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BROAD PERSPECTIVE

• Stars are born in molecular clouds that exhibit a high degree of 
chemical complexity - clearly dominated by water, carbon 
monoxide, and carbon dioxide etc but there are many complex 
organics

• How this complexity develops is uncertain -- gas phase? 
catalytic chemistry on grain surfaces?  What are the reaction 
rates and branching ratios of the first key reactions? What are 
the abundances of the key species?

• We can use the rich variety of chemical species to provide key 
understandings of the physical conditions in molecular clouds. 
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SCUBA 450 μm

• Goals similar to KL 
but in different region

• IR luminosity 10x 
lower

• highly collimated CO 
outflow (~ 30 km/s)

• narrower lines (few 
km/s)

• fewer & weaker lines
• May be at an earlier 
stage in its chemical 
evolution

Orion KL

Orion S

Orion Bar
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Overall Data 
Quality 
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Overall Data 
Quality 
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Overall Data Quality 
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Overall Data Quality 

Orion KL

Orion S
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Line Identification 
• Using CASSIS we have 

identified, and fit Gaussians to 
over ~ 400 transitions from 45 
species

• Plus an additional ~100 U lines

• Focusing on the strong (S/N > 
4-5) lines

• There are ~ 800 lines from   
~47 species if we include lines 
w S/N ~ 3-4

• few complex molecules

- Tahani et al 2014
C0 C18O p-H2O H13CO+

C+ 13C18O o-H2O HC18O+
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http://cassis.irap.omp.eu
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Spectral Line Fitting 
C18O 5-4 C18O 6-5 C18O 7-6

C18O 8-7 C18O 9-8 C18O 10-9

C18O 11-10
θ = 60” (fixed) 
ΔVFWHM = 3.9 km/s
VLSR = 7.1 km/s
N(C18O) = 3.0x1016 cm-2

Tex = 62 K

http://cassis.irap.omp.eu
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θ = 30”          , ΔVFWHM = 13.7 km/s, VLSR = 6.6 km/s, N = 2.8x1013 cm-2, Tex = 74 K
θ = 60” (fixed), ΔVFWHM = 4.4  km/s, VLSR = 7.1 km/s, N = 1.9x1014 cm-2, Tex = 32 K

HCN 6-5 HCN 7-6 HCN 8-7

HCN 9-8 HCN 10-8 HCN 11-10

HCN 12-11 HCN 13-12

Spectral Line Fitting 
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SCUBA 450 μm
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Courtesy of P. André and the Herschel Gould Belt 
survey (HGBS) project (A&A, 518, L102)

http://gouldbelt-herschel.cea.fr/archives 

Herschel 70 μm

Polychroni et al., in prep.
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(N. Crockett et al. 2013)

Orion S
• CO+13CO+C18O (70%)
• CH3OH (9%)
• HCO+ (9%)

Orion KL
• CO+13CO+C18O (15%)
• CH3OH (33%)
• SO2 (18%)
• H2O (10%)
• SO (7%)
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CR : <> = 16 σ = 51
HC : <> = 207  σ = 837
PL : <> = 30  σ = 99

N(H2) = 500x104xN(C18O)

Yunhee Choi P61
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N(H2) = 500x104xN(C18O)

CN/HCN=4.75 (Orion S) =  0.4 (Plateau) = 4 (Extended Ridge)
C2H/HCO+ = 12.5 (Orion S)= 11 (Hot Core) = 3 (Extended Ridge)
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Conclusions
• Covered 460-1900 GHz with spectral resolution of 1.1 MHz

• Identified & fit Gaussian profiles to over 300 transitions from 45 species

• Using LTE models, determined physical parameters for each of the species (N, 
Tex, etc.)

• Single, warm (40 - 60K) physical component works well in most cases 

• 2 components (cool/narrow + warm/broad) needed in some instances

• Warm gas is fairly extended and possibly externally heated

• Orion S has chemical composition most similar to Orion KL Extended & 
Compact Ridges (except for H218O)

• no complex organics & poor fit to Hot Core          no Hot Core chem

• poor fit to Plateau & low SiO, SO, SO2 abundances          weak shock chem

• Evidence for UV chemistry

• Need chemical & RADEX modeling 

Plume - The Universe Explored by Herschel - ESTEC - Oct 2013

22


