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Broad Perspective

® Stars are born in molecular clouds that exhibit a
high degree of chemical complexity - clearly
dominated by organics, water, carbon monoxide,
and carbon dioxide

® How this complexity develops is uncertain -- gas
phase? catalytic chemistry on grain surfaces?

® \We have been hindered by our inability to view the
entire spectrum of star forming gas -- cannot trace
water and key coolants (e.g. CII, O I, CO ladder)

® How do organics and water form in space? How
are these then delivered to the planet-forming disk
and then to young planets?



Orion and Sgr B2: Extra-Ordinary
Objects

e Contain THE CLASSIC EXAMPLES of phenomena found throughout
the ISM

= Hot Cores: Orion KL, Sgr B2 N

= Photodissociation Region (PDR): The Orion Bar
= Shocks: Orion KL
[

Diffuse gas in Milky Way: Sgr B2 M peers through the galaxy

® Main part of program:
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Herschel and Spectral
Surveys

Including ground based coverage Orion KL
~and 5gr B2 Spectrum: Most complete
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= Overlapping emission lines

= Multiple line of sight components (outflow,
warm and hot dense cores)

= ~1 million independent spectral channels
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Spectral Data Mining

@ Holistically characterize HIFI spectrum of Orion KL and Sgr
B2 N

® Our analysis indicates ~2x10% spectral features present in
the Orion KL HIFI spectrum from over 30 molecules

® Each detected molecule/isotopologue needs to be modeled/
analyzed one at a time -- over the entire bandpass

e Divided the labor (molecules) among ~15 people - led by




Currently Modeled Molecules Orion KL




Currently Modeled Molecules Orion KL

 NH>CHO

INTN

e C;H50H

e H>CS

e NO

e NS

e SO, 3SO0, %S0, S130
e SO3, 3S03, 33S0O,

e HCN, HIPCN, HCPN
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e CCH

e CN

e HC3N

e H,O, HDO, HD!30, D,0O, H,!30,
H217O

e CH;OH, 3CH30OH, CH30D,
CH:DOH

e C:H5CN
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Example: HCOOCHSs

Ewe = 520.53 K

E,,. - 52055 K

E.,, - 52057 K

e..-sssa K

Eow = 593.82 K

E.,, - 598.04 K

Ewe = 421.80 K

Epw = 424.03 K

Eoe = 454.40 K

Eo. = 458.87 K

oo = 474.56 K

€. = 494.00 K

Eoe = 315.49 K
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Eow = 324.07 K

Eew = 351.07 K

Eow = 351.41

K|Eew = 353.97 K

Eee = 389.03 K

v | KM/s

Complex organic with
>1000 emissive
transitions at HIFI
frequencies

Data - plotted in white
LTE Model - single
component: T=110K,
Ncol= 1X1017cm'2
Visr=38.0 km/s, Av=2.5




Example HCOOCH3
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ka Data - plotted in white
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: HCOOCHSs3
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Full Band Model - Band 1a




Full Band Model - Band 1a
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Full Band Model - Band 1a

N. Crockett
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Full Band Model - Band 1a
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Full Band Model - Band 4b




Full Band Model - Band 4b
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Full Band Model - Band 4b

60
) :
5 S0, il
R T,
O
O
— CH40OCH,4
@, - “
Z 510"‘" e '1;:)“. v ‘1.5I10‘*'

Rest Frequency (MHz)



Orion and Sgr B2 (N)

Sgr B2 - lines generally weaker than Orion
= greater beam dilution and higher dust extinction

Band 2b
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Strength of
Wide Band
Analysis

CHsOH(E) K = 5+4 Q-branch
1140 86
14 131210

17 16 19

8.98 10° 8.97 10°

CHOHIA: 134 2120 12

""CHYOH(E) B12-8,;

+C H.‘ - .9
band head 1 c

“CHOH(E) J= 19«18
g-lype translions
« CH OO,

["CHCHIE) K =<5 Q-branch

FCHOHA) 19 16182 11

8.95 10° 8.96 10° 8.97 10°
Frequency (MHz)

Neill et al. 2012




CH3CN C2HsCN NH2CHO
800 - 2000 K
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Detection of HD180O

0.6 F 111-0g0 202-111 6%
424 K | 66.0 K :

Velocity (km/s)

@ six HD!80 lines detected with Vi ~ 7 km/s - not typical

® HDO must be optically thick in the component from which
HD80O emits

® extreme D/H ratio or very high H20 column

® Analyzed with 37 HD®O, 20 H»180, and 16 H21’0
transitions

Neill et al. 2013



Contours: 230 GHz continuum
Color scale: integrated HDO emission
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HDO with ALMA

® ALMA SV Date of Orion KL
(1.7" x 1.2" spatial
resolution)

® Brightest HDO emission in
small clump (2”) in size
at 7 km/s

® Agrees with HD180
velocities

® Analysis of high-lying
water isotopologue lines
consistent with emission
from this small clump

= N(H20) ~ 2 x 10%2° cm™2
= D/H~2x 103
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Herschel and Spectroscopy

® More cohesive molecular census
® New clues to organic origins

® New tracers of hidden radiation fields

® Strong constraints on molecular excitation with
tens, hundreds, thousands of lines of individual
species
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