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A b s t r a c t . Observat ions of interstellar CN, C H . and CH+ in diffuse and t ranslucent clouds 

obta ined with a spectral resolution of more the 500,000 are repor ted. First results from a 

survey of CH and C H + are discussed. T h e C H + isotopic rat io has been determined to be 

6 8 ± 5 toward C Oph and a component of 1 2 C H + has been found with a velocity wid th of 

15 km s " 1 . A review of the ro ta t ional exci tat ion t empera tu re of interstellar CN and its 

implications is given. 

1. Introduction 

Advances in op t ica l t echn iques in t h e las t decade have prov ided a new di-

mens ion for t h e s t u d y of molecu la r species in diffuse a n d t r a n s l u c e n t c louds . 

I m p r o v e d d e t e c t o r s have prov ided t h e m e a n s to de t ec t weak l ines, or t o 

s t u d y s t ronge r l ines wi th vas t ly improved d y n a m i c r a n g e . Advances in spec-

t r o g r a p h design a n d i m p l e m e n t a t i o n have combined w i t h t h e improved de-

t e c t o r s t o p e r m i t s tud ies a t vas t ly increased spec t r a l reso lu t ion . 

T h e s e advances have b e g u n to yield new ins ights in to t h e physical condi -

t ions a n d d y n a m i c s of diffuse a n d in te r s te l l a r c louds . For t h e first t i m e ( l ) , 

in te r s te l l a r a b s o r p t i o n lines have been observed w i th rough ly t h e s a m e ve-

loci ty reso lu t ion as t h e mi l l imeter r ad io obse rva t ions . T h e s e resul t a re dis-

cussed in sect ion 2, where t h e first resu l t s of a survey a t very high spec t r a l 

reso lu t ion are m e n t i o n e d . 

Sect ion 3 p resen t s resul t s for t h e C H + i sotopic r a t i o . Sect ion 4 p resen t s 

some d a t a on t h e exc i t a t ion t e m p e r a t u r e of in te r s te l l a r C N . 

T h e visible in te r s te l l a r ab so rp t i on fea tures discussed here are those of 

C N R ( 0 ) a t 3874 .G07A. of C H + R ( 0 ) a t 4232.548A and of C H R 2 ( l ) a t 

4300.313A. For C N . in add i t ion to t h e R ( 0 ) l ine, t he R ( l ) a n d P ( l ) fines in 

th i s sy s t em are also cons idered . T h e 1 3 C H + i so topic ana log of 1 2 C H + is a t 

4 2 3 2 . 2 6 7 A . 

2. Ultra High Resolution Observations 

O p t i c a l obse rva t ions w i th a spec t r a l reso lu t ion of 5 0 0 . 0 0 0 or more a re diffi-

cu l t no t only b e c a u s e t h e s p e c t r o m e t e r s a re no t often capab l e of th is resolu-

t ion , b u t even when t hey are , such high reso lu t ions requ i re re la t ively b r igh t 

s t a r s . T h e work r e p o r t e d here has been pe r fo rmed a t t he C o u d e feed of t h e 

2 . 7 m te lescope of t h e M a c D o n a l d O b s e r v a t o r y of t he Univers i ty of Texas . 

127 

P. D. Singh (ed.), Astrochemistry of Cosmic Phenomena, 127-132. 
© 1992 IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S007418090008983X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090008983X


128 

A first set of observations toward the star ( Oph have been reported(l) for 
the CN, CH and C H + . Following the success of these observations, a survey 
about 20 sight lines was started to study the CH and C H + lines. 

2.1. C O P H R E S U L T S 

Figure 1 shows a summary of the data obtained toward ( Oph for the CN, 
CH, and C H + lines. These data have an effective resolution of A/AA = 
600,000. The CN line can clearly be seen to have two velocity components 
with a velocity separation of 1.18 km s - 1 . This coincides very closely with 
the velocity separation seen in the CO line profiles(2; 3) The CH+ line in 
these data consists of a single broad component with a velocity width of 
b = 2.1 km s - 1 . A major surprise in these data is that the CH line shows 
elements of both the narrow features seen in the CN data and of the broad 
feature seen in the C H + line. This clearly demonstrates that CH exists in 
two different regions and under quite different physical conditions. 

2.2. SURVEY O F CH AND CH+ 

Following the observations toward £ Oph, a more comprehensive survey 
of other sight lines was undertaken. However, partly due to instrumental 
limitations, this survey, which is still in progress, was restricted to the CH 
and CH"1" species. 

Table 1 provides a list of the sight lines which are being studied, and a 
very preliminary estimate of the line widths(FWHM) and relative velocities. 
The relative velocities given are the velocities of the sub-components relative 
to the strongest component, and not the relative velocity of CH relative to 
C H + . A separate observing program is underway to determine this. 

One interesting result emerging from this survey is the relative frequency 
of multiple features in the CH lines but not in the corresponding C H + lines. 

3. High Signal-to-Noise Observations 

In order to further investigate a reported discrepancy(4; 5) in the 1 2 C / 1 3 C 
isotope ratio toward £ Oph as determined from CH"1" observations, several 
spectra were obtained of the C H + line at 4232.548A. The resulting spectrum 
is shown in Figure 2. In addition to finally providing close to a definitive 
result on the isotope ratio( 1 2 C / 1 3 C = 68±5), this spectrum also revealed 
a very broad feature in the 1 2 C H + feature. This broad feature lias a width 
of about 15 Km s""1 FWHM and contributes 1.9 m A of equivalent width to 
the line whose total equivalent width is 23.25 m A . 
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F i g . 1. P l o t of C N l ines t o w a r d C O p h . T h e t o p s p e c t r u m s h o w s t h e C N l ine , a n d 

i n d i c a t e s t h e p o s i t i o n s of t h e two ve loc i ty c o m p o n e n t s . T h e m i d d l e s p e c t r u m s h o w s 

t h e C H l ine , w h e r e t h e effects of t h e l a m b d a d o u b l i n g a r e e v i d e n t , as well as t h e 

effects of a b r o a d c o m p o n e n t u n d e r l y i n g t h e n a r r o w e r c o m p o n e n t s . T h e b o t t o m 

s p e c t r u m shows t h e CH"1" l ine wh ich cons i s t s of a s ingle G a u s s i a n . 

4 . CN Excitation Temperature 

The excitation temperature of the lowest rotational levels of interstellar CN 
has proved to be a good means for determining the temperature of the Cos-
mic Background Radiation(6). However, after the launch of the COBE satel-
l i te^) and the successful rocket experiment of Gush, Halpern, and Wish-
now^) , there appears to be a possible discrepancy between the CBR tem-
perature determined by the space experiments, and the best determinations 
of the CN excitation temperature(9). It has been proposed(lO) that the ori-
gin of this difference could be local processes in the interstellar clouds which 
could excite the CN rotational levels a few milliKelvin above the CBR. 

In an attempt to test the local excitation hypothesis, Palazzi. Mandolesi, 
and Crane(9) have collected data from several new sight lines as well as from 
sources in the literature. By using the primary data equivalent widths, and 
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P r e l i m i n a r y S u r v e y R e s u l t s 
C H D a t a C H + D a t a 

S t a r VreZ W A (mA) a (mA) W A (mA) a (mA) 
23 O r i 0.00 3.90 26.14 
67 Oph 0.00 0.88 15.43 0.00 1.33 21.60 67 Oph 

1.44 0 .176 12.11 
k. Aql 0.00 1.38 10.57 

68 C y g 0.00 1.27 10.94 
-0 .254 1.25 31 .67 

A C e p 0.00 14.57 6.85 
0 .418 3.88 24.95 

ft Sgr 0.00 1.54 14.38 
-1.422 0.28 18.51 

/>OphA 0.00 2.23 6.51 
0.00 2.06 18.80 

i\) P e r 0.00 1.68 11.21 0.00 3.51 17.27 
1.19 1.41 12.04 1.14 4.25 16.72 
2.09 0.91 54 .69 2.22 0.74 30 .83 

C P e r 0.00 2.92 8.80 0.00 0.86 18.37 
-0 .28 3.01 20.22 

o P e r 0.00 1.99 21 .38 
x O p h 0.00 7.53 14.49 0.00 4.14 18.61 
6 Sco 0.00 0.00 7.00 0.00 0.40 12.03 

0.48 0.26 10.81 

Pl Sco 0.00 0.81 24.06 
20 T a u 0.00 8.96 18.47 
23 T a u 0.00 5.81 20.09 

b values , t h e y have p r o d u c e d a h o m o g e n e o u s se t of C N exc i t a t ion t e m p e r a -

t u r e s . T h e y find a weighted m e a n C N exc i t a t ion t e m p e r a t u r e of 2 . 8 1 7 ± 0 . 0 2 2 

K which is a b o u t 82 m K above t h e space va lues . T h e y have sea rched the i r 

d a t a set for co r re la t ions of t h e exc i t a t ion t e m p e r a t u r e s w i th a wide r a n g e of 

p a r a m e t e r s . T h e r e is no cor re la t ion w i t h e lec t ion dens i ty , d i s t a n c e from t h e 

S u n , or w i t h any o t h e r p laus ib le p a r a m e t e r . M o r e obse rva t ions will be nec-

essary t o confirm t h e exc i t a t ion t e m p e r a t u r e d i sc repancy , or t o u n d e r s t a n d 

i t s or igin. 
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2.4 2.6 

WAVELENGTH ( \ - 4 2 3 0 ) A 

F i g . 2 . H igh s igna l - to -no i se d a t a for C H + t o w a r d £ O p h . T h e d e p t h of t h e s t r o n g e r 

f e a t u r e r e a c h e s a r e l a t ive i n t e n s i t y of 0 .67 . T h e 1 3 C H - 1 " l ine is c l ea r ly vis ible on t h e 

left of t h e s t r o n g 1 2 C H + l ine . T h e solid l ine i n d i c a t e s t h e s u b c o m p o n e n t s u s e d t o 

fit t h e d a t a , a n d i l l u s t r a t e s t h e p r e s e n c e of t h e v e r y b r o a d c o m p o n e n t . 
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DISCUSSION 

N Wright: 
= C o m m e n t 1: T h e l a rges t s igna l f rom t h e g a l a x y in t h e C O B E 3 m m m a p s 

is < 1 m K , so d u s t emiss ion is un l ike ly t o ra i se t h e T e a . c ( C N ) a b o v e TCMB 

= C o m m e n t 2: T h e equ iva l en t w i d t h of t h e 1 2 C N R ( 0 ) l ine in y o u r h i g h 
s p e c t r a l r e s o l u t i o n d a t a is less t h a n in y o u r h igh S N R d a t a , s u g g e s t i n g t h a t 
C N a lso h a s a w e a k b r o a d c o m p o n e n t . 

= Q u e s t i o n : T h e l ine w i d t h s you q u o t e a r e t o o l a rge t o b e ve loc i ty d i s p e r s i o n s . 

D o you m e a n F W H M ? 
P. Crane: I ag r ee w i t h b o t h y o u r c o m m e n t s ! T h e l ine w i d t h s q u o t e d a r e 
i n d e e d F W H M s a n d t h e y a r e in in A. 
M. Guelin: Is t h e r e in y o u r C N e x c i t a t i o n t e m p e r a t u r e a c o r r e l a t i o n of t h e 
e x c i t a t i o n t e m p e r a t u r e w i t h t h e e r ro r in d e t e r m i n i n g t h e e x c i t a t i o n t e m p e r a -
t u r e ? 
P. Crane: T h e r e does n o t a p p e a r t o b e such a c o r r e l a t i o n . 
J.C. Pecker: T h i s difficulty a b o u t t h e e x c i t a t i o n t e m p e r a t u r e of C N r e m i n d s 
m e of a ve ry different case , t h a t of t h e so la r a t m o s p h e r e . T h e r e , in s p i t e of 
l a rge t e m p e r a t u r e s a n d d e n s i t i e s , we found (in t h e fifties!) a A T f t f C v e r y l a rg e 
b e t w e e n t h e r o t a t i o n a l levels a n d t h e e l ec t ron ic levels . W e cou ld n o t e x p l a i n 
it b e c a u s e of l ack of re l iab le col l is ional cross s ec t ions invo lv ing all r e l evan t 
levels . In s p i t e of t h e h igh ly different c o n d i t i o n s , t h i s lack of phys i ca l d a t a , 
cou ld it b e a r e a s o n for t h e u n e x p l a i n e d A T e j c d i s c r e p a n c y ? O r p e r h a p s a n 
u n d e r e s t i m a t e of t h e n u m b e r of t r a n s i t i o n s invo lved? 

P. Crane: I h a v e neve r t h o u g h t of t h i s , a l t h o u g h i t s e e m s a t first g l ance 
unl ikely , I will look m o r e i n t o y o u r s u g g e s t i o n . 
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