Feedback from low-mass
protostars




Low-mass YSO evolution
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Warm and hot CO

® Surprise from PACS:

highly excited CO in ‘ ©0 emission fines
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® Reservoir of hot gas
around low-mass YSOs
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Physical processes
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Line vs. continuum

® Highly excited H,O, CO and [O 1] lines spatially offset
from continuum: shock origin - not disk!

Herczeg et al. 201 2;Watson et al. 2007
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H>,O HIFI observatios

® H,O profiles remain
constant with excitation

® H,O traces currently
shocked gas
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CO profiles
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H,0O and CO comparison

® H,O and CO 16-15
profiles remarkably

similar
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® Disentangling physical
origin through line
profiles

® CO [6-15 emission
primarily originating in
currently shocked gas

(Kristensen et al. in prep.)

For more on UV-heated cavity walls: see poster
byYildiz et al. +Yildiz et al. 2012 (in press)
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Where are the shocks
and the H,O)?

Slow, strong Fast, strong
C shock

(xH20 ~ 107)

J-type shock
(xH20 ~ 107)

~Irradiated-shock
models required

Ka&(man et al. (in prep.) \ to test scenario

Kristensen et al. in press; in prep.




H->O excitation

® Evolution explains why H,O
was not detected in Class |

sources with Odin, SWAS

(Ashby et al. 2000)

® H,O sub-thermally excited
(ncrit e |O8 Cm-3; Dubernet et al. 2006

® Emission ~ n(H2) * N(H20)
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® H,O excitation follows 7,(1000 AU) (em™)

envelope density

(Kristensen et al. in press)



H,O profile
evolution

® Class 0: EHV gas (jet shocks),
very broad, inverse P-Cygni

profiles

Class 0 Class |

® Class I: regular P-Cygni profile
(expansion), narrower
outflow profile

o Quantitative differences
between profiles

D ics: poster by Mott t al.
(Dynamics: poster by Mottram et al.) Velooity (imm s~)

Kristensen et al. in pres

(Possible scenario: poster by Yvart et al.)



H>O as evolutionary tracer
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Clear trend in components in spite of small number of sources



Evolutionary scheme

® Class 0: HyO tightly linked to
outflow, infall, molecular jet,
shocks dominate H,O and
CO excitation

® Class I: envelope opens, outflow
force decreases, expansion,
shocks dominate H,O

excitation, UV dominates
CO

(Visser et al. 201 2, Kristensen et al. in press, Mottram et al. in prep. )
(Poster by Mottram et al.)
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Summary & conclusions

® High-/ (/| > 10) CO emission primarily traces
currently shocked gas in protostars

o Water eXC|tat|on is dommated by shocks in
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