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A B S T R A C T 

High-resolution observations of the C -band and L -band radio continuum of the hypercompact H II region G9 . 62 + 0 . 20E conducted 

with the e-MERLIN interferometric array are presented. A flux density of 2 . 25 ± 0 . 20 mJy and an angular size of 127 ± 22 mas 
were measured for the C -band continuum. At L band, an upper limit of 162 μJy on the integrated flux density was calculated 

at the continuum’s position. The surrounding sources C and D were detected at levels consistent with previous detections. The 
results for source E requires a steeper spectrum at L band than previous observations extrapolated from higher frequencies. This 
can be explained with a truncated inverse square law density distribution model. We obtain a C -band peak brightness temperature 
of about 4000 K , which assuming an electron temperature of 10 

4 K translates to an optical depth of 0 . 5 , indicating the continuum 

is optically thin at C band going thick at L band. These results therefore place firm constraints on H II region models in source 
E. The periodic variability of methanol masers, as seen in G9 . 62 + 0 . 20E, has been explained with the pulsating star, accretion 

disc, and colliding wind binary models. Some models predict a hypercompact H II region can provide pumping for methanol 
masers. In the colliding wind binary model context maser variability is attributed to seed photon modulation. Hence, future H II 

models matching our observations could test predictions of these models in terms of the variability profiles of the 1 . 6 GHz OH 

and 6 . 7 GHz methanol masers. 
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 I N T RO D U C T I O N  

he 6 . 7 GHz methanol transition in G9 . 62 + 0 . 20E was reported to
how periodic changes in its flux density in the form of regular
ares with a period of 244 d (Goedhart, Gaylard & van der Walt
003 , 2004 ). Ten years of further monitoring of the regularly varying
ource using the Hartebeesthoek 26 m telescope produced more 
esults to confirm this periodic variation (Goedhart et al. 2014 ). 
losely associated with methanol masers in newly formed massive 

tars in massive star-forming regions are hydroxyl masers. The 
patial coexistence of the two species was re vealed observ ationally 
y interferometric observations (Caswell, Vaile & Forster 1995 ). 
his is supported by modelling the conditions necessary for maser 

ormation, which show that both OH and methanol masers are 
ikely pumped by infrared dust emission (Cragg, Sobolev & Godfrey 
002 ). A recent monitoring e x ercise of the 1667 MHz OH masers
y Goedhart et al. ( 2019 ) revealed flare profiles similar to the
ethanol masers but with pronounced dips. This has been explained 

y Goedhart et al. ( 2019 ) to be a result of the electron temperature
f the ionized outer section of the H II region being increased by
hotons with energy in excess of 100 eV . 
 E-mail: Benedictawoode25@gmail.com 

2  

t  

w

2024 The Author(s). 
ublished by Oxford University Press on behalf of Royal Astronomical Society. Th
ommons Attribution License ( https:// creativecommons.org/ licenses/ by/ 4.0/ ), whic
rovided the original work is properly cited. 
The source of the flares in these maser’s intensity has been
nterpreted in a number of ways with several models. These are
he pulsating star model, (Inayoshi et al. 2013 ; Sanna et al. 2015 ),
ccretion disc model (Araya et al. 2010 ; P arfeno v & Sobolev 2014 ),
nd the colliding wind binary model (van der Walt, Goedhart &
aylard 2009 ). In these models, the explanations for the periodicity

re given by either invoking the presence of a binary system (der
alt et al. 2009 ; Araya et al. 2010 ; P arfeno v & Sobolev 2014 ) or a

ulsating star (Inayoshi et al. 2013 ; Sanna et al. 2015 ). The binary
ystem model include two accretion disc models (Araya et al. 2010 ;
 arfeno v & Sobolev 2014 ) and the colliding wind binary model
CWB) (der Walt et al. 2009 ). Several methanol maser models have
lso invoked the presence of an H II region. Sobolev & Deguchi
 1994a , b ) used a background H II region to provide the seed photons
or maser models that are pumped by dust emission. Ho we ver, Slysh,
alenskii & Val’tts ( 2002 ) and Sobolev et al. ( 2007 ) used the free–

ree emission from a hypercompact H II region of high emission
easure to actually provide the pumping for the methanol masers 

nstead. 
In the colliding wind binary model employed to explain the 

bserved periodic variabilities of such masers (der Walt et al. 
009 ; van der Walt 2011a , b ; van den Heever et al. 2019 ) it is
he variations in the seed photons from a background H II region,
hich are periodically modulated that cause the observed periodicity. 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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Table 1. Observing parameters at L band. 

Parameter L band 

Project code CY5204 L 

Obs. dates (06 2017) 16,17,18,19 
Number of sources 6 
Time on source (h) 10.32 
Integration time (s) 1.0 
Flux cal (1331 + 305) (Jy) 13 . 8 ± 0 . 2 
Bandpass cal (1407 + 284) (Jy) 1 . 013 ± 0 . 003 
Phase cal (1751 −1950) (Jy) 0 . 057 ± 0 . 002 
Frequency range (GHz) 1.25–1.76 
Spectral windows 8 
Spectral window bandwidth (MHz) 64 
Channel width (MHz) 0 . 5 
Channels per spectral window 128 
Total bandwidth (MHz) 512 
Polarization RR, RL, LR, LL 

Table 2. Observing parameters at C band. 

Parameter C band 

Project code CY5204 C 

Obs. dates (07 2017) 11,14,16,17 
Number of sources 5 
Time on source (h) 20.18 
Integration time (s) 1.0 
Flux cal (1331 + 305) (Jy) 6 . 5 ± 0 . 1 
Bandpass cal (1407 + 284) (Jy) 1 . 51 ± 0 . 01 
Phase cal (1751 −1950) (Jy) 0 . 0832 ± 0 . 0003 
Frequency range (GHz) 6.300–6 . 812 
Spectral windows 4 
Spectral window bandwidth (MHz) 128 
Channel width (MHz) 1 
Channels per spectral window 128 
Total bandwidth (MHz) 512 
Polarization RR, RL, LR, LL 
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dditional ionizing photon flux is produced in the hot post-shock gas
hen the stellar winds of the young binary stars powering the H II

egion collide at periastron. This can have an effect on the H II region
n terms of the change in the free–free emission. The masers projected
gainst the H II region amplify this change and respond with a flare.
n the colliding wind binary model, the masers are still pumped by
nfrared emission from the hot dust associated with the H II region.
f the masers were instead pumped by the free–free emission from
 hypercompact H II region as proposed by Slysh et al. ( 2002 ) and
obolev et al. ( 2007 ) any variations in the H II region could also result

n maser variability. 
The accretion disc models employ the accretion of materials on to

he disc of a protostar to explain the dust temperature variation which
s assumed to cause the periodic variability of the maser. Accretion
vents in massive young stellar objects have resulted in an increase
n the radio continuum emission from the ionized jets present as
bserved by Cesaroni et al. ( 2018 , 2023 ) and Obonyo et al. ( 2021 ),
hich are accompanied by a flare in the methanol masers (Fujisawa

t al. 2015 ). The accretion event in G323.46 −0.08 also resulted in
 methanol maser flare (Pro v en-Adzri et al. 2019 ) with modelling
y Wolf et al. ( 2024 ) showing that the maser behaviour was actually
onsistent with an increase in pumping by the associated increase in
he infrared emission from dust. 

In another accretion disc model, the observed variabilities in
ormaldehyde and methanol masers are explained as due to periodic
ccretion of material from a circumbinary disc in a young eccentric
inary system that heats the dust and changes the pumping radiation
eld (Araya et al. 2010 ). Here, the material from the circumbinary
isc is accreted on to the individual protostar, heating the dust and
ncreasing the infrared radiation field resulting in the large maser gain
hich leads to the high amplification. This model follows predictions
f the smoothed particle hydrodynamics simulations (Artymowicz &
tephen 1996 ) to arrive at this results. P arfeno v & Sobolev ( 2014 ),
o we ver, proposes periodic emission from rotating spiral shocks in
he central gap of a circumbinary accretion disc around young binary
tars to heat up the dust. The variation in dust temperature is caused
y radiation from the bow shock illuminating the dust which may
gain change the infrared pumping field. 

For the pulsating star model derived from the swollen star
odel, a growing protostar under rapid mass accretion rate Ṁ ∗ �

0 −3 M � yr −1 may pulsate upon becoming unstable before reaching
he Zero Age Main Sequence (ZAMS) (Hosokawa & Omukai 2009 ;
osokaw a, York e & Omukai 2010 ). Inayoshi et al. ( 2013 ) invoked

he pulsational instability of a bloated protostar with a high-accretion
ate to explain the observed maser periodicity and predicted that the
eriod depends on the adopted accretion rate and gets longer with
ncreasing accretion rates. In the pulsating star model, the modulation
f the infrared pumping radiation associated with the massive star
esults in the periodicity of the masers. Sanna et al. ( 2015 ) also
nvoked the presence of an independent pulsating massive young
rotostar with high-accretion rate of 4 × 10 −3 M � yr −1 (Liu et al.
011 ) and the superposition of two independent infrared radiation
elds to explain the variable maser behaviour in G9 . 62 + 0 . 20E. The
olliding wind binary model in G9 . 62 + 0 . 20E requires the presence
f an H II region. Hence, studies of its radio continuum emissions
re particularly rele v ant. Pre vious Very Long Array (VLA) and Very
ong Baseline Array (VLBA) radio continuum astrometry has been
sed to show the positions of masers relative to the 43 GHz UCH II

egion in G9 . 62 + 0 . 20E (Sanna et al. 2015 ).The results of the VLA
ontinuum (UCH II ) at 43 GHz ho we ver, does not map the actual seed
hotons in the continuum at 1.6 and 6 . 7 GHz and that is addressed
y this paper. 
NRAS 536, 3277–3283 (2025) 
 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

.1 Obser v ations 

he e-MERLIN interferometric array was used for the observation
f both the L-band and the C-band radio-continuum. The OH and
he methanol masers were also observed but due to astrometry
ccuracy issues the results are not reported in this paper. During
he observations each observing run consisted of 60 min on the
ux calibrator (1331 + 305), 60 min on the bandpass calibrator
1407 + 284), and sequences of 3 min on the phase calibrator
1751 −1950) and 7 min on the source (science target) (1806 −2301)
hich were repeated for the total on-source duration, and finally 60
in on the polarization calibrator (0319 + 415). For the observations

t L band 10.32 h were spent on the source. The data were taken in
ull polarization o v er a frequenc y range of 1.25 −1.76 GHz with a
otal bandwidth of 512 MHz which was divided into eight adjacent
pectral windows each having 64 channels. Table 1 summarizes the
bserving parameters used for the continuum data collection. Due to
o w ele v ation of the target the data were built up o v er 4 d. 

At C-band 20.18 h were spent on the source. The data were taken
n full polarization o v er a frequenc y range of 6.3–6.8 GHz with a total
andwidth of 512 MHz which was divided into four adjacent spectral
indows each having 128 channels. Table 2 gives the parameters used



Radio studies of G9.62 + 0.20 3279 

f  

d

s
w
c
b

2

T
o
p  

i
c
fi  

T
s

o
p
a
o

 

o  

9  

p
o  

m
T  

m
s
l
w
a

3

3

3

F  

d  

2  

c  

1  

A  

t
m  

o
n  

l  

t

s  

T
 

d  

i
s  

o  

Figure 1. Image of the C -band radio continuum of G9 . 62 + 0 . 20E. At the 
lower left corner of the image is the synthesized beam of size 0 . 16 arcsec ×
0 . 02 arcsec at a position angle of 10 . 55 ◦. 
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or the acquisition of the data. Due to low elevation of the target the
ata were again built up o v er 4 d. 
Tables 1 and 2 also contain the observed calibrators and their 

caled flux densities at L and C-band, respectively. The flux calibrator 
as used as a primary calibrator and the phase calibrator, bandpass 

alibrator, and polarization calibrator were used as secondary cali- 
rators. 

.2 Data reduction 

he data were reduced with the e-MERLIN Common Astron- 
my Software Applications ( CASA ) pipeline version v0.10.02. The 
ipeline was run twice on the data set first for pre-processing which
nvolved flagging bad data, and then subsequently applying standard 
alibration techniques. For the calibration, 3C286 (1331 + 305) was 
rst used to calibrate the flux density of the other calibrator sources.
hen source 1751 −1950 was used for the phase calibration and 
ource 1407 + 284 for the bandpass calibration. 

Further data processing, imaging, and analysis were carried 
ut with the CASA (version 5.4.2–1) and IPYTHON (version 5.1.0) 
ackages using standard procedures. The initial calibration revealed 
 weak phase calibrator source hence, self-calibration was used to 
btain better images. 
At L band the model of G9 . 745 + 0 . 106 , a source within the field

f view of G9 . 62 + 0 . 20E which has an integrated flux density of
1 . 5 mJy was used for the self calibration. This source has been
reviously observed with the VLA to have an integrated flux density 
f 198 mJy at L band (Becker et al. 1994 ). For the C -band data set the
odel of the brightest maser line was used for the self-calibration. 
he Stokes I continuum map of the area of the known OH and
ethanol maser emission was made by making a multifrequency 

ynthesis image of the four spectral windows excluding the maser 
ine channel. A Gaussian fit on the emission yielded parameters 
hich gave estimates of properties such as the flux density, position 

ngles, and full width at half-maximum. 

 RESULTS  

.1 G9.62 + 0.20E 

.1.1 The C-band continuum 

ig. 1 shows the image of the C -band continuum with its flux
ensity and size parameters given in Table 3 . A flux density of
 . 25 ± 0 . 20 mJy was measured from the free–free emission of the
ontinuum. The position ho we ver is offset by 320 mas in RA and
52 mas in Dec. when compared with the Q -band Jansky Very Long
rray (JVLA-A) position in table 1 of (Sanna et al. 2015 ) due

o poor astrometric accuracy of the e-MERLIN observations. We 
easured the rms noise to be 50 μJy beam 

−1 . For a 20 h continuum
bservation at this frequency under good conditions a theoretical rms 
oise limit of 8 μJy beam 

−1 is expected. A number of reasons such as
o w ele v ation of the source and bad weather conditions are thought
o be the cause of this high noise. 

The geometric mean of the C band major and minor deconvolved 
izes is 127 ± 22 mas when extrapolated from the source sizes in
able 3 . 
This corresponds to a physical size of 0 . 0032 pc at the 5 . 2 kpc

istance of G9 . 62 + 0 . 20E (Sanna et al. 2015 ). This places the source
n the hypercompact category in the Kurtz–Franco classification 
ystem (Kurtz & Franco 2002 ). The measured VLA Q band size
f 81 ± 5 mas for this source (Sanna et al. 2015 ) in Table 4 translates
o a physical size of 0 . 0020 pc. From the results presented in this
ork, the source size is comparable but larger than the Q band size

uggesting the source size is getting larger at low frequencies. In
erms of a power-law dependence of size on frequency the slope is

0 . 24 ± −0 . 09. This behaviour is characteristic of sources with a
teeply falling density gradient (Panagia & Felli 1975 ). 

.1.2 The L-band continuum 

ig. 2 shows the site for the G9 . 62 + 0 . 20E star-forming region at L
and with the expected position of the continuum emission marked 
ith a pink cross. At this position no radio continuum emission was

ecorded abo v e the e-MERLIN sensiti vity limit. An rms noise v alue
f 54 μJy beam 

−1 was measured which is a 1 σ limit on the peak
ux. At L band with a target well abo v e an ele v ation of 20 ◦, under
ood conditions and with vigorous radio frequency interference 
RFI) removal techniques a theoretical noise limit of 14 μJy beam 

−1 

s expected for a 12 h continuum observation for e-MERLIN 

ithout Lo v ell. The 54 μJy beam 

−1 noise lev el which is almost four
imes the expected value is likely due to the low elevation, bad
eather conditions, side lobes from nearby sources G9 . 62 + 0 . 20C,
9 . 62 + 0 . 20D, and also contributions from source G9 . 62 + 0 . 20A

nd G9 . 62 + 0 . 20B (Garay et al. 1993 ). The loss of the long north–
outh most sensitive Cambridge baseline gives a larger beam size 
hich also resulted in the increase in the noise. The upper limit on

he flux density was obtained by finding the average of the absolute
alues of the flux from fiv e box es taken around the pink cross. This
esulted in a value of 54 μJy which gives a 3 σ upper limit on the flux
ensity of 162 μJy. The spectral energy dictribution (SED) plot of
he flux density for G9 . 62 + 0 . 20E has been plotted in fig. 5 of Franco
t al. ( 2000 ) with frequencies 8.6, 14.97, 22.23, 43.34, and 110
Hz. A spectral index of 0 . 95 ± 0 . 06 was calculated for this region

Franco et al. 2000 ). Fig. 3 shows the updated SED plot with our C -
and flux density and the upper limit on the L -band continuum added.
ur L band upper limit is significantly lower than the expected flux
f 600 μJy, which comes from extrapolating the higher frequency 
easurements from Franco et al. ( 2000 ) using their spectral index

f 0.95. 
In the figure the results for the 230 GHz continuum flux density

rom Liu et al. ( 2017 ) is added. The fit to these results yield a spectral
ndex of 1 . 28 ± 0 . 03. 
MNRAS 536, 3277–3283 (2025) 
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Table 3. Flux density of the C -band continuum of G9 . 62 + 0 . 20E and G9 . 62 + 0 . 20D. Also given are the deconvolved sizes and 
the position angles (PA). 

Source Integrated flux Peak flux Deconvolved size PA 

(mJy) (mJy beam 

−1 ) � maj . (mas) × � min . (mas) ( ◦) 

G9 . 62 + 0 . 20E 2 . 25 ± 0 . 20 0 . 520 ± 0 . 001 165 ± 42 × 97 ± 23 176 ± 28 
G9 . 62 + 0 . 20D 43 . 4 ± 2 . 0 1 . 24 ± 0 . 02 734 ± 19 × 541 ± 16 58 . 9 ± 3 . 9 

Table 4. The sizes of G9 . 62 + 0 . 20E as measured by fitting a Gaussian using imfit routine at both C and Q band. The size of the Q -band continuum comes from 

Sanna (pri v ate email communication) based on the results in Sanna et al. ( 2015 ). 

Band Beam size PA Observed size PA Deconvolved size PA 

( mas ) ( ◦) � maj . ( mas ) × � min . ( mas ) ( ◦) � maj . ( mas ) × � min . ( mas ) ( ◦) 

Q 93 × 50 −1 . 5 145 ± 5 × 77 ± 3 174 ± 2 112 ± 7 × 58 ± 6 172 ± 6 
C 160 × 20 10 . 55 229 ± 26 × 102 ± 9 5 ± 2 165 ± 42 × 97 ± 23 176 ± 28 

Figure 2. Image of the field of the L -band radio continuum of G9 . 62 + 0 . 20E. 
The cross shows the expected position of the radio continuum. Shown at the 
lower left corner of the image is the synthesized beam of size 0 . 78 arcsec ×
0 . 57 arcsec at a position angle of −25 . 36 ◦. 

3

3

A  

e  

fl  

L  

m  

e  

t  

a  

d  

o  

o  

o  

 

c
 

d  

(  

N  

d  

Figure 3. An updated spectral index plot of the continuum flux density 
distribution of the G9 . 62 + 0 . 20E region at 8 . 6 , 14 . 97 , 22 . 23 , 43 . 34 , and 110 
GHz adapted from Franco et al. ( 2000 ) and the continuum flux density at 
230 GHz from Liu et al. ( 2017 ). The update to the plot is the flux density for 
the C -band continuum shown with a circle and the 3 σ upper limit of the peak 
flux density at L band also shown with a circle. The solid line represents the 
theoretical spectrum for an inverse square distribution of ionized gas at 10 4 

K truncated at some finite outer radius of r out = 0 . 0014 pc. 

Figure 4. Image of the L -band radio continuum emission of G9 . 62 + 0 . 20C. 
At the lower left corner of the image is the synthesized beam of size 
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.2 G9.62 + 0.20C 

.2.1 The L-band continuum 

t L band, we also detected the UCH II region G9 . 62 + 0 . 20C (Garay
t al. 1993 ) as seen in Fig. 4 . Table 5 gives the position and the
ux density of G9 . 62 + 0 . 20C. The continuum morphology of the
 -band emission from G9 . 62 + 0 . 20C is consistent with the cometary
orphology seen at 8.6 GHz in Kurtz et al. ( 1994 ) with the tail

mission breaking up at the e-MERLIN resolution. The size of
he structure ho we ver cannot be determined by Gaussian fit, hence
n estimate of 3 arcsec is made by inspection. The measured flux
ensity of 22 . 1 ± 1 . 9 mJy compares fa v ourably with the flux density
f 26 mJy at 1 . 4 GHz measured by Becker et al. ( 1994 ). A previous
bservation by Kurtz et al. ( 1994 ) at 8 . 6 GHz measured a flux density
f 175 mJy whereas at 4 . 9 GHz Garay et al. ( 1993 ) measured 50 mJy.
Note that at C -band continuum emission from G9 . 62 + 0 . 20C was

ompletely resolved out and not detected. 
The SED plot for G9 . 62 + 0 . 20C is shown in Fig. 5 with flux

ensities at 4 . 9 , 8 . 6 , 15 , 15 , and 23 GHz adapted from Garay et al.
 1993 ), Kurtz et al. ( 1994 ), and Cesaroni et al. ( 1994 ), respectively.
ote that there is considerable disagreement between the flux
ensities for this source in literature as clearly demonstrated in
NRAS 536, 3277–3283 (2025) 

0 . 78 arcsec × 0 . 57 arcsec at a position angle of −25 . 36 ◦. 
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Table 5. Positions and flux densities of the L -band continuum associated with G9 . 62 + 0 . 20C and G9 . 62 + 0 . 20D. 

Source α Error δ Error Integrated flux Peak flux rms 
(J2000)(h m s) (arcsec) (J2000)( ◦′ ′′ ) (arcsec) (mJy) (mJy beam 

−1 ) ( μJy beam 

−1 ) 

G9 . 62 + 0 . 20C 18 : 06 : 14 . 3522 0.010 −20 : 31 : 24 . 652 0.013 22 . 1 ± 1 . 9 1 . 50 ± 0 . 09 52 
G9 . 62 + 0 . 20D 18 : 06 : 14 . 9514 0.011 −20 : 31 : 42 . 620 0.045 11 . 8 ± 0 . 5 2 . 38 ± 0 . 10 52 

Figure 5. A spectral index plot of the continuum flux density distribution 
of the G9 . 62 + 0 . 20C region at 4 . 9 , 8 . 6 , 15 , 15 , and 23 GHz adapted from 

Garay et al. ( 1993 ), Kurtz, Churchwell & Wood ( 1994 ), and Cesaroni et al. 
( 1994 ), respectively. The update to the plot is the flux density for the L -band 
continuum shown with a yellow circle. 
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Figure 6. C -band radio continuum image of G9 . 62 + 0 . 20D. At the lower left 
corner of the image is the synthesized beam. 

Figure 7. Image of the L -band radio continuum emission of G9 . 62 + 0 . 20D 

with a deconvolved size of (2 . 090 ± 0 . 106) arcsec × (0 . 781 ± 0 . 025) arcsec 
and a position angle of (1 . 9 ± 1 . 4) degree . At the lower left corner of the 
image is the synthesized beam of size 0 . 78 arcsec × 0 . 57 arcsec at a position 
angle of −25 . 36 ◦. 
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ig. 5 , this could be as a result of different structures being resolved
ince it is an extended region with a lot of structure. 

.3 G9.62 + 0.20D 

.3.1 The C-band continuum 

n the field of view of the C-band continuum for G9 . 62 + 0 . 20E is the
ource G9 . 62 + 0 . 20D shown in Fig. 6 . Presented in Tables 3 and 5
re the position, flux density, and sizes for the source G9 . 62 + 0 . 20D.
t 6 . 5 GHz the H II region is cometary in shape and has a flux density
f 43 mJy . A flux density of 70 mJy at 4 . 9 GHz had been reported
reviously by Garay et al. ( 1993 ), whilst Becker et al. ( 1994 ) report a
ux density of 36 . 6 mJy at 5 GHz . A flux of 65 . 8 mJy was measured
t 8 . 6 GHz by Kurtz et al. ( 1994 ). The recorded flux in comparison
ith the expected flux suggests most of the flux being recovered. 
he cometary morphology is also consistent with the 8 . 6 GHz radio
ontinuum image in Testi et al. ( 2000 ). 

.3.2 The L-band continuum 

he radio continuum emission at L band from G9 . 62 + 0 . 20D is
hown in Fig. 7 . Table 5 presents the positions and flux density of the
ource. At L band a flux density of 11 . 84 ± 0 . 5 mJy was recorded
or the source. At 1 . 4 GHz an upper limit of 17 mJy is reported by
ecker et al. ( 1994 ), but inspection of the cut out images indicates
 source with a flux of 10 mJy which is consistent with the recorded
ux of 11 . 8 mJy . 
Fig. 8 shows the SED plot for G9 . 62 + 0 . 20D with flux densities at

requencies of 4.9, 5.0, 8.6, 15, and 23 GHz adapted from Becker et al.
 1994 ), Cesaroni et al. ( 1994 ), and K urtz et al. ( 1994 ) respectiv ely.
he flux densities at these frequencies produced a spectral index of
 . 81 ± 0 . 05. 

 DI SCUSSI ON  

he H II region associated with G9 . 62 + 0 . 20E has been detected
t 6 . 5 GHz . This is the first C -band continuum detection of this
ource. The shape of the H II region is elliptical and agrees with a
imilar elliptical shape and orientation found by Sanna et al. ( 2015 )
t 43 GHz as can be seen from Fig. 1 . This work also forms the first
MNRAS 536, 3277–3283 (2025) 
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M

Figure 8. A spectral index plot of the flux density distribution of the 
G9 . 62 + 0 . 20D region is shown. The flux density at 4 . 9 , 5 . 0 , 8 . 6 , 15 , and 23 
GHz are adapted from Becker et al. ( 1994 ), Cesaroni et al. ( 1994 ), and Kurtz 
et al. ( 1994 ), respectively. The solid line is the best fit to the measured flux 
densities which yields a spectral index of 0 . 81 ± 0 . 05 at the peak position. 
The flux density for our the C -band continuum and L band are shown with a 
circle. 

L  

r  

fl  

b  

r  

t  

b  

6  

o  

o
 

(  

c  

m  

c  

r  

t  

 

t  

m  

w  

d  

a  

g  

A  

t  

A  

o  

r  

T  

H  

w  

d  

c  

fi  

F  

6  

(  

fi  

fi  

r  

y  

i  

e  

d  

1  

(  

o  

1
 

a  

m  

i  

b  

e  

n  

v  

t  

b  

t  

c  

t  

t  

m  

i  

d

5

A  

l  

t  

s  

s  

c  

i  

a  

l  

t  

d
 

v  

r  

e  

c  

m  

m  

i  

t  

e  

t  

a  

p  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/536/4/3277/7933334 by guest on 10 January 2025
 -band continuum study for the G9 . 62 + 0 . 20E massive star-forming
egion placing an upper limit of 162 μJy on the expected continuum
ux density. The non-detection could be attributed to the continuum
eing too weak to detect or the continuum could be completely
esolved out by the interferometer. Ho we ver, at L band the size of
he source as extrapolated from Q band and C band is estimated to
e 180 mas which is smaller than our e-MERLIN beam size of about
60 mas . It is therefore likely the measured upper limit of 162 μJy
n the flux density is genuine and not an artefact due to resolving
ut. 
Previously, Franco et al. ( 2000 ) invoked a steep density gradient

 n ∝ r −2 . 5 ) to explain the 0.95 spectral index calculated over the
ontinuum frequency range 8.6 to 110 GHz in G9 . 62 + 0 . 20E. This
odel predicts that the slope continues to extend to lower frequen-

ies, ho we ver with the addition of the C -band and L -band continuum
esults and the 230 GHz continuum flux density from Liu et al. ( 2017 )
he model no longer explains the low frequency spectrum behaviour.

We adopt the model from Marsh ( 1975 ) to explain the behaviour of
he SED instead of using the Franco et al. ( 2000 ) model. The Marsh
odel gives an explanation for the behaviour of some radio sources
ith spectral indices greater than 0.6. Here, an inverse square density
istribution of ionized gas which is truncated at some finite radius is
ssumed for such sources. In the model, the electron density ( n ) is
iven by n = A / r 2 for r < r o , where r o is the truncation radius and
 is a constant. Following Marsh ( 1975 ), we assumed an electron

emperature of 10 4 K and computed SEDs for a range of values of
 and r o by solving equations (11) and (12). A truncation radius
f 4 . 6 × 10 15 cm and an electron density of 3 . 9 × 10 5 cm 

−3 at that
adius were calculated resulting in a value of 8 . 25 × 10 36 cm 

−1 for A.
his density is similar to those derived by der Walt ( 2011a ) and den
eever et al. ( 2019 ) from the maser flare profile under the colliding
NRAS 536, 3277–3283 (2025) 
ind binary model. The truncation radius translates into an angular
iameter of 118 mas similar to the deconvolved sizes in Table 4 . In
omparing the linear fit by Franco et al. ( 2000 ) to the power law
t by Marsh ( 1975 ) an Lmfit module test was conducted on both.
or the linear fit the chi-squared and the reduced chi-squared yielded
7 000 and 9600, respectively. The Akaike Information Criterion
AIC) and the Bayesian Information Criterion (BIC) for the linear
t as well yielded 74.3 and 74.4, respectiv ely. F or the power-law
t the chi-squared and the reduced chi-squared yielded 0.6 and 0.1,
espectively. The AIC and the BIC in the case of the power law
ielded −17 . 2 and −17 . 1, respectively. The relatively high values
n the chi-square and the reduced chi-square in the linear fit (Franco
t al. ( 2000 )) suggests that the model may not be a good fit for the
ata. The lower AIC and BIC values in the power model (Marsh
975 ) indicates that it is a better fitting model data. Thus, the Marsh
 1975 ) model is a better fit of the continuum flux density distribution
 v er the range of frequencies 1 . 6 , 6 . 5 , 8 . 6 , 14 . 97 , 22 . 23 , 43 . 34, and
10 GHz for the G9 . 62 + 0 . 20E region. 
As discussed by Marsh ( 1975 ) the turno v er of the radio spectrum

t low frequencies in G9 . 62 + 0 . 20E can be explained with this
odel. The turn o v er in the radio SED indicates that the source

s going optically thick. This has been checked by examining the
rightness temperature as a function of frequency assuming an
lectron temperature of 10 4 K to estimate the optical depths. We
ote that the observed electron temperature of an H II region can
ary from about 8000 K to 15000 K (Guzman et al. 2012 ). However,
his does not affect the conclusions below. The peak flux at Q
and corresponds to a peak brightness temperature of about 80 K
ranslating to an optical depth of 0.008. The C -band peak flux
orresponds to a peak brightness temperature of about 4000 K which
ranslates to an optical depth of 0.5. These optical depth values show
hat at higher frequencies the source is optically thin and remains

arginally optically thin at C band. Ho we ver, when the optical depth
s extrapolated to L band with the usual ν−2 . 1 dependence the optical
epth will be around 13 and it will be very optically thick. 

 C O N C L U S I O N  

 high-resolution map of the C -band radio continuum and the upper
imit measurement of the L -band radio continuum conducted with
he e-MERLIN interferometric array of the periodic methanol maser
ource G9 . 62 + 0 . 20E are reported. These are the lowest frequency
tudies of this source to date and the extended radio SED puts
onstraints on the density distribution. A linear fit to the radio SED
s no longer a good description. Instead a good fit is obtained using
 model with a truncated r −2 power-law density distribution. The
arger angular size of 127 ± 22 mas measured at C band compared
o 81 ± 5 mas at Q band is also consistent with a falling density
istribution. 
The colliding wind binary model for periodic masers requires the

ariation of the seed photons from an H II region to causes the flaring
ather than variations in the pumping photons from infrared (IR)
mission. High-resolution maps at the actual frequencies of the seed
ontinuum photons of the 1 . 6 GHz OH masers and 6 . 7 GHz methanol
asers are therefore important to test the colliding wind binary
odel. The r −2 density distribution found from our observations

s likely to help explain the relative spatial location of the masers and
he variable background continuum. In the modelling by den Heever
t al. ( 2019 ), a constant density H II region was used and it was found
hat the outer edge of the H II region only varied by a very small
mount. This would require the flaring maser spots to be in a very
articular location. Ho we ver, with a steeply falling density gradient
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he region where the radio continuum varies significantly is likely to 
e much larger, alleviating the spatial fine tuning problem. 
These new observations will help us to understand the correlated 

ariability of the 1 . 6 GHz OH mainline masers and the 6 . 7 GHz
ethanol maser in G9 . 62 + 0 . 20E. The fact that the free–free con-

inuum emission is optically thin at the methanol maser frequency 
nd optically thick at the OH maser frequency may be rele v ant for
xplaining the time delays and dips observed in the 1 . 6 GHz OH
aser (Goedhart et al. 2019 ). Further attempts to simultaneously 
ap the background seed continuum emission and the position of 

he variable masers spots are still needed to test these ideas, but this is
ikely to require the combination of the sensitivity and resolution of
quare Kilometer Array (SKA) mid for the southerly G9 . 62 + 0 . 20E
ource. 
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