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1. Introduction

Maser flaring is an observational phenomenon in which one arerspectral features in a
source vary significantly on a typical timescale of monthyears. Flaring is formally difficult
to distinguish from maser variability in general, but thertds typically applied to sources with a
large contrast between the bright and quiescent states.

In many cases, it is possible to isolate spatial featuregl Bl resolution, that are responsible
for the flaring emission. Often, only a small subset of theutaijpon of VLBI maser spots present
in a source contribute to the flare, with the majority renragmjuiescent. An example is the flare of
2008 in the star-forming region W75N, involving both OH anglHmasers [1]. In an event with a
decay time of order 120d, the flaring VLBI spots in OH at 1720Migpically had large magnetic
fields, as deduced from Zeeman splitting, and large propéionecompared to quiescent objects.
A separation of five light-days implies that a shock-wave a#sonable speed cannot couple the
1720-MHz flaring object to those in the OH main lines.

Flares in BO masers are more variable than those in Classll methanolgesd from surveys
of the former species [2] and the latter [3], based on thealdiy index used by Brand et al. (ratio
of the flux density at flare maximum to the long-term mean fluxsitg). In both cases, however,
there are many sources that are significantly more variddale tan be obtained by viewing an
irregularly-surfaced, but pseudo-spherical, object framdom directions [4].

Many mechanisms have been suggested for generating massy #iad it is indeed unlikely
that any one mechanism can explain all the observationggeSted mechanisms include the effects
of turbulence on velocity-coherent path lengths [5], fiotabf irregular clouds and their superim-
position in the line of sight to the observer [6] and variafidn the pumping and/or background
radiation fields [7]. Variations in the infra-red radiatiield have been linked to binary orbits in
order to reproduce periodic maser flares [8]. Periodic miaers, a small fraction of the total
number observed, have been detected with periods rangingZd d to 668d [9, 3].

Some observations of maser flares show, for example, ctaddlaring between different tran-
sitions, sometimes even from transitions in different moles, for example p0 and CHOH [10]
and the spectacular correlated emission from NGC6334| jatdlving a total of ten transitions
from three species (#0, CH;OH and OH). Such behaviour clearly requires multi-levellygsia,
but a general idea of the different flaring behaviour expmbétem some different mechanisms
can be studied with a simple two-level model with phenomegichl pump rates. In the present
work, we investigate the flaring behaviour produced by thatian of prolate and oblate approx-
imately spheroidal clouds, superimposition in the lineighsof a pair of clouds, and variability
in either the pump, or the background seed radiation. We tlcomsider the shock-compression
mechanism, for example [12], because this clearly needaginternal variations of density and
temperature within the model cloud.

2. Code and M od€l

The code used for the present work is described in [4]. A maotield, or computational
domain is constructed via DelLaunay triangulation, and etesnof prolate and oblate domains
are shown in Fig. 1. The degree of deformation imposed on thaéehtloud is quantified via the
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Figure 1: The left-hand panel shows a view of a prolate domain; thet highd panel shows the same view
of an oblate domain. Cyan symbols mark nodal positions, anglglines, the element edges. Both domains
were generated by distorting the same original point distion with ™ = 0.3 (left) andl" = —0.3 (right).
See eq.(2.1) and associated text for the definition. of

parametef in the equation,
C+y)e +Z2ed =1, (2.1)

that either stretches or compresseszais, whilst preserving the volume of the cloud. Positive
(negative) values dof yield prolate (oblate) domains. The domains used for thegmtework had
|| =0.3.

The model includes saturation within certain approxinregjdhe most important of which are
the use of complete velocity redistribution at all levelssafuration and the use of clouds that are
internally uniform. With respect to the first of these appnetions, very strong saturation would
be expected to cause the line shape of the molecular resplmmgeany ray to depart strongly from
gaussian form once the stimulated emission rate exceedattnef the fastest redistributive pro-
cess. Very strong saturation is also expected to broaddrthegeneous line shape function, lead-
ing to possible coherence effects, and the need to model dtecoiar response semi-classically.

The size of the model is based on a cube of exteht + 1 in each axis before any distortion
is applied. In the simple system used here, a scaling factisrused to make the model optically
thicker, corresponding to either a larger cloud, or to a denkud of the same size. Owing to the
extent of the cloud, the actual maximum maser depth (negaptical depth) through the cloud is
typically ~ 21. Strong saturation is present in all the domains studied &&rin excess of- 10.

3. Rotation

Rotation of the prolate and oblate objects shown in Fig. 1gererate flare light-curves that
have a maximum to minimum ratio of hundreds for both shapé® prolate shape produces the
more extreme variability, but this extreme behaviour isiigantly less probable than in the oblate
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case: the extreme flaring situation in the prolate case regjuhe observer to be somewhere in
a plane where the long axis of the domain is repeatedly pregdowards them, whilst in the
oblate case, any observer's plane will show an axis comfmtabthe longest available to the
observer twice per rotation. Examples close to extremedt types of object are shown in Fig.2,
together with a control pseudo-spherical object. All thlight curves use a model with optical
depth parameter = 13.
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Figure 2: Light curves for prolate, oblate and pseudo-spherical dosnatt = 13. In all cases, rotation
is about thex-axis, placing the observer in the-plane. The intensity parmater for the light curve is the
brightest specific intensity found at any frequency or impgsition, and corresponds observationally to the
brightest pixel in an image.

Although periodic flares result from the computational mpd®ud stability criteria make
rotation a rather unlikely candidate for generating peddidres in real sources.

4. Superimposition

Stronger variability is possible by superimposing two dsun the line of sight, noting that
the pair is treated computationally as a single domain. heatical pseudo-spherical clouds were
artifically placed in a circular orbit, allowing the objedts be treated as a domain without an
internal velocity field by carrying out the radiation tragisfn a rotating frame, and subsequently
applying a Doppler correction to the output intensities.e Bleparation of the clouds was 4 times
their approximate radius. The resulting light-curve isvghan Fig. 3 (left-hand panel). The right-
hand panel of the same figure shows the same light curve vatpdiverful flares removed in order
to display the variation due to the individual objects.
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Figure3: Light-curve produced by superimposition of a pair of ideakiclouds (left panel). The right panel
shows the much weaker emission of the individual clouds thighstrong flares removed.

We note that two objects of size 0.1 AU with a one-year orlptiiod, separated by 0.4 AU
would pass each other at a relative speed of 23.8Knirsthe sky plane at each ‘eclipse’. The
optical depth parameter used was: 6.

5. Variable Background

For the variation of the radiation-based parameters, tlogdgraund here and the pump in
Section 6, the pseudo-spherical model only is used in theeptevork. The radiation background
is a parameter of the model used in [4], and a number of modeis wun with different values of
the background, all working up to the same valuea ef 11. A periodic variability was imposed
by letting the background vary sinusoidally between®and 10 of the saturation intensity. and
deriving the corresponding output intensity from a splighiough the models at each time, or
angle, in the period. The resulting light curve is plottedha left-hand panel of Fig. 4. We note
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Figure4: Light curves generated by sinusoidal variation of the bamkgd radiation (left panel) and of the
pump (right panel).

that this light curve is qualitatively different from mostthe others in this work: the majority of
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the time is spent in the high, or flaring, state with periodigpdouts. Possible candidates for this
type of variability from [3] are G338.92-0.06 & G351.78-8.5

6. Variable Pump

In this simple model, the phenomenological pump determihessize of the unsaturated in-
version, and this information is then scaled into the optiegpth of the model. Therefore, models
of different optical depth correspond linearly to model#twdifferent pump rates. There is no way
of distinguishing betweeen collisional, radiative or attypes of pumping. In this section we sim-
ulated variability in a similar way to that used in Sectiorbit here the background was fixed at
10~° of the saturation intensity and a sinusoidal variation wagdsed on the optical depth, with
bounds oft =1 andt = 11. The resulting light-curve is shown in the right-hand glast Fig. 4.

7. Discussion

All the mechanisms tested in the present work are capableodiiping flares in maser emis-
sion. Many more models need to be run in order to be able totteninechanisms in terms of the
variability index, duty cycle, or other parameters of thedlm a statistical sense. The variation
of the background radiation generates a qualitativelyedkffit light curve from the others. If vari-
ability index, as defined as the ratio of the maximum brigbsni@ a light curve to the quiescent
value, is the only criterion, then the superimposition nagtsm produces the strongest flares, with
indices>1000 easily achievable.
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