
P
o
S
(
8
t
h
E
V
N
)
0
3
4

Megamasers

Ylva Pihlström �

University of New Mexico, USA
E-mail: ylva@unm.edu

Very luminous extragalactic masers are commonly denoted megamasers. To date, the known

megamaser sources are dominated by detections of maser emission from H2O and OH molecules.

High-resolution studies of H2O and OH megamasers have been used to map the sub-parsec and

parsec-scale structure in active galactic nuclei and starbursting galaxies. Other interesting uses

of megamasers might be as probes of galaxies in the early universe, and as tools to measure

geometric distances to galaxies. The aim of this review, particularly emphasizing high-resolution

observations, is to give an overview of the scienti�c progre ss in the �eld on megamasers and the

connection to their host galaxies.
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1. Introduction

Extragalactic masers often display luminosities exceeding those of Galactic masers by six
orders of magnitude, hence their common notation �megamasers�. Emission from several different
molecules has been identi�ed as extragalactic masers, for example 6 cm H 2CO in Arp 220 [2, 1].
However, the large majority of megamasers have been detected in either the OH 1.6-GHz lines,
or the 22-GHz H2O line. To date, these are the maser lines that extragalactic maser research has
focused upon, and they are therefore the maser species that will be considered in this review.

At a �rst glance, there appear to be a couple of similarities between the brigh t H2O and OH
megamasers: both are strongly associated with the nuclear regions of their host galaxies, and both
are probes of high-density regions. However, a more detailed view will reveal a number of signif-
icant differences. Surveys have shown that the host galaxies of the two species are quite different,
with intense starbursts hosting the OH megamasers and Active Galactic Nuclei (AGN) hosting the
H2O megamasers. Moreover, high spatial resolution observations have revealed that the spatial
distribution is different: H2O masers are found on pc-scale distances from the galaxy nucleus,
whereas OH megamasers are found on scales of the order of 100 pc. The details of their pumping
mechanisms appear quite different as well: OH megamasers are most likely radiatively pumped
by infrared photons, while water megamasers are likely to be collisionally pumped. In the follow-
ing sections, we will therefore discuss the OH (Sect. 2) and H2O (Sect. 3) megamasers separately.
Other informative reviews of megamasers have been published by [43, 17, 35] and [28].

2. OH megamasers

The �rst OH megamaser discovered was a putative source of a bright an d broad OH emission
in Arp 220 [3]. This detection triggered a number of extragalactic OH maser surveys, but it was not
until the launch of the IRAS satellite that the connection between the host galaxy IR colour and OH
megamasers became clear. With better search criteria, the OH megamaser detection rates started to
increase. Searches for OH emission in bright IRAS sources have established several facts regarding
OH megamasers. Firstly, it is clear that OH megamasers are hosted by major mergers (i.e. mergers
between two gas rich spirals), in particular Ultra Luminous Infrared Galaxies (ULIRGs). Secondly,
the detection rate increases with higher infrared luminosity, so that one out of three sources with far-
infrared �uxes exceeding 10 12 L� harbour an OH megamaser [18]. Thus, OH megamaser activity
is strongly associated with starburst activity. Additional support for this conclusion is provided
not only from work done in the radio domain [4], but also from observations at other wavelengths.
For example, Chandra X-ray observations indicates that the X-ray emission in OH megamasers is
consistent with starbursts, with no additional AGN component [54].

The nuclear starbursts in the ULIRGs provide a huge supply of infrared photons, which, com-
bined with emission detected in several lines (usually the 1665-MHz and the 1667-MHz OH main
lines), provide information about the pumping source. Inversion of the lines via radiative, infrared
pumping was proposed soon after the OH megamaser discovery [5, 48], a scenario that was sup-
ported by several numerical calculations [36, 11].

The bulk of the OH megamaser emission has, for a long time, successfully been explained by a
diffuse, foreground distribution of inverted OH molecules amplifying a background continuum [5].
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The background 1.6-GHz continuum is provided from radio emission resulting from the intense
starburst [16], the very same starburst that supplies the infrared pumping photons. Hence, the
radio–infrared correlation for starbursts [16] combined with an unsaturated ampli�cation process
would then implyLOH µ LFIRLradio µ L2

FIR. Indeed, early results did point to a square relationship
[5]. However, an increased sample size now shows a more linear relationship that likely indicates
partly saturated maser emission [18].

The fact that OH megamasers are harboured by the nuclei of major mergers suggests that it
could be possible to use them as tracers of merging activity. With more sensitive telescopes (ex-
amples of such low–frequency telescopes being either in the construction or the planning phase
include the Low Frequency Array, LOFAR, and the Square Kilometer Array, SKA), it might be
feasible to detect very bright OH megamasers (OH “gigamasers”) out to very high redshifts. Indi-
vidual work suggests the possibility to use the OH megamasers as a tracer of the merger rate across
the cosmic time, and detectabilities back to redshifts corresponding to the epochof re-ionization
[18, 10].

Interferometric studies of OH megamasers seem to have reached some consensus, indicating
that the emission is distributed in 100-pc scale molecular tori surrounding the galaxy nucleus.
Examples include: Mrk 231, IC 694, Mrk 273 and III Zw 35 [52, 55, 51,46]. Figure 1 shows the
results from EVN observations of Mrk 231 [42].
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Figure 1: Left: The colour scale shows the distribution of the OH maseremission in Mrk 231, overlaid on
the radio continuum contours outlining a Seyfert 1 nuclear structure. Right: The corresponding OH maser
velocity �eld, which is modelled as a 100-pc scale torus [42].

At VLBI resolution, the full amount of the single-dish �ux density is typically not recovered.
In addition, most radio continuum associated with the nuclear starburst is resolved out. The fraction
of OH maser emission that is detected appears to be concentrated in very compact components of
about 1-pc size, yet the lines display signi�cant line widths. The most studied examples of this
phenomenon are: Arp 220, IRAS 17208-0014 and III Zw 35 [20, 44]. The notion, based on the
observation, that part of the OH megamaser emission is very compact is further supported by
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