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1. Introduction 

The refinement of infrared and radio 
technology and the new ground-based 
facilities have allowed to penetrate the 
interstellar gas which hides the Galactic 
Centre in the UV and optical light. These 
observations have revealed the complex 
nature of the central parts of our Galaxy 
and have raised some puzzling ques- 
tions. In particular, the heating mecan- 
isms of the Giant Molecular Clouds are 
not understood; the molecular hydrogen 
density is high (although not so high as 
In the hot cores of galactic clouds) and it 
seems that a pervading high tempera- 
ture could be found Irrespective of the 
galactocentric distance. Many es- 
timates of these temperatures have 
been attempted; for example, Wilson et 
al. (1982) 111 found a rotational tempera- 
ture of metastable levels of NH3 as high 
as 175 K (and this is an underestimate of 
the kinetic temperature); Morris et at. 
(1 983) [2] found uniformly high tempera- 
tures 30-64) K over a few hundred 
parsecs around the Galactic Centre. A 
high level of the kinetic temperature is 
confirmed by the detection of emission 
lines of SiO as seen In our previous 
observations (see the report by 
Sandqvist, 1989) [3] and Gerin et al. &4]. 
The molecule SiO has been searched in 
several galactic molecular clouds; it has 
been observed only toward sources 
with a kinetic temperature greater than 
- 30 K (Ziurys et al., 1989) [5]. Here, we 
report on recent observations of the 20 
and 50 km/s clouds and we shall focus 
on the determination of the temperature 
through a large part of the clouds. 

2. What We Observe 

We used the 15-m radlo telescope 
SEST operated conjointly by ESO and 
Sweden. The observations were done in 
March 1991 with good weather condi- 
tions. The 3-mm receiver system con- 
sists of two cooled Schottky mixers 
covering the frequency band 80- 

115 GHz with an SSB receiver tempera- 
ture of about 300 K; the image band is 
attenuated by more than 10 dB. The 
I-mm receiver is buitt in the same way 
with a receiver temperature of about 
700 K. The observer tunes the receiver 
from the control room with a friendly 
tuning programme in less than ten 
minutes in most cases. The spectra are 

analysed simultaneousIy by two acous- 
to-optic spectrometers of high 
(0.04 MHz) and low (0.7 MHz) spectral 
resolution. The first one is of limited 
spectral range (80 MHz) and is useful to 
study the line profiles while the second 
one has a larger bandwidth (500 MHz). 
All results are reported in FA, the anten- 
na temperature outside the atmosphere. 

HN"C. St0 and H"CO+ 

+20 kms-' cloud 

- HN'=C, Sio and H"CO+ 

3.50 kms-' Cloud 

50 0 -50 
Flgure I (a): Spectra obtained for the 20 knds cloud toward the direction a (1950)- 17h 42rn 
29.4s, d (1950) -29"03'3Iu. (b): Spectm obh'md for the 50 km/s ckrrd toward the direction 
rr (1950) = 17b 42m 40s, d (7950)- -28"58'20': All the offsets are labelled in arcsmmds. The 
rest frequency ranges from 87.1 to 86.6 GHz; we see in particular the intense J-2- I fransition 
of sio. 
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The system tempmure varied between 
350 and 700 K at 3 mm, with a corm 
spondlng noise level of 50 mK In 4 
minutes of inbgration. The sky subtrac- 
tion was done by switching the tele- 
scope between the source and an adja- 
cent position In the sky. First, we moved 
the tdescope to a position known to be 
free of emission; since this procedure 
gave bad baselltles and a high noise 
level In some spectra, we preferred to 
use a rotating mirror to switch the beam 
to a position 12' away at a rate of 6 Hz. 
This procedure gives good baselines 
but may alter the strong lines If there is 
some emission in the reference beam. 
We observed some lines both in tho 
SgrA and SgrB2 clouds to compare with 
existing line suwep of the SgrB2 cbud 
and to check the temperature scale. We 
found general good agreement, except 
between the line intensities towards our 
extend4 sources measured with the 
SEST and with the IRAM 30-m t e b  
scope. 

The half- power beam size of the SEST 
varles from 44" (1 15 GHz) to 65" 
(80 GHt), so we chose a map spacing d 
40". The observations were centred on 
the direction a, 6 (1950) = 17h 42m 
29.45, -2V03'31" for the 20 km/s 
cloud and a, 6 (1950) = 17h 42m 40% 
-2P58'20" for the 50 kmls cloud. 
The total areas covered tn the SiO map 
are mspectlvely 1Wx160" and 

120"x120"; assuming a galactic centre 
distance of 8.5 kpe, these areas are 
roughly speaking 7x3  pc for the 20 km/ 
s and 5x5 pc for the 50 km/s. 

In Figure 1, we present the spectra 
obtained toward each offset for the two 
clouds. The spectral range (87.1 to 
86.7 GHz fw the r& frequency) is such 
that the J-1-0 transition of HN1'C 
(87.091 GHz), the J=2-1 transition of 
SiO (86.743 GHz) and the J=1-0 tran- 
sition of Ht3CO+ (86.754 GHz) are 
selected. On both maps, we can see 
that SiO is present wwywhere and Is 
fairly intense (except in the last offset of 
Sag A 50 km/s which was not ob- 
senred); these galactic mntm molecular 
clouds are the unlque sources of wide- 
spread SiO in our Galaxy. We sdected 3 
positions in each cloud to obsenre more 
molecular tines. As we are Interested in 
the temperature, some examples of the 
spectra we use for our purpose are pre 
sented. Figum 2 gives the J K ' ~ ~ - ~ K  
(K=o-3) and the JKzSK-dK (K&0-3) 
transltlons of CH3CCH and the 
JK~SK'4K (K=0-4) of CH3CN for the 
20 km/s; thew symmetrical top mole- 
cules were chosen because they are 
supposed to be good therrnometsrs for 
the interstellar clouds. In each case, 
only the lines for K-0, 1 and 2 are 
clearly identified; for K r 3, the signal- 
to-noise ratio is bad and we have to take 
the numerical values that we dwtve wlth 

a pinch of salt+ Flgure 3 gives the same 
transitions (with same remarks) for the 
50 kmts. 

3. What We Deduce 
Figure 4 gives the rotational diagrams 

obtained with the transitions JK 
(full symbot) and JpSK-dK ( 0 p ~  sym- 
bol) for increasing values of K, and re- 
spectively for the methyl acetyIene and 
the methyl cyanide; these diagrams are 
given for one particular offset in each 
cloud. The column density of a level has 
been o w n e d  with usual hypotheses 
such as optically thin transition. On Fig- 
ure 4, it Is dearly seen that the disper- 
sion of the points for CH3CCH is low and 
is within the uncertainties: t h ~  full and 
open symbols for ~ c h  K can be consid- 
ered to be on the same line. The stmight 
lines which am the best fits between the 
open and the full symbols are almost 
superimposed and give a unique tem- 
perature (the dope of the Hne is 117') 
which can be considered as a kinetlc 
temperature; we find TMn= 50 K for the 
20 km/s cloud and TM, =. 70 K for the 
50 km/s cloud. For CH3CN, it appears 
that the representative points of each 
K-ladder are aligned on nearly paratlel 
lines which lead to a unique rotational 
temperature, T,,= 10 K for both clouds. 
The slopes of the lines which fit the 
points J =constant are nearly parallel 
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Flgure 3: Some parts of the specfnrrn obtained fora particular o m  (0, +4&7 toward the 50 km/s cloud whldr exhibit the same transitions as in 
m u m  2. 
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arrd - m m e .  Qne w, l$gO, in w. 
can dw find the total d u m n  density of 
W md- it has k e n  obtained by 
using w obwmtions and the paMan -20 
function computed for the tmperatuh 
we debmi ld .  The m h d e  of the 
W3CN column densme9,of the 20 W a  
~ I o u d ~ O f h S a r n ~ ~ r d ~ ~ ~  
wried byTlmr(l9Dl)m forsag & 
for the 50 W s  cloud, the column dm- 
Mes are m e w h a t  higher. In both 
clouds, the mathy1 ~~ column 
dm161m am dthe 88me order as those 
fwnd by ~hurchwe~~  md HOINS (jg113) 
IsEh mlm. 

Some wmrks must be made, 
GW&OH seem m r e  thermalid than 
CkCN, which can be understood if we 
m l l  that t b  etectric dipole moment 
(and as a mmeqwsthe pmbabilths 
of radMve transitions) ot GCHSCN is iml ~ # m e ~ k r t r r $ G l k f i t r C I t t m ~ ~ a n d t M k h 9 C ~ t v u e s w e ~ a Z  
l a r g ~  (3.9D) lhm that of CH&CH rfweaffsercPrrnd8kuslwtheamwevalUeIortheseBme~ 
(0.78 D): In this I& m o k u h ,  the b e l  
popuhfiom are minty gmmed by cerC 
tislam. This is campatibWwfth a numd- SAOASQ 
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cal melewk h y h g m  d d -  
t y - l P ~ m ~ -  Commh~g  ti^ 
clouds themdues, the Tables t and 2 
show th& the kindo tmperattlre must 
definitely be high in thee clouds, - 25-70 K h the 20 I d s ,  A we M e  the 

value, 80-94 K ~ r l  the a ws 
cloud, On the other hand, .this "high" 
hnperah~~  h wad@ in a fdrly ex- 
tended partoftheGtwds@tlefi&5p@, 
which put some constraints on the bat- 
1s P-. 
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