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Abstract. The (J,K)=(1,1) metastable ammonia line wasample, which was compiled from three surveys of continuum
searched for in the direction of more than one hundred southsources at 6, 11 and 20 cm in the directBi%° > [ > 280°
HIl regions located betwee2¥0°and15° in galactic longitude, and4® > b > —4°.
resulting in new detections toward 21 of them. Ammonia detec-
tion rate was about 30 % towards all directions except in the lon-
gitude intervak70°-290° where no ammonia lines were found™
in the 15 selected HIl regions. A high detection réte 0.6) The observations were made during June and July 1996 us-
was observed toward positions where IRAS point sources witfty the 13.7 m radome enclosed radio telescope placed at the
color indices of ultra—compact HIlI regions were in the beafapetinga Radio Observatory. The radiotelescope resolution at
of the telescope. An anticorrelation between the number of dee NH;(1,1) transition is 4.2 arc min. The receiver front-end
tected NH sources and the distance to the Galactic Center weghsisted of a cooled HEMPT amplifier giving 50 db total gain.
found, compatible with the observed gradient in N abundandehe single side band receiver temperature was typically 90 K
From the value of this gradient and the detection rate of a@nd the total system temperature oscillated between 130 and
monia lines toward HIl regions, it is inferred that the number20 K. A circularly polarized corrugated horn was used in the
of ammonia sources must be proportional to the inverse of tbieservations. The aperture and beam efficiency were 0.37 and
column density of the molecular cloud. 0.63 respectively. The back—end was an acousto—optical spec-
trometer with 70 kHz resolution and total bandwidth of 41 MHz.
Key words: ISM: abundances — ISM: clouds — ISM: moleculeShe central frequency and frequency resolution were frequently
—radio lines: ISM checked by injecting monochromatic signals at the intermedi-
ate frequency stage. The spectra were taken using the ON-OFF
total-power observing technique, switching between positions
every 20 s. The signal was calibrated againsta 15 K noise source
and a room temperature load, to obtain the gain and correct for
Since its discovery (Cheung et al. 1968), ammonia has bedmospheric attenuation (Abraham and Kokubun, 1992). Sys-
observed in the Galaxy via several transitions, particularly tkgmatic observations of the transitions (J,K)=(1,1), (2,2) and
metastable lines (J =K, K). The spectral lines of this molecu(@,3) toward NGC 6334 and Orion A, which are well known
are a powerful tool to determine the physical conditions of tHéH3z sources, were performed in order to check the absolute
clouds and good tracers of dense molecular gas. Surveysnignsity. The observations were made with the sources above
ammonia lines have been made from the northern hemisphé®@in elevation and special care was taken to guarantee that the
toward dark clouds (e.g. Myers & Benson 1983) and giant aRtFF position, generally 20’ away in azimuth, fell outside the
ultra—compact Hll regions (McDonald et al. 1981, Churchwelill region. Also, we did not detect any absorption features, as
et al. 1990). However, only recently has an extended Nit- would be observed if the molecular cloud were included in the
vey been published toward dense condensations of the soutf@kr position and even small velocity gradients were present in
hemisphere dark clouds (Bourke et al. 1995 a, b) and only a féve cloud.
positions have been observed toward HIl regions (Jauncey et al.
1981, Scalise et al. 1981, Gardner et al. 1985, Vilas—Boas etéall
1988). '
In this paper we present the results of a (J,K)=(1,1) sui¥e used the Drawspec software to analyse the spectra, a base-
vey toward 108 southern hemisphere HIl regions. The selectadd was subtracted and the line parameters determined by fitting
positions are the peaks of HL@Gecombination line emission Gaussian functions. The observational results obtained toward
with temperatures larger than 0.05 K, observed by Wilson et®)8 Galactic HIl regions are shown in Table 1. Columns (1)
(1970). They represent roughly 73 % of the HIl regions in thend (2) give the names of the HIl regions, Columns (3) and (4)

Instrument and observing technique

1. Introduction

Data reduction and observational results



1116

J.W.S. Vilas—Boas & Z. Abraham: NIsurvey toward southern hemisphere Hll regions. |

Table 1. The NH;, (J=K=1) Observational results toward Southern HIl regions

Gal. Coord Name RA (1950)  Dec (1950) NH1,1) VLSRR dl d2 R Comments
(I+b) (hms) D) ;g v AV (H10%)

K kms™' kms! kms~! kpc  kpc  kpc
209.0-19.4* OriA 05 3250 -05 25 36 0.38[0.04] -1.0 35 -2.8 2CGO
267.9-1.1 RCW38 08 57 22 -47 19 04 [0.07] -3.0 2CD
267.8-0.9 RCW38 08 57 40 -47 07 12 [0.03] 7.8 1.5 8.1 ,Gd
265.1+1.5 RCW36 0857 38 -43 33 36 0.17[0.02] 1.4 29 2.8 0.6 8.0.CM
268.0-1.1 08 58 05 -47 20 12 [0.02] 18 0.6 7.9
268.4-0.8 09 00 15 -47 32 36 0.24[0.04] 2.1 3.4 3.0 0.1 8.0 .CH, IRAS
274.0-1.1 RCWwW42 09 22 47 -50 53 00 [0.05] 2.0 1.6 7.9 QO
281.0-1.5 0957 26 -56 02 00 [0.04] 0.0 3.0 7.9 H2CO
282.0-1.2 1004 53 -56 57 30 [0.04] 22.0 5.1 8.5 ,CGO
284.3-0.3 RCW49 1022 20 -57 3200 [0.04] 7.0 4.5 8.1 .G®
287.3-0.9 1039 50 -592911 [0.05] -17.0
287.4-0.6 RCW53 1041 36 -5919 11 [0.04] -20.0 2CGD
287.5-0.6 10 42 50 -5922 59 [0.04] -23.0
287.6-0.9 104209 -5942 17 [0.05] -24.8
287.7-0.6 104354 -59 29 29 [0.04] 10.5 5.6 8.2
287.8-0.8 104343 -59 40 29 [0.04] -20.0
287.9-0.9 10 44 09 -5950 17 [0.05] -19.0
287.9-0.8 10 44 53 -5944 41 [0.05] -25.0
289.1-0.4 1054 29 -59 49 48 [0.05] 27.0 6.9 7.4 8.6 GO
289.8-1.1 RCW54 1056 51 -60 50 48 [0.05] 21.0 6.7 8.5
291.3-0.7 RCW57 1109 45 -61 02 36 0.14[0.05] -19 -20.0 2.2 35 7.4>C® IRAS
291.6-0.4 111254 -60 52 57 [0.05] 14.0 6.7 8.3 @G0
291.6-0.5 RCW57 111253 -60 59 24 [0.05] 10.0 6.5 8.2 ,CO
295.1-1.6 RCW62 1137 47 -63 08 42 [0.03] -20 1.6 51 7.4
295.2-0.6 114105 -62 09 12 [0.04] 51.0 122 11.4
298.8-0.3 121238 -6239 12 [0.04] 25.0 8.9 9.4 8.6 GO
298.9-0.4 1212 44 -61 44 48 [0.05] 25.0 9.0 9.4 8.6 GO
301.0+1.2 RCW65 123203 -612254 0.15[0.04] -45 35 -46.0 2CH, IRAS
301.1+1.0 123311 -61 34 48 0.20 [0.04] -47 2.0 -48.0 20D
305.1+0.1 1307 06 -62 22 36 0.30 [0.04] -34 2.0 -38.8 200
305.2+0.0 RCW74 130803 -6229 12 [0.03] -38.0 2.4 6.8 6.8 .CB
305.2+0.2 1308 23 -62 17 30 0.15[0.05] -38 -39.0 2.4 6.7 6.8 2C8H, IRAS
305.6+0.0 1311 06 -62 28 54 [0.05] -45.0 3.0 6.2 6.6 -GO
308.6+0.6 1336 37 -61 29 00 [0.05] -52.0 3.3 6.6 6.4 GO
308.7+0.6 RCW79 133718 -61 2948 0.16 [0.03] -52 2.3 -46.0 2.7 7.1 6.6oCH
311.5+0.4 14 00 01 -61 02 12 [0.09] -65.0 4.3 6.1 6.0 -GO
311.6+0.3 140116 -61 05 36 0.13[0.05] -58 -63.0 3.5 7.0 6.2 2C8H, IRAS
311.9+0.1 14 03 52 -61 13 06 [0.05] -47.0 2.6 8.0 6.5 20D
311.9+0.2 14 03 49 -61 0518 [0.05] -50.0 2.8 7.8 6.4 GO
314.2+0.4 14 21 16 -60 09 12 [0.06] -55.0 3.0 8.0 6.2
316.8-0.1 1441 31 -59 36 54 0.20 [0.06] -39 -36.0 1.8 9.7 6.7 2C8H, IRAS
317.0+0.3 14 41 45 -59 13 36 [0.05] -50.0 2.6 9.0 6.3
317.3+0.2 14 44 14 -59 08 18 [0.04] -46.0 2.4 9.2 6.4
319.2-0.4 1459 14 -58 5142 [0.07] -23.0 1.1 108 7.1 200
319.4+0.0 14 59 23 -58 24 30 [0.05] -13.0 0.7 114 7.4 .00
320.2+0.8 RCwW87 1501 34 -571924 0.16 [0.01] -32 4.2 -35.0 1.8 10.4 6.6oCCH
320.3-0.2 1506 04 -58 06 12 0.10[0.05] -7.0 0.3 11.8 7.6 2CB
321.0-0.5 RCw91 1512 06 -58 00 30 [0.05] -60.0 3.1 9.1 5.8 ,CB
321.1-0.5 RCW91 151245 -57 59 36 [0.05] -60.0 3.1 9.2 5.8 ,CB
322.2+0.6 RCW92 1514 49 -56 27 54 0.14[0.06] -51.0 2.6 9.9 6.1 ,COl
326.5+0.9 153833 -5348 54 0.31[0.02] -39 3.6 -40.0 2.1 111 6.3,CW
326.7+0.6* 1540 56 -5357 12 0.76 [0.05] -47 3.6 -50.0 2.6 10.6 5.9 ,CE, IRAS
327.3-0.5* RCW97 154912 -54 26 30 0.28[0.02] -53 55 -40.0 21 112 6.25CQH
328.0-0.1 1550 54 -533924 [0.04] -40.0 21 113 6.2
328.3+0.4 1550 15 -53 02 46 0.16 [0.04] -98 -95.0 5.2 8.2 4.4 ,CH, IRAS
330.9-0.4 16 06 27 -51 58 36 [0.05] -50.0 2.7 11.0 57 0D
331.0-0.2 16 06 20 -51 42 30 [0.04] -90.0 4.9 8.8 4.3 .00
331.1-0.2 1607 11 -51 4253 [0.04] -81.0 4.4 9.5 4.6
331.4+0.0 16 07 18 -51 23 06 0.14[0.04] -68 -80.0 4.3 9.6 4.6 .CE
331.1-0.5 16 08 23 -51 55 30 [0.03] -68.0 3.7 10.2 5.0 0O
331.3-0.2 16 07 36 -513454 0.16 [0.04] -85 3.3 -84.0 -4.5 9.3 4.5,CO
331.3-0.3 16 08 33 -513924 [0.04] -60.0 3.2 10.6 53 .09
331.5-0.1 16 08 21 512111 0.36 [0.03] -91 4.7 -95.0 5.2 8.7 4.2 ,COI
332.2-0.5 16 12 52 -51 10 06 [0.05] -55.0 3.0 109 5.4 200
332.5-0.1 161317 -5040 18 [0.03] -56.0 3.1 10.9 5.3 2,00
332.7-0.6 RCW106 16 1558 -50 56 00 complex -47.0 2.6 11.4 5.7.CW
332.8-0.6 RCW106 161625 -5047 18 0.17 [0.05] -59 5.0 -57.0 3.2 109 5.3, CAHIRAS
333.0-0.4 16 16 51 -503312 0.23[0.03] -59 5.0 -53.0 3.0 111 5.4,CH
333.1-0.4* 1617 13 -5028 18 0.33[0.05] -54 2.9 -50.0 28 113 5.5 ,C6, IRAS
333.2-0.1 16 15 56 -5012 18 0.21[0.04] -92 3.4 -90.0 4.9 9.2 4.1,CO
333.3-0.4* 16 17 45 -5019 18 0.34[0.03] -48 4.7 -50.0 2.8 11.3 5.55C6, IRAS
333.6-0.1 16 17 53 -49 53 54 0.22[0.04] -19 25 -50.0 28 113 5.5,CH
333.6-0.2 16 18 26 -49 58 54 0.20[0.07] -73 -50.0 28 113 5.5,C@
333.7-0.5 16 19 58 -50 06 12 [0.05] -50.0 29 113 5.5
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Table 1. (continued)

Gal. Coord Name RA (1950) Dec (1950) INH1,1) VLSR di d2 R Comments
(+b) (hms) e T v AV (H10%w)

K kms™! kms! kms~! kpc  kpc  kpc
335.8-0.2 16 27 27 -48 24 06 [0.08] -52.0 3.1 11.3 52 .00
336.4-0.2 16 29 52 -47 56 54 [0.06] -68.0 4.0 10.5 46 .00
336.4-0.3 16 30 33 -47 59 06 0.15[0.05] -92 -90.0 5.1 9.4 3.8 .Ca
337.3-0.1 16 33 27 -47 16 24 0.25[0.07] -39 -53.0 3.2 11.3 5.1-,Ca
337.6+0.0 16 34 30 -46 58 06 [0.05] -55.0 34 11.2 5.0 .G
336.5-1.5 RCW108 16 36 22 -48 46 18 0.20[0.06] -23 -25.0 1.6 12.9 6.5,CH
336.8+0.0 16 30 49 -47 30 24 [0.05] -80.0 4.6 9.9 4.1 .00
336.9-0.1 16 3209 -47 32 30 [0.06] -73.0 4.2 10.3 4.3 QD
337.1-0.2 16 3301 -47 2518 [0.06] -72.0 4.2 10.3 4.3 QO
338.0-0.1 1634 14 -46 45 18 [0.05] -52.0 3.2 11.4 50 QD
337.9-0.5* 16 37 27 -47 01 36 0.36 [0.03] -40 4.2 -40.0 2.6 12.0 5.6 ;CHA
338.1-0.1 16 36 14 -46 45 18 [0.06] -40.0 2.6 12.0 56 QO
338.9+0.6 16 36 42 -45 34 24 0.30[0.06] -66 55 -63.0 3.9 10.8 4.5,COI
338.1-0.2 16 36 58 -46 41 54 [0.07] -48.0 3.0 11.6 52 Qo
338.4+0.0 16 37 10 -4418 18 0.17[0.01] -38 54 -37.0 2.4 12.3 5.7
338.9-0.1 16 39 36 -46 00 48 [0.04] -40.0 2.6 12.1 55
338.4-0.2 16 39 40 -46 29 36 [0.06] -4.0 0.2 14.4 7.6
340.3-0.2 16 4519 -45 04 06 0.24[0.04] -45 35 -43.0 31 11.8 51
340.8-1.0 RCW110 16 50 39 -4512 12 0.36 [0.01] -27 3.0 -25.0 1.8 13.1 6.2,CCHIRAS
345.0+1.5 RCW116 16 54 22 -40 19 36 [0.03] -17.0 1.6 13.7 6.4
345.3+1.5 RCW116 16 55 37 -4009 24 0.10 [0.04] -15.9 -15.0 1.4 13.9 6.5
343.5+0.0 16 55 48 -42 30 12 [0.03] -30.0 2.4 12.7 5.6
345.4+1.4 16 56 10 -04 07 00 0.29[0.04] -16 3.4 -15.0 1.4 13.9 6.5
351.4+0.7* NGC6334 1717 20 -354548 1.50 [0.05] -5 3.4 -4.0 0.6 14.9 7.32CH
353.1+0.6 RCW131 172218 -34 20 06 [0.06] -5.0 1.0 14.7 6.9
0.2+0.0 17 42 48 -28 4553 0.46 [0.05] 50 31 -12.0
0.5+0.0 17 43 56 -28 30 35 0.15[0.05] 47 43 40.0
0.7-0.1* Sgr B2 1744 14 -28 2317 1.85[0.07] 48 46 61.0
6.1-0.1 17 56 52 -2345 29 [0.03] 11.0 2.2 13.5 5.7
6.6-0.1 RCW145 17 57 45 -23 1859 [0.03] 15.0 2.7 13.0 52
10.2-0.3 w31 18 06 23 -2020 12 [0.02] 14.0 1.8 13.7 6.1
15.0-0.7 RCW160 18 17 30 -16 13 06 [0.02] 19.0 1.7 13.5 6.3

NOTE: The observed positions are Hl®@%eaks (Wilson 1970). Sources with asterisks attached to their names are known ammonia sources. The brackets attached to the observed
intensity are the rms of the fitted baseline. At the positions where the (J,K) =(1,1) ammonia lines are close to the detection limit, with intafisitideasr8 rms, the line widths are

not given. In the last column IRAS means that there is an IRAS point source with color index of ultracompact HIl region associated to the obsen&dpdd#iCO means that

Whiteoak and Gardner (1974) detected formaldehyde toward this position.

their equatorial coordinates, Columns (5), (6) and (7) the NKider that an IRAS source is associated with the HIl region when
(J=K=1) antenna temperature, radial velocity, and line widthis displaced by less than the telescope half power beam width
respectively, Column (8) gives the H18%adial velocity ob- from the observed position. These sources are listed in Table 2
served by Wilson et al. (1970), Columns (9), (10) and (11) theihere Columns (1) and (2) give the names of the ammonia and
possible distances to the Sun and to the Galactic Center respR&S sources, (3) and (4) give the equatorial coordinates of
tively, calculated from their radial velocities (when not forbidthe IRAS sources, (5) the distance in arc minutes between the
den) and the rotation curve given by Clemens (1985), assumatuserved positions and the IRAS sources, Column (6) through
a distance from the Sun to the Galactic Center of 7.9 kpc (R€R) give the IRAS fluxes, and finally Column (10) the luminos-
1989), and finally Column (12) contains some comments abdtytobtained integrating the four uncorrected IRAS color bands.
the sources. Attached to the antenna temperatures are theiAgached to the flux density for each IRAS band is given the
rors, obtained from the rms of the base line fitting. The antenfiax quality. It is remarkable that 7 of these positions have posi-
temperatures were corrected for atmospheric attenuation buttihe ammonia detection, while in the other 5 there is evidence of
line widths were not corrected for the spectral resolution of tleeak emissions. These results show that there is a high detection
acousto optical spectrometer. rate of NH; (> 0.6) when the observed position has an associ-
Among the 108 HIl regions observed in this survey, 30 preted IRAS point source with color index of ultra—compact HIl
sented ammonia emission. For an other 11 positions, the anterataon. This detection rate is compatible with the rate of 70 %
temperatures were smaller than 3 times the rms noise level abderved by Churchwell et al. (1990) toward northern hemi-
had NH; radial velocities displaced by less than 5 kmi rom  sphere ultra—compact HIl regions using the Effelsberg radio
the recombination line velocities. For these sources, the antetelascope.
temperatures are shown but no line widths are given.

4.2. Distribution of NH sources in Galactic longitude

4. Discussion . . . .
The distribution in Galactic longitude of the HIl regions and the

4.1. NH in the direction of IRAS sources detected NH sources are similar, as can be seenin Fig. 1. How-
Ruer, the distribution of HIl regions presents two peaks, one be-

Twel f the 108 Hll regi h [ IR .
welve of the 108 Hll regions observed have associated fween330°-340° with 36 sources and the other betwes0°—

sources with color indices of ultra compact Hll regions. We co
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Table 2. Compact IRAS Sources with Color Index of Ultra-Compact HIl Regions

Gal. Coord  IRAS RA (1950) Dec (1950) A© Flux (Jy) L

(I+b) name (hms) G arcmin 12um 25um 60um 100pm  10*Lg
268.4-0.8  09002-4732(3) 090012 473207 069  1201[3] 1962[3] 11880[3] 14710[3] 0.03
291.3-0.7 11097-6102(6) 110945 -6102 17 0.31 391[3] 5957[2] 10900[3] 38550 [1] 21
301.0+1.2 12320-6122(5) 123202 -61 2252 0.16 80 [2] 351[3] 5242 [3] 7970[3] -
305.2+0.2 13079-6218(1) 1307 60 -62 18 47 3.00 28 2] 250 [3] 3167 [2] 8164 [2] 4
311.6+0.3  14013-6105(4) 140118 -61 0545 0.31 13[3]  162[3] 2345[3] 4567 [3] 5
316.8-0.1 14416-5937(1) 144140 593721 1.17 140[1] 766[3] 6845[3] 16100 [3] 5
326.7+0.6 15408-5356(3) 154053 -53 56 31 0.81 163[2] 1680[3] 10500[3] 16800 [3] 15
328.3+0.4 15502-5302(3) 1550 17 -5302 47 0.26 143[3] 1210([3] 11570[3] 12620 3] 64
332.8-0.6 16164-5046(3) 16 16 26 -50 46 10 1.15 105([3] 1479[3] 11380[3] 20370 (3] 23
333.1-0.4 16172-5028(2) 161713 5028 14 0.08 144[2] 1514[3] 12380[3] 26700 [3] 20
333.3-0.4 16177-5018(2) 161744 -50 18 00 1.31 181[3] 2054[3] 7964[2] 25630[3] 17
340.8-1.0 16506-4512(2) 16 50 39 -4512 43 0.52 83[3] 787 [3] 7541[2] 11640[3] 5

NOTE: The IRAS fluxes are not color corrected. In order to estimate the luminosity we integrated the flux density in frequency and used the
source distance given in Table 1. Attached to the flux density in each frequency band, the IRAS flux quality is given

40

0.7 has a kinetic distance between 2.2 and 3.5 kpc. These are
— typical distances of sources seen in other directions.
The absence of NHsources could also be explained if the
| EE :rﬁrgy Hll regions were in amore advanced evolutionary state or if they
it were mass limited, with the molecular clouds surrounding them
already dissociated. However, the existence of dense molecular
gas observed in this longitude interval through formaldehyde
20F absorption, and CO(1-0), HC@1-0) and CS(2—1) emission
lines, seem to invalidate this argument (Whiteoak & Gardner
1974, Wouterloot & Brand 1989, Batchelor et al. 1981, Bronf-
10 } man et al. 1996). Another possibility is that the physical condi-
tions for the excitation of the ammonia molecule are no longer
present, even if the molecule does exist. This argument can be
%J—l‘ | LA %@ discarded when we look at other molecules, like HCé&nd
CS which are excited under physical conditions similar to the
metastable ammonia lines.

Occurence Number

0
260 270 280 290 300 310 320 330 340 350

Galactic Longitude (deg)

Fig. 1. Histograms, in galactic coordinates, of the distribution of s

%.3. Distribution of NH sources
lected HIl regions and positions with positive Midetection (hatched " . - .
block). with distance to the Galactic center (Fig. 3)

The parameter which differentiates the samples of HIl ang NH
) R sources at galactic longitudes betwe&°—290° and 330°—

290° with 13 sources. The NHdistribution also has a peak aly e js the distance to the Galactic Center. The region with no
330°-340°, but does not present_any source at the position of tpﬁqs emission, betwee70° and290°, is located far from the
second peak. Moreover, the region betw2ghf—290° has only  center near or outside the solar orbit. Histograms of the distribu-
two ammonia sources detected, compared with the 20 obserygls of the selected Hil regions and detected ammonia sources
HIl regions. Kinematic distances indicate that the two sourcgs 5 function of distance to the Galactic Center are shown in
are in the solar neighborhood. To test the statistical significaqgia_ 2. The graph of the observed HIl regions shows an almost

of these results, we applied the Kolmogorov—Smirnov test {0, metric distribution with a peak at 6.5 kpc. The ammonia dis-

the samples. Using the complete distribution, we found an 88y, 1ion has a peak at the same position but presents a strong

probability _o_f bpth samples having the same distripution, Whik?symmetry with a small number of ammonia sources at dis-
the probability increased to 99.9 % when only longitudes larggf e arger than 6.5 kpc. To obtain the statistical significance

than290° were considered. This result confirms the importan¢g s asymmetry we plotted the ratio of the number of ammo-
of the absence of Niisources in the interval60°~290°. This 5 sources to Hil regions as a function of the distance to the

range of longitudes is located between the local Cygnus arm 0gh, tic center. A very well defined linear trend is found, with
the Perseus arm, at a distance from the Sun of more than 3 i%{)glope of -0.08 kpc! and a correlation coefficient = 0.98.

The absence of ammonia in this direction could be explainedf 55 giscussed above, there is dense molecular gas associated
the observed Hll regions were located at larger distances froifi,, these Hil regions and the physical conditions are favorable

the Sun than others, but this in not the case. In fact, the sour&r;ﬁng emission. then the decrease in the number of detected
G287.3-0.7 and 287.9-0.8, which are associated with the Caridmonia sources could be due to a decrease in their bright-

Nebula, are located at about 2.7 kpc from the Sun and G291.3-
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o

are formed by a large number of independent clumps with sizes
of the order of 102 pc and masses of about a solar mass, (e)
the kinetic temperature of each clump (or its distribution) is
independent of the galactocentric distance. Although a gradi-
ent in kinetic temperature is observed in HIl regions, where the
main coolant is ionized oxygen, it is not expected in molecular
clouds with temperatures smaller than 50 K, where the coolant
is CO, which is optically thick in these dense regions. Assump-
tions (c) and (d) justify the subsequent use of measured antenna
temperaturd” instead of brightness temperature.

N
[&)]
T

N
o
T

Occurence Number
= [
o 6]

[&)]
T

o ICE=m — Let us definef (T, R) as the fraction of the detected sources
3 4 5 6 7 8 9 with temperature betweehi andT" + dT' at distanceR from
R (kpc) the Galactic Center. The total fraction of sources detected at

distanceR will be:
Fig. 2. Histograms, in distance to the galactic center of the observed T
HIl regions and positions with positive ammonia detection (hatchqﬁl(R) _ / f(T,R)dT (2)
block). Tinin ’

whereT,,.;,, is given by the detection limit of the radiotelescope
ness temperature, which puts them below the detectability lirattd 7, .. is the maximum temperature of the sources (the ex-
of our radiotelescope. The decrease in brightness temperatitation temperature in the limit of an optically thick source).
could be due to a decrease in the ammonia abundance with$livece we assumed that the brightness temperature is propor-
distance to the galactic center, as a consequence of the gradientl to the nitrogen abundance, we can write:
in the nitrogen abundance. In fact, N and O abundance gradi- a(R—Ro)
ents of about -0.08 dex kpé have been identified in Hll regions R) = T(Ro) x 10 ’ (2)

(Shaver etal. 1983; Simpson etal. 1995; Afflerbach etal. 1990} a6 12 ' is some reference distance at which the source tem-
and in type Il planetary nebulae (Maciel & Chiappini 1994). perature iy anda = 0.07 + 0.01 dex kpc ! is the N gradient
in the Galaxy (Maciel & Chiappini 1994).

4.4. The distribution of NElsources Also, since we have assumed that the only difference be-

with brightness temperatures tween the molecular clouds at different distances is theig NH

) ) ) content, the sources at a distariR@and temperatures between

T.he gra@ent of nitrogen abuqdancg, the detection rates and:;hgndeL AT will have temperatures betwe@h andT, + dT;
distribution of NH; sources with brightness temperature WeTS the distance?,. Therefore we can write:
used to determine the distribution of sources withdélumn
density. Several assumptions were made: (a) the brightness t¢(f2, R)dT = f(Ty, Ro)dTy 3
perature of the source is proportional to the N&bundance.
This is valid for low optical depth, which is a good assump-
tion since for more than 60 ammonia sources observed toward Tynaz
HIl regions (MacDonald et al. 1981, Vilas—Boas et al. 198¢;(R) = /
Churchwell et al. 1990) the average valuerof, 1) is around
unity, (b) the NH abundance is proportional to the nitrogevhere now the minimum temperature is a functionfgiven
abundance, true if the regions have similarahd metal abun- py:
dances (Graedel et al. 1982). The effects of other parameters, as
cloud age, time to reach equilibrium, UV illumination, shock&min(R) = Timin(Ro) x 10%(F~H0) (5)
and dust mantle destruction are supposed.to be ave'rage'd, s.incq.he slope ofF'(R) will be:
we observe molecular clouds associated with HIl regions in dif-
ferent stages of evolution. (c) the angular size of the moleculgr d  [Tmae
clouds where the ammonia sources are located is large copf; — @/ f(T,R)dT
pared with the radiotelescope beam, the consequences of this Trmin (B)
assumption will be discussed later, (d) the filling factor (fraction = —f(Tomin, RO)M
of the beam covered by the NHsources) is the same for the dr
whole cloud. This is true if the ammonia sources are formed by From (4), (5) and (6) we obtain:
small high density clumps, uniformly distributed in the molec-
ular cloud. Evidence in favor of this assumption are given B /%) _ —a(In10)Tonin (R) f (Timin, R) @)
Stuzki & Winnewisser (1985), who showed that in order to ex-
plain the anomalies in the intensity of the hyperfine satellite Comparing this expression with the best fit to our data in
inversion lines, it is necessary to assume that thg Bibirces Fig. 3,F = —0.082R + 0.85, we conclude thaf (T, R) should

Eq. (1) becomes:

f(To, Ro)dTy 4)
Tmin (R)

(6)



1120 J.W.S. Vilas—Boas & Z. Abraham: NKurvey toward southern hemisphere Hll regions. |

1.00 0.30 6
0.80 y=-0.082x +0.85 To=-0.026R +0.37 5
. o 2 _ —~
R?=0.9559 o025 L g
\ % =
0.60 | ° = =
N (9]
uw L & 020 | 39
0.40 | . = §
| AN Vv 2 3
0.20 | S 0.15 2
I L P
0.00 —_— 010 . . . . MERLN I
200 400 600 800  10.00 3 4 5 6 7 8 9
R (kpc) R (kpc)

Fig. 3. Distribution of the fraction of detected ammonia sources (F) &g. 4. Distribution of the mean temperature of the detected ammo-
a function of the distance to the galactic center. nia sources (dots) and mean distance to the observer (triangles) as a
function of the distance to the galactic center.

vary asT—%, with a = 1. If the angular sizes of the molecular,

clouds are smaller than the radiotelescope beam size, the fillin

factors will decrease with distance to the observer. In this cage (1)) _ TimazIn10 (10)
the real number of ammonia sources should be larger than thed R {1n[T,,m/Tmm(Ro)]}2

detected number at larger distances to the observer. The mean . .
distance of the sources to the observer, on the other handfﬁ-e maximum observed temperature is 1.5 K for NGC6334, the

creases as the galactocentric distance decreases, as can bérgghgﬂum temperature can be taken as 0.1K, three times the rms
in Fig. 4, for this reason we expeet> 1. of the observations, using these values and 0.8 in Eq. (9)
) - Jye obtaind (T'(R)) /dR = 0.3K /kpc

Under the assumptions listed at the beginning of this s InFia.4 tthe caleulated ¢ ture forf
tion, the brightness temperature reflects thgdélumn density . nrig. «wepresentine cajculated mean temperature for four
gerval bins in galactocentric distance. The three points at the

and, after corrections for the gradient in the abundance of t  dist o the Galactic Center defi i ith sl
molecule with the galactocentric distance, it also represents gest distance to the Lalactic Lenter define a fine with Slope
.26, in agreement with the value derived in Eq. (9), however,

H, column density. Therefore, the distributigfR, T') oc 7! ) g )
indicates that the fraction of molecular clouds associated to mphpo_lnt closlzstt)to the Cter;t_e;:rt;alls well b i:_lowt;[]hltstlrllne. This
regions decrease as the Eblumn density increases. Since thg’e avior Wolut | ethexpect: ed! b € as_sumplj_(ljon ta di (tasourmtas
actual sizes of the molecular clouds are not known, we cangt'¢" COMPIEtely the antenna beam IS valid up fo distances to
e observer of about 3 kpc, as can also be seen from the figure.

convert H column density to mass, but it is possible that th  this dist th ‘ b i 410 ali
distribution off (R, T') with T'is a consequence of some relation IS distance he anteénna beéam will correspond 1o a linear

F(M) o M~P, where M is the mass of the cloud RelationsiZe of about 3.5 pc. Actual sizes of molecular clouds associ-
of this type aré found in the distribution of clumps nOph ated with HIl regions, obtained by mapping, are available for

(Motte et al. 1998) and also in other molecular clouds (Lorqulyafew sources. For other ammonia sources, specially those
1989, Blitz 1993), with3 varying between 1 and 2.5 observed towards compact HIl regions, only one position was

Another quantity which can be calculated once the distribPt_udied and the size of th'e region calculated from the filling
tion of sources witl" is known is the mean brightness tempe actor, under the assumption of LTE. However, as mentioned

before, Stutzki and Winnewisser (1985) showed that a large

ature: fraction of warm ammonia sources present anomalous intensi-
fgl T(R)f(T,R)dT ties in the satellite lines, probably caused by the superposition
(T(R)) = —4%— of small dense clouds in non LTE. The filling factor, in this case,
Jroot ST R)AT is interpreted as the ratio between the solid angle occupied by
Tovaw — Tonin all the clumps and the solid angle of the antenna beam. This in-
= W(Toan Tons) (8) terpretation is different from the usual assumption that the size
el of the molecular cloud is the product of the antenna beam size
where we have assumet{T, R) « T~!. Using Eq.(2) we and the filling factor. Therefore, molecular clouds can be larger
obtain: than the beam size and still have filling factors smaller than one.
Tma:z:
(T(R)) ~ Tome /T ()] 5. Summary and conclusion
" alnl0 (R — Rp) In this paper we present Nfil,1) line observations in 108

 In[Tmaz/Tomin(Ro)] ) southern hemisphere HIl regions. The main results of this re-
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search are: (1) ammonia was detected in about 30 % of the Bburke T.L., Hyland A.R., Robinson G., 1995b, MNRAS 276, 1052B
served positions, (2) no ammonia (1,1) line was identified abo®enfman L., Nyman L-A., May J., 1996, A&AS 115, 81
the three times the antenna temperature limit of 0.04 K in tkéeung A.C., Rank D.M., Townes C.H., Tharnton D., Welch W.J.,
270°—290° galactic longitude interval, where 14 HIl regions 1968, Phys. Rev. Letters 21, 1701
were observed, (3) ammonia was detected in about 60 % of ff!rchwell E., Waimsley C.M., Cesaroni R., 1990, A&AS 83, 119
positions which had an associated IRAS point source with Cogl'emens D.P., 1985, ApJ 295, 422

n

index of ultra—compact Hll regions, (4) it was found a gradie arggepi E'Fl"?\é\/h'teoak J-R., Peters W.L., Kuipper T.B.H., 1985, Proc.

of about —Q.08 in the fragtion of Nj,-lsour_ces iq the direction Graedel T.E., Longer W.D., Frerking M.A.m 1982, ApJS 48, 321
of Hil regions, per kpc in galactocentric radius. and (5) thJ‘:'auncey D.L., Batty M.J., Gray G.J., Moore R.C., 1981, Proc. Astron.
distribution of ammonia sources variesEs', indicating, un- Soc. Aust. 4, 262
der certain assumptions, that the fraction of molecular cloudsren R.B., 1989, ApJ 338, 902
associated to HIl regions decrease as thecBlumn density Maciel W.J., Chiappini C., 1994, Ap&SS 219, 231
increases. McDonald G.H., Little L.T., Brown A.T., et al., 1981, MNRAS 195,
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