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1. I n t r o d u c t i o n 

T h e large a b u n d a n c e of CH+ in diffuse clouds has been a mys te ry for more t h a n 50 years 
(Da lga rno 1976). M a n y different explanat ions have been proposed , bu t only (shock) models 
wi th a subs tan t i a l co lumn of w a r m gas appear capable of approaching the observed column 
densi t ies (El i tzur a n d Wat son 1978). In these models , C H + is formed in t h e w a r m postshock 
gas t h rough t h e react ion C+ + H 2 -» CH+ + H, which is endoergic by 4650 K. Al though 
t h e mos t sophis t ica ted M H D shock models are consistent wi th various observat ional aspects 
of C H + , t hey require subs tan t ia l " f ine- tuning" of t he pa rame te r s (Dra ine and K a t z 1986; 
Ha r tqu i s t et al . 1990). In add i t ion , they predict a shift in velocity between C H + and 
o the r molecules found in t h e cold quiescent gas , which is not observed in recent d a t a (e.g. 
Crawford 1989). In order t o tes t further t he shock models , we have searched for CH+ 
in a number of t rans lucent clouds (Ay « l - 5 m a g ) , which have H 2 co lumn densit ies t h a t 
a re u p t o an order of m a g n i t u d e larger t h a n the clouds s tudied so far (cf. Souza 1979). 
Observat ions of t h e chemically re la ted molecules C H , C 2 , CN and C O have been obta ined 
as well. 

2 . O b s e r v a t i o n s a n d A n a l y s i s 

Spec t ra of C H + , C H , CN and C 2 a t A/AA=60,000-100,000 were observed wi th t h e ESO 
1.4m Coud6 Auxi l iary Telescope equipped wi th t h e Coude Echelle Spec t rometer and C C D 
de tec tor . For C H + , we obta ined spec t ra of b o t h t he A - X (0,0) and (1,0) b a n d s . For t he 
o the r molecules, we generally also measured a t least two different t rans i t ions (Gredel et al . 
1991). Mil l imeter emission lines o f 1 2 C O and 1 3 C O 1-0 were observed wi th t h e S E S T . 
Most of t h e opt ica l absorpt ion lines are s a t u r a t e d , so t h a t t h e Doppler p a r a m e t e r b a long 
t h e line of sight needs t o be accurate ly known in order t o derive column densi t ies . For 
C H + , b can be de te rmined from t h e ra t io of t h e s t r eng ths of t he A - X (0,0) and (1,0) bands . 
For lines of sight wi th high enough S /N, this suggests 6 = 2 — 3 k m s " 1 . We assume 
t h a t similar 6-values apply t o t h e C H + observat ions for o ther lines of s ight . For C N , t h e 
s a t u r a t i o n correct ions have been de termined from compar ison of t he violet B - X and red 
A - X sys tems , resul t ing in accura te b values of 0.4-1.0 k m s " 1 which agree well wi th those 
derived from t h e wid ths o f 1 3 C O mil l imeter lines. For C H , we assume 6-values in t h e range 
( 1 . 0 - 1 . 4 ) x 6 ( C N ) . 
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Figure 1. Observed CH* column densities as functions of reddening E(B - V). 

3 . R e s u l t s a n d Discussion 

Figure 1 shows the CH+ column densities ob ta ined in th is work as functions of E(B - V). 
T h e mos t significant result is t h a t they cont inue t o increase wi th reddening . Moreover , t h e 
C H + velocities agree wi th those of C H , CN and C2 wi th in t he er rors . T h e largest C H + 

column densit ies are found for lines of sight for which t h e C O emission profiles a re b roader 
or more complex. T h e C2 and CN column densit ies a re s t rongly corre la ted wi th t h a t of 
C H , which is p robably a good t racer of t h e H2 column density. C H + shows a larger sca t t e r 
wi th C H , b u t still an overall increase. Finally, the re is a tendency for t h e column densi ty of 
C H + t o decrease wi th increasing densi ty n as derived from the C2 exc i ta t ion . In con t ra s t , 
those of CN and C2 increase s t rongly wi th n . 
T h e fact t h a t t h e C H + co lumn densi ty cbntinues t o increase wi th t o t a l co lumn densi ty is 
difficult t o reconcile wi th t he shock models , unless t he number of shocks also increases . 
T h e absence of significant velocity shifts between C H + and o the r species fur ther argues 
agains t t h e shock models . However, t he larger fr-values inferred for C H + toge ther wi th 
t h e inverse correlat ion wi th densi ty and possible associat ion wi th more complex C O line 
profiles suggest t h a t some energet ic mechanism is responsible for t he format ion of t he ion. 
Possibili t ies include t rans la t ional ly "ho t " C + ions or H2 molecules, since only a fraction 
1 0 ~ 4 is needed t o explain t he observed C H + abundances . T h e w a r m tu rbu len t interfaces 
of t h e clouds or c lumps are a possible format ion site (Duley et al . 1991), b u t quan t i t a t i ve 
calculat ions mus t await a physical descript ion of tu rbulence . 
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