The O budget Iin low-

mass protostars:

The NGC1333-IRAS4A R1 shock observed in
O 1] 63 um with SOFIA-GREAT




Low-mass YSO evolution
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Shock chemistry 101
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Dissecting a profile

® One profile: lots
of H2O moving!

® Bulk of emission
in three
components

® Velocity resolution
allows for
decomposition

Kristensen et al. (2012),

Mottram et al. (2014)
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Physical components

Cavity shocks Protostellar wind
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Evolutionary scheme

® Class 0: H,O tightly linked to
outflow, infall, molecular jet,
profiles are the broadest +
brightest

® Class I: envelope opens, outflow
force decreases, expansion,
profiles decrease in width +
Intensity

(Visser et al. 201 2, Kristensen et al. 201 2, Mottram et al. 2014)
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Quest for H,O abundance

® Step |: determine excitation conditions,
particularly N(H20)




N1333-14B

Profile shape
VS. excitation

® Similarity in profile
shapes independent of
excitation
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® Excitation conditions
constant with v in each
component

Kristensen et al. (2010)
Mottram et al. (2014)




H-O: subthermally
exclted

O W = Ot O -1 00 © O

« RADEX excitation analysis

121314 15 16 17 18 19 20
log(N[H,0]) (em™)

» Conclusion:

small emitting area (102 AU),
nigh temperature (~ 300 K), |
nigh column density (~1078 cm=2) g
nigh density (10°-108 cm-3)

Mottram et al. (2014) 10 . , _
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Surprisingly low X(H,O):
~10-100 times “too little™?

N1333-14A
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Where Is the oxygen?
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Kristensen et al. 2012, 2017b,
Santangelo et al. 2013, 2014,
Tafalla et al. 2013,

Neufeld et al. 2014
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Kristensen et al. 2012; van Kempen, Kristensen et al. (2010)
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Herschel-PACS: FIR inventory

100 NGC 1333 IRAS 4B
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FIR coolln@domlnated by O- spémes
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Complex water line profiles
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* Velocity resolution: identifying physical components
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[O [] emission
ights up at
shock spots

but where does

[O 1] emission
come from?

31:14:00.0

IRAS 4A

14.0 12.03:29:10.008.0 06.0 04.0

iz Nisini et al. 2015



EFnter SOFIA- .
GREAT! _

H>0 211-202 I |
e [O ] 63 pm detected ‘

at R1 position

* Only seen in high-
velocity component!

« HV component also
seen in CO 16-15
(GREAT) and H20
(HIFI)

Kristensen et al. 2017a —20 0 20 _?O
VD (kms)
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EXxciltation ->
Oxygen budget

* Recipe: o o
Assume excitation from H20
Apply to CO, < OH, and O
Get M(CO), N(OH), N(O)
Assume X(O)volatie = 3 104
Calculate X(M)

1(CO) / I(H,0)
=

1(O) / I(H,0)

—

10° 10!
N(O) / N(H,0)

+ X(H20) ~ 310°®
(C

X(CO) ~ 2 104
MOLD 22105
X(O) ~510°5 :

Kristensen et al. 2017a
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Low X(O) at high v:

what does it mean”

* Atomic O is ~15% of total O budget at high v,
~85% molecular and primarily CO

e \olatile C/O ratio ~0.7

* Do the youngest sources host atomic/ionic jets?




What have we |learnt”

 Lesson |: SOFIA-GREAT is delivering beautiful
O 1] 63 um spectra!

 Lesson ll: Toward one shock position, [O |
traces only the high-velocity component and the




