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Abstract. We report on the detection of a rich water reservoir in the protostellar envelope of the
Class 0 source HH211. In striking contrast to all other molecules detected with Herschel/PACS,
water emission peaks around the central source where both ortho and para forms are detected.
The measured ortho-to-para ratio of just 0.65 indicates formation of water-ice at very low tem-
peratures and a non-destructive photo-desorption process around the protostar. While part of
the H2O emission is likely related to collisional excitation, the centralized morphology around
the protostar suggests that radiative excitation is also significant, despite the fact that radiation
appears to have a very different impact on the H2O molecules when compared to the termi-
nal outflow shocks. The very low ortho-to-para ratio suggests that H2O around the protostar
originates from primordial envelope material that has never been thermally processed before.
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1. Introduction

Observations of the abundance ratio of nuclear spin isomers of H2O can possibly pro-
vide clues about the formation conditions and the thermal processing of molecules. For
temperatures above 50K the H2O ortho-to-para ratio (OPR) is ∼ 3 while for lower tem-
peratures the ratio tends to zero. Therefore low OPR can be associated with the formation
of H2O at very low temperature environments. Processes leading to the desorption of
water into the gas phase can alter the low-temperature OPR and modify it toward the
thermal equilibrium value of 3. Non-destructive photo-desorption of H2O is believed to
preserve the original formation value of OPR (van Dishoeck et al. 2013), therefore pro-
viding clues about the thermal history of the molecule. We here report on the detection
of an unusually low water - OPR in the envelope of HH211, indicating that the water
originates from primordial, unprocessed envelope material.

2. An extremely low ortho-to-para ratio for water

In Fig. 1, we present examples of Herschel/PACS maps for the ortho- and para- forms of
water (left and right panels, respectively). Water appears to be, in most cases, centralized
around the protostar, as discussed extensively in Dionatos et al. (2018). Ortho transitions
often display some weaker emission toward the SE and NW bowshocks, with the SE
emission being in most cases stronger in comparison to the NW. An excitation diagram for
the water emission around the protostellar source is presented in Fig. 2. While there are
just three para-H2O lines detected (marked as filled circles in Fig. 2), their distribution in
the excitation diagram follows closely the distribution of the ortho-H2O lines. Performing
a separate excitation analysis, column densities are found to be ∼3.9 and 6.1×1012 cm−2

for the ortho and para forms, respectively. Given the similar excitation conditions, any
non-thermal excitation and opacity issues would affect the ortho and para forms in the
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Figure 1. Herschel/PACS maps showing examples of ortho- and para- H2O transitions.
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Figure 2. Excitation diagram for the water ortho- and para- transitions (open and filled
circles, respectivelly) detected around HH211-mm.

same way, so that their column density ratio can provide a measure of their abundance
ratio which we find ∼ 0.65. The non-detection of any para-H2O lines in either the SE
or NW positions suggests that the OPR likely reaches the equilibrium value of 3 at the
terminal shocks, as it has also been measured for H2 (Dionatos et al. 2010).

The OPR estimated around HH211 is one of the lowest values measured in the sur-
roundings of an embedded protostar, and is within errors comparable to the OPR∼0.77
observed in the outer disk of TW Hya (Hogerheijde et al. 2011). It is also much lower
than expected based on the temperatures of ∼90K derived from the excitation analysis.
This inconsistency between the gas temperature and very low OPR values has been
noticed also in the Orion PDR (Choi et al. 2014). Water around embedded protostars,
or even pre-stellar cores, has been proposed to be the product of photodesorption from
dust grains in the parental envelope (Caselli et al. 2012). Given that OPR can indeed
provide any information about the thermal history of the gas, then the low OPR in the
surroundings of the protostar can only be interpreted through processing of primordial
material that has never been thermally altered before. At the shock positions in contrast,
dust temperature must have been increased multiple times through successive shocks, so
that the post-shock formation and subsequent adsorption of water onto/from the dust
grains reflects processing at higher temperatures.
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