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Fig. 1.—IR luminosity vs. CO line luminosity in HCN-detected galaxies
with known OH properties from the GS04a sample. The legend indicates
symbols for OH megamasers, OH kilomasers, OH absorbers, and objects with
no detected OH lines. The solid line is a linear fit by Gao & Solomon (2004b)
to galaxies with ( in units above), the dotted lines11L ! 10 L L p 33LIR , IR CO

indicate a constant total volume of molecular material, and the dashed lines
indicate the mean H2 density derived from Krumholz & Thompson (2007).

Fig. 2.—IR luminosity vs. , a proxy for the dense gas fraction, inL /LHCN CO

HCN-detected galaxies with known OH properties from the GS04a sample.
Symbols are identical to those used in Fig. 1.

Fig. 3.—Number and fraction of OH megamasers, OH absorbers, and non-
OHMs (including absorbers) vs. and , a proxy for dense gasL L /LHCN HCN CO

fraction. The thick solid line indicates the OHMs, the thin solid line indicates
the non-OHMs, and the dotted line shows the OH absorbers, as indicated in
the left panel. The upper panels indicate the fraction of the total sample that
shows either OH absorption or emission.

we can employ OHMs at high redshifts as probes of major
galaxy mergers and extreme star formation (§ 4).

2. THE SAMPLE

The somewhat diverse GS04a HCN sample that forms the
basis for this study includes most IR- and CO-bright galaxies
(by flux) and most local northern ULIRGs ( kmcz ! 20,000
s ). Table 1 lists basic properties and line luminosities of all�1

galaxies in the sample that have been observed in the 1667
MHz OH line by various groups. The HCN sample includes 8
OHMs, 12 OH absorption systems, 4 OH kilomasers, and 40
OH nondetections. While the division between OH kilomasers
and OHMs at is rather arbitrary, the valuesL p 10 L LOH , OH

for the OH kilomasers are well separated from the OHMs in
Table 1 by 2 orders of magnitude. Three of the four OH kil-
omasers in this sample show both emission and absorption. OH
types marked with an asterisk are somewhat uncertain and have
been omitted from all subsequent analysis and figures. We have
included in Figure 1 four additional OHMs that have been
detected in CO by Solomon et al. (1997) but have not yet been
observed in HCN: IRAS 03521�0028, 14070�0525,
16090�0139, and 18368�3549.

3. RESULTS

Sorting the GS04a sample by OH type—megamaser, kilo-
maser, absorber, or nondetection—reveals striking properties of
OHM host galaxies that set them apart from other starburst
galaxies. Figure 1 shows that OHMs comprise the majority of
the population that is offset from the linear - relation.L LIR CO

OH absorbers and kilomasers, however, generally follow the
linear IR-CO relation. Using the relationship between

and the mean H2 density, , derived from Kennicutt-¯L /L nIR CO

Schmidt laws by Krumholz & Thompson (2007, Fig. 2), we

show in Figure 1 that all OHMs in the sample are produced
in starburst volumes of – pc3 (radii ∼130–290 pc) and7 810 10
that all but one OHM have extremely high volume-averaged
molecular densities, – cm . In fact, 7 of 10 objects3 4 �3n̄ p 10 10
in the HCN sample in this density range are OHMs and one
is a nonabsorbing OH kilomaser. Note that is themean H2n̄
density; the clouds responsible for OHMs within these regions
must be significantly denser than the mean. There are many
nonmasing systems with high at lower densities and largerL IR

volumes than the OHMs, demonstrating that molecular density,
not the IR radiation field, is the OHM trigger.

Equally striking is the segregation of OHMs from nonmasing
starbursts in a plot of versus , a proxy for denseL L /LIR HCN CO

molecular gas fraction (Gao & Solomon 2004b). Figures 2 and
3 show that all 8 OHMs (and the nonabsorbing OH kilomaser)
have . There are also 2 OH absorbers and 5L /L 1 0.07HCN CO

OH nondetections this regime, so OHMs comprise roughly half
of this unusual population. There are no OHMs with

, but there are many other luminous systems,L /L ! 0.07HCN CO

including OH absorption systems and OH absorbers with co-


