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ABSTRACT

Context. Periodic or regular flaring of class II CH;OH masers in nine high mass star forming regions is now a well established
phenomenon. Amongst the nine star forming regions, G37.55+0.20 is the only case at present where apart from the presence of a
periodic class II CH;OH maser, correlated flaring of another masing species, H,CO in this case, has been detected.

Aims. We perform numerical calculations to investigate under which conditions the 1,0—1;; transition (4.8 GHz) of ortho-H,CO is
inverted in order to address the question of the correlated flaring of the 6.7 GHz CH;OH and 4.8 GHz H,CO masers in G37.55+0.20.
Methods. We developed a numerical code to study the population inversion of 0o-H,CO. Equilibrium solutions for the level populations
are found by integrating the rate equations using Heun’s method.

Resuilts. It is found that collisional excitation with H, as well as radiative excitation by the free-free radio continuum radiation from a
nearby ultra- or hyper-compact H i region can invert the 1,o—1;; transition. It is also found that radiative excitation by the dust infrared
radiation field does not lead to an inversion of the 1,o—1;; transition. The 2;;—2;, (14.5 GHz) and 3;,—3;3 (28.9 GHz) transitions are
inverted only in the presence of the free-free continuum radiation field of a very compact H 1 region.

Conclusions. Due to the different pumping mechanisms of the H,CO and CH;OH masers it is unlikely that the near simultaneous

flaring of the CH;OH and H,CO masers in G37.55+0.20 is due to changes in the pumping of the masers.
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1. Introduction

The phenomenon of periodic or regular flaring of class II
CH3O0H masers associated with a small number of high mass
star forming regions is now well established and is considered as
one of the most peculiar phenomena in maser science (Menten
2012). Periodic or regular flaring behaviour of 6.7, 12.2, and
107 GHz CH30H masers have been reported and discussed by
Goedhart et al. (2003, 2007, 2009), van der Walt et al. (2009),
Araya et al. (2010) and Szymczak et al. (2011). Currently nine
confirmed periodic maser sources are known.

Since the original discovery of periodic flaring of
the 6.7 GHz CH3OH masers in G9.62+0.20E by Goedhart et al.
(2003), numerous suggestions/hypotheses have been proposed
about the underlying mechanisms responsible for the periodic
behaviour of the masers. The underlying mechanisms can be di-
vided into two groups, i.e. radiative mechanisms that affect the
pumping of the masers and, background source effects which af-
fect the flux of seed photons amplified by the maser.

Amongst the nine known periodic CH3;OH maser sources,
G37.55+0.20 (IRAS 18566+0408) is at present the only where
another masing species, H,CO in this case, shows flaring
behaviour which occurs almost coincident in time with the
CH;OH maser flares (Araya et al. 2010). Based on the fact
that both species flare and that CH3OH is radiatively pumped
(Sobolev & Deguchi 1994; Sobolev et al. 1997), Araya et al.
(2010) concluded that the H,CO maser in G37.55+0.20 must
also be radiatively pumped. These authors therefore proposed
an underlying mechanism which raises the dust temperature and
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which in turn affects the infrared pumping radiation field, result-
ing in an increase in the amplification of the masers.

Level population calculations for H,CO have been done in
the past by, e.g. Thaddeus (1972), Boland & de Jong (1981),
and Baan et al. (1986). Boland & de Jong (1981) presented a
model in which the H,CO masers in NGC 7538-IRS1 are ra-
diatively pumped by the free-free radio continuum radiation of a
nearby compact H i region. A number of authors, e.g. Mehringer
et al. (1994) and Hoffman et al. (2003), however, argued that the
Galactic 4.8 GHz H,CO maser emission is due to collisional
rather than radiative excitation from dust emission. On the other
hand, numerical calculations strongly suggest that the class II
CH3;O0H masers are pumped by infrared radiation (Sobolev &
Deguchi 1994; Sobolev et al. 1997) which obviously raises the
question of the underlying mechanism that apparently drives
both the CH30H and H,CO maser flares in G37.55+0.20.

Thus, although the pumping of the Galactic 4.8 GHz
H,CO masers is an interesting problem as such, the near si-
multaneous flaring of the 6.7 GHz CH3;0H and 4.8 GHz
H,CO masers in G37.55+0.20 puts the question of the pump-
ing of the H,CO masers in a new context. In fact, careful com-
parison of the 6.7 GHz CH30H and 4.8 GHz H,CO flare pro-
files as presented by Araya et al. (2010) reveals a remarkable
similarity between the two. This also again raises the ques-
tion of the pumping of the 4.8 GHz H,CO masers and what
the implication thereof is for identifying the underlying mech-
anism responsible for the CH;OH and H,CO maser flares in
G37.55+0.20 especially when considering that the two types of
masers are 2000 AU apart (Araya et al. 2010). The aim of this
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paper is to present the results of an investigation into the pump-
ing of the 4.8 GHz H,CO masers and to use the results as a step
to understand the underlying mechanism for the flaring of the
masers in G37.55+0.20 and hopefully also of the other periodic
maser sources.

2. Theory and calculational procedure

Within the framework of the escape probability method the rate
equations for the level populations can be written as

= Z [(—N,- + (?N,- - Ni) WMj),Biinj
j
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where N; is the number density in level i, g; the statistical weight
of level i, A;; the Einstein-A coeflicient for spontaneous emission
between levels i and j, W the dilution factor for an external ra-
diation field and N;; the photon occupation number for this field
at frequency v;;. Ci; = ny,Kj; is the collision rate with ny, the
H, number density and K;; the collision rate coeflicient. 3;; is the
escape probability. The rate equations were supplemented with
the particle number conservation requirement

Niw = Xnw, = Y N; @

with X the abundance of the molecule under consideration rela-
tive to that of Hj.

We assume that the maser region is embedded in or sur-
rounded by a layer of warm dust at temperature Ty4. For the dust
radiation field we assume the isotropic optically thin case and
therefore that the dust radiation field is given by

I, = Wde(V)Bv(Td) (3)

with B, (Ty) the Planck function and 74(v) = 14(vo)(v/vo)~? the
dust optical depth where we have set 74(vo = 10'* Hz) = 1 and
p = 2 (see e.g. Pavlakis & Kylafis 1996; Sobolev et al. 1997;
Cragg et al. 2002). Wy < 1 is a geometric dilution factor.

The photon occupation number, N;;, enters in the derivation
of Eq. (1) through the product of ¢?/hv? with the mean intensity
of the continuum radiation field averaged over the line profile.
For dust emission it is given by

vii\™? 1
= My 4)
Nl],d = Wd(V()) thij/de 1 (
while for the radiation field of a nearby H m region it is given by
1—e ™
Nij,Hn = WHHth[//k—Te_l (5)

where T is the electron temperature, 7,,; the optical depth of the
Hn region at frequency v;;, and Wy, the corresponding geome-
tric dilution factor. In the case where the continuum radiation
field consists of both that of dust and an Hu region the prod-
uct WN;; in Eq. (1) is to be replaced by WyN;jq + WauNijHu-
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The optical depth between levels i and j is given by

Aii (¢\3 (9 N
T _J(E) (%x,._xj) col 6)

:87r % Av

where x; and x; are the fractional number of molecules in lev-
els i and j respectively, Neoi = Xnp,d the column density of the
masing molecule under consideration with d the source dimen-
sion that determines the photon escape, and Av the FWHM of
the local velocity field. Following Cragg et al. (2002, 2005) we
will refer to the quantity N, /Av as the specific column density.
For the escape probability we used the expression for the large
velocity gradient approximation, i.e.

1—-e"

)

Pve =

The set of rate equations was solved using Heun’s method
(Kreyszig 1979) with a time step of one second. Using Heun’s
method requires an initial distribution for the level populations
which we took as a Boltzmann distribution with a tempera-
ture equal to the gas kinetic temperature (henceforth indicated
by T). For a given ny, the calculation always started with a
small H,CO specific column density such that the system is
completely optically thin in all radiative transitions. An equilib-
rium solution for this initial specific column density was then
found by letting the system evolve over a long enough time.
The specific column density is then increased by a small amount
and the equilibrium solution for the previous value of the spe-
cific column density is then used as the initial distribution. The
process is repeated until the required specific column density
is reached. Experimentation with this procedure has shown that
starting with the optically thin case and progressively calcu-
lating solutions for increasing optical depth is very stable and
repeatable.

In applying the above method in more extensive calculations
it is not practical to find the equilibrium level populations by let-
ting the system evolve over, e.g. >10° s. Instead we used a con-
vergence criterium to determine when to stop the calculation.
For the present calculations it was required that the maximum
value of the relative change in one time step over all levels be
less than 1077, i.e. [Ni(tj+1) — Ni(2;)|/Ni(t;) < 1077 for all i. From
a number of trial runs it was found that when using this con-
vergence criterium, the level populations differ by less than 1%
from the equilibrium solutions found when allowing the system
to evolve over a sufficiently long time (>10° s).

The Einstein-A and collision rate coefficients of the
first 40 levels of 0-H,CO were taken from the Leiden Atomic
and Molecular Database (Schoier et al. 2005). The H,-H,CO
collision rate coefficients used are from the recent calculations
of Wiesenfeld & Faure (2013).

The calculational procedure was tested by considering the
two limiting cases where (a) collisions dominate and; (b) where
the radiation field dominates and is an undiluted black body ra-
diation field. In the first case it is expected that in equilibrium
the level populations be described by a Boltzmann distribution
with temperature equal to the gas kinetic temperature and in the
second case by a Boltzmann distribution with temperature equal
to that of the black body. In both these cases it was found that the
equilibrium level populations calculated with the above method
produced the correct temperatures with an accuracy of less than
one per cent.
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Fig. 1. Comparison of the dependence of 7,¢ on the H,CO specific col-
umn density for five combinations of T} and ny,. No radiative excitation
was considered.

3. Results

There are basically three processes in the physical environment
that can play a role in the pumping of the masers, i.e. collisional
excitation, radiative excitation via the dust continuum emission,
and radiative excitation through the free-free continuum emis-
sion from an ultra- or hypercompact Hur region. We consider
each of these separately. The focus will be on the 1,9—1;; tran-
sition but we will also later present results for other possible
masing transitions.

3.1. Collisional excitation

In the absence of radiation fields the effect of collisions on the
level populations is determined by T, ny,, and the relative abun-
dance of H,CO, Xy,co. We do not consider explicitly the depen-
dence on the relative abundance of H,CO but implicitly through
the H,CO specific column density, Xu,conun,?/Av (Eq. (6)). For
illustrative purposes we considered gas kinetic temperatures in
steps of 40 K between 140 K and 300 K and H, densities be-
tween 10* cm™ and 3 x 107 cm=.

In Fig. 1 we show the optical depth, 743, of the 1,9—1;; tran-
sition as a function of the HyCO specific column density for
five values of Tk. The calculation was done for a specific value
of ny, for each value of Ty. The choices for the densities will
be explained below. It is seen that for the combinations of lower
temperatures and H, densities there is no inversion below spe-
cific column densities of about 3 x 10'' cm™3s. For the higher
temperatures, i.e. 260 K and 300 K, an inversion occurs already
from the lowest considered specific column densities with the
resulting optical depth being very small (743 < 1) for specific
column densities less than about 3 x 10!! cm™ s. Significant am-
plification for all five combinations of Ty and ny, occurs only for
specific column densities greater than about 10122 cm™3s.

To investigate and illustrate the behaviour of 745 for more
general combinations of Tk and ny, in terms of the dependence
of 743 on the specific column density would require a large num-
ber of graphs such as in Fig. 1 which is unpractical. Instead we
will characterize the dependence of 743 on the specific column
density for a single combination of Ty and ny, with 74 g(max),
the maximum negative value of 74 g over the considered range of
specific column densities. The detailed information of the depen-
dence of 743 on specific column density for a given combination
of Ty and ny, is therefore lost. However, 74 g(max) is still a use-
full quantity to investigate under which conditions a population
inversion occurs.
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Fig. 2. Comparison of the dependence of 74 s(max) on ny, for five values
of Tk.
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Fig. 3. Comparison of the dependence of 745 on the H,CO specific col-
umn density when excitation through collisions and the dust radiation
field are included with the case when only collisional excitation is con-

sidered. All results are for ny, = 1.3 X 10° cm™3.

In Fig. 2 we therefore show the dependence of 74g(max)
on ny, for 10* cm™ < ny, < 3 x 107 cm™ for the five val-
ues of Ty used in Fig. 1. For each temperature the population
inversion occurs only above a “threshold” value of ny, which in-
creases with increasing T. It is also seen that the density where
74 g(max) is a maximum ranges from about 7 x 10* cm™ at T} =
140 K to about 4 x 10° cm?® at 300 K and that 74g(max) is a
maximum for Ty ~ 180 K. The respective H, densities used in
Fig. 1 are those where 74g(max) has a maximum for the five
values of Ty. It is also interesting to note that the H, densities
where 74 g(max) is a maximum are significantly smaller for what
is found, for example, for OH masers (Pavlakis & Kylafis 1996).

3.2. Radiative excitation: Dust infrared radiation

We examined the effect of the dust radiation field for different
dust temperatures, and values of p and Wy (Eq. (4)) when colli-
sions are absent. It can be stated that no instance could be found
where the dust emission on its own results in a population inver-
sion, not for the 1;9—1; transition nor between any other levels.

Although the dust radiation field in itself does not lead to a
population inversion, it nevertheless affects the level populations
and therefore the population inversion of the 1;p—1,; transition.
The effect of the dust radiation field is small as is shown in Fig. 3
where we compare 74 for the case of Tx = 180 K for T4 equal
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Fig. 4. Comparison of the dependence of 74 g(max) on ny, when excita-
tion through collisions and the dust radiation field is included with the
case of pure collisional excitation is considered. In all three cases Ty =
180 K and 7y = 100 K where the dust emission is included.
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Fig. 5. Dependence of 74g(max) on the emission measure for the case
when collisions and the dust radiation field are ignored. The H, density
used in this case was 10° cm™.

to 100 K and 180 K with pure collisional excitation when Ty =
180 K. In Fig. 4 we show the dependence 74g(max) on ny, for
Tk =180 K, T4 = 100 K and for W4 equal 0.5 and 1.0. The dust
infrared radiation field is seen to mostly affect 74 g(max) for ny,

less than 10° cm™>.

3.3. Radiative excitation: Free-free continuum emission

In Fig. 5 we show the dependence of 74 g(max) on the emission
measure for an H1 region with an electron temperature of 10* K
and a dilution factor, Wy, = 1 and where collisions were ignored.
The range in emission measures from 5x 107 to 4 x 10'! pccm™
corresponds to turnover frequencies in the radio continuum spec-
tral energy distribution from about 4 GHz to 274 GHz. It is seen
that the free-free emission from the H 11 region can cause a pop-
ulation inversion for the 1;9—1;; transition. For emission mea-
sures greater than about 4 X 10'! pccm™ 745 increases very
rapidly to a value of 500 and remains constant at that value. The
maximum negative optical depth is found at an emission mea-
sure of about 8 x 10'” pccm™ which translates to a turnover
frequency of about 80 GHz.

The effect of including collisional excitation is shown in
Fig. 6. The same combinations of T and ny, as used in Fig. 2
have been used. The underlying dependence of 743 on the spe-
cific column density as seen in Fig. 2 can also be seen in this
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Fig. 6. Graph showing the dependence of 74 on the H,CO specific col-
umn density for five values of T in the presence of a free-free contin-
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Fig. 7. Comparison of 74 g(max) as a function of ny, for different emis-
sion measures. The gas kinetic temperature was taken as 180 K.

case. However, comparison with Fig. 2 shows that the free-
free emission has a significant effect in that an inversion of
the 1,9—1; transition now occurs for all five combinations of T}
and ny, already at a specific column density of 108 cm™3s
whereas this is not the case when collisions are the only exci-
tation mechanism. In fact, the effect on 743 is seen to be great-
est for the lower temperatures. The maximum negative values
which 74 can have are, however, less than in the case of pure
collisional excitation. It should also be noted that the specific
column densities where 743 has a maximum negative value has
shifted to larger values in the presence of the free-free continuum
radiation field than without it.

With regard to the influence of the free-free continuum
radiation field we lastly compare in Fig. 7 the dependence
of 174g(max) on ny, for emission measures of 108 pc cm™®,
10° pccm™®, and 10'° pc cm. Also shown is the case for col-
lisional excitation. In all four cases we used Ty = 180 K. The
free-free continuum radiation field is seen to significantly affect
the optical depth over most of the range of ny, with the effect
being greatest toward lower densities where the inversion is ex-
clusively due to that of the free-free continuum radiation.

3.4. Inversion of other transitions

In Fig. 8 we compare the dependence of the optical depth on the
H,CO specific colum density for a number of transitions in order
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Fig. 8. Comparison of optical depths for a number of transitions. The
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solid lines are for Ty = 180 K with ny, = 1.3 x 10° cm™ and the dashed
lines for Ty = 300 K with ny, = 4 X 10° cm™. The emission measure is
indicated in each of the panels.

to investigate the possibility of a population inversion for other
transitions. We are in particular interested in the 2;; -2, transi-
tion since Boland & de Jong (1981) predicted a detectable maser
line for this transition. In the upper panel we show the results
for the case of collisional excitation for the 1;9—1;; transition
as well as for the 2;;—21, (14.5 GHz), 3,,—-313 (28.9 GHz) and
413—414 (48.3 GHz) transitions. Our choice for the last three
transitions is based on the slower spontaneous decay rates from
the upper to the lower levels for these transitions compared to
other transitions. The gas kinetic temperature was taken as 180 K
and ny, = 1.3 % 10° cm™3. In this case only the 1;p—1;; transition
shows a population inversion.

The middle and bottom panels show the results for more gen-
eral cases where collisions and the dust- and free-free contin-
uum radiation fields were included. The middle panel is for the
case when the associated Hu region has an emission measure

of 10° pccm™ and the bottom panel for an emission measure
of 1010 pc cm™®. The 2;;—2;, transition is seen to show only a
very weak inversion while there are no inversions for the 31,—33
and 4,344 transitions for an emission measure of 10° pc cm™.
For an emission measure of 100 pc cm™® the 2,;—2, transition
shows a larger negative optical depth while the 3,,—33 transition
shows only a very weak inversion. These results suggests that
apart from the 1,0—1, transition, the 2;;-21, and 3;,—33 tran-
sitions are inverted only in the presence of the free-free contin-
uum radiation field and then only for fairly large values of the
emission measure. The optical depth for the 28.9 GHz maser is,
however, so small that it is unlikely that it will be detected while
the 14.5 GHz maser is expected to be detectable but significantly
fainter than the 4.8 GHz maser.

4. Discussion

The results presented above show that the 4.8 GHz H,CO masers
can be pumped via collisions with H, as well as radiatively by
the free-free continuum emission from a nearby ultra- or hyper-
compact Hu region but not by the dust infrared radiation field.
Before discussing the implication of this result for the inter-
pretation of the CH3OH and H,CO flares in G37.55+0.20E is
it necessary to consider a few aspects of the results presented
above.

Inspection of Figs. 1, 2, and 5 shows that the maximum
value for the optical depth for the 1;yp—1;; transition lies be-
tween —2.5 and —3.0. This means that our calculations pre-
dict an amplification factor (e™™#) of at most 20. Even if the
brightness temperature of the background source is 10* K it will
therefore not be possible to explain maser brightness tempera-
tures greater than 2 x 103 K. On the other hand, the model by
Boland & de Jong (1981) could produce optical depths of —5
with which it is possible to explain brightness temperatures of
the order of 10° K. The reason for this difference between the
present calculations and that of Boland & de Jong (1981) is
not clear. Within the framework of the present calculations is
it therefore possible to explain the fainter but not the brightest
Galactic 4.8 GHz H,CO masers.

A second point to be noted is that in the case of purely colli-
sional excitation the H,CO specific column density where 745 is
a maximum lies between about 5 x 10! cm™3 s and 10'* cm~ s.
Although the aim of the present calculations is not to discuss any
particular source, the values of the H,CO specific column den-
sity where 743 reaches a maximum should be taken note of as it
might imply very large maser path lengths. For example, for Ty =
180 K and np, = 1.3 X 10° cm™3 (see Fig. 1), 74 is a maximum
at an H,CO specific column density of 5 x 10'> cm™s. With
the specific column density given by Xu,conu,¢/Av, the maser
path length, £, is found to be 7.5 pc with Av = 3 kms™! and
Xu,co = 5x1077. Such long path lengths are certainly not realis-
tic for masers associated with Galactic star forming regions. It is
interesting to note that Araya et al. (2007) refer to having found
a similar result, i.e. that very long, parsec scale, path lengths
are required to explain the observed brightness temperatures of
the 4.8 GHz H,CO masers.

To try to address this problem we note the follow-
ing. First, in a recent study McCauley et al. (2011) used
the 3,—313 and 4,3—44 transitions of 0-H,CO to estimate den-
sities in 23 well studied molecular cores. The H,CO specific col-
umn densities found by these authors lie between 1.4x10% cm™ s
and 5.1 x 10'° cm™s with an average of 2.9 x 10° cm™3s.
If the pumping is purely collisional then, refering to Fig. 1,
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it is seen that these specific column densities are well below
of what is required for a reasonable amplification factor for
the 119—1;; transition. In the presence of a very compact H 1 re-
gion some inversion of the 1jp—1;; and 2;;-2;, transitions
would have been possible (bottom panel of Fig. 8) at these spe-
cific column densities. But even in this case the masers would
have been very weak. It would therefore appear as if masing
of at least the 1,9—1; transition requires larger specific column
densities than what seems to be typically found for H;CO. The
need for larger specific column than what is normally found for
H,CO in star forming regions might be a reason for the rarity of
the 1,p—1;; H,CO masers.

As already noted, the relatively large H,CO specific column
densities where the amplification is significant implies unreal-
istically long maser path lengths. For a given H, density, Av,
and specific column density, the only way to significantly re-
duce the maser path length is to increase the relative abundance
of H,CO. In the above example we assumed a relative abun-
dance of 5 x 1077. However, Maret et al. (2004) found relative
abundances for H,CO of up to 6 X 10~ in the inner warm re-
gions of low mass protostellar envelopes. Applying this abun-
dance to the above example would reduce the maser path length
to 0.63 pc, which still might be too large. Cragg et al. (2005)
found that the 6.7 and 12.2 GHz CH3;OH masers have their
maximum brightness temperatures for a CH3OH specific col-
umn density of about 10'> cm™ s which is comparable to what
is required for the 4.8 GHz H,CO maser. However, this re-
sult was found for ny, = 107 cm™ which is almost two orders
of magnitude larger than the H, densities where 74 g(max) for
the 4.8 GHz H,CO masers is a maximum. Using an average rel-
ative abundance for CH;0H of 107 (Maciel 2013) and Av = 3 x
10° cms™!, a CH3;OH maser path length of 3 x 107 cm ~ 0.1 pc
is found. If the path length of the 4.8 GHz H,CO maser is as-
sumed to have this value, the H,CO relative abundance is re-
quired be approximately 4 x 107>,

Such a large relative abundance for H,CO might seem un-
reasonable and it is beyond the scope of the present work to
make any statements in this regard. However, given the rarity
of H,CO masers it might not be unreasonable to postulate rare
physical and chemical conditions in localized regions that can
give rise to higher relative abundances. To explain the rarity of
H,CO masers Hoffman et al. (2003) suggested that the 4.8 GHz
maser inversion might be due to a rare collisional excitation.
Our calculations have shown that inversion of the 1;o—1;; tran-
sition can be achieved through collisional excitation with H,
and that it is not necessary to invoke a rare collisional mech-
anism. However, it seems as if it is still necessary to invoke
some rare conditions to explain the 4.8 GHz H,CO masers. Gray
(2012) proposes that the rarity of the 4.8 GHz H,CO masers
might be due to a short lifetime of these masers. A short lifetime
alone, however, might not be sufficient to explain the rarity of
the masers. In addition to a short lifetime, larger than average
H,CO abundances also seems to be required for the masers to
operate.

We now turn to the implications of the above results for
the masers in G37.554+0.20. The results presented above that
the 1,9—1;; transition can be inverted collisionally via H, and
radiatively via the free-free continuum radiation but not through
the dust radiation field is contrary to the conclusion of Araya
et al. (2010) that the correlated variability of the CH3;OH
and H,CO masers in G37.55+0.20 implies the same excitation
(pumping) mechanism for the two molecules. If the pumping
mechanisms of CH3;OH and H,CO are in fact different then any
proposed mechanism should be such that it can affect not only
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the dust temperature but also the gas kinetic temperature and/or
the free-free emission from an associated Hm region. As already
pointed out the CH3OH and H,CO maser flare profiles presented
by Araya et al. (2010) are very similar. Thus, a further constraint
is that whatever mechanism is proposed to simultaneously af-
fect the pumping of the CH3;0H and H,CO masers, it should
be such that the dust and gas temperatures and/or the proper-
ties of the Hi region vary correctly in order to produce similar
flare profiles. It is very difficult to envisage a single mechanism
or even a number of coupled processes that can be responsible
for such fine tuning, especially if the two masers are 2000 AU
apart.

If the near simultaneous flaring of the H,CO and CH;OH
masers cannot be due to pumping effects, the only other possi-
bility left is that it is due to changes in the background seed pho-
ton flux. It has been postulated that the periodic CH;OH maser
flares in G9.62+0.20E and G22.357+0.066 are due to changes in
the free-free emission from parts of the background H 1 region
against which they are projected (van der Walt 2011; Szymczak
et al. 2011). Given that the flare profiles for the two masers in
G37.55+0.20 are very similar and also resemble that of the peri-
odic masers in G9.62+0.20E and G22.357+0.066, it is possible
that the same underlying mechanism might be responsible for
the maser flaring in these three sources.

5. Conclusions

We presented the results of a numerical calculation to deter-
mine the physical conditions under which a population inversion
for the 1,9p—1;; transition of HyCO can occur. The underlying
aim of these calculations was to interpret the near simultaneous
flaring of the 6.7 GHz CH30H and 4.8 GHz H,CO masers in
G37.55+0.20. Considering the results presented above we con-
clude the following:

— The 1y9—1;; transition can be inverted via collisional ex-
citation with H, as well as by the free-free continuum of
H regions with emission measures greater than about 5 X
107 pccm™S.

— The dust infrared emission does affect the level popu-
lations but does not result in a population inversion of
the 1j0—1;; transition nor of any other possible masing
transitions.

— The maximum amplification found within the framework of
our calculations is only about 20 which cannot explain the
brightest 4.8 GHz H,CO masers.

— If collisions are the only excitation mechanism a note-
able amplification for the 4.8 GHz masers exists only for
H,CO specific column densities above about 5x 10" cm™3 s.
These specific column densities are significantly larger than
what is derived from thermal line emission of H,CO.

— To avoid unrealistically large maser path lengths it is neces-
sary to postulate higher than average relative abundances for
H,CO in the regions where the 4.8 GHz masers operate.

— The 21-2, and 3;,—33 transitions are inverted only in the
presence of the free-free continuum radiation field of very
compact H 1 regions.

— Due to the different pumping mechanisms of the H,CO and
CH;OH masers it is unlikely that the near simultaneous flar-
ing of the CH30H and H,CO masers in G37.55+0.20 is due
to changes in the pumping of the masers. Instead, as an alter-
native it is suggested that the flaring is due to a single process
that affects the flux of the background seed photon flux for
both of the masers even though they are 2000 AU apart.
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