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

T h e H 3 0 + ion is a key species in the oxygen chemist ry leading t o H2O, OH and O2. 
Chemica l models predict O2 and H2O t o be t h e dominan t oxygen-bea r ing molecules in 
in ters te l la r clouds. However, ne i ther of t h e m can easily be observed in t h e bulk of t he 
in ters te l la r m e d i u m because of blockage from t h e E a r t h ' s a tmosphe re . De t e rmina t i on of 
t h e a b u n d a n c e and d is t r ibut ion of t he precursor H 3 0 + ion might thus provide an i m p o r t a n t 
indirect measure of thei r abundances . 

H 3 0 + has a compl ica ted energy spec t rum (see Bogey et al. 1985). I t is isoelectronic 
wi th NH3, bu t i t s inversion spl i t t ing is much larger , abou t 55 c m - 1 , and comparab le t o t he 
ro t a t i ona l sp l i t t ing . As a resul t , t h e lowest t rans i t ions lie a t submil l imeter wavelengths , and 
only four lines a t 307, 364, 388 and 396 GHz are accessible wi th g r o u n d - b a s e d telescopes. 

Possible detec t ions of t h e 307 GHz line of H 3 0 + have been presented by W o o t t e n et 
a l . (1986) and Hollis et al . (1986) in Orion O M C - 1 and Sgr B2 , b u t definite identif ication 
is difficult due t o t h e huge complexi ty of lines in these sources. Recently, W o o t t e n et al . 
have observed t h e 364 GHz line as well in these sources using t h e Cal tech Submil l imeter 
Observa tory ( C S O ) . Of t h e two remain ing lines, only t he 396 GHz line lies in a reasonably 
t r a n s p a r e n t region of t h e a tmosphere . We have concent ra ted our searches on th i s l ine using 
t h e C S O . Encouraged by our success in detect ing t h e 396 GHz line in a n u m b e r of sources 
o the r t h a n Orion and Sgr B2 , we also searched for t he 364 GHz and 307 GHz lines in t he 
same regions, t o secure t h e identifications. 

2. O b s e r v a t i o n s 

T h e mos t impressive detect ion of the 396 GHz line is t oward W 3 IRS5 , where t h e line is 
a b o u t TjJ « 0 . 4 K. In cont ras t wi th Orion and Sgr B2 , th is s p ec t ru m shows v i r tua l ly no 
o the r features over a 500 MHz b a n d w i d t h . T h e 364 GHz line is also seen t oward W 3 IRS5 
a t abou t one t h i rd of t he s t r eng th of t h e 396 GHz l ine. F igure 1 shows a b l o w - u p of t h e 
two lines. A marg ina l feature , p robably be t t e r described as an uppe r l imit w i th TjJ < 0.08 
K, is found a t 307 GHz. By con t ras t , no detect ions were m a d e toward W 3 IRS4 and only 
a marg ina l 396 GHz feature is present toward W 3 O H , even t h o u g h the t o t a l hydrogen 
column densit ies are fairly similar in t h e th ree cases. T h u s significant var ia t ions in t he 
a b u n d a n c e a n d / o r exci ta t ion of H 3 0 + appea r t o occur on small scales. 

T h e 396, 364 and 307 GHz lines are all seen toward G34.3 + 0 . 1 5 , whereas t h e 396 and 
307 GHz lines are only possibly detec ted toward W 5 1 . Toward O r i o n / K L , a s t rong feature 
wi th T\ « 2 K is present a t 396 GHz, bu t t oward Sgr B2 , t h e 396 GHz line is only 0.2 K. 
No H 3 0 + lines were seen toward N G C 2024 F I R 5 , p Oph A and B2 and IRAS 16293 - 2 4 2 2 , 
and toward a number of oxygen-r ich s t a r s . 
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Fig. 1. The H3Q+ 396 and 364 GHz lines toward W3 IRS5 obtained at the CSO 

3 . E x c i t a t i o n a n d A b u n d a n c e 

Exc i t a t ion calculat ions have been performed for H a O + under a variety of condi t ions using 
collisional cross sections based on a s imple mode l po ten t i a l (Offer, p r iva te communica t i on ) . 
T h e 396 and 364 GHz lines are found t o have comparab le s t r eng ths (wi th in a factor 2) 
unde r condi t ions typical for w a r m , dense molecular clouds such as W 3 ( T « 5 0 - 1 0 0 K, 
n « 1 0 6 — 1 0 7 c m " 3 ) . In con t ras t , t h e 307 GHz line is very weak in such mode l s , consistent 
wi th t h e observat ions . Only for very high densi t ies , n > 1 0 7 c m - 3 , does t h e 307 GHz 
line become comparab le in s t r eng th t o t h e 396 GHz line. T h e different HsO+ l ine ra t ios 
observed t oward Sgr B2 are mos t easily explained in a low densi ty mode l ( n « 1 0 4 — 1 0 5 

c m " 3 ) , in which t h e 364 GHz line is preferentially excited by far- infrared r ad i a t i on . 
T h e der ivat ion of H a O + column densit ies and abundances is h a m p e r e d by uncer ta in t i es 

in t h e collisional r a tes and in t he H2 co lumn densit ies. We derive i V ( H 3 0 + ) « 1 0 1 4 c m " 2 

t oward W 3 IRS5 , resul t ing in an abundance wi th respect t o H2 of a b o u t 1 0 " 9 . Similar 
abundances a round 1 0 ~ 1 0 — 1 0 ~ 9 apply t o t h e o ther sources. 

4 . C o n c l u s i o n s 

We have definitely de tec ted H ^ O * toward W 3 IRS5 and G34.3 + 0 . 1 5 , a n d have ob t a ined 
plausible identif ications toward W 3 OH, W 5 1 , O r i o n / K L and Sgr B2 . T h e inferred abun-
dances are consis tent wi th g a s - p h a s e chemis t ry models wi th in an order of m a g n i t u d e (e.g. 
Herbs t a n d Leung 1989; Millar et al. 1991), a l though they favor t he lower values . T h e abun-
dance of t h e ion toward W 3 IRS5 implies an O2 abundance of abou t 1 0 " 6 - 1 0 " 5 . Searches 
for lines of 1 6 0 1 8 0 in these same sources are current ly being performed (Keene et a l . in 
p r e p a r a t i o n ) , and should provide i m p o r t a n t cons t ra in ts on t h e oxygen chemist ry . 
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