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Abstract. Using a balloon-borne 60cm telescope equippdd00 effective observing hours) to search for the (2,1-0,1) trg
with an SIS receiver we have searched for the 425 GHz moleition at 234 GHz. They derived an upper limit for the/OO
ular oxygen line in the NGC7538 and the W51 regions. Thabundance ratio of 0.1  for three dense regions — which
experiment was technically successful (confirmed by the detstiould be compared to the expected value 0.2-0.4 (for regid
tion of the'3CO (4-3) line at 440 GHz), but we failed to detecivell protected to UV radiation, see Mahal et al. 1997b). The
emission from molecular oxygen. The inferred upper limits alecond method takes advantage of the rare case of a mol
the Q,/CO ratio are 0.04 and 0.05 §3 for the two regions, lar cloud in a high redshift galaxy along the line of sight to ¢
which are the lowest upper limits so far determined for Galactimckground quasar. A surprisingly low upper limitz/0CO >
clouds. 0.006 (3r), was derived by Combes et al. (1997) for a cloud 3

z=0.685. This result is quite remarkable, but it should be not¢
Key words: interstellar medium: abundances — interstellahat nothing is known about the structure of the cloud or the e
medium: clouds — interstellar medium: molecules — interstekérnal UV field. In any case, the evidence so far points towar
lar medium: individual objects: NGC7538, W51 — radio linesnuch lower abundance of molecular oxygen than the chemig
interstellar medium schemes predict. In this letter we describe the first in a ser
of attempts (see Machal et al. 1997b) to measure, @om
the upper atmosphere and from space: the PIROG 8 experim
focused on the (3,2-1,2) transition of @t 425 GHz.

1. Introduction

Our un.derstanding of the chemist_ry pre\{ailing in moleculyy 5pservations
clouds is closely connected to the distribution of a few oxygen-

bearing constituents: CO, GOOH, H,O, O and Q. The obser- The PIROG (Pointed Infra-Red Observation Gondola) proje
vational progress has, however, been slow because of obvisi@ted 15 years ago and the present gondola represents a
reasons: the large amount 0§ GO, and H,O in the telluric generation in this development. The system is designed
atmosphere effectively blocks the line emission from cosmi@y-time operation and the azimuth stability is based on a s
sources. In addition, the fine-structure lines of atomic oxygégnsor and gas-jet system. PIROG 1-6 carried a 30cm te
and the (non-masing) transitions of OH appear in the far infrarégope equipped with a helium cooled Fabry-Perot spectrome
region which is inaccessible from the ground. As regargs duned for the C line at 158:m (Nordh & Olofssor 1990) and
two ways have been used to get around this problem. The fP4ROG 7 carried a 60 cm telescope with a heterodyne recei
method can be applied to Galactic clouds with moderate radfiaf the 557 GHz HO line (Tauber et al. 1996).
velocities, namely to observe the rare isotopoM@&*60. Thus, For the PIROG 8 experiment the 60 cm telescope was k
Maréchal et al.[(1997a) have put an enormous effort (in tohd a new SIS receiver was developed for observations of
425 GHz O, line (Febvre et al., 1996). The receiver was co
Send offprint requests t&. Olofsson bined with a 400 channel auto-correlator with selectable res
Correspondence twlofsson@astro.su.se lution in the range 0.05—-0.8 MHz.. The receiver noise as me
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sured before the flight was 270 K (double side-band). PIROG8 *
was launched from the CNES balloon-base in southern France = :
on Sept. 25, 1997. The duration of the flight at float altitude g
(39.5km) was 8 hours. The main target was the giant molec@— :
lar cloud associated with NGC7538 (hereafter we refer to the ¢
cloud as NGC7538). This source was selected because of its - g
high column density and favorable geocentric radial velocity O 1=
(= —80kms™! in September), which means that the atmo- — 1 © ‘ ‘ E
spheric Q line opacity is just a few per cent. After stabilisation ~70 —60 —50 —40
at altitude and the initial alignment tests our strategy was to Visr (km/s)

peak up on NGC7538 with the receiver tuned on'tt@O (4—

3) 440 GHz line (in the image sideband to that of the 425 GH9: 1. The brightness temperature of tHeEO (4-3) line of NGC7538

0, line). To gain time we used frequency switching but unfortifS observed with PIROG 8 scaled to agree with the expected line con-

. . . . tructed from CSO observations (dotted line). The same scaling factor
nately altellurlc 02‘?”e line re;ulted In poor bas.e.-llne c.anc.el .7, equivalent to a beam efficiency of 0.15) between brightness tem-
tionand in order to improve this we turned to position swﬂchmg&erature and antenna temperature was used for sheb®ervation.
This mode was inefficient and we could only confirm that the
source was brighter at the nominal position than at two adjacent
positions (half-beam, i.e./2 away). Thus a slight uncertainty 2f
remains on the exact pointing, but — as discussed below —a |
possible pointing error will be included in the source coupling 4 |
efficiency factor. The @ 425 GHz line was then observed for:
about two hours in the position switching mode and altogethEr g
useful data were collected for 15 min on the source andthe same O
time on the reference position. E

The receiver noise at altitude, as determined by inserting _ | ‘ ‘ ‘ ‘ ]
loads into the beam, was found to bg.I= 240K (DSB). The _80 -70 -60 -50 —40 -30
sideband gain ratio was estimated to be unity by observing an Visr (km/s)
ozone line in each sideband and comparing to atmospheric mod-
eling (for further details of the atmospheric observations, sE- 2. The PIROG 8 observation of NGC7538 in the region of the O
Pardo et al_1998). In order to interpret the Ghservation we 423 GHz line (lower curve) compared to thé®O (1-0) line (shifted
must estimate the beam efficiency. By scanning across the m?&q SK)asitwould be if Observe.d with the PIROG beam (constructed

. rom the Onsala map). NoQine is detected.

and comparing the observed total power to that of a model for
the phase of 24 days (based on measurements by Low & David-
son 1965), we could confirm the beam size, the alignment of the

telescope and calculate the beam efficiency. It was lower thasove, a pointing error may contribute to this low value. We
expected, 0.42, and as the angular size of the moon is mughe that, regardless of the reason for this low efficiency, the O
larger than the PIROG beam, this number essentially represeimg observation suffers from the same low efficiency and no ad-
just the forward scattering and spill-over efficiency. This mea@gional uncertainty is introduced. In F[g. 1 the CSO map of the
that the main beam efficiency is still lower, which remains un3co (4-3) line convolved with the PIROG beam is compared
explained. Jupiter, the only planet which is bright enough fortg the PIROG observations assuming a system temperature of
calibration given our small telescope, was not observable and€240/0.15 = 3200 K. We note that the line profiles agree quite
could not measure the small source beam efficiency. Insteadwé|, which gives confidence to the experiment.

used observations of 65’ region in the centre of NGC7538  |n order to connect our Oobservations to the CO abun-
from the ground with the Caltech Submillimeter Observatorgance, we used observations of th€@ (1-0) line with the
CSO (kindly provided by J. Keene), in théCO (4-3) line and Onsala 20 m telescope (kindly provided by A. Nilsson) and from
convolved that map with the PIROG beam. The CSO map Wag x 9’ map we derived the PIROG beam weighted spectrum.
not quite large enough to fully cover the PIROG beam, but ishe result is shown in Fifl 2 together with the PIROG spec-
comparing with a larger map it*CO (3-2) by Rhrig (1996) trum of the region of the 425 GHz line, for which we have
we estimate that the region outside the CSO map would ci¥sumed a system temperature of 3200K. We find that the in-
tribute ~20% to the PIROG*CO (4-3) line. We apply this tegrated brightness of the-€O line is 4.6 Kkm s and if we
correction and find that the expected brightness temperaturg&ume the same line profile for the non-detectedi@ we
the'?CO (4-3) line, measured with the PIROG beam should ban estimate a3 upper limit of 1.5 Kkms'!.

3.6 Kand as we measured an antenna temperature of just 0.54 Ky the end of the flight we turned to the W51 region, but due
this means that the beam efficiency of PIROG on this sourceadstelemetry drop-outs, we could only secure a limited data set.
as low as 0.15. Consequently the source coupling efficiencyisthis case we were, however, able to observe in the frequency
0.15/0.42 = 0.36 which is lower than expected and as diSCUS§Qﬂtching mode which almost Compensated for the short (5 min)
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St ‘ ‘ ‘ ‘ ‘ = 9kpc. There are indications that the corresponding trends

£ 1 ] 12C/13C (Wouterloot & Brand 1996) and e.g. N/O (Rudolph e
al[1997) continues far beyond the solar circle. For NGC7538t
distance is uncertain; using the radial velocity from odf @
observations (v, = —56kms™!) and the rotation curve de-
rived by Brand & Blitz [19938) the kinematic distance become
5.6 kpc. The photometric distance to the brightest exciting st
‘ ‘ ‘ ‘ ‘ E of the adjacent Hir region was estimated to 2.8 kpc by Crapto
20 30 40 50 60 70 80 et al. (1978). There are uncertainties involved in both met
Visr (km/s) ods, but if we adopt the photometric distance we must acce

. . e . that this giant molecular cloud has a very large deviation fro
Fig. 3. The brightness temperature of theCO (4-3) line of W51 as rc1ar motion. In a recent investigation based on Cephei
observed with PIROG 8 (upper curve — for display reasons it has bi‘e

e

divided by 5 and shifted 1 K). The dotted curve represents a Gaussia Vklrlbll(:h should \;]vell r;prffﬁnt thte youn% dI:Sk pquI?tlon)’ tPo
to the line and the peak position (58 km'$ corresponds to the main al. (1997) show that these tracers follow circular motio

cloud component. The lower curve represents the region of the BUite well. We here adopt the kinematic d'Stf’mC& 5.6 kpc, whig

425 GHz line, which is not detected. The resolution has been degradié@ans that the GC distance is 11.8 kpc. |f¥§g(RGc) trend

to2kmst. is extrapolated to this GC distance we get 1/730.
Numerically we now get

LETTER

useful integration time spent or,n Fig [3we showtheregion X(02)  0.256.22%107% 1 4248 ,1.5
of the O, 425 GHz line and the detectédCO (4-3) line. We X (CO) < 011 24%10-8 ﬁ( 109.8) 46
have assumed the same (low) beam efficiency as that derived for

NGC 7538 and compensated for the attenuation of the telIu@)?s?e?njal':i?:p:rrrcl)irns]igu\év?or?t?e"i;?n:r;ﬁ;iége;ar&?i/sinltarﬁggi?‘grbi
atmosphere (the wing of the,@25 GHz line). ) '
P ( g © ) stance, not be true that the¥® (1-0) line is optically thin in

the densest parts. To check this we can compare the colu
3. Discussion and conclusions density derived by Mitchell et all (1990), using NIRCO ab-

We first consider the NGC 7538 case for which we have mo:?grption lines towards IRS1 to the column density derived

that position from the Onsala'@0 observation. Assuming an
data. If we assume that both th&’O (1-0) and the ©(3,2-1,2) ) _ .
: : : - Yo abundance ratié*CO/C'®0=7.6 which should be appropriate
I tically th df dinLTE, t the foll ) .
ines are opticafly thin and formed in we getthe folfowin or Rge =11.8 kpc (Wilson & Rood 1994) we predict a colum

=0.039

lati ; S
relation density towards IRS 1 of N{CO)=1.4 10" cm~2, which is in
X(0y)  X,(C™O)X(C'™®0O) A(1-0) perfect agreement with the 1.5¥@m~2 found by Mitchell et
X(CO)  X,(02) X(CO) A(3,2—1,2) al. (1990) — if IRS 1 resides on the rear side of the cloud. It th

Vo, 5 [ T(O2)dv seems as if the_@(_) Iine_ is essentially optically t_hin (and if not
5 (1) quite true, the limit derived above would be still lower). It ca

Vcoisp f T(C O)dv . . . . .
also be questioned if the LTE assumption is valid for the lev
whereX denotes the relative abundangg, the relative abun- population of Q, but assuming that the cloud has about th
dance for the upper level of the transitiohthe Einstein coef- same extentin the line of sight as the projected size, the aver
ficient, and the other symbols have their usual meanings. number density is n(H) ~1 10* cm~2 which means that the
In order to calculate the relative numbers of molecules iawer O, energy levels have a thermal distribution (Melnal et
the upper states we need a representative excitation tempalat997h). One may also question the adopt&'¢O ratio of
ture for the bulk of the cloud. Mitchell et al. (1990) find tha¥30 — if we instead use the terrestial value of 500, this would r
the 13CO absorption lines of the fundamental vibrational bargliltin a correspondingly higher upper limit for thg/QO ratio.
observed towards two infrared sources in NGC7538 could lreaddition to these systematic uncertainties we should also &
explained in terms of a hot and a cold component, where tthe usual uncertainties involved in the ground-based obser
cold component for each the sources is well represented bifams, in particular the beam coupling efficiencies (we assum
single temperature of about 25 K. The angular distance betwée5 for the CSO and 0.55 for the Onsala observations). The
the two sources is!2 and the column densities of the cold gaare consequently many possible systematic errors and eve
are (within the uncertainties) the same and thus it seems teath of those probably is modest, a ‘worst case’ combinati
this cold component well represents the ‘bulk’ of the cloud. could amount to as much as a factor two increase of the deri
The C*#0/CO abundance ratio can be influenced by the diimit.
ferent self-shielding to UV dissociation, but in this case most For the W51 region we lack ground-basé@O (4-3) data,
of the cold gas is efficiently shielded by dust, and we only negdich means that we cannot independently check the sou
to consider thé®O/'60 ratio. This ratio has a clear dependenceoupling efficiency. In addition, we have only access to-a#4
on the distance to the galactic centre (Wilson & Rood 199€)80 (1-0) Onsala map (A. Nilsson, private communication
decreasing from 1/250 at the Galactic centre to 1/600#&# R and it is consequently hard to estimate the signal ihtlzedm.
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Ohishi (1984), who extensively mapped the region inlze@m, CNES launchteam for their dedicated efforts and friendly co-operation.
noticed that two massive clouds overlap and that the 59Km sWe also want to thank J. Cernicharo for suggesting the method of
component dominates. He estimated the total column dengigjng ozone lines for the sideband gain ratio calibration. The Swedish
of 13CO to 3107 cm—2. He had to compensate for a re|ati\,e|}participation was financed by grants from the Swedish National Space
high optical depth which of course gives an unreliable resuft92rd:

in particular as the spatial variations within his wide beam are

large (which our Onsala map clearly shows). However, it turfeferences

out that the average column density 0O over the Onsala
map, 3.6 16° cm=2 (assuming T,,, = 30K, TE and optically
thin emisgion)i?’is in gopd agreement with Ohi_shi’s estimate; rapton, D., Georgelin, Y. M., & Georgelin, Y. P., 1978, A&A, 66, 1
we use @2CO/'*CO ratio of 45 (Langer & Penzias 1890) and gepyre, P, George, S., Deschamps, A., Lecomte, B., & Olofsson, G.,
C'°0/C™ O ratio of 480 (Wilson & Rood 1994) we get4CO 1996, Proc. 30th ESLAB Symp., ESA SP-388, 245

column density of 3.8 10 cm~2. We only detect the dominant_anger, W. D. & Penzias, A. A., 1990, ApJ, 357, 477

58 kms™! velocity component in th€CO (4-3) transition (see Le Bourlot, J., Pinot de Féts G., & Roueff, E., 1995, A&A, 297, 251
Fig.[3) and if we assume that the, e would have the same Low, F. J., & Davidson, A. W., 1965, ApJ, 142, 1282

profile we estimate a @ upper limit of 3.5 Kkms!. Com- Maréchal, P., Pagani, L., Langer, W. D., & Castets, A., 1997a, A&A,

Brand, J., & Blitz, L., 1993, A&A, 275, 67
Combes, F., Wiklind, T., & Nakai, N., 1997, A&A, 327, L17

bined with the column density for this component?gO) = 318, 252
25107 2 (Ohishi[1984), we arrive at an upper limit ¢3 Maréchal, P., Viala, Y. P., & Benayoun, J. J., 1997b, A&A, 324, 221
of 0.045 for the Q/CO abunéance ratio Mitchell, G. F., Maillard, J.-P., Allen, M., Beer, R., & Belcourt, K.,

. . . 1990, ApJ, 363, 554
The reason for this low abundance of @mains unclear; Nordh, H. L. & Olofsson, G., 1990, Infrared Phys., 30, 187

Marechal et al. [(1997b) Showed that a gas phe_lse G_/O Nordh, H. L., 1997, Proc. of the ESA symp. ‘The Far Infrared and
0.7 could be one explanation and other models involving a g pmillimetre Universe’. ed. A. Wilson, ESA SP-401, 195

high ionization degree (Le Bourlot et al. 1995) or a high&bhishi. M., 1984, PASJ, 36, 505

C* abundance in the dense parts of the clouds (Pinemeau des Féts, G., Roueff, E. & Flower, D., R., 1992, MNRAS,
des Foéts et al.1992) yield equally low £Oabundances 258, 45p

which can explain our upper limits. But before any redtardo, J. R. et al., 1998, submitted to JQSRT

theoretical progress can be made, more sensitive experimét®®t, F., Queloz, D., Bratschi, P., & Mayor, M. 1997, A&A, 318, 416
are required. The ODIN experiment (Nordh 1997) has tfiudolph, A. L., Simpson, J. P., Haas, M. R., Erickson, E. F., & Fich,
potential for a break-through in this respect; in fact, with the M-, 1997, ApJ, 489, 94 _

presently expected sensitivity for that experiment the detectiBAM9: R- 1996, ‘Untersuchung der Anregungsbedingungen und

L R L der Morphologie der NGC7538 Molékvolke mittels einer CO-
limit (for realistic integration times) should be a factor 30 better. Multilinien-Studie’. PhD thesis, Universit zu Koln

Tauber, J., Olofsson, G., Pilbratt, G., Nordh, L., & Frisk, U., 1996,
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