Astron. Astrophys. 360, 311-318 (2000) ASTRONOMY
AND
ASTROPHYSICS

A survey of the 6.7 GHz methanol maser emission from IRAS sources

ll. Statistical analysis

M. Szymczak and A.J. Kus

Toruh Centre for Astronomy, Nicolaus Copernicus University, ul. Gagarina 11, 87106, Tealand

Received 9 May 2000 / Accepted 30 May 2000

Abstract. We present an analysis of the 6.7 GHz methanal.[1995) makes it possible to observe the star formation sites to
maser data taken with the 32 m Tarielescope during recentlylarge distances in our Galaxy and strong methanol sources can
completed survey of IRAS based sample of star formation sitée mapped with high angular resolution (Walsh €tal. 1998). An
Methanol masers are associated with 13% of the sourcesefficient detection of the 6.7 GHz methanol masers was made
the sample. The mean detection rate slightly increases with tbevards known interstellar OH sources (Menten 1991; MacLeod
IRAS flux density quality measurements. It is 62% for sources al.[1992; MacLeod & Gaylard 1992; Caswell etlal. 11995).
with the 60um flux density,Fs, > 10* Jy and decreases to 7%0bservations of IRAS sources with colours characteristic for
for sources withFy < 250 Jy. The detection rate in the innemltracompact HIl regions (Schutte etlal. 1993; van der Walt et
Galaxy region of 18% is a factor of eight higher than that in thed.[1995{ 1996; Walsh et al. 1997; MacLeod ef al. 1998; Slysh
anticentre region. The maser velocity rangd; < 6kms™! et al.[1999) and blind surveys of selected parts of the galactic
is observed in sources with the mean linewidfRfWHM) < plane (Caswell 1996; Ellingsen et al. 1996) resulted in several
0.14kms!, whereas the distribution oAV in sources with detections.
(FWHM) > 0.14kms! is flat with only a slight excess of the ~ With the exception of studies by Mentén (1991) and Slysh
source number witlAV > 10kms~!. AV slightly increases et al. [1999), other observations have been done in the southern
with the 25 — 12] colour andAV > 8kms™! is usually not hemisphere. However, to understand the physical properties of
observed among the bluest sourc&s (f 12]< 0.5). the interstellar medium in which stars are born, it is useful to
Several of the methanol sources found have colours webtain the CHOH maser population as completely as possible.
outside the colour ranges commonly accepted for ultracompdtiis was one of our objectives to make a comprehensive search
HIl regions. The maximum detection rate of methanol masdi® methanol masers in the northern hemisphere. Recently, we
is observed for specific colour ranges. The maser flux deeported the observations of IRAS sources where 182 masers
sity is weakly correlated with thé0 um flux density and far- were found (Szymczak et al. 2000). In the present paper we deal
infrared pumping with an efficiency of about 3% is possiblevith the statistical analysis of this data set. Our main aims are
The median photon luminosity of methanol masers in the sold) to clarify relationships in the observed properties between
neighbourhood ig. 102 s~1, being between the OH and,® far-infrared sources and methanol masers, (2) to determine ba-
maser luminosities. The inferred lower limit for the linewidth oic parameters of the 6.7 GHz maser line in order to constrain
0.05 km s ! implies the kinetic temperature of less than 35 K iourrent maser models.
the methanol maser regions. It is proposed that the differences
in the observed maser properties primarily reflect evolutionary
changes of star-forming regions. 2. The sample

The sample of 1399 objects surveyed in the 6.7 GHz methanol
Key words: masers — surveys — stars: formation — ISMjne was drawn from the IRAS Point Source Catalog (1985). All
molecules —radio lines: ISM — ISM: H regions the sources have the flux densities aj@0larger than 100 Jy,
the ratio of the flux densities at 60 and 2% is higher than
the unity andd > —20°. No requirements for the flux mea-
surement qualities of all four IRAS bands were made. Within
these criteria of selection this sample is complete. Further in-
The 6.7 GHz methanol maser line has been recognized as onggiction of our sample revealed that 79% of objects satisfy
the most prominent phenomena related to the recent or ongofig < F2s5 < Feo < Fioo, WhereF), is the IRAS flux density
massive star formation (Menten 1991; Walsh ef al. 1998). TRewavelength\;(xm). We obtained homogeneous observations
high peak luminosity up t©0°~6 Jy kp& in this line (Caswell et With the average sensitivity of 1.7 Jy and the spectral resolu-
tion of 0.04 km s'! (Szymczak et al. 2000). As one of the aims
Send offprint requests tv. Szymczak (msz@astro.uni.torun.pl)  of this work is to study relationships between methanol and
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Table 1. Detection rates against flux quality flags at four IRAS band&able 2. Relative increase of new masers against flux quality flags at
four IRAS bands

flag band

12m 25um 60um 100pm flag band

1 45/262(17%) 23/218(11%)  40/593(7%)  59/688(9%)
24/155(15%) 10/151(7%)  21/151(14%) 41/225(18%)1 22/45(49%)  14/23(61%)  23/40(57%)  34/59(58%)
3 107/976(11%) 143/1024(14%) 115/649(18%) 76/480(16%% 9/24(37%) 3/10(30%) 9/21(43%) 15/41(37%)

3 39/107(36%) 53/143(37%) 38/115(33%) 21/76(28%)

12pum 25um 60um 100um

N

infrared sources we discarded a total of 6 masers from our orig- 200
inal list of 182 masers, for which there is evidence that they . N
are unrelated to IRAS sources or their methanol spectra are 150
strongly confused by the emission of nearby sources. Specfi-
cally, 18447-0229 and 19216+1429 were rejected as their pg-o-+
sitions are offset by about.5’, which is comparable to our £
antenna beamwidth, from the positions reported by Caswellgt, ,
al. (1995) and Menten (1981) where much stronger emission
was found, whereas 18058952, 18056-1954, 180971825 L
and 18443-0231 were rejected because their spectra are badly® —, o1 o8 a2 26 40
confused by the methanol emission from a cluster of sources re- log(Fy,)

solved with a smaller antenna beamwidth (Caswell ét al.[1995).
Fig. 1. Detection rate of the 6.7 GHz masers versus ther@0flux

densny (solid line). The total number of sources (N) in each bin is
3. Detection statistics shown by dashed line.
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50

»
w

3.1. Qualities of infrared flux density measurements

IRAS measurements of flux densities were made with differei®RAS 60.m flux density for this subset is shown in Fig. 1. The
qualities. The measurements of good and moderate qualitiesfnabability to detect the methanol emission is about 62% for
assigned by flags 3 and 2 respectively and the upper limits ameirces with 6:m flux density of above0* Jy, then steadily
flagged by 1 (IRAS Explanatory Supplemént 1985). decreases for weaker sources. Only 7% of objects with the flux

Detection rates of methanol sources against quality flagsdansity in the range from 100 to 250 Jy are methanol sources. A
four IRAS bands are given in Table 1. Among sources wisimilar trend is kept for 12m and 25:m bands. Fig. 1 indicates
flag 3 the detection rate increases from 11% ath2to 18% that similarly to OH masers (Cohen etlal. 1988), the methanol
at 60um and slightly decreases at 106. Much steeper in- detections are found among luminous IRAS sources. We expect
crease of the detection rate is seen for sources with flag 2 in that with the present sensitivity further observations of sources
band range from 2bm to 100um, while it is 16% at 12zm. with Fys, < 100 Jy would not produce a significant number
An opposite tendency is evident for sources flagged by 1; tbenew masers. This appears to be consistent with the result
detection rate decreases from 17% apf2to 7% and 9% at obtained by vanderWaltetal. (1996), who found 5 masers out of
60um and 10Qum respectively. This may suggest that at long&41 southern colour-selected IRAS sources Wigh < 100 Jy.
wavelengths the intrinsic flux densities are much weaker th@iheir detection rate of about 2% was about three times lower
given by upper limits, if the methanol masers are pumped Hyan our rate for sources with)0 < Fgo < 125 Jy, partly due
the far-infrared photons. to their lower sensitivity.

Relative increase of the number of new masers depending
on quality flags at IRAS bands is given in Table 2. Amon
the objects with flags 3 and 2 about 33% and 37% of masegr3 Galactic location
respectively are new sources. Relative increase of maser soufidesdistribution of the detection rate of methanol masers versus
the in objects with flag 1 at 2m, 60um and 10Qum bands is galactic longitude is shown in Fig. 2. The rate was calculated
nearly 60%. This proves usefulness of our strategy to searchffar the whole sample as the ratio of the number of masers to
maser emission in the sample unbiased by restrictions impo#fael total number of searched objects pét longitude bin. As
on the infrared measurement qualities. our survey is complete for sources with> —20°, the first
and last longitude bins in Fig. 2 are slightly underpopulated. In
the longitude range 10-3@he detection rate is about 18% and
drops to about 5% for0 < [ < 90° and100 < I < 120°. With
95 sources altogether from the subsample of 631 IRAS objetiie exception of the latter interval the anticentre regior: | <
with good or moderate measurement qualities at 12, 25 aht)° is poorly populated by methanol sources. A high detection
60um bands, drawn from the original sample, are associatede for galactic longitudes of aboui30° and180° (Fig. 2) is
with methanol masers. The detection rate as a function of tthee to the statistics of small numbers; the number of studied

3.2. IRAS flux density
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Fig. 2. Detection rate of the 6.7 GHz masers versus the galactic longi-
tude (solid line). The total number of sources (N) in each bin is showrg
by dashed line. 5

featu

objects in each bin is commonly lower than 25. We estimated 100
that for the longitude rangke20—240° the mean detection rate is &
2.3%. Therefore, the probability to detect the methanol emissi

in the inner galactic region is about a factor of 8 higher tharg
that in the outer Galaxy. Previous studies of methanol source H
distribution in the Galaxy established a similar general trend ¢, ", ., Y
(van der Walt et al._1995), but quantitative results based on Linewidth (km/s)

[ ot al. i , .
Sma”er and inhomogeneous sample (Slysh etal.1999) are qHEf& The fitted flux densities of maser components versus the
different from ours.

S linewidths (upper panel). Distribution of the linewidth, FWHM (lower
84% (122/147) of methanol masers witkl 70° lie within . ; 1
b 05(0 - ) detecti o f th_' lactic [atit dpanel). The cumulatlye number of sources with FWHM5 km s
|b] < 0.5°. The mean detection rate for this galactic latitu & shown in the last bin.

range is 18%. High galactic longitude sourcks-(70°) have a

flat distribution in the galactic latitude range front.3t0 5.5°. ) ] ) ]
Only one source 06053622 (Mon R2) ha$ = —12.6°. We flux density with the linewidth. In the FWHM range from 0.10

confirm the finding by van der Walt et &1 (1995) that the galacti¢ 0-20 km s, the flux densities differ by more than 3 orders of

distribution of the 6.7 GHz methanol masers closely follows tfBagnitude. A gradual decrease of the flux density occurs for the
HWHM higher than 0.14 km's'. Almost all the features with

distribution of molecular gas seen in the CO line (Dame et al: i
1987). the FWHM greater thgn O._3_5 km‘_é have the flux densme§
lower than 10 Jy. We identified faint broad features for which
the FWHM estimates are certain, but we cannot exclude the
4. Line properties possibility that some of them are blended, so that the Gaussian
4.1, Linewidth analysis could be less reliable. Despite some possible minor
errors of our Gaussian analysis the relation between the flux
A Gaussian component analysis of each methanol spectrumiefsity and the linewidth may reflect intrinsic properties such
all the 176 sources was performed. A total of 1354 componemts maser gains and/or kinetic temperatures in maser regions.
were identified and the flux density and the full width at halfhis relation will be discussed further within the framework of
maximum (FWHM) were measured. The lower panel of Fig.tBie standard maser theory.
shows the distribution of FWHM of Gaussian components. The
mean FWHM of methanol feature is 0.17 km'sand the me- .
dian value is 0.14 km's'. We identified well separated featureé'z' Maser velocity range
of FWHM of about 0.10kms!. Menten [(1991) reported the The velocity range of methanol emissiah¥') varies from 0.5
narrow unblended components of widths-0B5kms™ . Typ- to 18.2 km s'! for sources 181961331 and 184380222 re-
ical narrow features having the FWHM of 0.25 km'swere spectively. There are sources with a single narrow feature of
found by Caswell et al[ (1995). The lowering of the averag@VVHM of about 0.10 km s! and sources with complex spec-
FWHM found in our study is mainly due to the detection ofra composed of several well separated and/or blended features.
several faint sources with very narrow features. Fig. 3 suggeattarge diversity of methanol maser spectra was discussed by
that there is a lower limit of 0.05knT$ to the linewidths of Caswell et al.[(1995) and we notice that most of their general
individual components in the 6.7 GHz maser spectra. comments are applicable to our data. Here, we confine ourselves
The plot of the flux density fitted for each component againshly to present the distributions of the maser velocity range in
its FWHM is shown in the upper panel of Fig. 3. For narrow feawo subsets of our sources (Fig. 4) distincted by the average
tures with the FWHM: 0.10 km s~! we see an increase of thdinewidth (FWHM), which is the arithmetic mean of FWHM of
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Fig. 4. Distributions of the velocity range of maser emission L o N %)O i
in sources with (FWHM) < 0.14kms' (solid line) and 0.5 - o o © 4
(FWHM) >0.14kms* (dashed line). L S i
|- o -
all the Gaussian components distinguished in the sourcespec- [~ s ]
trum. In the subsample wittFWHM) < 0.14kms !, most of e ——————
the sources havdV < 6 kms™!. The distribution oAV inthe - 5 (b)
sources withFWHM) > 0.14kms! is flat with only a slight 2.0 | . | 7
excess of sources with a large maser velocity range. To assess [ | . i i
the significance of the differences between these distributions L . . oo i
we used the Kolmogorov-Smirnov (K-S) test. The probability -, 7 a7k ME 50 10 ‘o .
that both the subsamples have the same distributionslofs 15 RS P ' .
lower than10~*. This substantial difference may be a simple i o % DILaR 330 38 50 1.0 i
consequence of different evolutionary stages of both groups— i B 1
Q i ozp}’.%gg.ﬁ;’m w37 33 1.0 i
| CTe T
. . o 1.0 ot 3*%, by \I‘y+3 .+ . -
5. Masers and infrared properties D i ST (9T g2 a2 28 67 1
= RO A S v .
5.1. Colour-colour diagram - to *4«i98§s};§**;98 R i
L . +\‘M’~’+: e +*¢’+ i
Fig. 5a shows the IRAS two-colour diagram for all the methanol ;. L .35 Y 337 409 : -
detections. The colouAf —\;]is defined aslogf, / Fy,). The L 2(;“ SRS .
sources with upper limits at one or more IRAS bands are marked r Lt N ]
by crossed symbols and they are not discussed in the following. i oo N i
Inour sample there are 95 sources withwell determinedcolours. o Lo v v v 0 v v b v v b v v 0
17 of them, including 13 new sources, lie outside the colour -o.5 0.0 0.5 1.0 1.5 2.0
limits established for UCHII regions by Wood & Churchwell [25-12]

(1989) (hereafter WC89). The [28.2] colours of 5 sources are _

even bluer than those expected for IRAS sources satisfying 1E& 5@ and b. The IRAS colour-colour diagrams for all the maser
stringent criteria for UCHII regions (Hughes & MacLeod Tpggsourcesa and for non-detectionb. The newly detgctfed sources are
hereafter HM89). Further inspection revealed that the source%ﬂcateOI by circles and the known sources are indicated by squares.

th  left corner of the diaaram are relatively weak m e crossed symbols indicate the sources with upper limits at one or
Wi?husgzlleco erorine diagram are relatively wea as%grelRAS bands, so that their colours are either upper, lower limits,

- . _or are undetermined. Dashed and solid lines delineate the WC89 and
Fig. 5b shows colour-colour diagram for all the sources witi\igg criteria for UCHII regions respectively.

IRASflags3or2at 12, 25 and 66n undetected in the methanol

line, together with the detection rate superimposed. At first look

the success rate to detect masers is the largest for the reddestral high-density part of the diagram, where the number of
sources. This trend noticed in the previous study possibly smurcesis higherthan 10ineach 0.2 by 0.2 bin, itis clear that the
flects an evolutionary track of massive stars from cold dahighest detection rates are for intermediate colours. The maxi-
clouds to objects with UCHII regions of increasing angular exaum detection rate is near &:§25—12]<1.0for [60—25] <0.8,

tent (MacLeod et al."1998). However, we must note that tiieen with increase ofip — 25] the maximum shifts towards red-
estimates of detection rates in the sources with the extreme ded 25 — 12] colours. We notice the same trend for high-density
colours are much less reliable than in the sources with blysarts of the colour-colour diagram published by van der Walt
colours. In all the bins with the detection rate equals to tte al. (1995). This strongly suggests that the maser favouring
unity only one object was observed. When we consider only thenditions appear in objects of specific colours.
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It is remarkable that in the high-density part of the diagram *° —
near abouf25 — 12] = 0.5 and[60 — 25] = 1.1 the detection ¢ | i
rate is usually lower than 5% for the 0.2 by 0.2 bins. However,
in two extreme, above mentioned, parts of the diagram popy- 510 i
lated by weak masers with smalll/, the detection rates being 2 oy |
commonly higher than 15% do not follow a smooth decreasirg) (b)
trend towards blue colours. These relatively high rates are pgfs—10 r
sibly due to the low number of the objects studied. The presente 5 |
of masers outside the UCHII region of the two colour diagra@ -
defined by WCB89 criteria suggests that those criteria are tgo ‘
stringent to identify all the UCHII regions. Indeed, our inspecz o | (e)
tion of the UCHII region catalogue (Becker et al. 1994) revealed
that at least the maser source 1848134 has a counterpartat 5 - B
5GHz. Alternatively, it is possible that there are massive stars L i
with the methanol emission that have indices differing from 0 0.1 0.5 0.9 1.3 1.7 o1
those of a typical UCHII region. This view may be supported [25]-[12]
by blind observations of a narrow strip of the galactic plane that

resulted in discovery of a small group of masers with very bl S%%rizgcﬂf‘”g;gfgst0\2::;2‘? C:’:]ure'sn é?rﬁagg’rugiﬁsfsmaml
IRAS colours (Ellingsen et dl. 1996). y rang ’

aAV <4.0kms! b4.0 < AV <8.0kms ! cAV >8.0kms’.

5.2. AV and IRAS colour B S PR ]
Inour sample 115 sources have well determinee{P3] colour. = 103 -
They were divided into three groups depending on A& :
value. The distributions of the colour in each group are shovii

in Fig. 6. There is a clear evidence that the median colours i§-, _, | -~ oy
crease with the velocity range of methanol emission. Among tie
bluest sources there are not masers with figh > 8.0kms*.
Statistically significant difference at a level less than? (K-S
test) is between the sources wiN” < 4.0kms! andAV >
8.0kms!. Because the IRAS colours are possibly related )
the evolution of methanol sources (MacLeod ef al. 1998), the R Bt
trend seenin Fig. 6 suggests that in statistical sense, the velocity 1
range of emission decreases for most evolved objects. We sus-
pect that at the end of the evolutionary phase with the methanol
sources, the maser intensity drops, so that only the brightBist 7. The 6.7 GHz maser peak flux density versus the:®0flux

features are visible and maser conditions can be sustained aiglysity. The newly detected sources are marked by squares and the
in a few clouds of similar radial velocities. known sources by crosses. The dashed line represents the case when
the maser and 60m flux densities are equal.
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5.3. Maser and infrared flux densities
Fig. 7 shows the 6.7 GHz peak flux density as a function Pta!ned by the abovg mted_authors, who pbserved the southern
emisphere sources including the galactic centre. We suggest

the 60um flux density for 136 sources of IRAS flag 3 or 2. Th t the far-infrared radiati b luded ol
60 um flux densities are always less than the 6.7 GHz maserflm? € far-intrared radiation cannot be exciuded as a possibie

densities. The correlation coefficient for the data is 0.47. THYMPINI agent. When infrared photons are converted mtolmaser
indicates that both the quantities are only weakly correlated. \wRtsston, the medlgn value of the maser tg.60photon ratio
achieved no significant improvement of the correlation wh thin our sample is about 0.03. It is very close to the value
the integrated maser flux densities were considered. Altho SHnd for interstellar OH masers (Cohen efal. 1988).

our result generally confirms previous studies where little or no

correlation between the methanol maser flux density and IR&S Discussion

flux density was found (van der Walt et al. 1995; Walsh et al. S

1997), it is interesting to note that our correlation coefficient 1. Maser luminosity

about 2.6 times higher than that reported by van der Walt et@} study the intrinsic properties of maser sources we com-
(1995). The improvement of the correlation coefficient in o ted the kinematic distances from the central velocities of the
study can be due to the observations of less dense parts ofifihanol spectra using the galactic rotation curve of Brand &
Galaxy, so that confusion may affect our data less than thasitz (1993). The largest errors in this method are due to the am-
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biguity between near and far distances. To resolve this probl%’q
we have applied the approach used by Walsh ef al. {1997).4n
general, we adopted the near kinematic distances for about 88% |
of the sources. When the near kinematic distance implied afﬁl—w i
minosity of maser much weaker than that expected foran UCHil |
region, we assumed the far kinematic distance. In other ambi s’ [
ous cases we used the distance estimates obtained by methods|
other than based upon the systemic velocities and galactic rcﬁal—0 B
tion model. We found out that 34 methanol sources in our own |
sample and the Walsh’s et dl. (1997) sample are common. Their® i1 4z 43 41 15 16 47
distance estimates for sources with distarncékpc differ by log(Lyy)

less than 20% from ours. However, for more distant objects the o L
agreement is much worse. Fig. 8. Distribution of the photon luminositied (,) of the all the 176

. . . . analyzed methanol maser sources.
Assuming that the maser emission is isotropic we de-

rived the following formula for the methanol maser luminosity
L,,(photonss1),

for unsaturated amplification. Herdvp is the thermal
Ly, = 6.010*" D*S; (1) (Doppler) linewidth andr is the optical depth of the negative

value. The maser intensity increases by a facteréfand the
wheresS; is the integrated flux densities in Jykm'sand D is  linewidth decreases until the centre of the maser line starts to
the distance in kpc. The maser photon luminosity of the sourczturate. The typical brightness temperature of methanol masers
in our sample ranges from. 104° to 1.10*6s~! (Fig.8) and of 1.4 10'* K (Menten et al. 1992; Sobolev et al. 1997) implies
the median value i$.10*3s~!. Nearly all the sources haver = —25.7. Thus, the methanol line will narrow/25.7 times,
3.10*2 < L, < 110* s~1. The lower limitis partly due to the so that the minimum linewidth of about 0.05 km'swill ap-
observational selection effect. O8¢ detection limit of 1.7 Jy pear for the thermal linewidth of 0.25 km&. This linewidth
corresponds to the upper limit in the integrated flux level é6r the methanol molecule implies the kinetic temperature of
about2. 10722 Wm~—2. Thus, for the sources with the intrinsic35 K, which agrees very well with that applied in the stan-
luminosity greater tha. 10*? s~! we have completeness to thedard methanol maser model by Sobolev efal. (1997). However,
distance of 2.2 kpc. The median luminosity in this solar neighhen the maser emission in the line centre becomes saturated
bourhood is2.10*3s~! and does not depend on the galactits intensity increases more slowly (linearly) than intensities
longitude. Palla et all (1991) observed thgdH22 GHz maser in the line wings and the linewidth approaches to be equal to
emission in a sample of dense clouds possibly at the very earlibgt thermal width again. Although the degree of saturation of
stages of star formation. The water maser luminosity averagadindividual maser component is unknown, the observational
for these nearby source®(<2.2kpc) is one order of magni- fact that nearly 90% of the maser components identified have
tude higher than the above estimated methanol maser lumineg/HM<0.25 km s !, can imply that the kinetic temperature is
ity. Caswell et al.[(1995) claimed that the 6.7 GHz methannbt higher than 35 K in most sources.
maser intensities are typically 7 times higher than the 1.6 GHz The initial increase of the fitted flux density with the
OH maser intensities. linewidth seen in Fig. 3 does not rule out the above interpre-

There are seven brightest sources with luminosities higlttation of the maser line narrowing. It can be easily explained

than3. 10*° s~1. W3OH (02232+6138) is probably the brightas the cause of the selection effect. The most distant sources
est source in our sample, its luminosityis 04> s—* atthe near should be stronger, to be observed with a given sensitivity, than
kinematic distance of 1.3 kpc, but it would be ab®Lt0*® s~ the relatively nearby sources. Relation (2) discussed above im-
for commonly accepted distance of 2.2 kpc (Humphreys1978)ies that the intrinsically strong components are more affected
The luminosity of the brightest methanol source whenever diyy the line narrowing than the weaker ones. In consequence, the
served 9.62+0.20 (Caswell et al. 1995) is probably about ooleserved flux densities increase with the linewidths.
order of magnitude higher than that of W30OH. 91 objects in our sample were detected in the ammonia lines
by Molinari et al. {1996) and 22 of them are methanol sources.
The ammonialines are commonly recognized as important sign-
posts of the primordial stages of massive star formation. If they
The analysis done in Sect.5.1 suggests that there is a logeine from the same or adjacent regions as methanol masers,
limit to the linewidths of individual components of the methanan independent estimate of the gas kinetic temperature can be
spectra. It is generally accepted that the profile of a maser linistained. We found that the me#p for the ammonia sources
is approximately Gaussian and, following the classical theowith the methanol emission is 27 K. This value is quite close to
(Goldreich & Kwar[ 1974), has a linewidth our upper limit forT, = 35 K inferred above from the methanol

maser linewidth. A detailed study of the relations between the
Av =~ Avp /\/—T (2) methanol and ammonia lines is needed to prove this.

6.2. The gas kinetic temperature
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6.3. Evolutionary implications 7. Conclusions

A suggestion for evolution of massive star-forming regions ag/e have analyzed the results of comprehensive survey of the
sociated with the methanol masers is based on the difference8.ihGHz maser line in a sample of IRAS selected regions of star
the detection rates between the blue and red sources (MacL&wthation.
et al[1998). They suggest that the reddest IRAS sources are theThe detection rate strongly depends on the galactic location
youngest. Our data do not confirm a smooth decreasing trendind the far-infrared flux densities but weakly depends on the
the detection rate from the reddest sources to the bluest onesglralities of IRAS flux density measurements.
stead, we found that the maximum detection rate of the methanol The distributions of the maser velocity range, the mean
masers occurs for objects of specific range of colours. Our fidhewidth and the detection rate reflect evolutionary changes
ing is consistent with the results based mostly on the south@fmethanol sources.
sources (van der Walt et al. 1995). The present study also pro- There are new maser sources with colours outside the colour
vides further evidence of possible evolutionary changes of masanges of typical ultracompact Hll regions. They deserve par-
properties. First of all we found significant differences in the disicular attention in future studies.
tributions of AV of the two subsets of sources of low and high  The gas kinetic temperature of less than 35 Kin the methanol
linewidths. More specifically, a substantial fraction of sourcesgions was inferred from the lower limit observed for the
with low and highAV" have features of higfFWHM), but low  linewidth.
AV sources have usually lofFWHM). Furthermore, we also A weak correlation of the maser flux density with the far-
found that the mediar2p — 12] colour increases witl\V and infrared flux density does not exclude a possible pumping mech-
in the bluest sourcedV is commonly lower than 8.0knTs. It anism by infrared photons with an efficiency comparable to that
is likely that in an earlier stage the methanol emission emerdesinterstellar OH masers.
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