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Abstract. The Orion Nebula is the closest massive star forming region allowing us to study
the physical conditions in such a region with high spatial resolution. We used the far infrared
integral-field spectrometer, FIFI-LS, on-board the airborne observatory SOFIA to study the
atomic and molecular gas in the Orion Nebula at medium spectral resolution.

The large maps obtained with FIFI-LS cover the nebula from the BN/KL-object to the bar
in several fine structure lines. They allow us to study the conditions of the photon-dominated
region and the interface to the molecular cloud with unprecedented detail.

Another investigation targeted the molecular gas in the BN/KL region of the Orion Nebula,
which is stirred up by a violent explosion about 500 years ago. The explosion drives a wide
angled molecular outflow. We present maps of several high-J CO observations, allowing us to
analyze the heated molecular gas.
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1. Preliminary Results
The observations were taken during the commissioning of FIFI-LS (Klein et al. 2014)

on board of NASA’s airborne observatory SOFIA (Young et al. 2012) last year and as
recent as March 2015. The data reduction and calibration is still under development.
Mainly, the atmospheric absorption correction and flux calibration is still in works.

The results of the fine structure line observations of [CII] and [OI] are shown in Fig. 1.
Next to the line emission, a FIFI-LS observation also yields the underlying continuum.
The continuum emission is peaking in the BN/KL object, where deeply embedded proto-
stars heat the dust (De Buizer et al. 2012). The dust east of the Trapezium is the second
peak. The Bar is not very prominent in the dust continuum. However, the [CII] emission
clearly traces the Orion Bar, and the north-eastern wall of the cavity, which is cleared
out by the trapezium stars. The emission comes from the Photon-Dominated-Region
(PDR), where the UV-radiation from the Trapezium Cluster irradiates the surrounding
molecular gas.

Figure 1 also shows the [OI] lines, which trace the Bar like the [CII] lines, as these fine-
structure lines are the main cooling lines in a PDR. When the flux calibration is done,
we can start interpreting the line ratios in term of density, temperature, and excitation
conditions. Since the Bar is a nearly edge-on PDR, the width and position of the line
emission can indicate how far the UV can penetrate.
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Figure 1. From left to right: [CII]158 μm line and continuum emission, [OI]63 μm and
[OI]145 μm line emission

Figure 2. High J-CO from the BN/KL-object lines from left to right: J = 16 → 15 at 163 μm,
continuum at 163 μm, J = 14 → 13 at 186 μm, continuum at 186 μm

With FIFI-LS, we also detected the high-J CO lines in the Becklin-Neugebauer/
Kleinmann-Low (BN/KL) object reported by Goicoechea et al. (2015a). Figure 2 shows
the two lobes of the wide molecular outflow caused by an explosions about 500 years ago.

2. Outlook
The next step will be to calibrate the FIFI-LS data and cross calibrate the results with

existing observations like Goicoechea et al. (2015b). After that a quantitative analysis
can follow. We will look at the fine structure line intensities and compare them to PDR
models like Pound & Wolfire (2008) to drive the physical conditions in the PDRs in the
Orion Nebula and how the parental could is affected by the forming stars. Similarly, the
study of the warm gas in BN/KL via the high-J CO lines will help to understand the
effects of star formation on the surrounding molecular cloud. The large maps by FIFI-LS
of this well studied region will demonstrate the mapping capabilities of FIFI-LS on board
SOFIA.
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