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Credit: Bill Saxton/NRAO/AUl/NSF
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Star formation

Prestellar Class O Class | Class Il Class lll
Core
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Adapted from Persson, 2013

20/06/2023 Audrey ANDREU 3



Ion—molecule ‘ High-T
Chemistry N : Chemistry

Water deuteration

: reaction in shocks'

« Water abundant and essential for life
emergence
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* Deuteration sensitive to physical conditions
in which molecules form (ceccarelii et al. 2014) :
effeCtiVC When T i 10 K O hydrogenated

Stuck on grains
Desorption above; 100K

* Found on asteroids and comets, possible
delivery on Earth (eg. Altwegg et al. 2015)

Grains surface

Main water formation and destruction paths

20/06/2023 Audrey ANDREU Van Dishoeck et al. 2011



Compact emission Integrated emission
i HDO 34929

: : : I e e —1
o 1stwater interferometric detection Orms = 2.9 mJy beam

Jorgensen & van Dishoeck 2010

* Compact emission ~ 200 - 250 AU

Jensen et al. 2019
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Jorgensen et al. 2010, Person et al.
2013, 2014, Coutens et al. 2014,
Taquet et al. 2014, Jensen et al. 2019,

Water deuteration in protostars

Similar ratios for comets and clustered Young prO’FO-
protostars planetary disk

V8830ri

Class 0 [solated

JFC
* [solated vs clustered sources:

HDO/H,0 ratios 2 times higher in 67P
clustered protostars (Jensen et al. 2019) D

« Faster formation of clustered sources Clustereq -21th's oceans
or higher temperatures in the
molecular cloud could explain the

] ] ) Protosolar
differences in the ratio (jensen et al. 2021)

Local ISM

« D,0/HDO ~ 102 comet 67P and Class 0

clustered (Altwegg et al. 2017, Coutens et al. 2014) Comparison between the D/H ratio ar;(gl;clzteetl-(llll)g)()/zlélzo ratio inside comets and protostars
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L1551 IRSS

* Class I protostar (chenetal 1995)and FUor object
(Connelley & Reipurth 2018)

* Binary system N and S separated by 0.36”

(Biegen & Cohen 1985)

 Located in the L1551 molecular cloud in
the Taurus star forming region (strom et al. 1976),
at ~155pc (Zucker et al. 2019)

Relatively isolated dams 2010)

Lyo = 30-40 L@ with Ly > Lg (Liseau et al. 2005)

20/06/2023 Audrey ANDREU

e
HERSCHEL SPIRE;color

&USTI’D

Taurus A: 130.5+-0.5 pc

|
Taurus B: 131.0%-1.0pc |

16.69 x 18.06

L1551 molecular cloud
Roccatagliata et al. 2020



NOEMA observations

Molecule Transition Frequency / Ey, Beam size Project
[MHz] | [K] ["x"] [’]
HDO 312-2,1 225896.72] 168 1.3 x 10~ 0.76 x 0.51 21.7 . L5 W18A0

H?O 315-20 203407.52\ 204 [4.8x107° 0.83x0.57 24.0 3. b WI8AO
HDO 4y -4y5 143727.21 \319/ 2.8 x 1076 2.51x205 37.1

* Two components with different velocities (~ and ~ )

* Compact emission ~ 220 AU 18°08'06"

HDO 31,2 - 22,1 225.9 GHz H180 31,3 - 22,0 203.4 GHz HDO 42,2 - 42,3 143.7 GHz

Declination (J2000)

4h31mM34,3s

10 15 10 15 50
Velocity [km/s] Velocity [km/s] Velocity [km/s]

Spectra superposition, Andreu et al. to be submitted

Right Ascension (J2000)

Integrated emission maps Andreu et al. to be submitted

20/06/2023 Audrey ANDREU 8



Temperature dependency

Derived column density from gaussian
fitting of the lines assuming LTE conditions

* Obtained the HDO/H,0 ratios using
160/180 =560 (Wilson & Rood 1994)

_ N(HDO)
HDO/H,0 = 560 N(H,'®0)

* N depends on 6 and Tex

* Source sizes found from circular gaussian
fitting of the emission in the uv-plane

Ratio almost constant above 150 K

T-dependence in the HDO/H;0 ratio, Andreu et al. to be submitted
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Ratio comparison

Comets Protostars
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Earth (SMOW)

Comparison of HDO/H,O0 ratios in comets and protostars.
Andreu et al. to be submitted, adapted from Jensen et al. 2019
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Discussion

« HDO/H,0 almost independent of 6, and T, (source parameters)

* Ratio of relatively isolated Class I L1551 IRS5 similar to isolated
Class 0 protostars

* Ratio of binary Class I L1551 IRS5 similar to single Class I V883 Ori

* Seems no evolution in the ratio during star formation process

20/06/2023 Audrey ANDREU 11
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. Gt ao ' \ = e ‘ 3 : : : i ) -
. ~Replacenient afa H fOI‘ a D atom . e s : H-bearing Gas species l
T R = ' : % D h ity molecules > (DCO*, NH,D, <
(HCO*, NH, N,D* ...)
3 o . e H,CO..) | R
H+'|‘D(—>H+D+ : L R £ R : ‘ A 4 Step 3a

; 'DJ’ g Hz = HD +H* "' AEl ’+ HD_) H2 '»-I-‘:A‘EB il COSMIC RAYS

Effective Wh\en témpera'tUre is low |

. . .
* '

: : ' ' Grain mantle
.4 Deuteratlon very sensitlve to the physwal cond1t1ons 1rhwh1ch species

(HDO, HDCO,

molecules form (Ceccarellz et al 2014) CH.DOH..)
,DOH..

“

.
S S : e Deuterlum fractlonatlon processes in cold gas
" 5 = g . e _ Ceccarellz et al 2014
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« eg IRAS16293- 2422, NGC1333 [RAS4A and IRAS4B SVS13-A (eg. Liuet
gl 2011 Coutens et al. 2013 Codella et al 2016] ; . . :

A 'HDO/HZO" 5% in the photodesorptlon layer and DZO/HZO 0 5% :
(.Coutens etal. 2013a] e Ry N A X :

e :Déute_rati,on, of Wat_‘c’r lower than 'fcl‘;rriaidehyde :arfd'frn,éth‘én-ol' '

vArtlst concept ofthe Herschel Space Observatory in space A
* Herschel Caltech website : P !

o, 160/180 = 560 (Wils'on_‘.dhd Rood '1-994] [ _ HDO 1, -0, 464.92452 GHz o

i) .
i E
) 3 e
. ._ .'
lod . E V, on (km s7) ‘ .
e o T A . . Example of HDO line in abso.rptlon' ; .
: - e o WY e . Coutens-etal. 2012 ' . IRAM 301;1, credlts Karln ZACHER 0
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Clus’t'er..ed..vsﬁl'I'S()lated

sl .

'Clustered = group of sta‘rs‘ p‘h'ysi'cally rela‘ced ‘a group of 35 or more phy51cally relatedvstars whose
stellar mass den51ty exceeds 1 OMQ /pc3 (Lada et al. 2003) = : |

¥

4, .' ‘ <n, > = 106 107 cm3, more compact dlameterduster 0. 02 O 03 pc more closely spaced lduster 0 03 pc
Taurus cores 1solat'ed <nlsolatea> 105 cm?3 Dlsolated ~ 0. 1pc llsolated 0. 25 pc (Ward Thompson etal. 2007]

c.. z e -

Presence (clustered) or absence (1solated) of a masswe protostar > 25 YSO /pc2 or < 10 YSO /pc2 (Bergm
etal 2023) R e ‘ _ o s » '
den51ty of sources in the Taurus only a few tens 1n ~1 pc3 (Gomez etal 1 993)

‘ ‘1n OphlUChus and in NGC1333 a- few 102.103 (Bontemﬂs et dl’ 2001; ]ﬂrg'ensen et al 2006] s ‘;f_
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: SECRERTE Water-ice formation Protostellar g

- ' _ observations B
Chem1cal model developed by Furuya et al 201 9 Cold envelope
2016 to explaln observatlons | i

~ G i R VIolecular cloud Dense core g
Decreasmg 'HPO / H, O ratio from the external sl
reglons (~1%) to thté internal one,s N A

o R e ' H20-dominated ice
‘ e e I Low HDO y- s I
_ CO-dominated ice %= , ¥
' PO Evolon ———————————» Tys 2 100 K
A Warm inner envelope §
PRV ) ; : ; ‘ i _‘ . - Schematlcs of the observed water deuterium fractionation towards embedded low- ~
S ™ L o ¢ \ . i . { : , - “mass protostars L '
: ey : . . . - B s ‘ *S.S. Jensenetal 2021 -
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