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Abstract 

The 9 cm ground-state lines of CH have been observed in southern galactic sources, mainly HII 
regions. The F = 0-1 transition at 3264 MHz has been detected in emission in 16 sources; the 
F = 1-1 transition at 3335 MHz has been seen in absorption in 5 sources and in emission in 2 others. 
Where the F = 1-1 transition is in absorption the transition temperature is positive and below about 
100 K. The F = 0-1 transition is generally inverted, with a transition temperature between -10 
and 0 K. The column densities of CH are in the vicinity of lO'4 cm-2, slightly below those for OH 
but many times those for H 2 CO. There is no correlation between apparent optical depths of CH 
and those for OH or H 2 CO absorption. There is also no enhancement of CH in the dense molecular 
clouds near the centre of the Galaxy. 

1. Introduction 

The first detection of the 9 cm ground-state lines of CH was reported by Rydbeck 
et ai. (1973) from observations with the Onsala 25 m telescope. Because of hyperfine 
splitting of the ground-state 2Il!-, J = 1- A-doublet there are three frequencies VOl' Vll 

and V10 corresponding to the transitions F = 0-1, 1-1 and 1-0, and for uniform 
excitation and low optical depths their intensities should be in the ratio 1 : 2 : 1. 
The upper satellite line V10 was detected independently by Turner and Zuckerman 
(1974), in emission in the direction of CasA. CH in absorption was first detected 
with the Parkes 64 m telescope, at the Vll frequency in the direction of the HII 
region RCW 38 (Robinson et ai. 1974; hereinafter referred to as Paper I). 

At Onsala the three lines have been found in emission with about the expected 
intensity ratio in the direction of dark clouds and, from a comparison with OH 
profiles, Rydbeck et ai. (1974) gave the rest frequencies (in MHz) as 

VOl = 3263'794±0'003, Vll = 3335·481±0·002, V1 0 = 3349· 193±0'003 . 

These values are used in this paper. Subsequently Zuckerman and Turner (1975) have 
compared CH, H20 and OH spectra for four sources and determined rest frequencies 
of 3263'793, 3335·478 and 3349·192 MHz. The small differences between the two 
sets of rest frequencies are insignificant for our observations. 

In the direction of strong galactic continuum sources there are large departures 
from the LTE ratio of intensities, although at Onsala all three lines were generally seen 
in emission. It is common for the 3264 MHz line to be enhanced to the point where it is 
the strongest of the three. The 3349 MHz transition is always in emission, while the 
3335 MHz line was found in absorption in one case in our first observations. The 
observations to be described in this paper were made in January 1974. As the system 
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noise was some five times higher than the value of about 40 K achieved at Onsala 
with a travelling wave maser, we concentrated on observations towards HII regions 
where the increased gain of the Parkes 64 m telescope might offset in part the higher 
noise. The present results have been summarized by Gardner and Robinson (1974). 

2. Observations 

The observations were made with the Parkes 64 m telescope (beam '" 6'· 4 arc). 
The first stage of the receiver was an uncooled parametric amplifier with an 
instantaneous bandwidth of about 30 MHz, which could be tuned over the range 
3 ,1-3, 5 GHz. The system noise temperature on cold sky was about 200 K. Dicke 
switching against a sky-horn reference was employed, with noise being added to the 
reference for balance in the continuum. The multichannel backend, which has 64 
contiguous filters with bandwidths of 1, 10, 33 or 100 kHz, was used, mostly with 
the 10kHz filters. The filter spacing of 9· 5 kHz corresponds to 0·85 km s -1 in 
radial velocity, and the velocity coverage of the 10kHz filter bank is 57 km s -1. 

The recording and normalizing of the spectra were under the control of a PDP 9 
computer with a program developed by J. C. Ribes. The recordings were mostly 
made using an off-source observation as reference, but in some cases a second 
on-source observation, taken with a small change in local oscillator frequency, was 
used. The latter improved the sensitivity but reduced the effective velocity coverage. 

In terms of the noise calibration and an assumed point-source flux density for 
HydraA of 19·2 Jy* at 3·3 GHz, the aperture efficiency was 55% and the beam 
efficiency 70 %. 

Most observations were made at the F = 0-1 frequency. If this line was detected, 
the F = 1-1 transition V11 was usually observed. Only in a few cases was an attempt 
made to detect the remaining frequency V10 ' since on the basis of the Onsala data 
and our previous results it was expected to be weaker than our sensitivity limit. 
The sources observed were mostly HII regions, and integration times between 20 
and 60 min were usual. 

3. Results 

(a) General 

The results are summarized in Table 1. Most of the column headings are self­
explanatory. Line and continuum intensities are given as antenna temperatures 
(multiplication by 1· 22 converts to a scale of full-beam brightriess temperature). 
The CH line parameters were estimated from the spectra. Errors quoted are 
approximately half the peak-to-peak noise (20'). The ratio TL/Te in column 12 is 
that of the line peak temperature TL to the continuum temperature Te. The com­
parison velocities in OH, HzCO and recombination lines were compiled from Parkes 
data for a previous publication (Whiteoak and Gardner 1974) where the sources of 
information are referenced and additional information on optical depths is provided. 

(b) TL/Tefor CH 
At VOl (3264 MHz) TL/Te lies between 0·01 and 0·08. Because only upper limits 

are available in several cases the average is uncertain but the median value is 0·021. 
At V11 (3335 MHz) the median TL/Te for the absorption cases is -0,010. Because of 

* 1 Jy(jansky) = 1O- 26 Wm- 2 Hz-l. 
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our sensitivity limit it is not possible in this case to make a meaningful estimate of the 
true TL/Tc average for all sources, although on the basis of the Onsala data we would 
expect that it would be positive. 

A search was made for possible association between TL/Tc for CH at 3264 MHz 
and similar ratios for OH and HzCO absorption (from Table 1 of Whiteoak and 
Gardner 1974). There was no significant correlation in either case. The mean value 
of the ratio of TL/Tc(CH) to TL/Tc(OH) was -0·20 with (J = 0·14. The highest 
ratio was 0·46 for G265· 5 + 1 . 5 (RCW 36). The mean value of the ratio of 
TL/Tc(CH) to TL/Tc(HzCO) was -0,37 with (J = 0·23. Numerically the highest 
ratio was 0·84 for the peak of NGC6334 at a velocity of -4 kms-l. In all these 
comparisons of TL/Tc, and for the velocities in the next subsection, the galactic 
centre sources were excluded. 

(c) Radial Velocities for CH 

An examination of Table 1 reveals that the CH velocities are usually close to those 
of OH, HzCO and the recombination-line velocity of the HII region. In only two 
cases is a second velocity component observed well separated from that of the HII 
region. If these are excluded (since the second component would be associated with 
another region of the Galaxy) the mean OH-CH velocity difference (1667 MHz 
OH absorption and 3264 MHz CH emission) is -0,01 kms- l with (J = 1·1 kms-l. 
The mean HzCO-CH difference is -2,1 kms- l with (J = 3'7 kms-l. The mean 
recombination-line-CH difference is -0,9 kms- l with (J = 2·3 kms-l. The 
velocity association is closer between CH and OH than between CH and either 
HzCO or the recombination lines. 

(d) Comparison of F = 0-1 and F = 1-1 Lines 

Of the total of five sources showing absorption at Vll, four were observed at VOl' 
The velocity differences (Vll - VOl) were - 3 ·1, 0, -0' 9 and -0' 3 km S-l and the 
mean difference - 1 ·1 km s -1. The largest difference, - 3 . 1 km s -1 for RCW 38, 
was discussed by Robinson et al. (1974). For the same five sources the average 
TL/Tc ratio was -0·010 at 3335 MHz and 0·026 at 3264 MHz. The average of the 
individual ratios TL(V01)/TL(Vll) was -2'5, to be compared with the LTE value 
of 0·5. 

We have previously (Gardner and Robinson 1974) commented on a possible con­
nection between the occurrence of absorption at Vll and the peak emission measure 
E.M. (and brightness temperature TJ of the HII region. Four of the five sources 
in Table 2 (reproduced from Gardner and Robinson) with absorption at vll have 
peak brightness temperature Tc exceeding 1000 K. Of the eight for which the Vll 
signal was either undetectable or showed weak emission, seven had Tc below 230 K. 
The exception was Orion, with Tc = 950 K. However, it is known (Kutner and 
Thaddeus 1971) that in this case the molecular cloud is behind the continuum source 
and probably associated with the IR nebula, the radio continuum brightness of which 
would certainly be below 230 K. 

(e) Results for Individual Sources 

G206'5-16'4 (NGC2024, WI2). The velocity agreement with OH and HzCO 
is good. The value of TL/Tc(3264) at 0·022 is near the average, although for both 
OH and HzCO the optical depths are the largest of the sources investigated for CH. 
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From Paper I, TdTe(3335) was +0'007; it was also found that TL(3335) at a 
position 5' arc to the south, where the continuum had fallen to 0·15 of its peak value, 
had only decreased to O· 7 of the peak value, which indicates that the CH cloud is 
considerably greater in extent than the continuum. 

G265·1 + 1· 5 (RCW 36). The emission at 3264 MHz extended from about 0 to 
10 km s -1 and only the central portion, smoothed to 2 kHz resolution, is shown in 
Fig. 1. The line shows fine structure under 1 kms-l, the narrowest observed. At 
3335 MHz the line was in emission, and the observations of Paper I showed that this 
emission was of greater extent than the continuum. 

Table 2. CH at 3335 MHz (F = 1 -+ 1) 

Sources with 
no absorption 

E.M. (peak) To (peak) 
(pc em - 6) (K) 

G206·5-16·4(NGC2024) 7·9xW 
G209·9-19·4 (Orion A) 3·8 x 106 

G265·1+1·5 (RCW36) 4·5xW 
G291·6-0·5 7·5x 105 

G316·8+0·0 9·0x 105 

G326·7+0·6 3·4x 105 

G331·5-0·1 5·7 X 105 

00·7-0·0 (SgrB2) 5·2x W 

198 
(950) 
112 
187 
224 
85 

142 
130 

Sources with 
absorption 

G267 ·9-1·1 (RCW 38) 
G291·3-0·7 
0327·3-0·5 
0333·6-0·2 
0351·4+0·7 (NGC6334) 

E.M. (peak) To (peak) 
(pc em - 6) (K) 

6·5 X 106 

8.3x 106 

4.4x 106 

7·1x106 

3·1 X 105 

1620 
2075 
1100 
1775 

(78) 

G267· 9 -1·1 (ReW 38). Fig. 1 of Paper I shows emission at 3264 MHz, absorp­
tion at 3335 MHz and probably weak emission at 3349 MHz. Because of the revised 
rest frequencies for the lines, the velocities used in Paper I should be increased by 
about 0·7 kms- 1• New observations at 3264 and 3335 MHz are given in the present 
Fig. 2, where it can be seen that of two possible components in the 3264 MHz profile 
only one appears to show as absorption. In detail the CH(3264) profile agrees better 
with the OH(l667) than with the H2CO. The weak and broad 3335 MHz emission 
centred near -10 km S-l is in agreement with the spectrum in Paper 1. 

Additional observations were made at positions to the north, south, east and west 
of the continuum peak at both 3264 and 3335 MHz. Within the accuracy limits, the 
decrease in TL was proportional to the decrease in Te, a result consistent with the 
radio continuum being absorbed at 3335 MHz and amplified at 3264 MHz by an 
overlying cloud of CH of angular extent equal to or greater than that of the con­
tinuum, although any beam broadening at 3335 MHz is small. If there were indeed 
no broadening the absorption could be produced by a very small cloud. 

G291'3-0' 7 (NGC3576). In Fig. 3 there is emission at 3264 MHz and absorption 
at 3335 MHz. The 3264 MHz profile indicates a narrow component near the centre 
of a wider one. At 3335 MHz there is a suggestion of a second weaker component 
at - 40 km s -1; this is probably spurious as no HI, OH or H2CO has been observed 
at this velocity. 

G291'6-0'5 and G291'6-0'4 (NGC 3603). CH was not definitely detected at 
either position. The second position is near an OH emission centre. 

G316·8+0·0. There is good agreement in velocity between CH(3264), OH and 
the stronger H2CO component. 
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G326· 7 + 0·6. At 3264 MHz there is (Fig. 4) emission at - 43 km s - 1, near the 
recombination line velocity of -44 kms-1, and also at -21 kms- 1 . The latter must 
occur in a spiral feature closer to the Sun than the one containing the HII region. 
The second velocity component is also present in absorption at OH and CH. The 
large difference of 10·7 km s -1 between the CH and Hz CO velocities of - 43 . 5 and 
-54·2 kms- 1 is probably a consequence of the very wide HzCO absorption (which 
extends from - 60 to -17 km s -1) and the lack of correspondence between TL/Tc in 
CH and HzCO (see subsection (b) above). 

G327·3-0·5. As shown in Fig. 5, there is strong emission at 3264 MHz and 
absorption at about the same velocity at 3335 MHz, while there is a suggestion of 
weak absorption at about the same velocity at 3349 MHz. The last should be 
reobserved, since it would be the first case of absorption of the F = 1-0 transition. 
An additional observation was made of the 3264 line at a position 4'·5 arc to the 
south-west of the continuum peak, along the direction of extension of the source. 
The TL/Tc ratio at the offset position is the same as at the peak, similar to the result 
obtained for RCW 38. 

G330·9-0·4. The position is near a very strong OH emitter. No definite 
detection of CH was made. 

G35j·4+0· 7 (NGC6334 peak), G35j·4+0·6 (NGC6334A), G35j·j +0· 7 
(NGC6334B). At the continuum peak there is strong emission at 3264 MHz and 
absorption at 3335 MHz. For the 3335 MHz profile in Fig. 6c the reference spectrum 
was the average of two spectra displaced ± 152 kHz (± 14 kms- 1) from the signal 
spectrum. For absorption we should expect signals of -t, -1 and -t spaced by 
14 kms-t, similar to what is observed. Observations were also made at the OH 
emission centres, NGC 6334A at 3264 and 3335 MHz, and NGC 6334B at 3335 MHz 
only. Superimposed as a dashed curve on the 3264 MHz profile ofNGC 6334A in Fig. 
6a is the profile (b) at the peak, reduced by the continuum ratio for the two positions. 
Although there does appear to be some difference in shape between the profiles 
shown by full and dashed lines, the peak values and the areas are similar, indicating 
again that the CH amplification is about the same at positions 6' arc apart. No 
3335 MHz signal was detected at NGC 6334A, suggesting that the absorbing cloud 
is smaller than the continuum source. It can be seen from Table 2 that NGC 6334 
was the only low-brightness source with 3335 MHz absorption. 

G359· 9-0·j (Sgr A), GO·j-O·O and GO· 7 -0·0 (Sgr B2). These are sources near 
the galactic centre. For Sgr A (Fig. 7) there is strong emission at 3264 MHz for 
velocities of - 50, - 30 and 0 km s -1, plus a weaker broader line at '" 40 km S-l 

which could comprise a narrow and a wide component as given in Table 1. At 
3335 MHz, lines at - 50, 0 and possibly 50 km s -1 can be distinguished while, at 
3349 MHz, no feature clearly exceeds the noise. 

Additional 3264 MHz observations were made at positions ± 6' arc in declination 
from the Sgr A continuum peak, and also towards the source GO· 1-O· O. The 
o kms- 1 feature shows a clear displacement of 2' to 3' arc to the north of Sgr A, but 
more detailed mapping is required for any estimate of the cloud size. There is no 
obvious displacement of the - 50 and 40 km s -1 features. 

In Sgr B2 the only strong line was in emission at 3264 MHz. The profile peak in 
Fig. 8 is at 64 km s-1, close to the OH, HzCO and HII velocities. 
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4. Discussion 

(a) Size of CH Clouds 

The data at present available on cloud sizes are very limited and in our observations 
are restricted to clouds which may be associated with HI! regions. The size of the 
clouds emitting the F = 1-1 frequency of 3335 MHz must usually be larger than 
the continuum sources, and larger than our beam of 6' arc. This is shown from our 
observations of RCW 36 and NGC 2024, and by the fact that our antenna tem­
peratures are not much greater than those at Onsala (the ratio is certainly well below 
6, the ratio of the gains of the two telescopes). The clouds producing the absorption 
at 3335 MHz could be the same as those appearing in emission, as the observed sizes 
are largely determined by the sizes of the continuum sources behind the CH clouds. 
However, it is possible that the absorbing clouds are smaller. The profiles of the 
absorption at 3335 MHz are usually narrower than for the emission at 3264 MHz, 
which suggests that only some clouds absorb, and in NGC 6334 the observations 
indicate that the absorbing cloud is smaller than the continuum source. As yet there 
is no case of 3335 MHz absorption at a velocity well separated from that of the HI! 
region. 

Amplification at the F = 0-1 frequency of 3264 MHz appears to be a general 
feature of CH sources. The intensity in the neighbourhood of the source decreases 
in proportion to the fall in the continuum. Onsala results show that amplification at 
3264 MHz also occurs in regions well separated from the continuum source. At the 
F = 1-0 frequency of 3349 MHz there is essentially no information on cloud sizes. 

(b) Distribution of CH Clouds 
Our results are consistent with the Onsala conclusion that CH is widely distributed 

in the Galaxy, although probably restricted to spiral arms. The CH observations of 
Sgr A provide some information on this point. Except for the reversal in sign, the 
3264 and 3335 MHz CH profiles resemble the 21 cm absorption profiles of neutral 
hydrogen rather than the spectra of other molecular lines. The profiles of OH, 
H2 CO etc. are dominated by a strong feature at 40 km s -1 which is believed to be a 
dense molecular cloud close to the centre (see e.g. Robinson 1974). For such 
molecules the features at - 50, - 30 and 0 km s - \ which are believed to arise in 
spiral arms between the Sun and the galactic centre, are not conspicuous. Thus it 
appears that the density of CH near the galactic centre is not enhanced relative to 
that in the intervening arms. This suggests that in the dense 40 km s -1 cloud the 
CH has been used up in the formation of more complex molecules, such as formal­
dehyde and methyl alcohol. The paucity of CH in dense molecular clouds is 
supported by the lack of correlation between TL/Tc (CH) with similar ratios for OH 
and H2 CO. Finally it would be expected that the CH-HI association would only be 
with the colder denser clouds of neutral hydrogen. 

(c) Excitation and Column Densities of CH 

For low optical depths the line integral of the brightness temperature Tb(V) across 
the profile may be written, for each line, as 

f Tb(V) d V = hc3 A~I fn" dl (1- T.T.c ) , 
8nkv ~ 

(1) 



Interstellar CH at 9 em 223 

where V is the velocity, AUI the Einstein coefficient for spontaneous emission, nu the 
population of the upper level, Tc the brightness temperature of the continuum behind 
the CH cloud and Ttr the effective temperature of the transition. The A coefficients 
have been calculated by Burdyuzha and Varshalovich (1973) and Turner and Zucker­
man (1974). Their results are essentially in agreement and correspond to 
A = l'94x 1O- 10s- 1 for V11 = 3335·5 MHz. 

If f N dl is the total column density (per cm2) of the four levels of the 2Ilt , J = 1-
state then (for V in kms- 1) equation (1) becomes 

(2) 

where Tij is the transition temperature and the Kij for VII' VOl and V10 are respectively 

K11 = 3'36x10- 15 , K10 = 1·66 X 10-15 • 

The relationship between the observed antenna temperature and Tb depends on the 
geometry of the molecular cloud and the continuum source. For the simplest model, 
where the source and cloud are uniform discs subtending angles Ds and Dcl at the 
Earth and the antenna beam solid angle is DB' we can distinguish four cases: 

(i) When DB is the smallest, the full-beam brightness temperature will be equal 
to Tb • 

(ii) When Del is the smallest, the apparent brightness temperature will be 
reduced to Tb Dcl/DB. 

(iii) With Ds < Dcl < DB' equation (2) is modified to 

I Tb.iJ(V) dV = Kij IN dl Dc1(1_ Tc Ds ). 
DB Tij Dcl 

(3) 

(iv) With Ds < DB < Dcb 

I Tb,ij(V) dV = Kij IN dl (1- ~;j ~:), (4) 

in which Tc Ds/DB is the apparent brightness temperature of the continuum 
source. 

(d) CH in Dark Clouds 

Hjalmarson et al. (1975) have detected CH emission lines towards more than 100 
positions in optically dark nebulae. Such clouds would be case (i) or case (ii) above. 
They have observed all three CH transitions in emission in the direction of the 
extragalactic source 3C 123, which lies behind the dust cloud Lynds 1500, and have 
been able to deduce values of Tij. They find that the CH transitions are all inverted 
with T11 ~ -9 K, TlO ~ -6 K and TOl ~ -5 K. Thus the fractional inversion 
(proportional to - Till) is greater for the satellite lines than the main line. Inversion 
of the transition is also deduced from the observations of the CH cloud which lies in 
front of 3C353. For Lynds 1500, Hjalmarson et al. find f NCJ:I dl ~ 1014 mole­
culescm- 2• 
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(e) CH associated with HII Regions 

In the CH clouds associated with HI! regions we have observed absorption at 
V11 in sources where Tc exceeds 1000 K. The line appears weakly in emission for 
sources with Tc less than 250 K (see Table 2). The VOl transition is always in 
emission, and is much stronger than the V11 transition. The VlO transition, when 
seen, is also in emission, although considerably weaker than the VOl line. 

Where the V11 transition is in absorption, T11 is positive and less than about 
1000 K. If Qs is smaller than Qc1 and QB' this limit on T11 will be reduced by 
Q./Qc1 in case (iii) above or by Q./QB in case (iv). The latter case will be the most 
likely situation if the CH clouds observed in absorption with the Parkes 6' arc beam 
are of the same type as those observed in emission with the Onsala 16' arc beam. 
(None of the sources showing absorption at Parkes has been covered by the Onsala 
survey.) In case (iv) an absorption line indicates T11 < Tc Q./QB, the apparent 
brightness temperature of the continuum source (see equation 4). For most of the 
sources in Table 2 we estimate that Tl1 would then be less than 100 K. Thus 
NGC 6334, with a peak brightness of '" 80 K in Table 2, need not be an exception 
provided that the cloud was large and uniformly excited. 

In the continuum sources where we have found absorption at V11 and strong 
emission at VOl' the ratio Tb,odTb,11 is about - 2·5. For I Tc/Tij I > 1 we find from 
equation (2) that TodT11 is ",0, 5 Tb,11/Tb,OI' Thus if T11 is approximately +50 K 
we will have TOI ~ -10 K, if it is assumed that the clouds producing amplification 
at V11 are the same as those producing amplification at VOl (possible size differences 
between these clouds were commented on in Section 4a above). The value of 
TOI ~ -10 K is similar to the transition temperatures deduced from the Onsala 
emission data. 

In our observations the highest TdTc is measured at 3264 MHz towards RCW 36. 
For TOI ~ -10 K the column density is approximately equal to 1015 cm- 2. This 
is close to the column density determined for OH by Manchester et al. (1970) on 
the assumption of a transition temperature for OH of 10 K. The H2CO observations 
of Whiteoak and Gardner (1974) lead to f nH2CO dl ~ 3 x 1013 cm -2 in the direction 
of RCW 36. Thus the relative abundances of CH, OH and H2CO are roughly 

NCH: NOH: N H2CO ~ 1:1:0·03. 

If the CH transition temperature TOI were about - 5 K the CH column density 
would be halved. 

The possibility of a change in Til from negative to positive values in the vicinity 
of bright emission sources was postulated previously (Gardner and Robinson 1974) 
as resulting from an increase in density. However, the lack of correlation between 
the apparent optical depth of CH and that of OH or H2CO suggests that, in the 
denser clouds with high opacity for OH and H2CO, the CH concentration is low. 
It is worth noting that, according to the pumping theory of Gwinn et al. (1973), 
collisions between H or H2 and CH should produce anti-inversion (Turner and 
Zuckerman 1974). Other pumping mechanisms are discussed by Turner and 
Zuckerman and by Zuckerman and Turner (1975) without any real conclusions 
being reached. They do point out, however, that because the next higher states of 
CH eIIl/2' J = 3/2 and 2II3/2' J = 3/2) are only 18 and 67 em-I above the ground 
state CH could be pumped at lower temperatures than OH. 
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(f) CH distributed in Spiral Arms 

When the CH cloud is at a different kinematic distance from that of the continuum 
source, the assumption of a uniform CH cloud larger than the beam and source 
(case (iv) in subsection (c) above) might be reasonable. Rydbeck et al. (1975) have 
mapped the CH emission on and around Cas A. All three CH lines increase con­
siderably in intensity when observed in the direction of this source, clearly 
demonstrating weak maser amplification. For the Orion arm cloud, Rydbeck et al. 
deduce the following transition temperatures: 

Tll = -16 K, TOl = -8 K, TlO = -10K. 

This shows greater population inversion for the satellite lines than for the main line 
and is similar to the result for the dark clouds. The Cas A observations show that 
the opacities are very small, with T ~ -0·001. The CH column density is found 
to be '" 1013 cm2 • Comparison with OH and H 2CO absorption data leads to 

The approximate equality of TOl and TlO in dark clouds and in regions of the 
Galaxy well away from continuum sources contrasts with the behaviour in the 
vicinity of HII regions, where 1 TOll is usually found to be considerably less than 
1 TlO I, that is, TL(3264) is considerably greater than TL(3349). The different behaviour 
is well illustrated in the Onsala results (Rydbeck et al. 1975) for the main component 
G49'5-0'2 of W51 for the two velocities of +5 kms- 1 (CH near the Sun) and 
+ 64 km s -1 (CH near the HII region), shown in their Figs 24 and 25. The line 
ratio TL(3264)/TL(3349) is considerably greater at 64 kms- l than at 5 kms- l , in 
keeping with the present results. 

5. Conclusions 

The F = 0-1 transition at 3264 MHz has been looked for in 20 positions, mainly 
in the direction of HII regions, and detected in emission in 16 sources; the F = 1-1 
transition at 3335 MHz was looked for in 16 positions and detected in 7, 5 of which 
were in absorption; the F = 1-0 transition at 3349 MHz was looked for in 3 
positions, but not definitely detected. The median value of TdTc was 0·021 at 
3264 MHz and - 0·010 at 3335 MHz. Where absorption at 3335 MHz accompanied 
emission at 3264 MHz, the ratio TL(3335): TL(3264) had a mean value of - 1 : 2· 5; 
the corresponding ratio of transition temperatures would be - 5 : 1. However, because 
of the severe sensitivity limitations of the survey any statistics are greatly influenced 
by selection effects. 

When the present results are combined with those already published it appears that 
all three transitions are usually inverted, but that in the vicinity of bright HII regions 
the inversion of the F = 0 - 1 transition is increased while that of the F = 1- 1 
transition is decreased and in extreme cases absorption occurs. The transition 
temperature Tll might then be as low as 50 K. We have suggested that this reversal 
occurs in regions of high density. 

Column densities of CH are in the vicinity of 1014 cm - 2, and in some instances 
may be as high as for OH. The values are roughly comparable with the optically 
derived values. The CH probably occurs in spiral arm features in the Galaxy with 
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a distribution similar to HI in absorption. There is no correlation between apparent 
optical depths of CH and those of OH or H 2CO, and there is no CH enhancement in 
the centre of the Galaxy. 

For the future, more accurate mapping of CH distributions is very desirable, both 
where the CH is associated with the continuum sources and where it is not (the 
-22 kms- 1 feature in G326·7+0·6 is in the latter category). Attempts should also 
be made to detect transitions of the higher states, the 2II1/2' J = 3/2 and the 
2II3/2' J = 5/2, which are only 18 and 67 cm -1 above the ground state and so likely 
to be populated. Estimates of the corresponding frequencies are about 500 and 
nOOMHz. 
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