1A02

185H,05F & R TS L1k S FeBimg L -
HOSFDAILY /185 1
R AR
OMEPHL, &N %, WELBER

The Ortho-to-para Ratio of Water Molecules Photodesorbed from Ice

Made from Para-water Monomers
oTetsuya Hama', Akira Kouchi', Naoki Watanabe®
! Institute of Low Temperature Science. Hokkaido University, Japan

[Abstract] Recent observations of interstellar space and cometary comae have reported the
existence of gaseous H,O molecules with anomalous ortho-to-para ratios (OPRs) less than the
statistical value of 3. This has been used to estimate the formation temperature of ice on dust,
which is inferred to be below 50 K. However, the mechanism that determines the OPR of H,O
desorbed from ice is unclear, and the true meaning of the observed OPRs remains debated. We
measure the OPR of H,O photodesorbed from ice made from para-H,O monomers at 11 K,
which was prepared by the sublimation of Ne from a para-H,O/Ne matrix. The photodesorbed
H,O molecules have the statistical OPR value of 3, demonstrating the immediate
nuclear-spin-state mixing of H,O toward the statistical value. Our results indicate that the
OPR of H,O desorbed from interstellar ice cannot be used to deduce the ice-formation
temperature. This study highlights the importance of gas-phase processes in understanding
anomalous abundance ratios of nuclear-spin isomers of interstellar H,O molecules.
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Fig. 1. (a) Rotational energy levels of
H,0 in the gas phase. The energy
difference between the lowest ortho-
(Jkake = o) and para- (Jxake = Ooo)
rotational levels is 4E,, = 34.2 K
(23.8cm™). (b) OPR of H,0 as a
function of temperature. Note that
this temperature curve only applies to
H-,0 in the gas phase (free rotors) [4].



jj‘ ‘}} (( :, ) (OBaNs de;;o:(i)tgjon) (2)bPara-(Ienrichrpent
y ‘Ne = 1: nuclear-spin
[%E%%{ugs PA)MNICREE L o X maron

N ® o o ©® (3) Sublimation of
f:6K@7/Vi:'7A%*ﬁL:, e O @ Ne matrix
HOMNe = 1100 DAy » 7  [ol e,
HHL, HO £/ ~v—EGA a - RAAKNE
= Ne v b Iy 7 REfElL

7. KA EITERY, Ne~ b
U w7 ZWNTIX H,O DAY

(4) Photodesorption (5) Measurement of OPR

VAN 2D Z EDNH bR v therma"*desmp"“ by REMPI
TWb. BXZ8IMIZFE TG il I o

KDONe~ U v 27 ZANDH0 " &
o008, S

{t. L 72(OPR=0.03). * D%,
Ne~ FVU w27 2% 11 KIZH
B3 5L Ne ODLBPBEEEZRBZ L, 737 H,0 DEEIZ L W kN ERRT 2 [3]. £
157 nm =¥ >~ — L —HF—ZOKITHRET L, SeliffE L7 H,O @ OPR 3L 11
AE(REMPIEIC L W HIE L7=. REMPI Ti, [E#EEUENLE TXAIL 7= C 'By(v'=0,
J,Ka’Kc’)H X 1/A\;L(V:O, JKaKc)%@L:*H%j‘éfgzﬁ@%% HZO ZJ)&LIR L7z & % GZ4 7\1—‘/“2
MBE D720, HO DEER(FEA B NIREZRBINICKRETE 5. 557z 4/1v Y H,0

Fig. 2. (a) Schematic illustration of the experiment [4].
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Fig. 3. (@) The 2 + 1 REMPI spectrum of
photodesorbed H,O after 157 nm
photoirradiation of ice obtained after the
para-H,O/Ne matrix sublimation at 11 K.
(b) Simulated spectrum with To; = Tepin =
150 K. (c) Reference simulations with T,y
=150 K and Tgyin = 6 K (black), and 11 K
(gray). Indications (J ka ke’ - Jkaxc) are
rotational assignments of the two-photon

C lBl(V’=0, Jkake) X 1A1(V=01

Jkake) transition in H,O, where “0” and “p”

represent ortho and para, respectively [4].
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