SPONTANEOUS EMISSION BETWEEN ORTHO- AND PARA-LEVELS OF WAR-ION, H,O™

KEICHI TANAKA , Department of Applied Chemistry, National Chiao Tung University, Hsinchu, 30010,
TAIWAN, Department of Chemistry, Faculty of Sciences, Kyushu University, Fukuoka, 812-8581 JAPAN;
KENSUKE HARADA, Department of Chemistry, Faculty of Sciences, Kyushu University, Fukuoka, 812-8581
JAPAN; SHINKOH NANBU, Department of Materials and Life Sciences, Faculty of Science and Engineer-
ing, Sophia University, Tokyo 102-8554, JAPAN; TAKESHI OKA, Department of Astronomy and Astrophysics
and Department of Chemistry, the Enrico Fermi Institute, the University of Chicago, Chicago, Illinois, 60637,
USA.

Nuclear spin conversion interaction of water ion,®t", has been studied to derive spontaneous emission lifetatvegenortho- and
para-levels. HO" is a radical ion with thé B; electronic ground state. Its off-diagonal electron spiiciear spin interaction term,
Tos(Sa AL + SpAl,), connectgara andortho levels, becaus&I = I, — I, has nonvanishing matrix elements betwdes 0 and
1. The mixing by this term witll},, = 72 MHz predicted byib initio theory in the MRD-CI/Bk levef,is many orders of magnitude
larger than for closed shell molecules because of the larggnetic interaction due to the un-paired electron. Usimgrtiolecular
constants reported by Miirtz et al. by FIR-LMIRve searched foortho andpara coupling channels below 1000 crhwith accidental
near degeneracy betwepara andortho levels. For example, hyperfine components of the(@4rtho) and 3 o(para) levels mix by
1.2 x 1072 due to their near degenerach £ = 0.417 cm 1), and give theortho-para spontaneous emission lifetime of about 0.63
year. The most significant low lyingyk (para) and 14 1 (ortho) levels, on the contrary, mix only by 87 10~° because of their large
separation AE = 16.267 cm') and give the spontaneous emission lifetime frasn (bara) to Oy o (ortho) of about 100 year.These
results qualitatively help to understand the observed bigfiio- to para- HoO™ ratio of 4.84 0.5 toward Sgr B2 but they are too slow
to compete with the conversion by collision unless the nurdeesity of the region is very lown(~ 1 cm~2) or radiative temperature
is very high ;- > 100 K).
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