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hereafter Paper I). In this follow-up analysis paper, we present
derived properties of the OHM galaxies and examine statistical
differences between the two samples. We also compare physical
conditions in the masing regions to those predicted from recent
OHM pumping models. Finally, we describe how mid-IR
diagnostics may serve as a useful selection technique for future
OHM surveys.

2. OBSERVATIONS AND DATA REDUCTION

The Spitzer data for both the OHMs and the non-masing
galaxies come from multiple observing programs; we observed
24 OHMs in a dedicated Cycle 3 program (30407) for IRS
observations of OHM hosts. Additional data for both OHMs
and confirmed non-masing galaxies were drawn from the Spitzer
archive, with approximately half from the IRS guaranteed-time-
observation sample of ULIRGs. In order to create a uniform data
set, we required that all galaxies have full coverage in both the
low- and high-resolution modules. Including objects from our
dedicated OHM observing program, the samples contain 51
OHM hosts and 15 non-masing galaxies with no OH emission
above LOH = 102.3 L�.

While OH observations cover the majority of radio galaxies
and ULIRGs in the local universe (z � 0.2) which are
likely candidates for OHM emission, our sample was largely
constrained by the availability of data from the Spitzer archive.
This sample is not complete, as there are many objects (both
OHMs and non-masing galaxies with firm upper limits) for
which mid-IR spectroscopy was not available.

Since the archival objects did not come from a unified ob-
serving program, the version of the Spitzer data pipeline and
the level of processing vary slightly from object to object—we
used the most recent versions available in the archive (v15.3.0
or later). The reduction pipeline is described in detail in Paper
I; briefly, we use the basic calibrated data products, subtracting
background sky for all low-resolution (LR) modules and me-
dianing subsequent exposures to remove transient effects. The
images were cleaned using the IDL routine IRSCLEAN_MASK
and the one-dimensional spectra then extracted using the Spitzer
IRS Custom Extractor (SPICE) v.2.0. Almost all galaxies in our
sample were unresolved with the IRS and were treated as point
sources.

LR modules were stitched together to match continuum
levels by using a multiplicative scaling, fixing the LL1 module
and then stitching the other three modules at the points of
overlap. The spectra were calibrated as a single unit to 22
or 25 μm photometry. Noisy regions (typically 10–30 pixels)
corresponding to areas of lowered detector sensitivity at the
edges of the high-resolution modules were trimmed from the
final one-dimensional spectra. In isolated cases, exceptional
one-channel features appearing in only a single nod were
either manually removed or replaced using the data from the
uncorrupted nod position.

3. DISCUSSION AND ANALYSIS

3.1. Spectral Energy Distributions

The LR IRS spectra are powerful indicators of the overall
spectral shape of the galaxies, typically dominated by repro-
cessed emission from dust heated by star formation and/or
an active nucleus (e.g., Armus et al. 2007; Hao et al. 2007).
Figure 1 shows the median LR spectra for all galaxies in both
the OHM and non-masing samples. A clear difference in the

Figure 1. Medianed low-resolution spectra for all OHMs (black) and non-
masing galaxies (red). The 1σ error bars for each medianed pixel are also
shown. The dashed line shows where the fluxes are normalized at 15 μm.

(A color version of this figure is available in the online journal.)

spectral shape between the two samples is apparent; the OHMs
show deeper absorption at both 9.7 and 18 μm and steeper con-
tinuum from 15 to 35 μm. Discrepancies in individual emission
and absorption features are also apparent; the polycyclic aro-
matic hydrocarbon (PAH) emission at 7.7 μm is broader in the
OHM template, with the 8.6 μm feature largely suppressed (pos-
sibly due to extinction from silicate dust). Similarly, the H2 S(3)
λ9.67 line is clearly seen in the median OHM template and
suppressed in the non-masing sample.

The medianed OHM spectrum also reveals a clear absorption
feature near 6 μm associated with water ice (Spoon et al. 2002,
2004); the same feature is not seen in the medianed template
of the non-masing galaxies. This is consistent with individual
detection rates in the two samples (24/51 OHMs, 3/15 non-
masing galaxies). Since water ice is a possible reservoir for
the masing OH molecules in their interstellar medium (ISM)
gas phase, distinct differences between the two populations
have implications for OHM emission. If large fractions of the
available OH are locked up in solid forms (ice mantles on dust
grains, for example), then the reservoir of gas-phase OH could
be depleted to a degree that would quench maser emission. This
could be due to a harder radiation environment in the non-masing
ULIRGs, as sufficiently strong UV radiation can dissociate OH
even in the ice phase (Andersson & van Dishoeck 2008).

3.2. Narrow-line Region Gas

We traced the hardness of the radiation field by comparing
the excitation states of the fine-structure neon and sulfur
lines, plotting the ratio [Ne iii]/[Ne ii] against the [S iv]λ10.5/
[S iii]λ18.71 (Figure 2). Detection of all four lines occurred in
less than 50% of the sample (14/51 OHMs, 8/15 non-masing
galaxies); non-detection of [S iv] is the limiting factor for almost
all galaxies. Since [S iv] lies near the silicate absorption at
9.7 μm, extinction caused by mixing of the dust and ionized
gas may suppress observation of this line for dust-rich galaxies.

The line ratios from our samples are compared to larger
populations of ULIRGs (Farrah et al. 2007), active galaxies
(Sturm et al. 2002; Tommasin et al. 2008), and starbursts (Verma
et al. 2003). All galaxies show a correlation between higher
ionization states for both species, with galaxy types relatively
evenly distributed through the total range of line ratios. Fits
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