH;OH) = 3x 10°°. Unless NH is not entirely
segregated from €0 and CHOH, ammonia is found to be significantly underabundant with respect to typical dense core
values, vizX(NH3) = 8 x 10720,

Key words. ISM: individual objectsp Oph A—- clouds — molecules — stars: formation

1. Introduction Ho & Townes 1983, who also provide an energy level diagrar
The ammonia molecule (NI has a complex energy Ieveland mo_IecuIa_r clouc_is h_ave routinely been obs_erve_d_ from

. . . ound in the inversion lines at about 1.3 cm, with critical de
structure, which makes it a useful twol to probe regions §ﬁies of about 18cm3. On the other hand, the rotational line
very diferent excitation conditions in a given source (S%ave much shorter lifetimes (minutes c’ompared to mont

Send giprint requests toR. Liseau, and consequently much higher critical densitied@ cm,
e-mail:rene.liseau@astro. su. se see Table 2). Their wavelengths fall, however, into the subn

* Based on observations with Odin, a Swedish-led satellite projdéneter and far infrared regime and these lines are gener.
funded jointly by the Swedish National Space Board (SNSB), thot accessible from the ground. Using the Kuiper Airbori
Canadian Space Agency (CSA), the National Technology Agency ©bservatory (KAO), the submillimeter ground state line of af
Finland (Tekes) and Centre Nationaktiides Spatiales (CNES). Themonia of wavelength 524m, NH; (Jx = 1o — Qp), was
Swedish Space Corporation has been the industrial prime contractgfst andsolelydetected 20 years ago toward Orion OMC1 t

** and based on observations collected with the Swedish E%@ene et al. (1983). Only recently have renewed attempts b
Submillimeter Telescope, SEST, in La Silla, Chile.
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Fig. 1. Gaussian fits to the weak tellurics B0y, 26— 303, 27) line during . . .
the Odin observations gfOph A determined the AOS channel of the 13- 2- The submm NH (Jc =1 - 0p) line (523.66um) observed with
line peak (channel width 0.32 km s?). The adopted average channe,pdln towardp Oph A (histogram). At 572.5 GHz the Odify-scale

values for the segments, during which the phase lock was stable, |§rréalat_ed t_o the_ flux "_'e“S“Y_”?_v/Tmb = 2600 ‘?YK_' The quadrupole .
indicated (see the text). hyperfine lines in their equilibrium ratios are indicated, together with

their total contribution.

made to observe this line with the spaceborne submillimeter
telescope Odin (Frisk et al., Hjalmarson et al., Larsson et al.,
Nordh et al. and Olberg et al., this issue).

The cold and dense molecular car®ph A is part of the

p Ophiuchi cloud at the distance of 160 pc (Loren et al. 199@din “sees” the Earth’'s atmosphere during its revolution and
which is a region of ongoing low mass star formation. I8 relatively weak telluric ozone line,sqJk- k- = 304,26 —

this Letter, we present Odin observationsgd®ph A in the 303 27) 572877.1486 MHz (Pickett et al. 1998), fallsfiu
NH3 572.5 GHz rotational ground state transition.Comparedé@bnﬂy close to the ammonia line, NHJ = 1p — 0p)

the KAO, the highly improved sensitivity of Odin permits thes72 498.0678 MHz, to allow monitoring of the receiver fre-
clear detection of this tenfold weaker line. These Odin obsgfgency. For large portions of theOph A observations, the
vations were complemented with©© and CHOH data ob- Q, Jine center frequency was within 0.3 of a spectrometer chan-
tained with the Swedish ESO Submillimeter Telescope (SESTél (AOS_Channel W|dth¢ 0.32 km S'l) and we used these ﬁdu_

in La Silla, Chile (see Table 1), aimed at the determination gfa| channels to restore the remaining data in frequency space
the average physical conditions of th®ph A core and these (cf. Fig. 1). Data collected during revolution 5336 to 5339 were
are discussed in Sect. 4.1. The Odin observations and their{gt used because of too-low mixer current. The reduction pro-

sults are presented in Sects. 2 and 3. The implications are disdure is described by Larsson et al. (this issue).
cussed, together with our conclusions, in Sect. 4.2.

2. Odin observations and data reductions

Odin observedp Oph A in NH; on February 1315, 2002, 3. Results

toward RA=16"26m2%78 and Dee- —24° 23 42’3 (J2000)

with a 2 FWHM circular beam. The pointing was accurat&he Ty, = 0.4K line (nmp = 0.9; Hjalmarson et al., this issue)

to 307, with an rms-stability during these observations bettef NH3 (1o — Op) towardp Oph A is centered oo sg= 3.2 +

than 3’ (ARA = +4/7 andADec = +171). The data were ob- 0.1km s*. The width of the hyperfine components (Townes &

tained in a sky-switching mode (Olberg et al., this issue) Bchawlow 1955) in Fig. 2 is 1.5kmsand some line broad-

observing a total of 4500s each ON-source and on blank skging results from velocity smearing. In order to discuss the

with 10 s integrations per individual scan. In addition, once penplications of this Odin observation we will first derive the

orbital revolution, an OFF-position {INorth) was observed, physical characteristics of the source from ground based obser-

for a total integration time of 7000s. vations, specifically obtained for the Odin mission. The techni-
Shortly after launch, it was recognised that the 572 GHal details of these SEST observations will be presented else-

Schottky receiver was not properly phase-locked. Howevarhere.
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Table 1. A- and E-state methanol (GB®H) observations toward Oph A with the 15m SEST,, and beam-FWHM are, respectively, 0.7
and 52 for the (2— 1) and 0.67 and 35for the (3— 2) transitions.

Observatiof CH3;OH model

Rotational Frequeny E,/k 10°A; ULSR Av Tmb Tr To Tex
transition (MHz) (K) (sH (kms?) (kms?) (K) (K) (K)
2.-1, E 96739.39 12 2.48 .31+ 0.05 09+0.1 1.16 -0.07 -116
-1 A 96741.42 7 2.38 52+ 0.04 13+01 1.14 0.09 16.3
-1 E 96744.58 20 3.30 3B6+009 154+0.20 03+0.1 0.21 0.05 7.8
21-1; E 96755.51 28 2.48 .85+ 0.31 <0.10 0.04 0.005 11.6
31-2; Af 143865.79 28 11.16 ... ~0.04° 0.04 0.005 10.2
3-29 E 145093.75 27 11.93 32+0.14 050+0.13 0.32 0.04 12.9
3:-2:1 E 145097.47 20 10.61 B3+£0.09 153+0.09 175+0.06 1.72 0.12 18.4
-2 A 145103.23 14 12.23 32+0.09 215+0.15 2.28 0.21 15.9
3H-2 A” 145124.41 52 6.50 <0.06 0.002 0.0003 9.7
3, -2, E(blend) 145126.37 36 6.63 .2B+0.19 025+0.06 0.071 0.009 11.6
3,-2, E(blend) 145126.37 40 6.63 0.007 0.0004 10.8

Notes:

a Average of data for two positions, spaced by 3@rth-South.

b Rest frequencies were adopted from Lovas (1992). Tuning frequencies are identified with an asterisk.

¢ Low resolution spectrum (1.4 MHz). This spectrum includes also D@G- 1) at a level ofmeb dv, = 6.4Kkms™.

4. Discussion and conclusions The H, column density is not very sensitive to the assum
temperature: the functio®(Ty) varies within a factor of less
than three (2.65) folfk in the range 5K to 50K. For the ob-

4.1.1. H, column density from C}7O (J= 1 - 0) served line intensity/ Tpdv, = (1.85+ 0.06) Kkms'™, the

_ _ ., _ . Ha column density is then in the range§01.3) x 10 cm 2.
The SEST observations piOph A in the C7O (1-0) line (46’ o the arcminute scale, this translates to an average volt

beammp = 0.70) revealed spectra with partially resolved hydensity of the order of(H,) = (0.4-1.0) x 10°cm 3. These

perfine components. Their relative intensities reflect the ratigss ,its are in accord with earlier molecular line observatic
of their statistical weights (0.5, 1.0, 0.75), indicating that tr\%_g_ Loren et al. 1990).

levels are populated according to their thermodynamic equi-
librium values and that the emission is most likely optically
thin. The lines are relatively narrowp = (1.29+ 0.05)kms?, 4.1.2. Kinetic gas temperature from CH3OH
with the main line centered onsg= (3.41+ 0.02)kms™. (J=2-1and (J=3-2)
From these observations, the beam averaged column density of .
molecular hydrogen (in cn) can be estimated from the stan- N€ observed spectra of 11 gBIH lines (Table 1; for an en-
dard solution of the “radio”™equation of radiative transfer, i.e.€"9Y level diagram, see Nagai et al. 1979) are suggestive
gas of relatively low excitation (the A3, — 2,) line with
_ 2 Eu/k = 52K is not detected and the ExX3 2,), (3.2 — 2_7)
N(Ho) = 2.75x 107 0(Ty) | Trmp doz D plend, havingEu/k > 36 K, is weak, if detected at all). We us:
large velocity gradient models (LVG) of methanol to obtain €
timates of the average conditions in the core by requiring
arleT exp (T1o/To) ceptable models to be consistent with tHé@ observations.
D(Ty) = ﬁ Q(Ty) 13T (T (2) We consider the rotationdk energy levels for both A- and
g1ao (Tog)/ 3,(Tk) E-type methanol in their ground torsional states. The level |
In EqQ.(2), Tio = hvio/lk = 5.390K is the “transition tem- €rgies and frequencies were obtained from the JPL-catalc
perature”,Q(Tx) ~ kTx/hB with B = 56.1830GHz is the (Pickett et al. 1998). For the A-states we adopted the Einst
partition function,g1 = 3 is the total statistical weight of Avalues from Pei et al. (1988), whereas we calculated thos:
the upper levell = 1, Ay = 7.13x 108s! (Chandra the E-states using the equations of Lees (1973), with appro
et al. 1996) is the spontaneous transition probability, = ate Hinl-London factors for the@- andb-type transitions (e.g.
2.74K is the temperature of the background radiation fielégre 1986). Rate cdécients for collisions with He were kindly
and J,(T) = Tio/ [exp(T10/T) — 1]. The numerical constant, provided by D. Flower (see: Pottage et al. 2001, 2002) and w
2.75x102s cnm3 K1, assumes the relative abundance ¥iac  scaled for collisions with bi(x1.37).
(with respect to H), X(C170) = 3.6 x 10°8, which is consistent The observed line spectrum (Table 1) is consistent witt
with C180/CY"0 = 4 in p Oph A determined by Encrenaz et almodel havingTy = 20K, N(H2) = 6.0 x 10?2cm 2, n(Hy) =
(1973; see also Bensch et al. 2001 s@ph C). 45x10°cm 3, dv/dr = 45kms!pc?t (1.4kms? along 40),

4.1. Physical parameters of p Oph A

with [Tmpdu; in Kkms™ and where

3712
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Table 2. Model results for NH observations towargd Oph A. with 2,-2,) to estimateXy(NHs) ~ 3 x 10720, Albeit referring
to a much smaller angular scale, this is in reasonable agree-
NH; modef ment with our ad hoc assumption of equal amounts of ortho-
» b and para-NH.
Transition T}z‘b le 7o -Le" Au (M) We thus estimate a total ammonia abundance of the order
0 ® 0 () (em) of X(NH3) = 8.5 x 10719 in the p Oph A core. This value is

0-(1o-0y) 040 041 46 65 H9Ix10° 36x10 significantly lower than the 16 to 10 generally quoted for
p-(11 - 1;)° >0.38 0.88 0.10 11.8 .69x107 2.0x10? molecular clouds (and cannot be explained by an erroneous
p-(22-22)° >0.18 0.23 0.012 217 26x10" 20x10°  ortho-to-pararatio) and contrasts with our valueX¢EHsOH),

0-(3-3) ... 004 -0005-52 259x 107 22x10° which appears entirely “normal” (e.g., van Dishoeck et al.
Notes: 1993). Although the uniqueness of the present model may be
@ Ortho-to-para of unity is assumed/X, = 1). debatable (e.g., gradients in velocity, temperature and density
b Values of the critical density).(Hz) = Au/Cu(Tx), for 20 K. are known to exist over the’ Ddin beam), these results are
¢ Data estimated from Fig. 2 of Zeng et al. (1984) and scaled to thertainly significant. Smaller velocity gradients, higher tem-
Odin beam size, i.e. multiplied by (4820 peratures andr densities would result in even low®(NHs).

At the other extreme, “normal” abundances would require the
line to be thermalizedr(> 10%), e.g., at the unrealistically low
and a methanol abundanceXfCHzOH) = Xa + Xe = (L4 + yajye of T = 6K, unless the NK source is point-like. With
1.3)x10°°. The model yields thus arati:/Xa = 0.89, which s caveat in mind, we conclude that th@©ph A core likely
can be compared to the equilibrium ratio of 0.67 at 20 K. has a very low Ni abundance.
Any beam &ects of significance are not evidenced by the
CH3OH data (38 and 52 beam sizes), suggestive of emissioAcknowledgementsie wish to thank the two referees (A. Wootten
regions not exceeding half an arcminute. Even the strong@g# one anonymous) for theifferts, which has led to an improvement
methanol lines have only modest optical depths (max 0.2) of the ma}nuscript. We are grateful to D. Flower for providing us with
and the excitation of these lines is only mildly subthermal, gi{€ collision rate constants for methanol.
ing confidence to our temperature determination. Much higher
temperatures (say 50K) are not consistent with the methamelferences

gbsfrvatlonSTk tls afljo quatl) t(?stgel:[\?vrgpegature tf)f ml(_j Bensch, F., Pak, I., Wouterloot, J. G. A,, Klapper, G., & Winnewisser,
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beam). The observed and model values are, respectively, 11. ¢

: C d Low M Stars, ed. D. P. CI ,&R.B inis,
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4.2. NH3 (J= 1 - 0) emission from p Oph A



