Deuterated water in low-mass protostars
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ABSTRACT

Water is a key molecule in the interstellar medium by its role in the oxygen chemistry, in the cooling of warm gas in star-forming regions and in the appearance
of life. The HDO/H20 ratio is a useful tool to understand the mechanisms of water formation as well as how water has evolved from cold prestellar cores to
protoplanetary disks and consequently to form oceans for the Earth’s specific, but probably not isolated, case. Numerous HDO, H2'8O and D20 transitions
were observed with single-dish telescopes (Herschel/HIFI, IRAM-30m, JCMT, APEX) towards several Class 0 protostars (IRAS16293-2422, NGC1333
IRAS4A and IRAS4B). These observations are compared with predictions from radiative transfer models and give strong constraints on the determination of
the deuterium fractionation of water in this kind of sources.
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4+ Estimates of the abundances in the outflows
Modeling with the radiative transfer RADEX code ([12])

PRESENCE OF A WATER-RICH - HDO ABUNDANCES IN LOW-MASS PROTOSTARS
ABSORBING LAYER IN THE -

SURROUNDINGS OF LOW-MASS Study of HDO in NGC1333 IRAS4A : Broad outflow component observed
PROTOSTARS 0a00e DO 1100894 GHz  HDO1o0,,465GHz HDO2,2,,600GHz on the HDO fundamental transitions

0.000E . - - . 0.400E - - . - -0.020E . . : : ;
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20
Vi sg (km s”) Vi sg (km s”) Visg (km s”)

HDO 111—000 894 GHz HDO 111—000 894 GHz

4 1 1 1
1A

HDO 2, ,-2,, 242 GHz HDO 1, -1, 81 GHz

0.060F 0.060F

0.040} 1 o.040} 1 ooto} -
g 0.020} ] € o.020} ] € o005} -
£ 0.000 £ 0.000 £ 0.000

-0.020} -0.020} 1 -0.005}

-0.040L . . . . -0.040L : . . . -0.010EL : : . : ]
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20
Vi sg (km s7) Vi sg (km s”) Visg (km s”)

0.015F

T - | o= | towards NGC1333 IRAS4A and
e e N, L o e | Gomo | 5 oo - IRAS4B :
; | I :1000 = o - - 0:600- | - 0.000
E i o ) 0.500F ] -0.010F ; IRAS 4A IRAS 4B
in

Temperature (K)

el ST S, 10 :

In black : HDO observations towards NGC1333 IRAS4A (the outflow Visp (km/s visp (km/s

100 A 1000 10000 component is subtracted). i .
radius (AU) In red : best-fit model obtained with RATRAN.

» required to reproduce the absorption components
seen on the HDO and D20 fundamental lines Source Inner Outer Absorbing layer Outflow References

) N(H DO) =23x108cm2in the absorbing |ayer of abundance abundance N(HDO) (cm™) abundance
IRAS 16293 ([1 3]) NGC 1333 IRAS 4A 7.538 x 1072 | 1.2706 % 107! 1.4 x 10" 0.7-1.9 x 10~ | Coutens et al. (in prep)
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HDO/H20 RATIOS in NGC1333 IRAS4A/B

, | 4 Hot corinos :
» N(D20) = 2.5 x 102 cm=in the absorbing layer of | | | - | |
IRAS 16293 with ortho/para(D20) ~ 1.3 ([14,15]) N(H20) estimated in the hot corinos of these two sources using interferometric observations

of the para-H2'%0 313-22 line at 203 GHz ([17,18])
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Using the N(HDO) derived with RATRAN, it leads to :

o | HDO/H20 =4 x 104 - 3.0 x 103 in IRAS 4A ([16])

j o4 = HDO/H20 =1 x 104 -3.7 x 103 in IRAS 4B ([16])

102 0.6 ‘ - lower than estimates by Taquet et al. 2013 ([19])

. - in agreement with estimates by Persson et al. 2013 ([20])
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In black : observations of the D20 fundamental transitions in IRAS16293-2422. ‘ OU ter en velope and absor bing Iay er. * OU tf IOWS emanat’ng f rom IRAS4A .

In red : modeling adding an absorbing layer _
Analysis of water by the WISH team in HDO/H20 =1 x 103 - 9 x 102 in the red outflow

» N(HDO) = 1.4 x 10"° cm™* in the absorbing layer of progress HDO/H20 = 7 x 10 - 6 x 10-2in the blue outflow
NGC1333 IRAS4A and IRAS4B ([16])
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