Downloaded from UvA-DARE, the institutional repository of the University of Amsterdam (UvA)
http://hdl.handle.net/11245/2.52261

File ID uvapub:52261
Filename V. Detection of CH30H J=5>4 lines around 242 GHz in OMC-1
Version unknown

SOURCE (OR PART OF THE FOLLOWING SOURCE):

Type PhD thesis

Title Models of molecular clouds

Author(s) W.H.M. Boland

Faculty FNWI: Astronomical Institute Anton Pannekoek (IAP)
Year 1982

FULL BIBLIOGRAPHIC DETAILS:
http://hdl.handle.net/11245/1.392944

Copyright

1t is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or
copyright holder(s), other than for strictly personal, individual use, unless the work is under an open content licence (like
Creative Commons).

UvA-DARE is a service provided by the library of the University of Amsterdam (http://dare.uva.nl)
(pagedate: 2014-11-24)


http://hdl.handle.net/11245/2.52261
http://hdl.handle.net/11245/1.392944
http://dare.uva.nl

Chapter V

DETECTION OF CH4O0H J =5 + 4 LINES AROUND 242 GHZ FROM OMC-1

W. Beoland!, Th. de Graauw?,3, S.Lidholm%,3,5 and T.J. Lee®

instronomical Institute, University of Amsterdam

2pstronomy Division, Space Science Department of ESA, ESTEC

3present address: Microelectronics Research Centre, Univ. College Cork
*United Kingdom Infrared Telescope Unit, Hilo, Hawaii

5visiting astronomer, United Kingdom Infrared Telescope and
Infrared Facility, which is operated by the University of
Hawaii under contract of MASA

SUMMARY

Sixteen methanol lines have been detected at a frequency of
242 GHz from COMC-1. They correspond to the J=5+4 Ak=0 transitions
of CH4q0H A and E. With the assumption of a 30" diameter methanol
source in OMC-1 the observed brightness temperatures can be
reproduced with a thermal excitation model using one temperature,
Texc = 90 K and using a column density of N(CH40H) = 5x1016 cm”
All lines appear to be optically thin. Collisional excitation of
the J=5 levels requires gas densities of m(Hz) > 4x10®% em™3. some
of the detected methanol lines are also observed at a position 2°
south of OMC-1 and in DR21, ML7(SW) and W30H.
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1. INTRODUCTION

Methanol (CHJOH) has already been observed in about 35
transitions towards Orion Molecular Cloud — 1 {OMC-1). Most lines
seem to be consistent with thermal excitation at one temperature,
Texe * 30 K. However some transitions have intensities that vary
in time (Barrett, Ho and Martin, 1975) and extremely narrow, mul-
tiple component velocity features (Hills et al., 1975) charac-
teristic for maser emission. Recently using the Hat Creek Inter-
ferometer Matsakis et al. (1980) have mapped OMC-1 in to CH4COH
maser transitions. They resolved the source into 10 components
with different Doppler velocities separated by at most 30".

At a frequency of 242 GHz we detected 16 methanol lines
produced by the J=5+4 Ak=0 transitions of CH30H A and E (see

Fig.2). These lines originate from 1levels with upper level

energies ranging from 26 to 87 em™ ! above the ground state. Seven

of these lines were observed before by Loren, Mundy and Erickson
{1981).

2. OBSERVATIONS

The observations were carried out in October 1980 with the
3.8 m diameter U.K. Infrared Telescope and NASA's 3 m Infrared
Telescope Facility, both located on top of Mauna Kea, Hawaii. Our
heterodyne receiver system has been described elsewhere, Lidholm
and de Graauw (1979). It had ambient temperature Schottky diode
mixers and a carcinotron local oscillator. The system noise
temperature (4000 K, single-sideband) was calibrated against an
ambient and against a hot load. The antenna beam widths and the
optical efficiences of the telescope-receiver combinations were
measured by scanning across Jupiter and the Moon; for UKIRT we
cbtained 90" and 55%, and for IRTF 110" and 50%. The telescope
beam was position-switched over 30' at 100 seconds intervals. The
1 MHz and 250 kHz 256 channel filterbanks were operated in
series. The atmospheric tranparency was determined from sky dips
to be about B0%.

Observations were made mainly towards OMC-1 [«(1950) = 50
32™ 478, §({1950) = 5° 24' 21"] and at a position 2' south of it.
We also made a few observations towards DR21, M 17(SW) and W30H.

122



3. RESULTS AND DISCUSSION

Identification of the methanol 1lines was based on the
frequencies given by Lees (1973) and Pickett et al. (1981). Fig.l
shows the ‘lines observed towards OMC-1l obtained with UKIRT. The
vertical bars indicate the positions of the 16 transitions which
are labeled as in the energy level diaqgram (Fig.2) and listed in
Table 1. The relative strengths of the bars correspond to the
relative line intensities calculated later on. The antenna tem-
paratures are corrected for atmospheric attenuation and telescope
losses but not for beam dilution. The full line widths at half
maximum are approximately 4 km s_l in agreement with other
methanol observations. Thw dotted ocurve represents the theo-
retical spectrum calculated by adopting Gaussian profiles for the
individual transitions. The feature at 4v = =31 MHz ( v =
241774.3 MHz) is probably due to the 11,73 * 10,10 transition
of HNCO as suggested by an unknown referee.

In Table 1 we summarize the relevant data of the J=5+4 Ake==()

{A,E) transitions togeﬁper with the observed and calculated peak’

antenna temperatures TA . The spontaneous radiative transition
probabilities A, and the energies of the lower state E, have
been taken or calculated from Lees {(1973) and Lees et al. (1973).

We predict antenna temperatures by supposing that the CH40H
energy levels are populated according to one excitation
temperature Tgy.. Then the peak antenna temperature, T; . is
calculated to be

0 2

. ‘
RS e J o Texe 11 - expl-r)) ()

where Op and @5 are the angular diameters of the antenna beam and
the methanol emitting region, respectively and 1. is the line

1u
centre optical depth given by

3 1
! N =hw .
A1 a2 M9 | ul
T = {— ) 1 - exp It . (2}
lu ‘ 3 T
4 v AV g kT
ul 1 exc

The guantities g, and g, are the statistical weights of the upper
and lower lewvels, respectively, AV is the full line width at half
maximum and Ny is the column density in the lower level 1. N; is
related to the total CH40H column density according to

g. N{CH.OH) -hE
N, = 3 exp/| L ) (3}

1
2 Q kTexc
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Table 1: Properties cf CHLOH transitions chserved towards CMC-1

Numbexr Transition vyl ' Bu1l Ey Tk (K} Tf (K)
{GHz) (10'5 s—l) (cmfl) obs . calc.
1 55 + 49 E 241.7002 5.85 19,77 3.8 3.8
2 5, +4. F 241.7672 5.62 14.52 3.4 3.9
3 5 * 4y A" 241.7914  5.86 16.13 4.5 5.0
4 5, » 4, A* 241 .8065 2.11 71.98
‘ 1.6 1.8
5 5, +4, AT 241.8065 2.11 71.98
6 5.4 % 4.4 E  241.8133  2.11 70.53 1.3 0.8
7 5, + 4, E 241.8296 2.11 77.44 blend 0.7
8 55+ 4y At 241.8330 3.75 50.75
3.0 3.9
9 5, + 4, AT 241.8330 3.75 50.75
10 5, 44y AT 241 .8423 4.92 42.34 3.1
‘ ' 2.8
11 5, *4_3E 241 .8436 3.75 . 43.81 1.8
12 5.3 % 4.3 E  241.8524  3.75 54,23 1.9 1.6
13 5, + 4 E 241.8791 5.63 25.28 3.3 3.3
14 5, +4, A 241.8877 4.92 42.34 3.6 3.1
15 55 » 4, E 241.9041 4.93 28.65
4.0 5.0
16 5, *4, E 241.9044 4.93 26.11
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Fig.l. CH,0H J=5+4 Ak=0 lines measured at*the Kleinmann-Low
position in OMC-1. The antenna temperatures T, are corrected for
telescope efficiency and atmospheric attenuation. The zero-point
at the frequency scale is at vy = 241.8053 GHz. The transitions
are indicated by the wertical bars and are labeled according
Table 1 and Fig.2. The theoretical fit to the observed spectrum

is represented by the dotted curve.
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Table 2: Peak antenna temperatures

‘ : +
of the CH0H 5,5 + 4,5 A

transition in several sources.

Object Telescope T; in K
OMC-1 UKIRT, 3.8 m 4.5
OMC-1 2' s o 1.4
DRZ21 ' 0.7
M17(SW) ‘r 1.4
OMC~1 IRTF, 3.0 m 2.8

W30H e 0.6

where E; is the energy of level 1 and Q; is the rotational
partition function for methanol A or E species. Qi is calculated
according the prescription of Townes and Schawlow (1955) or is
taken from Lees (1973). The factor 2 in Eq,(3) is included
because the CH3m1 A and E species are strictly separated with
approximately equal numbers of molecules in each species.

To evaluate Eq.(l) numerically for OMC-1 a value for 84, the
angular source diameter of the methanol emitting region, had to
be assumed. The difference in antenna temperatures we have
obtained using different telescopes (see Table 2) can be
explained by beam dilution effects if 8; = 30" is adopted for
OMC-1. This size agrees with the upper limit estimated by Hills
et al., (1975) and with the assumption that the non-maser lines
originate from the region in between the maser spots cbserved by
Matsakis et al. (1980).

The antenna temperatures T,(calc.} given in Table 1 are
calculated by inserting Tgyo = 90 K, N(CH40H) = 5x10%0 cm“z, N o=
4 km s~! and 8; = 30" in the Egs.(1-3). Within the errors of the
observed antenna temparatures (*0.8 K) we find a good agreement
between the observed and calculated line intensities. This
agreement between predicted and observed sgpectra is also
illustrated in Fig.l where the dotted curve represents the
calculated profiles. Using the same values for Tgy.. N(CHBOH), AV
and 84 we have also calculated peak line intensities for methanol
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transitions cbserved by others {(Barrett et al., 1971; Kutner et
al., 1973; Lovas et al., 1976; Gottlieb et al., 1979; Jennings
and Fox, 1979; Matsakis et al., 1980). The agreement between
predicted and observed antenna temperatures is again reasonably
good. The estimated uncertainties are Tgyes = 90 % 20 K and
N(CH0H) = [5 (-3,+2)1x101® am™®. This result for T_.. is not
affected by the assumed value of 05 because it is predominantly
determined by the relative line strengths. Since all transitions
appear to be optically thin, the assumption that the diameter of
the methanol emitting region is comparable with the telescope
beam width results in a decrease of N(CHa‘OH) by about one order
of magnitude.

Comparison of our peak antenna temperatures with those
reported by Loren, Mundy and FErickson (1981} shows that the
relative line strengths are in good agreement with each other.
However our absolute intensities are a Ffactor 3 larger. It is
difficult to explain these differences in antenna temperatures.
It may be caused by beam profile effects. Beam dilution effects
can be excluded because the used te‘leaco‘pes* have comparable beam
widths at 242 GHz. It might be that the Ty ‘s given by Loren,
Mundy and Erickson are not corected for antenna efficiency {which
is given to be ~50%). An cther possible explanation may be that
the J=5+4 Ak=0 line intensities are wvariable on a time scale
< 0.5 yr. Such a time variability has been observed for some om
transitions of methanol (Barrett, Ho and Martin, 1975; Hills et
al., 1975) and for the 5_y+4p E transition at 84.52 GHz (Tucker
and Kutner:; cited by Barrett, Ho and Martin, 197%). Further
support for time variability comes from an unknown referee who
communicated that CH30H J=5+4 observations with the Bell
Telephone 7™ antenna (6, ~ 40") give peak line intensities of
about 2.7 K. On the other hand such a variability regquires a
variation of Taxc and/or N{CH30H), in disagreement with our fit
to other mm transitions of CH40H which have heen observed over a
e had to
affect the relative 1line strengths hecause the reported
transitions originate from levels with different energies above
the ground state. If no variation is present the Bell Telephone
data contradict our estimate that the methanol emitting region is
small compared to our telescope beam width.

period of one decade. In addition a wvariation of T,y

In addition to the observations in the direction of OMC-1 we
have positive detections towards several other objects in the
S5g*4g E, 5.9+*4.; E and 5p*dp A transitions. These lines
"originate from the lowest and most easily excited J=5 levels. In

127



Table 2 we summarize our results for the strongest line, the
CH40H 5a+4g A* transition. The non-detection of the J=5+4 lines
originating from  hidgher enerqgy levels imply excitation
temperatures € 25 K for these sources. The fact that we only
detect lines originating from the lowest J=5 levels at a position
2' south of OMC-1 further supports our assumption that the warm
(Taye = 20 K} methancl emitting region in OMC-1 had to be small
compared with our telescope beam width (20"). This warm methanol
core might be surrounded by a cooler and probably less dense
envelope in which methanol molecules are less excited.

Since most of the mm methancl lines from the central
position of OMC-1 show no significant dJdepartures from LTE we
suppogse that the corresponding energy levels are thermalized. A
lower limit to the Hy density can then be derived from the
thermalization condition By € ey] where g,1 is the so called
escape prabablility (cf. de Jong et al., 1975)

B, = o eelr) (4)
ul T !
ul

and e,, defines the probability that a molecule in level u is
deexcited to level 1 by collisions, gy = Cu1/{Cy1 + Ay). For
the transitions originating from the highest J=5 levels we
calculate an optical depth of about 1 = 0.1. Adopting a kinetic
crogs section ¢ = 1015 em? for CHaCH-H5 collisions (cf. Lees,
1973) and a thermal velocity of (%l‘&%)l 2 =1 ¥m 71 we then find
n(‘Hz‘) > 4x10® om3 which agrees with previous estimates from
CH40H (Barrett et al., 1971; Kutner et al., 1973) and with gas
densities derived from HC3N observations (Morris et al., 1977).
This density corresponds to a mass of M 3 40 Mg for the warm
methanol emitting region in OMC-1 if we adopt a distance of 500
pc. However HoCO, HCHN and Heo" observations imply gas densities
which are one order of magnitude less (Evans et al., 1975;
Huggins et al., 1979).

One possible explanation for the discrepancy in derived
denzities is that the assumed collisional cross section is too
small., But it is difficult to understand how this estimate could
be increased significantly. For example, close coupling cal-
culations of thermal collisions with Hy or He vield rate coef-
ficients of about 1x10710 em® s7! for ocs and HC4N and rate coef-
ficients which are about a factor of 2 smaller for CO, C8 and
HpCO (Green and Chapman, 1978; Green et al., 1978}.

A more likely explanation is that the emission of the CH,;0H
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lines originates from a high density core or fram several high
density clumps, while the H,CO, HCN and Heot observations - come
predominantly from a surrounding less ' dense region. This
explanation is supported by the fact that emission maps. of theae
molecules are more extended (about 5' in diameter) than the
region vhere the brightest methanol lines comes from. B
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ledge the continuous support of drs. E. Page and B. Fitton' for
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Cornelis in the data reduction and suggestions of drs. H. Habing
and E. van Dishoeck during the preparation of this manuscript are
much appreciated. The research of W.B. is supported by the
Netherlands Foundation for Astronomical Research (ASTRON) with
financial aid from the Netherlands Organization for the
ndvancement of Pure Research (ZWO). '
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