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Astronomical Masers
- An Astronomical  Microwave Amplification by Stimulated Emission of 

Radiation is natural occurring phenomenon, which requires population 
inversion, pumping mechanism (radiative or collisional) and velocity 
coherence along the line of sight.

- There are a number of molecules 
that can mase, e.g Water vapour, 
hydroxyl, methanol, Silicon 
monoxide, etc.

- Masers can be pumped radiatively 
or collisionally.

- Our interest is Methanol and 
Hydroxyl, they are both pumped 
by radiative processes.

Sanna et al., 2010

Region where OH 

masers are often 
found



Evolutionary Sequence of different masers 

Breen et al. (2010)

Infrared Dark Clouds 
(IRDCs)

High-mass protostellar 
objects (HMPOs) Hot molecular cores (HMCs)

UCHII region



The Beginning if ever there is one
Goedhart et al (2003,2004), monitored 54 
sources and found 7 to be periodic variable.

More methanol masers, had been  found to 
show periodicity (e.g. Araya et al., 2010, 
Fujisawa et al., 2014, Szymczak, Wolak & 
Bartkiewicz, 2015 
Szymczak et al., 2011).

So are they more?

Since some light curves are different from 
other, are there more?

Some maser spot maps show ring-like 
structures and are thougt to be tracing a 
circumstellar disk seen face-on (e.g. 
Bartkiewicz et  al., 2005,2009) 



periodic methanol masers associated with 
G358.460-0.391

Maswanganye et al. 2015

G358.460-0.391

G358.460-0.393

- From eight selected 
masers from the 6.7 
GHz MMB survey 
catalogues I and II.

- With a period of  221 
days.



G358.460-0.391 maser spots 
morphology

- Five snapshot observations were made 
with six 22m Australia Telescope 
Compact Array (ATCA) antennas.

- The maser morphology is elliptical.
- The major diameter of the fitted 

ellipse is about 0.26 arcsec.

maswanganye et. al. (2015)



periodic methanol masers associated with 
G339.986-0.425

Maswanganye et al. 2016

- From a sample with ten methanol maser sources 
from the 6.7 GHz MMB survey catalogues III and IV.

- Period determined was 242 day.



G339.986-0.425 maser spots 
morphology

- Six snapshot observations were made 
with six 22m Australia Telescope 
Compact Array (ATCA) antennas.

- The maser features are not resolved 
and we can not relate their relative 
positions with measured time delays.

maswanganye et. al. (2016)



Could there be more periodic methanol 
masers?

- Using the samples monitored with the 26m HartRAO radio 
telescope by Goedhart et al.,(2004, 54 sources) Maswanganye et 
al., (2015, eight sources) and Maswanganye et al., (2016, ten 
sources), total of 72 methanol maser sources,

- The probability of a finding a periodic maser in a given sample is 
estimated to be 0.13 +/- 0.04.

- In the 6.7 GHz  MMB survey Catalogues, 364 sources met the 
selection criteria, 72 had be monitored before, nine were found to 
be periodic, which suggests 38 or more from the remaining 292 
could be periodic.



 Stability of the periods determined

 

 

- Seven methanol maser 
sources from Goedhart et 
al. (2004) were used.

- These sources had been 
monitored for 17 years, 
from 1999 to 2016.

- Stability of the period 
should have a direct link to 
the stability of the process 
which is responsible for the 
pumping mechanism.

- A Moving window 
algorithm was 
implemented, where for 
each window the period 
was searched with 
Lomb-Scargle method.

- We conclude that the 
periods are stable to within 
their estimated error



 What is the origin of periodicity in methanol masers 
Five postulation had been propose:

           a). Changes in the seed photon flux owing to:

                (i) Colliding wind binary (CWB) system (van der Walt, 2011,

van der Walt, Goedhart & Gaylard, 2009) 

 (ii) Eclipsing binary companion in a proto-binary system (Maswanganye et al., 2015).

           b). Changes in dust temperature due to
                    (iii) Rotating spiral shock in a proto-binary system (Parfenov & Sobolev, 2014)

                (iv) Periodic accretion in a circumbinary system (Araya et al., 2010) 

         (v) pulsating high-mass Young Stellar Object (Inayoshi et al., 2013)

 

 



Problem statement for maser 
numerical modelling. 

- Does dust temperature changes always induce a one-to-one 
correspondence to the variability in maser brightness as proposed by 
Parfenov & Sobolev, (2014),  Araya et al., (2010) and Inayoshi et 
al., (2013)?

-  To investigate the effect of dust temperature variability to the 
brightness of maser, the statistical rate equations were used to 
adjust level populations as dust temperature changes. 

- The OH molecule will be used for this investigation. 



Monitoring Hydroxyl and Methanol masers in 
G9.62+0.20E 

Sanna et al., 2015

26m HartRAO radio telescope

KAT7 radio telescope, Goedhart et al., (prep)

Further, preliminary results on methanol and 
OH Monitoring, see Mavis’ Talk to follow



Statistical rate equations

Lets consider a 2-level molecule model.

Collision 
terms

A-Einstein 
coefficient of
spontaneous 

emission

B-Einstein 
coefficient 

of 
absorption

B-Einstein 
coefficient of 

stimulated emission

Angle 
averaged 
intensity



Hydroxyl molecule

24-level OH energy level structure (Desmurs et al., 2002) 
Molecular structure of OH radical.

To investigate



Implementation of  Line Overlap

Angle-averaged intensity with line overlap from statistical 
rate equations

Fractional overlaps

Normalised box-shape line 
widths overlapping.  

The overlap populate or 
depopulate the  involved 
line



Testing the code
Evolution of the level 

population of four 
eigenstates

Evolution of excitation 
temperature 

Initial and final 
distributions



Searching of OH masers

Behaviour of optical 
depth at different 
dust temperatures, 
for four ground state 
transitions.

Negative optical 
depths imply there is 
population inversion 
or a maser.

OH Mainlines - 1665- 
and 1667-MHz. 

OH Setalitelines - 
1612- and 1720-MHz.



Time-dependant OH maser 

 Relative amplitudes for the ground state transitions of OH  at  the specific column
density of 



Compare model with what we observe

The dip observed in our monitoring were also 
seen in a time series of  KAT7.

Simulations

HartRAO and KAT7 Observations



 Summary

           a). We discovered two new periodic masers, which are: G339.986-0.425 and 
G358.460-0.391 with a 242 and 221 day periods, respectively.

b). We propose that there are there may be 38 or more new periodic masers in the remaining 
292 maser sources in  the the 6.7-GHz MMB catalogues I, II, III, IV and V.

c). We argued the periods determined for the seven methanol maser sources from Goedhart et 
al., (2004), are stable to within their estimated errors.

d). From numerical modelling of OH masers we conclude that one should be careful to assume 
that every dust temperature variations induce the same pattern of variability in masers.
- Another point is that it is possible that with the same dust temperature variations, 

different maser transitions can respond differently, which can be extrapolated to different 
masing molecular species. 



Thank you


