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Abstract. — A large survey of galaxies in the J=1—0 CO line, performed during 1985-1988 using the 15-m SEST
and the 20-m millimetre wave telescope of Onsala Space Observatory, is presented. The HPBW of the telescopes are
44" and 33" at 115 GHz, respectively. The central positions of 168 galaxies were observed and 101 of these were
detected in the CO line. More than 20% of these are new detections. Maps of some of the galaxies are also presented.

Key words: galaxies: ISM — radio lines: ISM

1. Introduction

The study of carbon monoxide (CO) in space began in our
own Galaxy with the observations of the Orion Nebula by
Wilson et al. (1970). Rickard et al. (1975) made the first
detection of extragalactic CO by observing M 82 and NGC
253. The long timespan between the detection of Galactic
and extragalactic CO was entirely due to lack of receiver
sensitivity. Not until 1974-75 did millimetre wavelength re-
ceivers become sensitive enough to detect nearby galaxies
strong in CO. Today, with good SIS receivers it is pos-
sible to detect substantially weaker emission and thereby
improve our knowledge regarding gas content in all kinds
of galaxies. ‘

A number of extragalactic CO surveys, performed
with different telescopes, are now present in the litera-
ture (Verter 1990). Some examples are Stark et al. (1987)
using the Bell Labs 7-m telescope, Solomon & Sage (1988),
Sage (1993) and Young et al. (1995) using the NRAO
12-m and the FCRAO 14-m telescopes, Mirabel et al.
(1990) using the 15-m SEST and Braine et al. (1993) us-
ing the IRAM 30-m telescope. Observation of CO is one
of few means we have to measure the potential for star
formation in external galaxies. With sufficient resolution
it can directly give us the locations and approximate sizes
of the star forming regions. CO intensities also seem to
correlate well with other star formation indicators such as
infrared and radio continuum radiation (Braine & Combes
1992).

Send offprint requests to: Aa. Sandqvist
*Tables 1 and 2 are also available in electronic form at CDS
via ftp 130.79.128.5

In this paper we present a survey of 168 galaxies ob-
served in the J=1—0 CO line with the 15-m SEST and the
Onsala Space Observatory (OSO) 20-m millimetre wave
telescope. This sample of galaxies is not complete, the
merit of the survey lies in its size. The galaxies were
primarily chosen from the samples of Balzano (1983),
Hummel (1980), Keel (1983) and Stauffer (1982). The 40
southern galaxies, observed with the SEST, were chosen
from the IRAS catalogue, with the criteria S(60 pm) > 8
Jy and negative declinations (6 < 0°). Of the 168 galaxies
observed, 101 were detected in CO, i.e. 60%. More than
20% of these are new detections, not previously published.
The rest of the sample has also been observed with other
telescopes having different diameters and we briefly com-
pare with a few of these results.

2. Observations and data reduction

The observations in the 2CO J = 1-0 line were per-
formed during 1985-1987 using the OSO 20-m radome-
enclosed millimetre wave telescope and in 1988 using the
15-m SEST.

Approximately the first half of the OSO observations
were performed with a Schottky barrier diode mixer and
the latter half with a SIS mixer. The single-sideband sys-
tem temperatures at the feed horn ranged from 300 to
500 K (Schottky) and from 150 to 300 K (SIS), depend-
ing on receiver status, weather and elevation. Pointing of
the telescope was checked before each observing run using
planets, NGC 7027 and IRC 410216, and was found to
be accurate within 5. The beamwidth and main beam
efficiency of the telescope at 115 GHz were 33" and 0.3
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Table 1. Properties of galaxies detected in the J=1—0 CO Line

Galaxy Right Declination  [Tmp dV VLSR (VHEL Previous Type Optical Diameter log LCO log LIR log LB

ascension  (1950)  (Kkmsl) {kms1} -VLSR) pegections () (mb's) (Te)  (Kkms! (Lo {Lo}

(1950) o {km 5-1} pCZ]

h m s

M @ 3 @ ©) O] ) ® 9 10 (an (12

NGC23 0007 18.6 2538 48 18.0 1.3 4535 —4 0,1,2,5,20 SB(s)a 21 380 9.51 11.27 11.23
NGC 134 0027536 333109 225%12 1545 7 new SAB(s)bc 8.5 11.6 S 8.89 10.78 11.09
NGC157 0032138 084023  165+1.1 1675 4 0,3,4,19 SAB(rs)bc 42 57 S 8.85 10.80 11.03
NGC 174 0034315 294509 9507 3515 7 new SB(rs)0/a: 14 198 9.21 11.07 10.50
NGC 278 0049 14.7 47 16 46 10.9 0.9 650 -5 0,3 SAB(rs)b 21 380 7.77 10.33 10.35
NGC337 0057199 075052 27407 1725 5 0 SB(s)d 29 40 S 8.05 10.42 10.68
NGC613 0131591 294032 344 1.1 1465 11 new SB(rs)bc 55 15 S 9.01 10.75 10.90
NGC 660 01 40 20.7 132332 583 4.6 880 5 0,1,3,6,8,24  SB(s)apec 83 151 O 8.62 10.75 10.16
NGC 772 0156352 18 45 57 13.8 +1.8 2335 5 0,1 SA(s)b 72 13.1 O 8.86 10.88 11.39
NGC864 0212498 054610  35#1.1 1500 8 0,2,3 SAB(rs)c 47 64 S 8.11 9.97 10.70
NGC908 0220467 212735 122108 1380 13 0 SA(s) 60 82 S 8.57 10.69 10.98
NGC986 0231343 391548 36207 1945 14 6 SB(rs)ab 39 53 S 9.27 10.91 10.77
NGC992 0234356 205304 15.6 4.2 4055 6 5.8 s? 09 160 9.35 11.22 10.85
NGC 1022 0236047 065330 57 0.8 1425 12 0,13 (R)SB(s) 24 33 S 8.26 10.57 10.36
NGC 1055 0239 11.2 00 13 44 28.0 3.0 995 11 0,1,3 SBb: sp 7.6 138 O 8.36 10.45 10.51
NGC 1084 0243323 074712 145407 1375 12 0,1,3 SA(sk 32 448 8.60 10.73 10.72
NGC 1187 0300237 230343  7.040.7 1300 15 new SB(r)c 55 15S 8.24 10.32 10.61
NGC 1326 0322017 -363823 7.5#1.0 1355 17 12,16 (R)SB()0+ 39 538 8.22 10.01 10.48
NGC 1365 0331418  -361827  106.0 +1.7 1610 17 11,28 SB(s)b 112153 8 9.56 11.20 11.20
NGC 1385 033519.7  -243948 5.6 0.9 1470 17 0 SB(s)ed 34 46 S 8.20 10.50 10.63
NGC 1406 0337217 312903 9.0 1.1 1060 17 new SB(s)bc:sp 38 528 8.07 9.98 10.18
UGC 2855 03 43 09.5 695846  28.0%3.1 1135 -5 1 SABc 44 80 O 8.62 10.93 10.59
NGC 1482 0352258 203854 336 +1.6 1830 17 0,5 SAO+ pec 25 348 9.13 10.83 10.03
NGC 1511 0359245 674632 64107 1255 15 new SAa pec 35 48 S 8.10 10.41 10.41
NGC 1530 041703.0 751042  24.0 2.4 2435 -6 0,1,2 SB(rs)b 46 840 9.12 10.90 11.06
NGC 1614 0431358 084057 152 1.1 4700 17 0,2,5.6 SB(s) pec 13 188 9.68 11.77 10.82
NGC 2146 06 10 40.1 78 22 23 88.6 £2.8 885 -6 0,1,2,3,6,13,15 SB(s)ab pec 6.0 109 O 8.88 11.20 10.59
NGC 2268 070047.6 8427 41 183 3.3 2320 -8 new SAB(r)bc 32 580 8.92 - 10.56 10.89
NGC 2276 0710313 855051 15.8 +1.0 2400 13 0,1,2,4,6 SAB(rs)c 28 510 8.93 10.98 10.91
NGC 2339 07 05 25.6 185134 258 +4.0 2230 -9 0,1,2 SAB(rs)bc 27 490 8.97 10.86 10.86
NGC2369 0716039 621507 35111 3185 16 10 SB(s)a 35 48 S 9.67 11.22 10.99
NGC 2403 0732030 654224 10.8 £3.5 165 -3 0,2 SAB(s)cd 21.9 398 O 6.65 8.74 10.13
NGC2559 0815024 271813 326 +l1 1525 17 0 SB(s)bc pec: 37 508 8.93 10.65 11.35
NGC 2633 0842342 741700 18.543.0 2185 -6 0,1,2,4 SB(s)b 25 450 8.89 10.91 10.60
NGC2681 0849.58.0 513012 7.7+L7 685 5 0,3,14 (R)SAB(rs)0/a: 36 65 O 7.51 9.55 10.16
NGC 2683 08 49 34.8 33 36 31 202429 415 0 0,9 SA(rs)b 93 169 O 7.35 9.19 10.08
NGC2782 0910536 401915 9.1+2.0 2545 2 0,1,4,7,8 SAB(rsjapec 35 64 O .68 10.72 10.80
NGC 2798 0914084 421242  81#1.9 1700 2 0,1,2,4 SB(s)a pec 26 47 0. 829 10.74 10.28
NGC2964 093957.0 320430 307 #4.1 1325 3 0,1,3,4 SAB(r)bc: 29 530 8.61 10.25 10.37
NGC 3079 0958352 555513 93.5 6.3 1145 -3 0,1,2,3,4,6,17 SB(sxk 79 144 0O 9.02 10.79 10.77
IC2554 1007302 664708  10.6 1.2 1345 12 new SB(s)bc pec: 31 428 8.29 10.20 11.03
NGC3175 1012246 283724 19.3 1.4 1085 12 new SAB(s)a? 50 68 S 8.33 9.92 10.19
NGC 3294 1033 24.1 373505 5.2 £3.0 1550 -1 new SA(s) 35 64 S 8.27 10.31 10.65
NGC3344 104046.6 251110 9.1 434 600 1 0,2,3,7 R)SAB(Mbc 7.1 129 O 731 9.47 10.04
NGC 3351 1041 19.1 115758 250 3.1 750 4 0,3,9,15,18 SB(r)b 74 134 O 7.96 9.87 10.35
NGC 3471 1056022 614756 149 +4.8 2115 -6 20 Sa 17 310 8.77 10.57 10.33
NGC 3521 1103 15.1 00 13 58 26.8 +4.8 725 4 0,2 SAB(rs)bc 11.0 200 O 7.99 10.35 10.73
NGC 3556 11 0836.8 5556 33 16.0 £2.1 705 -6 0,1,2 SB(s)cd sp 87 580 7.87 10.38 10.63
NGC 3593 111159.7 130522 287 #53 605 1 0,9,12 SA(s)0/a: 52 940 7.83 9.64 9.68
NGC3620 1114235 -755633  47.0+1.6 1775 11 new (R)SB(s)abpec 28 3.8 S 9.33 11.09
NGC 3631 1118129 5326 39 12.1 £1.7 1160 -6 0,7 SA(s) 50 910 8.16 10.28 10.58
NGC 3810 1138245 11 44 51 195427 975 -0 0,1,3,7 SAB(rs)c 43 18 O 8.12 10.08 10.33
NGC 4041 115938.7 62 24 59 212 43.0 1245 -9 0,1 SA(rs)bc: 27 49 0 8.48 10.49 10.34
NGC 4088 1203009 504912  23.1+25 765 -8 0 SAB(rs)bc 58 105 O 8.10 10.34 1042
NGC 4102 1203508 525921 36.4 5.5 830 -8 0,8 SAB(s)b? 30 550 8.39 10.62 10.07
NGC 4157 1208334 504544 199 3.1 735 -8 0,1 SAB(s)p?sp 68 124 O 8.06 10.29 10.25
NGC 4194 1211417 54 48 21 12.0 £1.8 2525 -9 0,1,5,13 IBm pec 1.8 330 8.81 11.15 10.47
NGC 4217 1213212 472217 12.8 3.3 1055 -8 new Sb sp 52 950 8.08 10.33
NGC 4414 1223 57.1 312956 292150 710 -7 0,1,3,9 SA(rs)c? 36 650 8.09 10.26 1033
NGC4418 1224203 003609 4.5+09 2105 -2 0,5 (R)SAB(s)a 14 1958 8.44 11.17 10.27
NGC4536 1231539 022742  202#2.6 1790 -3 0,1,2,8 SAB(rs)bc 76 138 O 8.68 10.84 11.03
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Table 1. continued
NGC 4565 1233518 26 15 50 14.8 £2.5 1295 -7 3,25,27 SA(s)b? sp 158 287 O 8.25 10.32 11.33
NGC 4568 1234 03.0 113045 355 ¥3.4 2230 —4 0,1,2,21 SA(rs)bc 46 84 0 9.14 11.08 11.01
NGC 4579 1235126 12 05 40 23.1 5.0 1460 -5 0,1,2,3,21 SAB(rs)b 59 107 O 8.60 10.30 11.01
NGC 4691 1245395 —03 03 28 7.3 X0.9 1125 -3 0,16,23 (R)SB(s)0/apec 2.8 38 S 8.03 10.05 10.18
NGC 5033 1311 08.0 36 5148 31.3 449 995 -10 0,1,3,6,7,11 Sa(s) 10.7 195 O 8.33 10.24 10.64
NGC 5055 1313354 4217 48 41.1 x1.5 515 -11 0,6,9 SA(rs)bc 126 229 O 8.03 10.43 10.69
IC 883 1318 18.3 342353 4.1 £1.2 6745 -10 2,5 Im:pec 15 270 9.20 11.80 10.76
NGC 5218 1330274 63 01 24 24.8 £2.9 2900 -12 6 SB(s)b?pec 18 330 9.23 10.80 10.59
NGC 5371 1353342 404223 6.5 +2.1 2685 -13 new SAB(rs)bc 44 80O 8.56 10.73 11.17
NGC 5430 1359 08.3 5934 10 253 +6.2 2970 -13 5 SB(s)b 22 400 9.31 11.05 10.87
NGC 5660 14 28 00.1 49 50 58 10.0 £3.1 2315 -14 new SAB(rs) 28 510 8.68 10.42 10.73
NGC 5676 143101.4 49 40 37 20.7 +4.1 2115 -14 0,4 SA(rs)bc 40 730 8.92 10.87 10.97
NGC 5678 1430 37.1 58 08 35 18.3 2.9 1785 -14 0,4 SAB(rs)b 33 6.0 O 8.80 10.77 10.75
INZW 71 14 49 13.1 354453 9.8 £2.6 1545 -15 new Pec 10 18 0O 8.16 9.36
NGC 5907 1514 34.8 56 30 33 12.5 3.3 630 -15 0,3,26 SA(s)c: sp 126 229 O 7.83 10.27 10.74
NGC 6000 15 46 44.1 -29 14 08 204 £1.3 2160 -8 0 SB(s)bc: 1.9 26 S 9.09 11.10 10.54
NGC 6156 163028.2 —603055 16.0 £0.7 3245 -18 new SAB(rs)c pec: 16 228 9.35 11.16 11.72
NGC 6181 163009.4 19 55 48 10.6 2.2 2350 1 0,4 SAB(rs) 25 450 8.72 10.82 10.88
NGC 6217 1635 02.8 78 17 58 16.9 +2.2 1365 -13 0,1,3,4 (R)SB(rs)bc 30 550 8.51 10.48 10.51
IC 4687 1809202 574428 8209 5130 -1 10 Sb: pec 13 18 S 9.48 11.55 10.74
NGC 6574 1809 34.8 14 58 00 23.4 3.4 2330 -19 0,2 SAB(rs)bc? 14 250 9.05 10.93 10.85
NGC 6643 1821 14.0 74 32 42 30.0 £5.8 1520 -14 0,1,2,4,7 SA(rsx 38 69 O 8.84 10.65 10.79
IC 4734 1834 084 573205 13.1 10.8 4600 -1 10 (R)SB(s)abpec: 1.3 1.8 S 9.60 11.44
NGC 6764 1907 01.2 50 51 08 9.3 2.1 2425 -18 8 SB(s)bc 23 420 8.72 10.65 10.78
NGC 6792 1919 22.1 43 02 15 6.2 2.5 4570 -19 new SBb 22 400 9.07 10.56 11.33
NGC 6810 1939209  -58 4630 17.4 £1.5 1945 0 new SA(s)ab:sp 32 580 8.70 10.76 10.75
NGC 6835 1951459 -124200 9.1 +0.9 1585 -13 new SB(s)a?sp 23 318 8.59 10.50 10.45
NGC 6907 202208.0 245820 21.2 £1.1 3150 -9 4 SB(s)bc 33 45 S 9.50 11.17 11.25
NGC 6951 2036 36.6 65 55 54 233 +4.6 1740 -15 0,18,19 SAB(rs)bc 39 710 8.70 10.62 10.94
NGC7130 2145197 -351104 14.3 0.5 4820 -2 6 Sa pec 1.5 20S 9.68 11.52 11.01
IC 5179 2213129 370539 14.9 £1.0 3400 -0 10 SA(rs)bc 23 318 9.40 11.33 11.09
NGC 7331 2234477 34 09 35 269 £3.7 755 -11 0,2,3 SA(s)b 105 19.1 O 8.36 10.80 11.07
NGC 7448 2257 34.8 1542 50 14.1 £3.2 2230 -7 0,4 SA(rs)bc 27 49 0 8.80 10.69 10.94
NGC 7469 2300 44.4 08 36 19 16.9 ¥2.5 4860 -6 0,1,2,5,11,22  (R)SAB(rs)a 15 270 9.54 11.76 11.14
NGC 7479 2302 26.4 12 03 06 32.8 +4.1 2375 -6 0,1,2,4 SB(s)k 41 750 9.23 10.97 11.12
NGC 7496 2306594 -434154 4.0 0.6 1630 4 new SB(s)b 33 45 S 8.18 10.30 10.48
NGC 7541 2312 12.1 04 15 46 67.3 8.6 2705 —4 0,1,2,4 SB(rs)be: pec 35 640 9.63 11.22 11.07
NGC 7603 2316226 -000139 17.1 +t4.7 8785 -3 new SA(rs)b: pec 1.5 270 10.04 10.89 11.26
NGC 7625 2317 59.4 16 57 12 20.6 +4.3 1605 -6 0,1,2,12 SA(rs)a pec 16 290 8.73 10.49 10.23
NGC 7771 2348 52.1 19 49 57 31.2 £2.1 4235 ‘4 0,1,5 SB(s)a 25 450 9.70 11.60 11.09

References [Telescope diameter]: 0 - Young et al. (1995) [14 m]; 1 - Solomon & Sage (1988) [14, 12 m]; 2 - Young et al. (1989) [ 14 m]; 3 - Braine
et al. (1993) [30 m]; 4 - Tinney et al. (1990) [12 m]; 5 - Sanders et al. (1991) [12 m]; 6 - Aalto et al. (1991)[20, 15 m]; 7 - Stark et al. (1987) [7 m];
8 - Sanders & Mirabel (1985) [12, 14 m]; 9 - Sage (1993) [12 m]; 10 - Mirabel et al. (1990) [15 m]; 11 - Heckman et al. (1989) [12 m]; 12 -
Wiklind & Henkel (1989) [30, 20, 15 m]; 13 - Devereux et al. (1994) [45 m]; 14 - Taniguchi et al. (1994) [45 m]; 15 - Jackson et al. (1989) [14 m);
16 - Tacconi et al. (1991) [15m]; 17 - Schoniger & Sofue (1994) [45 m]; 18 - Kenney et al. (1992) [OVRO interferometer]; 19 - Elmegreen &
Elmegreen (1982) [11 m]; 20 - Chini et al. (1992) [15, 30 m]; 21 - Stark et al. (1986) [7 m]; 22 - Taniguchi et al. (1990) [45 m]; 23 - Wiklind et
al. (1993) [30 m]; 24 - van Driel et al. (1995) [45m]; 25 - Richmond & Knapp (1986) [7 m]; 26 - Sofue (1994) [45 m]; 27 - Sofue & Nakai (1994)

[45 m]; 28 - Sandqvist et al. (1988) [12 m].

respectively (Elldér, private communication). The spec-
tra were obtained with a 512x1 MHz filter bank, yield-
ing a velocity resolution of 2.6 km s~!. Velocity is given
with respect to the local standard of rest (LSR). A dual-
beam switch mode, with a beam separation of about 12/,
was used, placing the source alternately in the two beams
to eliminate asymmetry. Only linear baselines have been
removed and the resultant spectra have been “boxcar”
smoothed to four times their original resolution in veloc-
ity, namely 10.4 km s~1.

During June 1988 additional observations were done
of a few low declination objects (NGC 864, NGC 4418,
NGC 4536 and NGC 4691) and one southern object

(NGC 1365) with the 15-m Swedish ESO Submillime-
tre Telescope (SEST) at La Silla, Chile. The southern
IRAS galaxies were observed in October and December
1988. SEST was equipped with a Schottky barrier diode
mixer and was used together with a 728-channel acousto-
optical spectrometer, which yielded a velocity resolution
of 1.8 km s~!. The system temperatures, corrected to
above the atmosphere, were in the range 300—500 K and
the beamwidth of the telescope was 44”. Main beam effi-
ciency at 115 GHz was 0.66 in June and 0.73 in October
and December (after re-alignment of the reflector surface),
forward spillover and scattering efficiency equal to 0.92.
Pointing accuracy was measured to be about 3" rms. As
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with the OSO data only first order polynomials have been
subtracted and the spectra have been boxcar smoothed
to a resolution of 7.4 km s~! for the June data and
10.3 km s™! for the October and December data.

The observed intensities, Ty, are chopper-wheel cali-
brated and are related to the main beam brightness tem-

Table 2. Galaxies searched for CO, with negative results

Galaxy Rightascension  Declinaion  Velocity*  RMS (Tmb)  Type perature, Trp, which is appropriate for a source filling the
(950 asso - msh (K main beam, by T% = Typ X (main beam efficiency). The
NGC 232 00 40 17.5 35002 1500r 004 SBEal pec 0SO fiata were checked for consistency by.repeated ob-
NGC 262 0046 04.9 314104 4490 0.04 SAs)0/a servations of NGC 7027 and IRC +10216 using the values
NGC 315 00 55 05.8 3004 58 4920 0.04 E+: .
IC 1623 0105 18.1 -17 46 36 1500+ 0.04 - Thp=5.2 K and T1,,=11.5 K, respectively (Olofsson 1983).
NGC 449 0113 19.6 324932 4880 0.04 (R)S?
NGC 925 0224 16.7 332122 560 0.05 Sa
NGC1052  023837.0 08 28 05 1500 0.02 E4
NGC 1084 0243318 -074708 1400 0.05 SA(s)k 3. Results
NGC 1222 03 06 24.1 —03 08 48 2710 0.04 SO pec
NGC 1266 03 13285 —023643 1500 0.04 (R")SB(rs)0°pec CO
E420-GI3 0411532 320759 1500 0.04 SA(D)0+pec 3.1. survey
NGC 1637 04 38 57.5 -0257 lé zég ggi gﬁ?‘s){):c
NGC 1964 0531 14.1 -21 58 4 . s, . .
NGC 2110 05 49 46.4 0728 03 2285 0.05 SAqBO CcO WaS detected in 101 gal&XIeS anc.l the results are pl're-
MCG BHI0IL 08 S o s S0 P o sented in Table 1 and Fig. 1. Table 1 identifies the galaxies
Neczar o1l 101 Saas ol a420 0.04 gf‘((?;b?w in Col. (1) and gives the central positions in Cols. (2) and
N - - . . . . ., .
Ma 79 07 38 47.2 4955 50 6645 003 git(a - (3). The integrated CO line intensities, Ico =J Tmp dV,
GC 2523 08 09 15.5 734350 3450 0.04 s)b:? . . . L. .
NGGaGs 0840030 5023 14 3315 003 82153?()27:? are given in Col. (4) and the CO centroid velocities with
NGC 2655 08 49 08.3 78 24 48 1390 0. s)0/a . .
NGC 294 0936077 3413 51 4500 002 29553.2; respect to the local standard of rest ?re given 1rfl Col. (5).
NGC 3183 10 17 33.0 74 25 38 2000 X s)bc: : .
NGC 3303 1034179 [ 00 003 pec To co.rrect to the hehocentr}c (HEL) rame of reference we
Noc3se 1043207 632912 1120 0.04 ¥ have included the appropriate difference (Vugr — Visr)
NGC 3412 10 48 14. . S) . i ) N
NGC 3432 1049 42.5 3653 07 620 o.gi giggm)wsg’ in Col. (6). References to previous detections, as obtained
E93-3 1057 29.3 —66 03 16 1470 0. r)0/a? . . .
NGC 3486 10 57 41.9 29 14 36 g(g)g 8(1)(3) gﬁg‘)"c from a search in the SIMBAD database, are listed in Col.
NGC 3489 10 57 40.6 141013 . « » - . . . _
NGG 3516 1105 228 7250 24 2600 004 RSB(0°: (7) wh.ere new }mp11es no previous observatlpns pub
NGC3735 1133032 704842 2790 g.04 Shc: sp lished in refereed journals. Galaxy types according to de
NGC 3813 11 38 40.2 36 49 29 1450 0.04 SA(rs)b: ‘ ‘
NGC3998 1155199 5540 03 1100 0.03 SAMO? Vaucouleurs et al. (1991) (RC3) are listed in Col. (8). Col-
NGC 4111 12 04 31.6 4320 41 820 0.04 SA(r)0+sp . . 1 . . .
NGC 4151 12 08 00.0 39 40 52 995 003 gzs)AB(rs)ab: umn (9) gives the optical diameters, Dys in arcmin, as
NGC 4260 12 16 48.8 0622 40 1850 ) s)a > .. . .
NGC 4261 12 16 503 06 06 06 29188 883 E?J, presented in RC3. In addition, these optical diameters are
NGC 4374 12 22 31.4 13 09 49 1 X . . . . s
NGC 4382 12223532 18 28 03 70 0.04 SAEpec glv.en rglzn-slve tf) the main beam size (n}‘b i) of the telescope
NGC 4500 1229026 581426 3000 0.04 $B(s) which is identified by the notation “O” for the Onsala
NGC 4559 123329.4 28 1407 810 0.04 SAB(rs)cd . B
Ma 231 1254 05.0 5708 39 12300 003 SAS?pec 20-m telescope and “S” for the 15-m SEST. Column (10)
NGC 5297 13 44 18.9 4407 22 2600 . s)c: sp . i .
NGC5322 1347351 s026 21 1500 004 B3 gives the calculated CO luminosities, Lco = Icond?/4,
NGC 5363 13 53 36.6 5 . ? . . 3 . _
NGC 3364 (333412 051537 : 150 004 §Q§'§?,"°P°° where d(pc) is the linear half-power diameter of the tele
NGC 5394 1356 25.2 37 41 39 . s)b pec : . . . .
NGG 2305 12297 3740 02 3500 0.08 SAQ pec scope mam. beam, using the radial Yeloc1ty with respect to
NGCS5548 1415437 252159 5175 0.03 ®)SAe0 the Galactic Standard of Rest obtained from RC3 and as-
NGC 5675 14 30 36.6 36 31 18 4290 0.04 S? . 1 1 .
NGCS850 1504355 014417 2500 004 SB@p suming Hy = 50 km s~ Mpc™!. In Col. (11) we present in-
4 44.3 42 49 53 5400 . ? . .. . . ..
ﬁgg ggg? ig papay: 8238 12 ?ggg 88‘; ]SEAB( " frared luminosities obtained ;n a;nanner similar to Young
NGC 6384 17 29 58.6 07 05 4 . y _ i
IC 4662 1742135 643716 310 0.04 Bm et al. (1989) [LIR = 3~75. 10. D C(2~58 Seo + 5100)]' Fl
NGC 6500 1753 48.1 182040 2980 0.04 SAab nally, the Blue light luminosities (Lg) - calculated using
NGC 6824 19 42 36.6 555923 3300 0.04 SA(s)b: 0 i
NGC 6918 2027 15.4 473833 1500++  0.04 ®)sBewa:  values of By obtained from RC3, Mg, = 5.48 and Hy =
NGC 7217 22 05 37.9 3106 53 900 0.04 (R)SA(r)ab 1 T 1
NGC7241 2213213 18 59 01 1450 0.03 SB(ohe pec 50 km s~ Mpc~! - are given in Col. (12).
NGC 7316 2233 30.6 2003 50 5550 0.03 . . .
NGG 7332 5235 01.2 233216 1200 006 S0pec p We have calculated errors in the CO 1nteg};1rated line
NGC 7468 2300 30.2 16 20 08 2090 X 1 pec 3 L : :
Noc e ey 083006 2660 003 SAbe pec intensities and these aret also listed in Co.l. 4).T ese: €rrors
NGC7714 2333406 015241 2805 0.04 SBe:pec  are dependent on the inherent rms noise fluctuations of
the profiles and the uncertainties in subtracting baselines.
The line uncertainty, assuming a perfect baseline, is given
by
) B
+ a search was also carried out at a velocity of 2500 km s . g . _
++ searches were also carried out at velocities of 2500, 3500 and 4500 km s°! Aljine Av=o0 Av (1)

= ﬁ N .
where N is the total number of spectrometer channels

covering a total velocity range of B km s™1, Av km s7!
is the total velocity width of the spectral line, n is the
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number of channels covered by the spectral line and o is
the rms noise per channel. Assuming only linear baselines,
which is the case for all our observations, the baseline
fitting uncertainty is given by

/B 1
AIbase =0-Av NB —Av (2)

and the total error in the integrated line intensity is

A
AI=\MU&e+A@uJ=é%'B Et%; (3)

An examination of the optical diameters in Col. (9)
indicates that many of the galaxies are resolved by our
observations, implying that the calculated Lco represents
a lower limit to the total CO luminosity for a specific
galaxy. In some cases, however, such as the very distant
‘galaxies and/or those with a high degree of central CO
concentration, the tabulated value approaches the total
CO luminosity. This is further discussed in Sect. 3.2.

The spectra of CO emission, observed in the central
positions of the detected galaxies, are presented in Fig.
1. The galaxies have been ordered according to increasing
right ascension.

Thirty of the 101 detected galaxies have a central Lo
larger than or equal to 10° K km s~! pc?. They form an
interesting subgroup, which might deserve special atten-
tion. Due to their large amount of gas they may be poten-
tial starburst galaxies. Two more galaxies (NGC 660 and
NGC 2146 - see also Fig. 5 in Sect. 4) have values of Lco
less than 10° K km s~! pc? but still deserve special at-
tention due to their high values of Ico. We briefly present
these galaxies below.

NGC 23 is a barred spiral galaxy in pair with NGC 26.
The gas velocity field in its central region has been studied
by Afanas’ev et al. (1991) using the 6-m optical telescope
in the Caucasus. They suggest that NGC 23 may be in a
post-Seyfert stage.

NGC 174 is a barred spiral galaxy with a ring-like struc-
ture.

NGC 613 is a barred spiral galaxy with an active hot
spot nucleus, a radio jet and a circumnuclear radio ring;
there is some evidence for an accelerated collimated out-
flow (Hummel et al. 1987).

NGC 660 is discussed by Braine et al. (1993). It is a
peculiar galaxy with a prominent central bar-like structure
and a strongly warped outer disk structure. H I and OH
has been observed in absorption towards the nucleus by
Baan et al. (1992) using the VLA. van Driel et al. (1995)
have recently presented a thorough study of this galaxy in
the optical and radio spectral regions.

NGC 986 is a barred spiral which has been observed
both in the 12CO and *CO J = 1-0 lines by Aalto et al.
(1991).
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NGC 992 is a spiral galaxy possibly interacting with
Mrk 369. It has been observed in the radio continuum by
Condon et al. (1982) using the VLA.

NGC 1365 has the highest Ico value of all our observed
galaxies, namely 106.0 K km s~!. It is a barred spiral
Seyfert 1.5 galaxy in the Fornax cluster with a circum-
nuclear ring of starburst activity signposts. It has been
mapped extensively in the radio continuum with the VLA
and in the J = 2—1 and 1-0 CO emission lines with
the SEST by Sandqvist et al. (1982, 1995), and with
the NRAO Kitt Peak 12-m millimetre wave telescope by
Sandqvist et al. (1988). The H I distribution and velocity
field has been mapped with the VLA by Jorséter & van
Moorsel (1995). NGC 1365 does not have any companion.

NGC 1482 is a peculiar IR-luminous galaxy with de-
tected molecular hydrogen in the nucleus, as observed in
the near-infrared lines by Kawara et al. (1987).

NGC 1530 is a Sersic-Pastoriza galaxy which has been
mapped with the VLA in the 20-cm continuum by Saikia
et al. (1994) and with the 91-m telescope in the 21-cm H
I line by Rots (1981). The HCN J = 1-0 line (as well as
the CO J = 1-0 line) has been observed with the 30-m
telescope by Solomon et al. (1992).

NGC 1614 is an IR-luminous merger with barred struc-
ture which has been observed extensively in the optical,
infrared and radio regions by Neff et al. (1990). Interfero-
metric observations of CO have been performed by Scoville
et al. (1989).

NGC 2146 is discussed by Braine et al. (1993). It is a
peculiar SB galaxy with a complex optical morphology
and enhanced star-forming activity. It has recently been
observed at a number of positions in the 2CO and ¥*CO
J =2-1 and 1-0 as well as the CS J = 2—1 lines by Xie
et al. (1994) using the 14-m FCRAO telescope.

NGC 2369 is a barred spiral galaxy.

NGC 3079 is discussed by Braine et al. (1993). It is a
peculiar nearly edge-on SB galaxy with a violent bipolar
outflow of gas from the nucleus, a “galactic superwind”
(Filippenko & Sargent 1992). H I in absorption against the
nucleus has been detected by Gallimore et al. (1994) using
the VLA. NGC 3079 has also been observed in the CO J
= 1-0 line by Sofue & Irwin (1992) using the Nobeyama
mm array.

NGC 3620 is a peculiar southern SB galaxy with a
prominent differential velocity across the nucleus, seen in
optical emission lines (Schwartz 1978). The two optical ve-
locity components, 2”5 east and west of the nucleus, have
heliocentric velocities of 163849 and 1919433 km s—!, re-
spectively, which are very close to the values of the two
major peaks in the CO profile (see Fig. 1).

NGC 4568 is a Virgo cluster spiral galaxy in contact with
NGC 4567. High-resolution optical CCD spectra (Rubin et
al. 1989) and VLA H I observations (Guhathakurta et al.
1988) have revealed its optical and radio rotation curves.
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Fig. 1. J = 1-0 CO emission line profiles observed at the central positions of the galaxies listed in Table 1. The ordinate is the
main beam brightness temperature, Trmp (K) and the abcissa is the radial velocity (km s™!) with respect to the local standard
of rest. The velocity resolution is 10.3 or 10.4 km s, with the exception of NGC 864, NGC 1365, NGC 4418, NGC 4536 and
NGC 4691 which all have a velocity resolution of 7.4 km s™*
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Fig. 1. continued
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Fig. 1. continued

IC 883, also known as Arp 193, is an example of an ad-
vanced disk-disk merger of interacting galaxies. It has been
imaged in the near-infrared JHK bands by Stanford &
Bushouse (1991).

NGC 5218 is a barred spiral galaxy, interacting with
NGC 5216, which has been observed both in the 2CO
and *CO J = 1-0 lines by Aalto et al. (1991).

NGC 5430 is a barred spiral galaxy containing an ex-
tremely luminous H II region showing very strong Wolf-
Rayet emission features (Keel 1987). It has been observed
in the radio continuum by Condon et al. (1982) using the
VLA.

1500 2000 4000

4500

NGC 6000 is a typical starburst galaxy (SB) with bright
nuclear H II regions. It has been observed in the sub-
millimetre and millimetre continuum regions by Roche &
Chandler (1993) using the 15-m JCMT on Mauna Kea.
There is no evidence for any excess emission above the
cool dust emission.

NGC 6156 is a peculiar barred spiral galaxy.

IC 4687 is a peculiar spiral galaxy interacting with IC
4686 and IC 4689. All three galaxies show enhanced in-
frared activity (Lutz 1992).

NGC 6574 has been mapped in the mm-continuum by
Chini et al. (1995) with the SEST and in the 6-cm con-
tinuum by Condon et al. (1991) with the VLA.
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IC 4734 is a peculiar luminous infrared galaxy, with
barred structure.

NGC 6792 is a barred spiral galaxy in the Hercules region
on which accurate CCD surface photometry in the I-band
has been performed by Freudling et al. (1991) and which
has been observed in the 21-cm H I line by Tifft & Cocke
(1988) using the 91-m radio telescope.

NGC 6907 is a barred spiral galaxy, which has been ob-
served in the 6- and 20-cm radio continuum with the VLA
(Beck 1991).

NGC 7130 is a peculiar spiral galaxy.

IC 5179 is a luminous infrared galaxy.

NGC 7469 is a Seyfert 1 SAB galaxy in pair with IC
5283. It has a partial circumnuclear radio and optical ring
showing starburst activity (Wilson et al. 1991). It has been
observed with ROSAT (Brandt et al. 1993).

NGC 7479 is a SBc non-interacting galaxy which seems
to maintain a leading density wave that triggers star for-
mation by developing a shock front (Beckman & Cepa
1990). Schoniger & Sofue (1994) present CO and H I ob-
servations.

NGC 7541 is a peculiar galaxy in pair with NGC 7537.
Its optical rotation curve has been determined by Rubin
et al. (1978) and Kyazimov (1980). It has been observed in
the radio continuum by van der Hulst et al. (1981) using
the VLA.

NGC 7603 is a Seyfert galaxy which has shown variabil-
ity from type Seyfert 1 to Seyfert 1.9 and back again to
Seyfert 1 over a period of about a decade (Goodrich 1989).
It has been observed in the radio continuum by van der
Hulst et al. (1981) using the VLA.

NGC 7771 is a SBa galaxy which together with
NGC 7770 makes an interacting pair of galaxies. It has a
strong UV excess. Detailed surface photometry has been
carried out in the blue spectral band by Osman (1986).

Nine of these 32 galaxies show indications of physical
interaction with another galaxy, 25 are barred spirals or
show bar-like structure. Of these 25, five belong to the
former group and five are peculiar. That 75% of the high-
CO-luminosity galaxies are barred may indicate that a sig-
nifcant fraction of our CO detections are barred galaxies.
More significant, however, may be that of the 67 galaxies
in which no CO was detected (see Table 2) 60% do not
show barred structures. In the case of the barred spirals,
gas dynamics transports the gas inwards along the bars,
leading to concentration of large amount of gas in the cen-
tral regions of these galaxies and thus creating prerequisite
conditions for rapid starburst activity.

A few of the detections shown in Fig. 1 are rather
weak, e.g. NGC 2268, NGC 2683, NGC 3294, NGC 4217,
NGC 4565, NGC 5371, NGC 6574, NGC 6792, NGC 6951
and NGC 7603. To examine the reality of the CO detec-
tions, we investigated the H I velocities and profile widths
for these galaxies using the General Catalog of H I Ob-
servations of Galaxies (Huchtmeier & Richter 1989). For
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most cases the H I and CO velocities agree within a few
tens of km s™! (the H I profile widths are generally of
the order of 400 km s™!). For NGC 6951, Vi is about
1415 km s™! and Voo about 1740 km s~!, a difference of
more than 300 km s~!. However, Elmegreen & Elmegreen
(1982a) report detection of weak CO emission at 1525 and
1669 km s~! in NGC 6951 and Kenney et al. (1992) have
mapped the CO emission with the OVRO interferometer,
although they present no velocity information. We there-
fore believe in the reality of our CO detections.

Table 2 presents the galaxies in which no CO was de-
tected at the central positions. The velocity (with respect
to the local standard of rest) is the velocity of the central
channel of the spectrometer during the search. The RMS
value is defined by the noise deviations (Ti,p units) at a
velocity resolution of 10 km s~!.

3.2. CO luminosities

In Fig. 2 we present plots of the central CO luminosi-
ties of our survey galaxies, listed in Table 1, as a function
of the IR (Lir) and blue (Lg) luminosities. We present
also the relationship with the total radio continuum power
(PstoT) observed at 1415 MHz with the Westerbork Syn-
thesis Radio Telescope by Hummel (1980). As mentioned
in the previous section, the central CO luminosities are in
many cases lower limits to the total (or global) CO lumi-
nosities. In order to study statistically the dependence of
CO luminosities on Lig, Lg and PstoT we have estimated
global CO luminosities in the following manner and also
plotted them in Fig. 2.

We assume the distribution of CO to be Gaussian with
an amplitude of I, K km s~! and a full half-power width of
W pc. A statistical relation between the optical diameter
D pcand W along the major axis of the galaxy is obtained
by a study of 40 galaxies for which Young et al. (1995) have
fitted Gaussians to the CO observations they made along
the major axes. The median (Md) value for this ratio is
given by Md(X) = Md(W/D) and is found to be 0.14.

The observed central intensity is given by

=11+ () 1+ ()] @

assuming a Gaussian telescope beam of full half-power
beamwidth FW in pc at the source, ¢ is the inclination
of the galaxy obtained from values in RC3. Therefore,

FW

L=t [ ) 0 (o) T @

and thus the global CO luminosity is given by

LCOg = 4_1‘7:1—2'Iobs~
VAID - Md(X)]2 + FW2}{cos?[D - Md(X)]2 + FW?2}

(6)
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The blue luminosity of a galaxy is usually a measure of
the star formation rate averaged over the past 3 10° years,
and the infrared luminosity representative of the present
star formation rate. The radio continuum is indicative of
massive star formation as well as nuclear activity. The
central CO luminosities of our sample of galaxies show a
tight correlation with the IR luminosities, similar to that
found by other investigators, wheras the central CO lu-
minosities are somewhat more loosely correlated with the
Blue luminosities. This difference in degree of correlation
is to be expected since all blue galaxies may not necessar-
ily be enriched in gas and dust but may have used up a
larger amount of the interstellar matter in earlier epochs
of rapid star formation. Alternatively, in the case of ad-
vanced mergers, the interstellar matter may have been col-
lisionally removed from the parent galaxies.

Using global CO luminosities instead, as can be seen in
Fig. 2, the correlations with both the IR luminosities and
the radio continuum became looser but tightened some-
what with the Blue luminosities.

3.3. CO maps of individual galaxies

Figure 3 presents maps or partial maps of the CO pro-
files in thirteen of the galaxies observed with the 20-
m OSO telescope. Each map contains an image of the
galaxy obtained from the Digitized Sky Survey. The ob-
served positions have been indicated with circles repre-
senting the half-power beamwidth of the 20-m telescope.
The grids are centered on the positions given in Table 1.
They are oriented North-South /East-West for the galaxies
NGC 278, NGC 2782, NGC 3631, NGC 4194, NGC 5371
and NGC 6217. For the remaining galaxies, the orienta-
tions of the grids are along the major/minor axes as ob-
tained from the Uppsala General Catalogue of Galaxies
(Nilson 1973). The grid point spacing is either 15" or 30".
(The galaxy UGC 2855 is also known by its alternative
name A 0343.) We now briefly discuss some of these galax-
ies.

NGC 278 has a flocculent appearance with obvious large
H II regions. It has an emission line spectrum that indi-
cates active star formation processes (Schmidt et al. 1990).
It has also a continuum radio source (Condon 1987). The
CO is distributed in an unsymmetric fashion with some
concentration towards the southeastern region.

NGC 772 is a large SA galaxy with asymmetric arm
structure. It has faint H I regions (Oey & Kennicutt 1993)
and a large H I radius (about 75 kpc) (Rao & Briggs 1993).
There is a faint material bridge towards two dwarf com-
panions and its satellite (NGC 770) has a retrograde orbit
(Zaritsky et al. 1993). There is a tendency for CO emis-
sion to be present in all our observed positions; we have,
however, only observed the inner region of the galaxy.
NGC 1055 has a prominent bulge; the spiral arm struc-
ture appears to be elevated above the galaxy’s plane and
obscures the upper half of the bulge (Shaw 1987). It is a bi-
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nary galaxy together with NGC 1068 (Morgan & Hartwich
1988) and comprises a larger system with NGC 936, NGC
1084 and NGC 1087. Practically no CO is detected along
the minor axis, but a clear velocity gradient is seen in the
strong emission along the major axis.

UGC 2855 (or A 0343) is a fairly inconspicuous Sc
galaxy which drew attention during the IRAS mission as
a strong far-infrared source. It forms a pair together with
UGC 2866 and both galaxies have been detected in the
radio continuum at 4.85 GHz by Condon et al. (1991).
UGC 2855 exhibits significant CO emission throughout
the disk to large radii. Only the two outermost observed
positions along the minor axis do not show any emission.
These positions are, however, outside the optical part of
the disk.

NGC 2276 is a spiral galaxy with multiple arm structure.
We have mapped a substantial part of the galaxy with 15"
spacing. The CO is distributed in a lopsided fashion with
more emission towards the northwestern region. We have
also observed four positions 1’ from the centre along both
major and minor axes but fail to detect any emission.

NGC 2782 is an “arm class 1” galaxy (Elmegreen &
Elmegreen 1982b) which implies chaotic appearance, no
symmetry and fragmented arms with different pitch an-
gles. There is prominent diffuse optical component. The
galaxy is an X-ray emitter (Fabbiano et al. 1992). CO is
detected with certainty only in the central position. We
failed to detect any emission outside 15" from the centre.

NGC 3631 is fairly symmetrical with two major arms
and several divisions. It forms a nearby group together
with NGC 3178, NGC 3898, NGC 3953 and NGC 3992 in
Ursa Major. It has had multiple supernova events (Richter
& Rosa 1988). The galaxy is practically face-on. CO seems
to be fairly evenly distributed with a smooth fall-off except
in the southern direction where no emission is detected.
No CO is detected beyond 30" from the centre in any of
the observed directions.

NGC 4194, the “Medusa” is a classical merger (Keel
1993). It has been observed in the Bry infrared recombi-
nation line (De Poy 1993). It is found to be an example
of an extreme star burst galaxy with 90% of the IR lumi-
nosity attributed to the star burst component (Prestwich
et al. 1994). The CO luminosity is not particularly high.
CO emission is observed out to 15" from the centre.

NGC 4568 is a Sbc spiral which is in actual physical
contact with its neighbour NGC 4567, they are members
of the Virgo cluster. Fabbiano et al. (1992) have observed
extended X-ray emission covering both galaxies and NGC
4568 has a recent type Ib/c supernova (van Dyk 1992).
Extended radio emission has been observed by Condon
(1987) at 1.49 GHz. Our CO data show strong CO emis-
sion along the major axis and also along the minor axis
away from the companion. However, no CO is detected
along the minor axis near the companion.
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Fig. 2. Observed central and estimated global CO luminosities for the survey galaxies as functions of infrared (IR) and blue
(B) luminosities and total radio power (P) at 1415 MHz
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NGC 5218 is a classical interacting galaxy, its com-
panion to the north is NGC 5216. The galaxies are
gravitationally distorted and connected by an intergalac-
tic bridge. CO is detected as far as 30" northward along
the minor axis towards the companion, but there is only
sparse CO emission along the western major axis.

NGC 5371 is a grand design spiral galaxy (Elmegreen
& Elmegreen 1990) with a rising H I rotation curve in
the outer regions (Begeman 1987). It has also been clas-
sified as a LINER by Rush et al. (1993). It has a low
dust temperature but substantial far-infrared luminosity
and may be a good candidate for a post-starburst galaxy
(Koorneef 1993). It is interesting that the strongest ob-
served CO profile is at the 30”-position to the north along
the major axis. Significant CO emission is also observed
at the 15”-positions along the east-west bar.

NGC 6217 is characterized as a starburst galaxy by
Calzetti et al. (1994). Observations of spectra dominated
by stellar photoionization by Kennicutt (1992) and of ex-
tended radio emission at 1.4 and 5 GHz by Hummel et
al. (1984) with the VLA support this classification. The
CO emission is strongly peaked towards the centre of the
galaxy.

NGC 7469 is a Seyfert 1 galaxy with extended IR emis-
sion (Surace et al. 1993), forming a pair with IC 5283. It
has significant radio and X-ray emission and shows signs
of violent star formation (Ulvestad et al. 1981; Condon et
al. 1991; Fabbiano et al. 1992). It has a strong central CO
emission source which is extended along the major axis.

7-m group

30

NGC 2782
NGC 3344
NGC 3631
NGC 3810
NGC 4565
NGC 4568
NGC 4579
NGC 5033
NGC 6643

20

fTmb dv
(K km/s)

1 1
0 20 40 60 80 100

Beamwidth (arcsec)

Fig. 4. The variation of the J = 1-0 CO integrated in-
tensity, Ico =f Tmb dV (K km s71), for a sample of nine
galaxies (which have been also been observed with specifi-
cally the Bell Labs 7-m telescope) as a function of the FWHM
beamwidth (arcsec) of the mm-wave telescope used for the ob-
servations. The solid curves represent a velocity range of 600—
1500 km s~ !, the dashed curves 2200—2550 km s~}
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Fig. 5. The variation of the J = 1—0 CO integrated intensity,
Ico= meb dV (K km s™?1), for a sample of five galaxies as
a function of the FWHM beamwidth (arcsec) of the mm-wave
telescope used for the observations

4. Comparison with previous observations

A number of galaxies have by now been observed using
telescopes with quite a range of diameters (see Col. 11 in
Table 1) and it is therefore of certain interest to compare
the different observations. We are well aware of calibra-
tion uncertainties of the order of at least 10% (Mirabel et
al. 1990) when comparing data taken with different tele-
scopes. In some cases these uncertainties may be consider-
ably higher. Nevertheless there are clear tendencies which
we now describe.

In Figs. 4 and 5, we present the results of a comparison
of observations of some of these galaxies, which have been
observed with telescopes having different beamwidths
ranging from 100" to 15" - Bell Labs 7-m, NRAO 12-
m, FCRAO 14-m, OSO 20-m (this paper), IRAM 30-
m and NRO 45-m. We have plotted the CO integrated
intensity, Ico = [Tmp dV, as a function of the half-
power beamwidth for some galaxies which are relatively
close by and which have large optical diameters. In
Fig. 4 we have included all the galaxies in our sam-
ple which have been observed with the Bell Labs 7-m
telescope and thus the largest beamwidth, namely 100”.
Most of these galaxies have radial velocities in the range
600—1500 km s~1, but two (indicated with dashed lines)
have radial velocities in the range 2200—2550 km s~!.
In Fig. 5 we have plotted the results for three galaxies
with very high integrated intensities, namely NGC 660,
NGC 2146 and NGC 3079 (radial velocity range of 880—
1150 km s7!), and for two other galaxies, NGC 2681 and
NGC 2964 (radial velocity range of 680—1325 km s71).

Two definite tendencies can be discerned in Figs. 4 and
5 which we interpret as reflecting different distributions of
the CO throughout the galaxies. One shows a fast dropoff
of integrated intensity with increasing beamwidth, in
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the other case the integrated intensity remains relatively
constant with increasing beamwidth. In the former case
(e.g. NGC 660, NGC 2146 and NGC 3079), the CO has a
component which is strongly concentrated to the centre of
the galaxy - there is some indication of a core depletion in
the central CO concentration in a few other galaxies (e.g.
NGC 2681, NGC 3810 and NGC 5033). In some cases (e.g.
NGC 2782 and NGC 4565) there is very little variation in
the integrated intensity with beamwidth, which implies a
uniform distribution throughout the observed part of the
galaxy.

5. Conclusion

A J = 1-0 CO line survey of 168 galaxies has been per-
formed using the 15-m SEST and the 20-m OSO mil-
limetre wave telescope during 1985-1988. CO has been
detected in 101 galaxies, about a fifth of these are new
detections. Comparison with previous observations indi-
cate variations which can be attributed to differences in
the distribution of the CO in the galaxies being sam-
pled with various resolutions. There is also clear evidence
in our sample for barred galaxies to be more likely CO-
rich than non-barred galaxies. Thirteen galaxies have been
(partially) mapped using the 20-m OSO telescope.
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Fig. 3. J = 1-0 CO profile maps of 13 galaxies. The observing grids, with grid spacings of 15" or 30", are centered on the
positions listed in Table 1 and oriented equatorially (epoch 1950.0) or along the major/minor axes. The optical images are from
the Digitized Sky Survey and the circles represent the positions of the 33"-beam of the 20-m OSO telescope
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