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Herschel observations of 
EXtra-Ordinary Sources 

•EXtra-Ordinary Sources: the Orion and Sagittarius B2 
molecular clouds

•Main focus of HEXOS is to investigate the chemical 
and physical processes prevalent within the wide 
variety of environments found in star forming regions 
(see E. Bergin’s poster on Tuesday for more details). 

•As part of the HEXOS key program, a full HIFI 
spectral scan of Orion KL was obtained



Orion KL: A Brief Overview

• Massive star forming region 
located 2’ NW of the 
Trapezium (Kleinmann & 
Low 1987)

• It is the brightest region 
within the OMC in the far IR 

• Complex spatial/velocity 
structure

• One of the most chemically 
rich sources in the galaxy
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Full HIFI Spectrum of Orion KL
• Largest frequency coverage of a star forming region in the 

sub-mm at high resolution (!" =1.1 MHz => 0.7 - 0.2 km/s). 



• Sensitive to lines with excitation energies over an unprecedented 
range 

• Multi-transitional studies can be carried out using hundreds to 
thousands of lines!

Comito et al. (2005)
Schilke et al. (2001)

Persson et al. (2007)

frequency coverage of 
previous heterodyne high 
resolution spectral surveys 



Example: HCOOCH3
Complex organic with 
>1000 emissive transitions 
at HIFI frequencies

Data - plotted in white
LTE Model - single 
component: T=110K, 
Ncol=1x1017cm-2, 
vlsr=8.0 km/s, ! v=2.5 km/s

consistent with the CR 
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Analysis Plan

•Holistically characterize the HIFI spectrum of 
Orion KL

•There are over ~105 spectral lines present in 
the Orion KL HIFI spectrum from over 20 
molecules

• Each detected molecule/isotopologue needs to 
be modeled/analyzed one at a time

•Massive undertaking!



• Divided the labor (molecules) among ~15 people

• Each person is responsible for modeling several molecules  

• Consistent set of tools: XCLASS and MAGIX (see P. Schilke’s 
talk on Thursday)

• Distributed via a virtual machine so all program versions and 
catalogs are standardized 

• Model parameters are uploaded to a central location (HEXOS 
WebDAV).

• Everyone incorporate those molecules into their own models

• Collaborative effort helps track line blends

Analysis Plan



Goals
• Obtain the chemical assay

• Derive the best abundances in one of the richest chemical 
regions in the Milky Way.

• Catalog U lines (in the form of a spectrum) - HEXOS legacy

• Characterize the physical parameters for each species (Trot, Ncol, 
! v, voffset, #) and spectral component.

• Broad frequency coverage gives information about highly excited 
states

• Look for hotter components and evidence of temperature/
abundance gradients

• Pioneering techniques for ALMA spectral surveys



Modeling the Spectrum
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HIFI Science: Orion KL

• Analysis is ongoing

• Clear evidence for excitation gradients 

• Hot gas (T > 300 K) or radiatively pumped 
gas

• Most robustly constrained molecular 
abundances for Orion KL (e.g. HDO).



Noise?



Hot Gas: C2H5CN

Eup=200-300K

Increasing Eup

Eup=600-700 K



Temperature Gradients: CH3OH
• Wang et al. (2011) report a 

temp gradient in the CR using 
CH3OH as a temperature 
probe

• 2 bands

• Emission from the compact 
ridge and outflow

• Only the compact ridge 
requires a temperature gradient 
to fit observed line strengths

• Outflow is well fit by a single 
temperature

• Consistent with external 
heating



Detected HDO Transitions
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Directly observe 
~70% of the 
available E levels



D/H Ratio of Water

• Robust constraints 
on HDO 
abundances

• We also detect 
HD18O 

• Diversity in D/H 
Ratio -- Hot Core: 
5x10-3 / Compact 
Ridge: 0.04 / 
Outflow: 4 x 10-4 
(Wang et al. 2011, in 
prep.)



Conclusions

• Analysis of the HIFI Orion KL full spectral 
survey is ongoing

• Initial results clearly indicate the presence of 
temperature gradients and hot or pumped gas

• Unprecedented frequency coverage and high 
spectral resolution of HIFI are providing us 
with the best available abundances for Orion 
KL. 


