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Abstract. The central region of NGC 1365 has been mappedntinuum observations show that some of the radio sources
intheJ = 3 — 2 CO emission line with the 15 m SEST, whichare smaller than’@ and we have suggested that they may be
has a HPBW of 1% at the frequency of this transition. The obradio supernovae. At the core of the galaxy there is a weak,
serving grid has a’5spacing in the inner and a 4@pacing steeply non-thermal radio source from which emanate$-a 5
in the outer region. A deconvolved map has been produced lasig radio jet, which is also steeply non-thermal (Sandqvist et
ing the Maximum Entropy Method (MEM). A circumnuclearal.[1995). The jetis aligned along the symmetry axis of a conical
molecular torus with a radius of about®is the dominant fea- shell of hot ionized [Q11] gas and both are projected along the
ture. Molecular emission is also seen coming from various dumsinor axis of the galaxy (Hjelm & Lindblad 1996). Kristen et
streamers in the bar of the galaxy. Four new molecular specis(1997) have used the Hubble Space Telescope to study the
have been detected in NGC 1365, namely HCN, HCB,CO Seyfert nucleus and nuclear hot spots in NGC 1365 and find
and CS!3CO has also been observed in the nuclear region. these hot spots to be resolved into a number of bright compact
condensations. One of these condensations (SSC:10) coincides

Key words:. radio lines: galaxies — galaxies: Seyfert — galaxiesxactly with a radio source (A). Kristen et al. interpret these
nuclei — galaxies: ISM — galaxies: individual: NGC 1365 condensations as super star clusters (SSC) and the radio source
as a radio supernova in one of these clusters.

Molecular gas has previously been mapped in the bar and
1. Thecentral regions of NGC 1365 central region of the Seyfert galaxy NGC 1365 with the SEST

using the/ = 1 — 0 and2 — 1 CO lines with resolutions of 44

NGC 1365 is a prominent barred spiral galaxy in the Forngnq 2%/, respectively (Sandquist et al. 1995). The CO molec-
cluster with a heliocentric velocity of +1632 km's (see Lind- ar gas is strongly concentrated to the nucleus, where the CO
blad[1999 for an extensive review). The galaxy displays a Wigigeqgrated line intensity has a maximum, and the global CO dis-
range of phenomena indicating activity —including a Seyfert 1ygnytion falls off roughly exponentially with the distance from
type nucleus with strong, broad and narrow khes and ejec- the centre of the galaxy. There is some CO alignmnent with the
tion of hot gas from the nucleus von etal. 1980:arsater etal. qyst lanes in the bar and some weak emission has been detected
1984; Brsater & Lindblad 1989). The nucleus is a moderately, the western spiral arm near the end of the bar at the position of
strong infrared source as seen by IRAS (Lonsdale et al. 19§5f;naj0r Hi concentration observed byrter & van Moorsel
Ghosh et al. 1993). The nuclear region contains an extended(‘i\ggf;)_ The central CO luminosity corresponds to a molecular
ray source. In addition, there are several discrete X-ray SOUrBgrogen mass af 4 x 10? M, within a projected radius of 2.0
within the optical image of the galaxy, one of which is highly<pc_ The global molecular hydrogen gas masis 10° Mo,
variable (Turner et al. 1993; lyomoto et lal. 1997; Komossa §&hich is similar to the total amount of neutral atomic hydrogen,
Schulz 1998). At an assumed distance of 18.6 Mpc (Madoregt,, 19 M, found by drsiter & van Moorsel(1995) using the
al.[1998), 1’ corresponds to 90 pc. _ VLA. (Here we have rescaled the published values due to the

At Stockholm Observatory, we have been studying the c&hange in adopted distance of NGC 1365 from 20 to 18.6 Mpc).
tral region of NGC 1365 in great detail also in the radio regiofe distribution of the H is, however, radically different from
using the VLA, the NRAO 12-m millimeter wave telescope anghat of the CO. Whereas the molecular mass is concentrated to
the 15-m SEST (Sandqvist etial. 1982, 1988, 1988xaler &  the nucleus and bar region, the i$ predominantly located in
van Moorse[ 1995). Strong CO emission peaks near the iNRGE spiral arm regions. In particular, the Mistribution shows
edges of the bar dust lanes, close to the central regions of Sifp|e in the central region which coincidies with the CO emis-
burst activity, and a number of radio sources form a ring-lik§on, This indicates that the gas is predominantly molecular in
structure around the edge of a rotating nuclear disk which G@e centre and the inner bar regions.
incides with the general region of optical hot spots. Our VLA \e have carried out new observations of the central region
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also in other molecular line transitions in the millimetre wav™ ®_____
region (for preliminary reports, see Sandqgvist 1996 and Kristen 52‘1‘31“0)
et al[1998). Since thé = 3 — 2 CO line is excited in regions E

of higher excitation and density than thie= 2 — 1 and1 — 0 o qLFLH " Tmt;éK)_' N
lines, itis a good probe of the molecular gas as it passes through Eiioviie i1, $C0G-2)
the shocks in the inner bar. The higher resolution offered by the 5?22 +22 1600 1800 2000 1
J = 3 — 2 line observations also enables a better comparison 5?1(:933

with the Inner Lindblad Resonances and with predictions of o' F

'[+3.7, +3.3]

1 o

molecular gas kinematic transport inward along the bar to the g kM - [P U ————
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2. Millimetre and submillimetre observations with SEST o Hlaty Wi oSk m E

. . . o X o} I S N B I T :

Observations of NGC 1365 were carried out in August 199§ 1200 14'00 16'00 18'00 2000 0 1".m‘.“..'l. . .r.v”."':
using the 15-m Swedish ESO-Submillimetre Telescope (SESJ}os Frizco 1 [ 1 1200 1400 1600 1800 2000

on La Sillain Chile. During the first four nights of the observing '
run, the atmospheric conditions were excellent, permitting sub- ° 4
millimetre observations of thé = 3 — 2 CO line. The weather -g.00s £(2.12-1.11) 4 1
then deteriorated somewhat, forcing a change to the millime- 1200 1400 1600 1800 2000
tre wavelength region. The telescope properties at the observedi E¢s ' 7 7 3
frequencies are presented in Table 1. 0.005 E
A dual beam switch mode, with a beam separation 6611  ©
was used placing the source alternatively in the two beah€E
to eliminate asymmetries in the signal paths. Three different 1200 1400 1600 1800 2000
. . . . . . Radial Velocity (km/s)
SIS receivers were used in conjunction with two low-resolution
acousto-optical spectrometers, each with a total bandwidthFag. 1. Left: Millimetre molecular line profiles observed towards the
about 1 GHz (channel resolution of 1.4 MHz). The average reentral position in NGC 1365ight: SubmillimetreJ = 3 — 2 '*CO
ceiver temperature§ {eceiver) are given in Table 1, as are thenolecular line profiles obsgrved towards three pqsitions in the_ce_ntre
channel velocity resolutions after smoothing operations. Orﬂ{/NGC 1365. The equ.atorl.al offsets from the optical nucleus (inside
linear baseline subtractions were performed on the profiles. AfUare brackets) are given in arcseconds
profile temperatures have been converted to main beam bright-
ness temperaturédy,;,) by dividing the antenna temperaturegoints per HPBW. Great care was applied to frequent pointing
(Tx) by the respective main beam efficiencigs,(). The ve- checks. Thisincluded using the central profile of NGC 1365 as a
locities are heliocentric radial velocities. pointing check, since an error of a few arcseconds would be im-
Four new molecular species have been detected in N@Gfediately noticeable in the relative amplitudes of the two main
1365, namely HCN, HCO, H,CO and CS. These four pro-components in the central profile. Furthermore, observations of
files are presented in Fig. 1 together with that/ol= 1 — 0 the inner part were made only during night time, after midnight
13CO. All five species are tracers of high density gas. The iand before sunrise, which is the time of maximum atmospheric
tegrated main beam brightness line intensitigg;,,dV, are stability. In addition, observations were only made at elevations
HCN: 4.91, HCO': 4.25,13CO: 7.61, HCO: 0.93 and CS: betweer0° and80° in order to minimize beam distortion and
2.21Kkmsl. TheTy,, rms noise levels of the profiles are oimaximize aperture efficiency. A profile map including all the
the order of 0.002 K. Submillimetré = 3 — 2 CO line profiles .J = 3 — 2 CO observations is presented in 1. 2.
observed towards three positions in the centre of NGC 1365 are
also presented in Figl 1; the equator_lal o_ffsets from the Optlc.ﬁl]The CO distribution and velocity structure
nucleus for these observations are given in square brackets. The
total integrated CO line intensitief 1},,dV, are 276 and 277 K A map of the total integrated = 3 — 2 CO line intensity
kms~! at the southwest and northeast maxima, respectively;faf;,.,dV -distribution is presented in Figl 3. The interrelation
the centre, this value is 236 K kms. between the emission regions of the CO molecular line, the dust
The mapping inthg = 3 —2 CO line was done over an ap-lanes and the It hot spot regions in the central region of NGC
proximately120” x 60" region, centered on the optical nucleu4365 has already been presented in a conference proceedings
((1950.0) = 3731™41580,6(1950.0) = —36°18'26”6) and (Sandqvisi 1996), where the CO contours were superimposed
covering the bar region. A total number of 133 positions wergon aB — Gunnz colour index map. In this paper we make
observed. A grid spacing of Y0Ovas used for the outer partsa similar comparison — see Higj. 6 — but use instead a Maximum
of this region. For the inner part (approximatély’ x 40”) Entropy Method deconvolved map of the CO emission, which
a grid spacing of % was used, i.e. a sampling rate of threave describe in Sect. 4.

1200 1400 1600 1800 2000
Radial Velocity (km/s)
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Table 1. SEST parameters and observational results

Frequency Molecule Transition HPBW 7mb Treceiver ~ Channel Resolution T mede

(GHz) () (K) (kms™) (K) (Kkms™)
88.6 HCN (1-0) 57 0.92 100 22 0.018 4.91
89.2 HCO" (1-0) 57 0.92 100 22 0.018 4.25
110 3co (1-0) 48 0.82 110 19 0.027 7.61
141 H,CO @i2—111) 36 0.68 130 15 0.005 0.93
147 CSs (3-2) 34 0.66 135 14 0.007 221
346 2co (3-2) 15 0.26 425 6 0.80 236
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Fig.2. J = 3—2 CO profile map of NGC 1365. The equatorial offset&ig. 4. J = 3 — 2 T, CO position-velocity map along the major
are in units of arcseconds and are measured from the optical nucleass of NGC 1365; northeast is up and southwest is down. The lowest
contour value and the contour interval are 0.15K
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Fig. 3. The [ TwpdV -distribution of theJ = 3 — 2 CO emission line. 5 T ]
The two lowest contour values are 7.7 and 19.2 K krh ghereafter Y L J
the contour interval is 19.2K knts. The equatorial offsets are in = ol :
units of arcseconds and are measured from the optical nucleus T B 7]
o f i
? o SR R N T SR SN NN SO N MR BT

|
. 40 20 0 -20
There is clear correspondence between the extended CO

emission, as represented by the outermost contours, and the Minor axis, Offset ["]

dust lanes at the preceding edges of the bar. Even the curved

dust feature near the western end of the bar has a correspon&]ﬁ%f" _ . ;o

distinctly curved CO component, which can be seen in the |O\§l-) nthe)=3-2 Cqme overan approx'ma!tely 120x 6_0 region,
Intered on the optical nucleus and covering the bar; the image has

. e
ecsécontour level. Other dust streamers also contain observegl%gn rotated clockwise by 48northeast is up and southwest is down

SEST MEM grey-scale map of NGC 1365 (effective resolution
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Fig.6. Contours. SEST MEM map of
NGC 1365 (effective resolution in the

J =3 -2 COline, centered on the optical
nucleus and covering the bar (North is up
and East to the left). The contour values are
[0.01, 0.05, 0.1, 0.15, 0.3, 0.5, 0.%] 958

K kms~!. Greyscale: B — Gunre colour
index image (124 x 94"), which empha-
sizes the dust lanes (light areas) as well as
hot-star- and Hi-regions (dark areas)

Fig. 7. Schematic diagram showing the dif-
ferent components in the nuclear region of
NGC 1365. The optical nucleus — cross, CO
distribution — solid contours, H-regions
and hot spots — hatched areas, radio super-
novae and super star clusters — solid trian-
gles, radio jet — wide solid contours, high-
excitation [Or11] cone — dashed contour,
Outer Inner Lindblad Resonance (OILR) —
large dotted ellipse, Inner Inner Lindblad
Resonance (lILR) estimate — small dotted
ellipse

The most interesting phenomenon, however, is the doublty gradient across the molecular torus has its maximum value
peaked CO structure seen near the optical nucleus, with a laglaihg the major axis and its character in this region may reflect
minimum right at the nucleus. This structure and its alignmerdtation of the torus, which is in the same sense as that of the
along the major axis of the galaxy is suggestive of a circurgalaxy itself. A change off = 3 — 2 CO peak-temperature
nuclear molecular torus with a radius df 850 pc). From the velocity of 190 kms! is found over the 10between the two
torus, there are CO extensions leading out into the two dominamitus maxima. This velocity gradient is close to the correspond-
eastern and western dust lanes. ing optical velocity gradient of 205 knts over the same 10

The overall central CO velocity field was also presented l§gandqvist et al. 1995). It is almost twice that found in the earlier
Sandqvist[(1996). Here, we display only the position-velocity = 2—1 CO observations, which, however, we simply attribute
map along the major axis of the galaxy in Hij. 4. The velote the higher resolution of these= 3 — 2 CO observations.
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4. The Maximum Entropy Method (MEM) deconvolution ~ molecular gas in the nuclei of spiral galaxies. These results
show that the molecular gas in the central regions of barred
laxies sometimes displays a “twin-peak” structure (e.g. Ken-

has been improved by using a MEM deconvolution algorith N :
. . ney 1996) located near the Inner Lindblad Resonances on the
(Wilczek & Drapatz 1985). The SEST HPBW of the=3 —2 o 0 ¢ 5001000 pc. But also rings or partial rings, filled ex-

CO observations was 1%nd the observational grid spacingwas i . . ;
ponential disks, or small spirals are revealed in these regions for

generally B in the central region, I.€. approprlatg for MEM- ifferent galaxies. However, new surveys of normal galaxies in-
deconvolution. The best deconvolution was obtained after |

smoothly converging iterations resulting imd-value of 5.7 ate that bar-induced streaming is not the only mechanisms
. . i} : hich can cr nuclear ncentration (Sakam l.
for the final map. The expected resolution of the MEM map yhich can create a nuclear gas concentration (Sakamoto et a

. \ , fo98).
about a third of the _beamW|dth u_sed, 1.6.5 Inanumber of cases of barred spiral galaxies, the inward gas
The MEM map is presented in F[d.5 and Fip. 6. In Elg.%0

. . w along the bar is predicted to be slowed down significantly
the image has been rotat(?d cl_ockmse b?,@that the NEW-  hear the Inner Lindblad Resonance resulting in a build-up of
andy-axes are the galaxy’s minor and major axes, respectlverl])(

Here the deconvolved integrated intensities are displayed in glecular gas concentrations in the region between the OILR

Integ i dispiay ar?q IILR (Combes 1988; Shlosman 1996). This effect seems
grey-scale representation to emphasize the detailed structur{%oDe present in NGC 1365, where the torus reaches its maxi-
the CO distribution. The major axis of the galaxy is thaxis, ’

whichisthe same asin Fig. 4, thus facilitating direct com arisop concentration just outside the estimated IILR. However,
of the molecular gas s iia’l and velocit gtructure algn trgorder to properly study the kinematic build-up of molecu-
9 P y 9 Ui gas concentrations between the OILR and IILR, we really

The angular resolution of the total integrated line intensity m

major axis. need sensitive interferometric observations of the central region
of this southern galaxy with such instruments as the proposed
5. Themolecular torusand other nuclear structure LSA/MMA

A schematic overview of the different components in the nuclear _ .
region of NGC 1365 is presented in Higy. 7, which may facilfA*cknowledgements. | should like to thank Dr. LA. Nyman at SEST
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