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Follow molecules during star and
planet formation

D. Lommen

\ /I
Dark pre-stellar cores® Low-mass YSOs @ Disks

Infrared dark clouds Intermediate mass YSOs
High-massYSOs




ISO was great



Spitzer was great

From 10°to <0.1 L, objects!

HH 46: solar-mass YSO

L1014: substellar YSO

- Raw sensitivity  large samples down to the brown dwarf limit: statistics
- Limited spectral resolving power: R=600 from 10-38m
R~100 from 5-10mm

- Limited spectral coverage Noriega-Crespo et al. 2004
Boogert et al. 2004, 2007

Young et al. 2004




Groud-based submm telescopes are great
(and will soon be getting even better: ALMA!)



Rich spectra becoming confusion limited



Starting to iImage the lines...



/ Herschel/HIFI

Herschel/PACS



Main strengths of Herschel

These lines address key physical and chemical aspec



Hot core



Physics: outflow

Van Kempen,

- Velocity resolved [O ] 63mn Kristensen.
Herczeg et al.

- Most of [O 1] along In hi Ity jet  201¢




Cooling budget

van Kempen,Kristensen, Herczeg et al. 201

R=1500-4000, 9.4” pixels Wampfiler et al. 2010

Blueshifted
Outflow

Inner envelope

H.,O accounts for
25% of far-IR cooling

O | and OH consistent with high densit -3) dissociative shock




L1448



L 1157: Comparison with other gas main coolants
CO 2-1 H,0-0 S(1) 17m

Color:
H,O 179mm

See also talk
by Cabrit

Nisini et al.
2010

Bachiller et al. 2001 Neufeld et al. 2009

- Correlation between H,O and H, warm gas at T ~ 300 K

- All coolants observed; HO about 25%




Probing shocks and PDRs: Spitzer

Lahuis et al. 2010
Baldovin-Saavedra et al. P10.1

Mid-IR contains unique, complementary
Also: [Ne 1] 12.8 mm atomic diagnostics of shocks, X-rays, ...
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HH 46



Can CO rotation diagram capture this?



Observing the entire CO ladder

SPIRE-FTS

Van der Werf
et al. 2010



















Line surveys: statistics Orion

This high freaction does not hold for all
high-mass sources!






Spectral surveys: other sources



A



Importance of gas-grain chemistry

Complex organics formed on and in the ices K. Oberg 2009

See talk Garrod




lces are abundant and common!

- Ices can contain significant fraction of heavy eleants (50% or more) Boogert, Pontoppidan
Oberg et al. 2008




NH,; and CH;OH ice

IRAS 03235+3004
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Building on the heritage of previous missions

$
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(Olberg et al. 2006)
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_ _ _ (Boonman et al. 2003) _
provides orders of magnitude increase in spatialdaor spectral

resolutior and sensitivit




Hot cores probed by ISO-SWS 6nm absorption

van Dishoeck & Helmich 1996

_ Boonman et al. 2003
Only JWST (and partly SOFIA) can do this
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From low to high mass protostars

Kristensen et al. 201(

- : : Johnstone et al. 2014
Note similar profiles: medium-broad and broad outflow components chavarria et al. 2010




Water in massive protostars



Water results



Hot core






JCMT

Herschel



Origin o/p ratio

Good, but complicated molecular physics involved!



Detection HD*O in Orion



Puzzling HDO/H,O ratios

Probling is determining HO rather than HDO



Hot water in a disk in the deeply
embedded phase

NGC 1333 IRAS4B
Plateau de Bure

H,80 3,:2,,203 GHz

Jagrgensen & vD 2010

Interferometer can image water at 50-100 times higér angular resolution
LD data availahle alan \ViWA orapcncser et s Talalg=Ya\




Surprise: many hydrides easily detected! 3 rss
St SH*

MEWN

H,O*

Menten et al. 2010

H,O*

NH OH

Wyrowski et al. 2010

Also: HF:  Phillips, Neufeld et al. 2010

H,CI*: Neufeld et al. 2010 Benz et al. 2010



ofeJe
oJeJe



Widespread H,O*



<200 AU

200 AU

\"4

H,O* OH*, CH*, and SH" are the paint on the outflow wall



Conclusions



