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Nuclear spin conversion interaction of the water ion, H,O", has been studied to derive the spontaneous

emission lifetime between the ortho- and para-levels. The H,O" ion is a radical with 231 electronic ground

state and the off-diagonal electron spin-nuclear spin interaction term, Ty, (S, Al, + Sy, Al,) , connects ortho

and para levels, because Al = I, —I, has nonvanishing matrix elements between / = 0 and 1. The mixing

by this term with Ty, = 72 MHz, predicted by an ab initio theory in MRD-CI/Bk level, is many orders of

magnitude larger than that for closed shell molecules because of the large magnetic interaction due to the

unpaired electron.

With the molecular constants reported by Miirtz et al. by FIR-LMR, we searched ortho and para

coupling channels below 1000 cm™ with accidental near degeneracy between ortho and para levels. For

example, hyperfine components of the 4,, (othro) and 35 (para) levels mix by 1.2 x 107 due to the near

degeneracy (AE = 0.4174 cm™), and give the ortho-para conversion lifetime of about 0.03 — 10 year for

these levels. The most significant lower lying 1o, (para) and 1,; (ortho) levels, on the contrary, mix only

by 8.8 x 107 because of their large separation (AE = 16.267 cm) to give the spontaneous emission lifetime

from 1y (para) to 0y (ortho) of 520-5200 year.

These results qualitatively help to understand the observed high ortho to para ratio of 4.8 + 0.5 toward

Sgr B2, but they are too slow to compete with the reaction by collision unless the number of density of H,

in the region is very low (n ~ 1 cm’™) or the radiative temperature is very high (7 >100K).

<JFii> Ixilt. Herschel FHi2msEic Xk HimRst
ANT LA NI 0 SO O A Sy E
\Z H;O%, H,O', OH* D4y - A g sz, ¥
H,0" ® Ko7 F—534 (M1 HF NI H GR) &—F L
oA FUNE B FICHFET D AMREMEZ R LT o
Wb, L UEEIRE T, 1IZRE< B, 77205,
TIEERQ50 K)TH D DIk L H O™ IIKIR (21 K)
THY, HO" DAV K ERTIFEE (4.840.5) (XFEIR
L G HRELSFTNTND

BFERIE, HO'A A T/8T M B AL b A~DERST R 72
B0%IFE D) BMNAEL TWDHHEERLTWVD, HOX

10

o
o

line/continuum

0.4

SgrB2(M) column densities and ratios

300

200 100 0 100 200 300
Visn (kmis)

M1. $hLcaillEnz
H,O (¥ F) & Hy (R DHEE S HR

EEETIRIEN 2B DT VI N TH Y | FAETOFAEPEA & EROBN L HEH S5,

<H@#H>

ML FOAE L EWE BT 5301, EFALL § EAY Y I OS2 FEENE
FADOIEFAIE, Ty (SAL+ SoAL) Th D, HO' D71 M DAY (L, L) DFEAN=I, -1, I%



BREAE S 1=0 L 1 & ORIZETRWVITHIEE 2 Ff g0 - ' i ' K

H, A bI=1)—735(0) KA EZ 5, A
MRD-CI/Bk L ~ULOF#HEE 2 |2 k% L HAEH [ i

HOKE S Ty 1 12MHz Th D, BIBOHTFTEAE ol “ P I
VEWE ST DA Y - EEM AR OB E O
K& Z(~10kHz) (2T, HO" DL H 72T VLD
AV -BEAECHHAEERBEIT 4 K&, A0 b
— N T OMEFIL THILL ERZ 0,
<fEHE>
B L— P BRI Y Tl Sh TS 200
DTERERNT, BAROMEICL VAT D4 Mo)
—XF(p) BHORKER L (2 2),
Bz X, [EHRUENT 35 (p) F=2.5 & 45, (0) J=3.5 F=2.5 ol .
0.4422 cm™ 1228 L( 3). 1.2x10° OEIG TRAT 5.
RERIIRET 1, =237D? D=6, WG EBITKE K
IRHEREFFON, ZOMEEZEY T XTI OE 2. AN b= TG ERORK
BNATREL 72D, 330 (p) J=F=2.5 WELLDN B, 313(0) D45
F-FOr ~O BRI O FFaiE, 21 B2 D 124 LA,

400 -

Energy (cm’)

data of ref. (8]
our data

DX RPN ERDH D0, WTFnb AL =T ortho,-
I OBCEHG 2 [EHE S5 IR 5, 4, — 5%
<lg (@A) & Oy (0-) HE(L> AE=0.4422 cm™

H,0"1Z OH'+ H, > H,O" + H ORURIC L W RERARR= xR 3,7 ——< =
X — e Ffo THARRT D23, PUGR-1-1BF Olig i 756 1345 8 T
L R ~50y), FEREET/RT LA hDOK & DERARYENL

Lot (p,+) & Oy (0,-) ~HEH THEFIT D, TN 6O AL
—NIHEERNTRETH D, LL, lagp+)E 1 (o+) IE
16267 cm™ & K& BN TV A - DIZIRE DEIA1E 8.8x107 1T
WX FET2 Lig(p-) & Oglo, )T L W EENT (42.012 cm™)
BYIREGOEHIES HIT/NEWN (1.6x107), 3. 3304y HENLO 0-P HHEAEH

INGOFEEEETDLE, 1g.+)D F=0.5 L 1.5 15

ortho, +
353

0o (0,-) D F=1.5 ~D BRI DOFF i 134 520 4386 L J=F
S190FTH D, LirL, Oy (0,-) P F=0.5 ~THEH T 1y, — 0.5
Thb. (M 4)H0"+H, — H0"+H ORIGIZL Y H0 7;;5(___ 1.5
DFMMPIRE D, ARIZ H,O*OFAm N 1000 FFEETZ &5 5
&L Lo (p+) D F=0.5 715 DHOERSINIR 8T b AL b =520y
~OEWENEL D, r= 5190 |y

LnL, Al T EFUKOREL, By O T#E (n~10cm”) 0.5 Oy
PEHEREE (T, ~ 100K), H22WERE (0=100A%), TI3EAEI—/E P ‘
OEIGTEIEIEL 20 | T OZHEE TR0 T OB - - ortho-
Rz A ke, F o JA0S

HEE B R EZERICAERERETHN ., 2 Z2ITEET 5, 4. 19-00 HECIROROHF R

SCHR 0 1) A&A. 521,111 (2010).  2) Mol. Phys. 80,1485 (1993).
3) J. Chem. Phys. 109, 9744 (1998).  4) J. Chem. Phys. 91,2818 (1989).



