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Warped molecular gas disk in NGC 3718
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Abstract. We present the first observations of the CO(1-0), CO(2-1) and HCN(1-0) rotational line emission of NGC 3718,
conducted with the IRAM 30 m telescope. The results of the data analysis show a thin strongly warped molecular gas disk
harboring the active galactic nucleus (AGN). The ratio of the total molecular gas mass®2M,,) to the dynamical mass,
enclosed within the same region, is found to be rather lev1(7%), but still typical for spiral galaxies. The found molecular

gas disk is well associated with the dust lane, visible at optical wavelengths. We traced the warped CO structure down to the
central 20. In its outer region the molecular disk is well correlated with the HI distribution. The CO data is used to improve the
kinematic modelling in the inner part of the galaxy (18 r < 120”) employing dilted ring-model. Furthermore the properties

of NGC 3718 are compared with those of its northern sky “twin” NGC 5128 (Centaurus A).
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1. Introduction 12:00

The galaxy NGC 3718 (Arp 214) and its companion NGC 37:
form a galaxy pair (see Fig. 1) at a distance of about 13 M|
corresponding to a linear scale of 64/pcseé. They belong

to the poorly defined Ursa Major cluster of galaxies, whic
shows a velocity dispersion of less than 150 ki €Tully

et al. 1996). In addition Garcia 1993 classified NGC 3718 aig
NGC 3729 as members of Group 241 in the LGG (Lyon Grot§
of Galaxies) catalog. A low velocity dispersion indicates, tha.g
cannibalism of small galaxies is quite likely. The basic pararg
eters of NGC 3718 and NGC 3729 are given in Table 1. TI®
galaxies are also contained in the Hubble Atlas of Galaxi
(Sandage 1961) and the Atlas of Peculiar Galaxies (Arp 196
where an extremely dark dust feature and a relatively small r
cleus of NGC 3718 become apparent (Arp 1973).

The most prominent optical feature of NGC 3718 is it
large, warped dust lane running across the entire stellar bu
of the galaxy (see Fig. 2). A fine dust lane indicates high i
clination of the galaxy with respect to the observer. Whil Right Ascension (J2000)
close to the center the dust is confined to a narrow lane show- o _
ing a width of less than’2 at larger radii { > 15”) several Fig.1. Optical image of the pair NGC 3718 (to the west) and

smooth filaments across the bulge of the galaxy are visible. A'}'gc 3729 (to the east). Taken from the DSS service.
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Send g@print requests toJ.-U. Pott, . . .
e-mail: pott@ph1 .uni-koeln.de separation of about 1.5 arcmin from the nucleus these dust fila-

1 Throughout this work we assunié, = 75 km s Mpct. The Ments bend by almost 9@wards the north and the south and
distance was calculated via the redskifte 0.0033 of NGC 3718 remain YiSib|e over a distance of more than 6 arcmins (24 kpc).
(NASA Extragalactic Database NED). Pierce & Tully (1988) estinspection of the dust lane shows that the warp signature goes
mated a slightly dfering distance of (15 + 1.2) Mpc. all the way into the center of the galaxy. The optical appearance
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Table 1. Global parameters of NGC 3718 and NGC 3729.

J.-U. Pott et al.: Warped molecular gas disk in NGC 3718

NGC 3718 NGC 3729 references

RA (J2000.0) 11"32"353 11"33"4G4 NED?
Dec (J2000.0) +53°0401” +53°07'32’ NED?
Host typé Sa SBab Verheijen & Sancisi (2001)
Nucleus typé L1.9 H Ho et al. (1997)
B-magnitude appabs. (mag) 11.59-19.01 12.03-18.57 NED?

5 ¢ 220’ 60" Tully et al. (1996)
Radio flux density S [mJy] at 10.7GHz 8.5° 6' € Nagar et al. (2001), Niklas et al. (1995)
Radio flux density S [mJy] at 1.49GHZz 18.3 20.5 Condon (1987)
Radio flux density S [mJy] at 1.4GMz | <50 <50 Hummel (1980)
Atomic gas masy 6x 10° M, 0.15x 10° M, Schwarz (1985)
Total mass 400x 10° M,  40x 10° M, Schwarz (1985)
Position angle of major axis 15 -16 Verheijen & Sancisi (2001)
Inclinatiori 68 48 Verheijen & Sancisi (2001)
Heliocentric velocity 993+ 1kms?! 1060+ 1kms? | Verheijen & Sancisi (2001)

a8 NED: NASA/IPAC Extragalactic Database.

b Morphological classification. S: Spiral; SB: Barred Spiral.

¢ Spectroscopic classification. L1.9: LINER; H: HIl nucleus.

4 Radius containing 80% of the radiation in tBeband.

€ Calculated with a spectral index of= 1.05 based on flux densities a#l8Hz and 15 GHz.
9 Integrated VLA continuum flux density.

h Total WSRT continuum flux density.

" From HI with PA pointing to the approaching major semi-axis.

The butterfly-like structure in Fig. 2 resembles the optical ap-

0530 pearance of Centaurus A (NGC 5128) (Dufour et al. 1979).
Thus NGC 3718 can be regarded as the northern hemisphere
53:05:00 counterpart of Centaurus A. Also the neutral gas kinematics in
both galaxies are found to be similar. Beside the warp the HI
04:30 maps of NGC 3718 (Schwarz 1985) show a depletion of HI gas
towards the central arcminute right on the dust lane. This is the
8 location, where — like in Cen A (Eckart et al. 1990a; Wild et al.
‘g 53:04:00 1997) — the molecular gas takes over and becomes the dom-
= inant component of the neutral (atomic and molecular) ISM.
§ 1930 In Centaurus A a warping of the molecular gas disk in the in-
’ ner 1 kpc was invoked to explain its dust lane and the associated
complex kinematics (Sparke 1996; Quillen et al. 1992; Quillen
53:03:30 etal. 1993).

NGC 3718 contains an active nucleus. Ho et al. (1997)
classified NGC 3718 as a LINER 1.9 galaxy (see Table 1).
The nucleus shows weak, broad lemission withFWHM =
2350 km s?. Filippenko et al. (1985) report strong [0OA$300
with FWHM = 570 km s? indicative of a hidden AGN (Ho
et al. 1997). Burke & Miley (1973) found a radio source at the
position of the nucleus of NGC 3718, reporting a 1415 MHz
flux density of (20+ 5) mJy. The radio emission is at the
of NGC 3718 (see Fig. 2) gave reason tffetient classifica- lower end of the range of Seyfert galaxies, but exceeds that
tions. It was first listed as SOp by Holmberg (1958) due to tigg most normal galaxies. Using the HST, Barth et al. (1998)
shape of its stellar bulge. Later it was classified as SB(s)ap$8arched for ultraviolet emission in LINER galaxies and did
de Vaucouleurs et al. (1991) mainly due to the mentioned dnstt detect NGC 3718. A possible explanation could be that the
feature which was thought to be indicative of a bar. UV sources are obscured by dust (Maoz et al. 1995), which is

The warped structure, indicated by the optical observ#g@asonable in the case of NGC 3718.
tions, is also present in the atomic gas (Schwarz 1985). The To understand the evolution of galaxies it is essential to
uniqueness of the HI distribution is that its inner and outstudy the dynamics of the molecular gas. Similar to bars, warps
gas orbits are oriented nearly perpendicular with respectri@y be an important element of galaxy evolution. It is believed
each other. This led to the fact that NGC 3718 is often classiat the formation of bulges is coupled to gas relocation due to
fied as a polar-ring galaxy (e.g. Reshetnikov & Combes 1994)barred potential, as described by Combes (1990). In addition

11:32:30 26

44 11:32:40 36 M4

Right ascension

Fig. 2. Optical image of NGC 3718. Taken from the DSS survey.
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molecular gas has to be moved from large radii (kpc-scale) tdable 2. Parameters of the two observing runs in November 1999 and
few parsecs in order to fuel the processes related to the nuclkexe 2001.

activity like accretion onto blackholes and nuclear starbursts
All questionable fueling mechanisms have to be able to explain CO(1-0) CO(2-1)  HCN(1-0)

the necessary removal of angular momentum of the infalling<Y frequency [GHz]  114.88927  229.77414  88.337936
matter. eam size [arcsec] 21.0 10.5 27.5

. F d dfici 0.9 0.84 0.9
How gas may easily be transported towards the center cggglﬁ;ﬁciecr:incy 0.73 052 0.77

such disks has recently been shown by Duschl et al. (2006)-

The authors suggest that viscosity within such gaseous disks

may provide an ficient AGN fueling mechanism. Other pro-

cesses, which enable the gas infall into the central few parsec,

deal with nuclear bars (Shlosman et al. 1989), lopsidedness\ef present a detailed kinematical modelling of the molecular
m = 1 instabilities (Gar@-Burillo et al. 2000) and nuclear spi-gas which explains the three dimensional gas distribution and
ral density waves (Englmaier & Shlosman 2000). If only one @fie observed peculiarities. Then a comparison of properties of
these mechanisms or a combination of them usually accouqtsC 3718 with NGC 5128 is given (Sect. 5). Section 6 sum-

for the gas infall, is still unknown. marizes the results of the previous sections.
To derive the intrinsic kinematical data from the obser-

vation, it is crucial to know if the gas disks are warped or

not. Furthermore warped disks definitely have an influence on

how well the nucleus is hidden afod fed with gas. Our re- 2. Observations

cent high angular<0.7”) resolution interferometric observa- ) ) _

tions of other nearby galaxies with active nuclei (NGC 322fbservations were carried out in November 1999 and
Schinnerer et al. 2000a; NCG 1068: Schinnerer et al. 2009k"€¢ 2001 using the IRAM 30 meter radiotelescope on
Arp 220: Eckart & Downes 2001) show that the CO gas Céﬂgo Veleta, near Granada, Spain. Single-sideband SIS re-
be warped down to radii 0f100 pc. Furthermore observation§€ivers were tuned to the CO(1-0), CO(2-1) and HCN(1-0)
of H,O masers near the central engine in two nearby Seyfiignsitions redshifted to the velocity of NGC 3718, namely
galaxies show that also the central 1 pc disks can be warpoﬁf‘ km_sl. Weather conditions were excellent during the_run
(NGC 1068: Greenhill & Gwinn 1997; NGC 4258: MiyoshiW'th typical system temperatures of 200—300 K. For each line a

etal. 1995). Thus in general warped gas disks have been foddd> 1 MHz channel filter bank was used with a velocity reso-
in nearby galaxies at all linear scales. lution smoothed to about 20 km'sin order to improve the sig-

In the course of our ongoing study of the dynamics of a8l to noise of the individual spectra. At 88 GHz, 115 GHz and

tive galaxies (Gana-Burillo et al. 2003a,b) NGC 3718 turns?30 GHz we assume a HPBW of 27,%21” and 10.5, respec-
out to be a special case because of the large range of raHiﬂ_?'y_- Frequent observations of continuum sources provided a
over which the gas distribution appears to be warped. Its ga@@inting accuracy of 3(Greve et al. 1996). The parameters for
warped on kpc scales possibly due to interaction with an oufBf tWo observing runs are summarized in Table 2. We used the
galactic halo. In this article it is shown, that the warp continudébbler with a switch cycle of 4 s and a beam throw of 90—
towardr ~ 500 pc. And the recently obtained interferometri@40’- At least 4 to 5 times per hour we performed a chopper
data strongly suggests, that even at radii smaller than 500'je€e! calibration on a load at ambient temperature and on a
the molecular gas disk may be warped as well. The detailg{d load (77 K). The line temperatures are expressed ifi the
analysis of these interferometric data of the molecular gas df§&l€, antenna temperature corrected for atmospheric attenua-
tribution will be presented in a forthcoming article (Krips et afion and rear sidelobes. The beaffi@encies that were used
in prep.). Thus we suggest to use the here presented data in&fr§ach frequency to convert tfig scale into the main beam
(statistical) investigation, which aims on answering the qué¥ightness temperature scale are given in Table 2. Baselines
tions, how small-scale warps are connected to the large-scHg"e flat and only linear polynomials were used for correction.
HI warps andvhatare the implications for the gas transport?  The first observations in November 1999 covered a region
In the concrete case of NGC 3718 we can present for thEapproximately 200 x 50” along the dust lane at a posi-
first time a model of the molecular gas distribution down tion angle of-66° extending symmetrically around the nu-
r ~ 500 pc and therefore test (at these scales) the existance cfais. The beginning of the warp of the gas disk at fired
molecular bar, which might have been hidden within the stellaf +60” from the center along the major axis was covered as
bulge and the dust lane. well. HCN(1-0) was probed at 13 positions within the cen-
In Sect. 2 we describe our observations of CO(1-GJal 20’. To improve the final CO(2-1) map (Fig. 6), the second
CO(2-1) and HCN(1-0). Section 3 deals with the reductiaiserving run was conducted in June 2001, observing the cen-
and analysis of the data of NGC 3718. There we descritval 80" x 50”. Further the integration time of the HCN(1-0)
the molecular gas distribution (Sect. 3.1) as well as dynambservation was increased this time to rise the SNR and get
cal mass estimations (Sect. 3.2). Furthermore the CO(2-1ftearer detections. The pointing grid of both observations is
CO(1-0) line intensity ratios (Sect. 3.3), the FIR-propertishown in Fig. 3. The measurements were carried out using a
(Sect. 3.4) and conclusions about the dense molecular baam separation of ¥4(i.e. half the 88 GHz beam size) over
and the star formation are discussed (Sect. 3.5). In Sectmdst of the area and’7n the central 20.
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lines (steps: @5 K kms?). The observations were carried out in
Fig. 3. A map of the pointing coordinates, observed at the two ofdovember 1999 at the IRAM 30 m telescope. The map is overlaid
serving runs. The respective observed frequencies are markedwath an optical image of the galaxy, taken from the DSS survey. The
black diamonds (CO(1-0)), red crosses (CO(2-1)) and blue squatesss indicates the optical center and the beamsize is presented in the
(HCN(1-0)). upper left corner.
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Fig. 4. Global CO(1-0) spectrum, obtained by summing up all ind E
vidual spectra, measured at the positions given in Fig. 3. The inte
sity scale is in units off ; (K). To compare the global CO spectrum
with the global HI spectrum, the latter is also shown as a solid lin R = -
The corresponding data are published in Schwarz (1985). The ante
temperature scale in the plot describes only the CO data. \
T \ =l P S ]
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3. Observational results Right Ascension (J2000)
3.1. Molecular gas distribution Fig. 6. Integrated intensity map of CO(2—1). The contours correspond

to 0.2, 0.4, 0.6 times K km3. The cross indicates the optical cen-
Maps of the integrated CO(1-0) and CO(2-1) line emission dee The map is convolved to the 2tesolution of the corresponding
shown in Figs. 5 and 6, respectively. The bulk of the emissié(1-0) observation, as indicated in the upper left corner.
is concentrated around the optical center of the galaxy (black
cross). From this central location the distribution of the CO line
emission shows in both transitions an extension towards the A more extended component of the CO line follows the
NW over a (deconvolved) length 6f30”, in agreement with dust lane (see Fig. 5) along a PA of T1{econvolved with
the recently conducted high angular resolution observations tlee 115 GHz and 230 GHz beam sizes the width of this com-
ing the IRAM Plateau de Bure interferometer (Krips et al., iponent perpendicular to the dust lane corresponds to abut 35
prep.). (~2.2 kpc). As the modelling in Sect. 4 shows, this value is
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Table 3. Enclosed dynamical mass in the central region, based on the
inclination-corrected rotation curve of our model in Sect. 4.

Radius veorr(1) Mirc
[arcsec] [kms'  [10° Mo]
10 235+ 15 8.0
20 235+ 15 15.9
30 235+ 15 23.8
60 235+ 15 47.7
90 235+ 15 71.5

(K]

100 5 = N 1 (0.0

velocity in km/s

antenna temperature T}

@ : . : B corresponding to the CO beam-size, only 0.2% of the dynami-
0 w cal mass is contained in the molecular gas (cf. Sect. 3.3).

radius on major axis in arcsec

Fig. 7. The position-velocity-diagram of NGC 3718, obtained i - O i .

CO,_o along the major axis, with linear-scale contours. The cross Ii?—'g' CO(Z l) to CO(l 0) line ratio

dicates the optical center of the galaxy and the resolution is indicaEfeHe ratio of the line intensities of CO(2—1) to CO(1-0) pro-

by the pv-beam in the lower left corer. vides important information for the investigation of the physi-
cal conditions of the molecular gas. Therefore we present here

) o ) the ratios resultant from our observations. A further discussion
dominated by the inclination and the warping of the moleculgpt obtaining and analysing molecular line ratios is given in

gas disk. The most striking result is the flaring of the distribygcyart et al. (1990a). Because the source extension is of the
tion of the CO line emission at separations of atRut 2.5 kpC  orger of magnitude of the observing beam size, beam filling
from the center (best visible in SE direction in Fig. 5). Roughlyctors have been applied. Due to the observed integrated line
from here the line emission follows the HI warp of the disk thq‘ﬁtensity (Figs. 5 and 6) we assumed at the center an underly-
has been reported previously by Schwarz et al. (1985). At tp% Gaussian intensity profile 6§, ~ 35" FWHM orthogonal

SE tip of the disk, it is possible to follow the CO line emissiok, the dust lane in Fig. 5. The extension along the dust lane
at the 2r level up to 38 south of the dust lane, correspondingppearS to be much larger than the beam sizes. This lead to
to 22 kpc in projection. Both the atomic and the molecular 9as . rection about10% in Eg. (1). Using the CO(1-0) and
share the same (projected) kinematics, suggesting that they@&z_l) spectra for the central position (cf. Figs. 8 and 9), we

equally dfected by the cause of the warp (see Fig. 4). calculated the ratfo
3.2. Dynamical mass estimation TP _
—== ~ 0.84- fiurceszey 0.75. 1)

If the gas in NGC 3718 is on near-circular orbits a I’OtatiOFll—inOb

curve, i.e. a plot of the circular velocities, contains informa-

tion about the enclosed mass as a function of separation fréhre result in Eq. (1) is slightly smaller than the average found

the nucleus. In the central region of the pv-diagram (Fig. i) 81 spiral galaxies by Braine et al. (1993) with a finding of

at~15" a velocity width of almost 200 knT$is observed. This 0.89 + 0.06. We believe that the deviation of our result to the

indicates that the bulk of the molecular gas cannot be locatderage value is rather reflecting beam siteats than intrinsic

in a simple rotating molecular gas disk. Therefore the derivahysical conditions (e.g. opacity) in the center of NGC 3718.

tion of a rotation curve is not straight forward. This feature iEhus we assume that the intrinéig‘lb/Tl’%b—ratio of the core is

observed as well in HI by Verheijen & Sancisi (2001) with &lose to unity, indicative of dense molecular gas. The beam size

beam size of 18" x 17.2” that falls between the angular resinfluences the measured central main beam temperature ratios,

olutions obtained by the IRAM 30 m telescope in the CO(1-@)already within the beam size the ratio decreases significantly.

and CO(2-1) line. This decrease is indicated by the found mean line ratio of our
In Sect. 4 we describe in detail how we derived an inclin@bservations at positions outside the central®20

tion corrected rotation curv&r)qor from the HI and CO data

that are available for NGC 3718. The enclosed mass can t

be obtained viangrc(r) = v(r)2,, r G1. Hereo(r)corr = v(I)obs- % = (0.46+ 0.14). (2)

sin~X(i) andu(r)ops is the observed rotation curve anthe in-  '10

clination. The quantities for the enclosed mass inside a radius

of 90" are summarized in Table 3 up to’9@vhere the CO line 2 The antenna temperatur€s are transformed into the main beam

emission is still Significant (See Flg 7) In Table 3 one can S%’]peratureg'mb with the forward gficiencyand thebeam giciency

obs

the linear increase of the enclosed dynamical mass, inducecbthe respective observation (see Table 2)
the constant rotation curve (Sect. 4.2). Within the centrdl 10 2 Thecentral20” are the area enclosed byalius of10”.
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Fig. 8. The CO(1-0) spectrum in the center. Vertical scallé;;is(K). Fig. 9. The CO(2-1) spectrum in the center. Vertical scal€}js(K).
The solid line shows a Gauss fit, witboa-o) = 311 Kkm s™. The solid line shows a Gauss fit, withoz 1) = 1.99 K km s,

From the central line intensitl)g‘g")10 =4.45K km s, whichis Table 4.Flux data measured with IRAS.
corrected for the source size as discussed above, we estimated

the central molecular gas maser radii of r < 10”: IRAS fluxes
f,(12um) = 0.169 Jy| f, (60xm) = 0.697 Jy
Mp,(r < 10”) ~ 2.1 x 10" Me. (3) f,(25um) = 0.097 Jy| f,(100um) = 2.29 Jy

From the total, source size corrected, line intensity, integrated

over the sky: o
. which is similar to NGC 5128 (Eckart et al. 1990b) and other
1880 t0ta = 512 Kkm st kpc® (4) galaxies (e.g. Wiklind et al. 1995; Leon et al. 1998). The esti-
. . fnated dust mass
we calculated with the same conversion factor a total molecular

gas mass of: Mous( TS, £100) & 255 105 M, (10)
My, ~ 1.8 x 10° Mo, (5)

leads to a gas-to-dust mass ratio of 720 in NGC 3718 which is
To compare this value with other galaxies, we calculate thgyse to the average typically observed value of the gas-to-dust
ratio to the dynamical mass, enclosed in the same regigflio of about 700 (Wiklind et al. 1995; Leon et al. 1998), if the
(r < 120"), corresponding to the rotation velocitf120”) = dust mass is derived from the 106 flux density.
245 km s* (Fig. 13): In the case of NGC 3718 it is therefore likely that a large
Mayn(r < 120”) = 1037 x 10° Mo (6) gmount of dust with temperatures of the order of 20 K or less
s Mip,/Mayn(r < 120°) = 0.17% ) is pres_en_t and that_the dust mass calculated abovg canonly be

Hz/Wldyntt = ) lower limit. Assuming a canonical gas-to-dust ratio of 100 we

This value is low but still typical, compared with other nearbglerive
spiral galaxies (Sage 1993). oot

Mieer 1.8 x 10° M, (11)

3.4. FIR properties and the dust mass of NGC 3718 from the molecular gas mass (Eg. (5)), which is likely to be

Far-infrared continuum flux densities measured by IRAGUCh closerto the total dust mass of NGC 3718.
(Table 4) allow us to characterize the dust in NGC 3718. The Alton etal. (1998) showed that the 2pfh measurements
source is detected in all four bands. Following Lonsdale et &f, the ISO satellite are more sensitive to colder dust compo-

(1985) we find a far-infrared luminosity of: nents and noted that cold dust dominates at larger radii. Eckart
45 et al. (1990b) gave a lower limit of. 3x 10° M, for the dust
Ler = 10°% L, = 2.8 % 10° Lo. (8) content in NGC 5128, which is comparable to our estimation

Following (Wiklind et al. 1995) we could derive the dust tem®" NGC 3718 (Eq. (10)), and found a significant drop of the

peraturé Tuus and the dust mashlys; from the 60um and dust temperature towards the edges of the disk.

100um IRAS flux densities: We adopt for NGC_ 3718 the_ same_dust _tempgrature drop
due to the morphological and kinematical similarity between
Taus{60um, 100um) = 30 K (9) both galaxies (see Sect. 5). Thus the dust temperature of 30 K

is valid for the center only.

4 A conversion factor of
The low temperatures, adopted for a large amount of dust

Ny,

= 2.3x 10?°molecules cr? (K kms )t in NGC 3718, are likely a consequence of a low interstellar ra-
lcoy diation field heating the dust, and may particularly result from
(Strong et al. 1988) was used. a very low massive star-formation rate (Devereux & Hameed

5 Assuming a mass opacity o« v. 1997).
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3.5. Dense molecular gas and star formation

We assume that the HCN emission in NGC 3718 is originating
in dense gas from the center with temperature and kinematics |
similar to the emitting CO (cf. Sect. 3.3). Our HCN measure-
ments towards NGC 3718 allow us to investigate the properties . [
of the dense fraction of the molecular gas. While CO tracés
densities of 18cm 3 < n(Hy) < 10* cm3, HCN traces dense =
molecular gas wittn(Hz) > 10 cm3. Solomon et al. (1992) <

2

ULIRGS

5}
T

assumed that the emission lines trace gravitationally bound-or o spirals
virialized clouds. Using HCN radiative transfer solutions (e.g. | + NGC 5128 |
Kwan & Scoville 1975), Solomon et al. (1992) determined a % Milky way

molecular mass to HCN luminosity ratio for kinetic tempera- «—o o NGC 3718 |

tures between 20 to 60 K of 5 L

6 7 8 9 10
.30 K 1 CZ 1 log(Lpen) [K km/s pcz]

M Hz) ~ 20777 X Lyen Mo(Kkm s . 12
ron(H2) "10 Liven Mo bc) (12) Fig. 10. NGC 3718 has the same ratio of FIR to HCN luminosity as
The HCN(1-0) line luminosities can be obtained from the int&lLIRGs (bl_ack triangles) a_md normal spirals (red squares). NGC 5128
grated line intensitiéd ne = mebxév via Ljine = | jne D2 Q. (blue asterisk) and the Milky Way (green cross) are shown for com-

mb : . i . . arison as well. The blue circle shows the upper limitLagy for
T™is the main beam brightness temperature, D is the dista C 3718. All data except our own are taken from Solomon et al.

to the source an is the solid angle of the beam convolveqlggz)_
with the source. This gives an upper limit for the mass of dense

gas of 3 . . .
Mucen(Hz) < 6.6 x 107 Mo, (13)
25 A -
This value is of the same order but lower than the value of S
NGC 5128 ofMpcn(H2) = 8.6 x 10" My (Wild & Eckart i e ]

0.

2000). As shown in Fig. 10 the found luminosity ratio of FIRg

C

to HCN(1-0) line emission in NGC 3718 is similar to the cors: z

responding ratios of ULIRGs and normal spirals. 2 .l ° g s UURes |
The luminosity ratio between CO(1-0) and HCN(l—Of N = O spirals ]

emission over the CO mapped regionRsomen = 155. o +  NGC 5128

Curran et al. (2001) found in a recent survey of Seyfert galax- '[ % Miky way |

ies similar values. A low fraction of dense gas and thus a low T 5 O NGC 3718

star formation activity in NGC 3718 can be responsible for
the fact that we can only estimate an upper limit for the HCN
luminosity. log(Lien/Leo)

The HCN emission in external galaxies is usually_str_ongg[ .11.Comparison of the fraction of dense gas to the star formation
peaked on the nucleus ComPared to_ the CO ?m'ss'_on' ciency (Solomon et al. 1992). Symbols are the same as in Fig. 10.
NGC 3718 at the central position, the integrated intensity ra-

tio I(HCN(1-0))I(CO(1-0)) is less than 0.05. Ratios of the

order of 0.1 or higher are only observed in active nuclear re- _
gions of Seyfert galaxies and ULIRGs (Kohno et al. 1996: Figure 10 shows that for NGC 3718 both the FIR and the

Solomon et al. 1992; Nguyen et al. 1992; Helfer & Blitz 199é:|CN luminosity fall even below that of normal spirals. This
1995: Jackson et al. 1993; Tacconi et al. 1994). Sternberg et499€sts that the presence of dense gas and dust heated by
(1994) found large HCJCO intensity ratios in the nucleus ofYOUNg stars is less pronounced in NGC 3718 compared to spi-

the nearby Seyfert 2 NGC 1068 and argued, that, in part, hﬁil It also suggests that the star formation rate per mass of

ratios can also result from a selective depletion of gas-ph&&S€9as is smaller. N _
oxygen. In Fig. 11 we show the position of NGC 3718 in a

Wild & Eckart (2000) found in the center of Cen A an inteP!0t Of 10g (Lucn/Lco) which measures the fraction of dense
grated intensity ratio(HCN(1-0)y1 (CO(1-0))< 0.064 which 9aS versus lod(ir/Lco)- The latter ratio measures théie

is comparable to the upper limit given above, but falls well b&i€ncy with which molecular gas is transformed into OB stars
low the value for ULIRGs. The ratio of HCN to CO Iuminosity(50|°m0n et al. 1992). Also this plot includes ULIRGs as well

is 1/6 for ULIRGs, but only 180 in normal spirals (Solomon @S galaxies of normal infrared luminosity. While the fraction
et al. 1992). of dense gas may be similar (or below) to values obtained for

normal galaxies, we find that the star formatidficgency is
& Which represent the beam-diluted brightness temperatures of €héarly at the lower end of the range of values covered by nor-
source. mal galaxies.

05 1 I 1 1
-2.5 -2 -1.5 -1 -0.5 0
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4. Results of the kinematic modelling

[9;
@

4.1. The tilted-ring model

The high degree of symmetry of our observations of the mole
ular gas both in the integrated CO line intensity distributic
(Fig. 5) and in the pv-diagram (Fig. 7) along the galaxy's m.
jor axis motivated us to createtdted-ring model of the gas
distribution. Its basic idea is to settle the gas in concent
rings around the galactic nucleus. The particles are circling
theseorbits with the velocity, given by the correspondirga-
tion curve Thus non-circular motion is neglected. If all orbit:
would be located and oriented in one plane, the gas distril
tion would equal a rotating disk. The crucial point of the mo
elling process is the variation of the location of the single orb
and of the rotation curve. At one radius only one orbit-locatic
with one rotation velocity is allowed. Usually the innermo:
molecular gas is located in a disc, i.e. the rings are locatec
the same plane. With increasing radius the outer gas rings
inclined against this central disc. Inclined orbits are prece:
ing with respect to the central plane with a precession-veloc Lh2mas 408 35 30" 25
proportional to the rotation velocity of the single particles. Right Ascension (J2000)

The fitting process can be described in two steps. The ﬁr

Declination (J2000)

bit orient_ation and the_ rotation vglo_cities_ are varied_ under_t ' é;i;zz gﬂfoellﬁg_ integrated CO(1-0) fine intensity shown with
assumption of a continuous variation with increasing radius.

Then artificial maps are calculated and compared with the real

ones. These steps are repeated in an iterative manner until dntrinsic velocityu(ro). The uncertainties of the derived in-
satisfying parameterset is found. Details on the history of these trinsic velocities cannot be alleviated below-1i5 kms™*
models and the used software are described by Schinnerer et aldue to these dependances.

(2000a). Tilted-ring models have been applied successfully to A careful analysis of (Fig. 7) reveals, that some features
several galaxies, pioneering work was done by Rogstad et al. Of the north-western region (right part in Fig. 7) occur at
(1974, 1976), who modelled the HI distribution in the galaxies Velocities slightly difering from their south-eastern coun-

M 83 and M 33. terparts. In these cases we chose mean values for the sym-
metric model.
o ) The final fit confirmed a flat rotation curve of10” <
4.2. Derivation of the input parameters r < 100”) = 235 kms? within the errors. The shape
For thetilted-ring model we need several input parameters: of the fitted rotation curve (Fig. 13) is a quite typical one
(cf. Sofue 1996). In the transition region between our data
rotation curve and the Hl-data of Schwarz (1985), we adopted a linear in-

From our observations we could derive the inner rotation crease to the nearly constant velocitieg (r > 100”) ~
curveo(r < 100”) by analyzing the pv-diagram (Fig. 7), 255 kms?) of the atomic gas. No evidence was found for
which is calculated along the major axis of the integrated extraordinary velocities at these radii, which would reject
CO-line intensity. Because orbit crowding occurs along this such an adoption.

axis, Fig. 7 does not show the usual simple pv-shape of a Theapparentexcess of high velocities-00 km s?') near
single rotating disk. For example in the inner’2@ne ob- the center of the galaxy~Q0”) in Fig. 7 demonstrates
serves in Fig. 7 a steep linear feature similar to a fast ro- the existance of high intrinsic velocities close to the
tating disk ofr ~ 20”. Additionally the central peak is  center. This important feature could not be resolved by
elongated into another direction. Further secondary max- the lower resolution HI data of Schwarz (1985) but is
ima occur atr ~ +20”. At least a significant partition of  consistent with the centrak80”) H, data of Reshetnikov
the central maximum is contributed by the outer gas rings & Combes (1994). This excess, reproduced by our model
(r = 90”), which are seen nearly edge-on. Therefore they (Fig. 14), is not found as peakin the intrinsic rotation
are also populating the inner region (i.e. close to the centre curve (Fig. 13). The modelfit shows convincingly, that the
and velocities close to the systemic one) in the pv-diagram. apparentdecrease of high velocities at> 20” is only
The above mentioned secondary maxima are contributed by observed due to the fiiérent inclination of the respective
inclined orbits at intermediate radii. In general the intrinsic  orbits.

orbital velocity at a given radiug is correlated to the high-

est velocities, detected at this distance to the center. But the galactic disc

maximum observed velocity a§ has still to be corrected  The orientation of the galactic disc in space is fixed with an
by the inclination of the corresponding orbit to give the inclinationof i = (60 + 10y and aposition angle(PA) of
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CO model HI model by Schwarz (1985)
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Fig. 13. The upper panel shows the rotation curg® used to model
NGC 3718, in the lower panel the correspondtiling-anglesw(r)
are plotted.
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Fig. 15. The plot shows theurve of node®f our model (solid line),
discussed in Sect. 4. In our model the warp starts‘at@done can see

in Fig. 13. Furthermore the errorbars are indicating the corresponding
values of the HI-rings (Schwarz 1985) in the same frame of reference.

radius the line of intersection between the galactic plane
and the plane of the tilted ring (Schinnerer et al. 2000a).
The latter gives the angle between these two planes. To find
the right combination of(r) andw(r), we assumed a con-
tinuous, smooth variation of the tilt angles (starting with
w(r < 20”) = 0 for the central disc). Furthermore the gen-
eral shape of(r) is determined by the rotation curve as
described by Schinnerer et al. (2000a):
o(r)

a(r) = EAIT + . (14)
The last equation is derived from the fact, that in other than
spherically symmetric potentials the curve of nodes evolves
with time (i.e. the rings are precessing). Thi(s) can re-
veal in combination with the tilt angles of the rings infor-
mation about the gravitational potential of the galaxy and
the causes of the found warp.

The above considerations lead to a physically reasonable set of
input parameters for thiited-ring model, which is consistent
both with our high resolution data of the molecular gas and
Fig. 14. The modeled pv-diagram along the major axis of the intéhe Hl-data, whose spatial resolution was recently improved by
Verheijen & Sancisi (2001) with respect to the observations of
Schwarz (1985).

(-85« 5)°. It assigns the frame of reference, in which thg 3. Results

parametergurve of nodesndtilt anglesare defined (see

next section). The position angle can be deduced from thader the boundary conditions described above we vasied

PA of the overall emission in the integrated line intensityAt and «q, plotted integrated line-intensity maps and pv-
map. The inclination is deduced from the ellipticity of th@liagrams of our model and compared them with Figs. 5 and 7.
mapped integrated line emission assuming an overall clhe resulting best fit parameter curves are presented in Figs. 13
cular shape of the molecular gas disk. During the iteratiand 15, error estimates oA¢ = +10°) and Aw = £5°) are
characterizing the accuracy of the fits. As shown in Fig. 15,
we could reveal a smooth transition to the curve of nodes of
Schwarz (1985), who developedikied-ring model for the Hl
Thirdly the spatial orientation of the gas rings has to kdistribution.

model fit also the frame of reference is varied.
curve of nodeg- tilt angles

determined. It is represented by the curve of nod@$

Figures 12 and 14 demonstrate that our model pro-

and the tilt angles(r). The former defines for every givenvides an excellent explanation for the observed data of the
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Table 5. Properties of NGC 3718 and NGC 5128.

NGC 3718 NGC 5128 references
Host type S SOpeé 2 Verheijen & Sancisi (2001, NED
Distance; Linear scalef=] | 13.2Mpc; 64 3.4 Mpc; 16.5 b NED; ¢ Israel (1998)
App. B-magnitude 11.59 mag 7.84 mag b NED
Total mass 44x 10" MY (3+1)x 10 M¢ | ¢ Dickel & Rood (1978)¢ Mathieu et al. (1996)
Molecular gas masdM, 10°) | 1.8 2 f wild & Eckart (2000)
Dust mass N, 10°) 25 5.3 9 Eckart et al. (1990b)
Mucn(Ha) (107 M) <66 8.6 " Wild & Eckart (2000)
Leo(10° K km st pc) 51.2 97 f wild & Eckart (2000)
Luen(10° K km s72 pd@) <3.3 5.5 f wild & Eckart (2000)
Lrr(1C° Ly) 0.28 6.0 f Wild & Eckart (2000)
S(8.4 GHz) 6.6 mJy 1.74 3y h Nagar et al. (2001),Wright & Otrupcek (1990)
Position angle of major axis | —85° 125! | Sparke (1996)
Inclinatiort 60° 73 I Sparke (1996)

b NED: NASA/IPAC Extragalactic Database.
K For a prominent ring or disc in the molecular gas, which can be usedas the frame of referenilésfibring-model; see Sect. 4.

molecular gas, both in the integrated line intensities (Fig. &)strong support to their tilted-ring model for the molecular
and the pv-diagram (Fig. 7). Observed features (e.g. the str@ag distribution of NGC 5128. They definitely show that the
warp, the secondary maxima in the integrated CO-line intensitwlecular gas distribution also agrees with the distribution of
at ~45” distance to the central peak (Fig. 5) and the large vaust and atomic gas at larger radii, similar to NGC 3718.
locity dispersion at-20” (Fig. 7)) are shown to be the resultof  The data in Table 5 indicate that the total mass estimates
orbit crowding No hotspotsisolatedGMCs and other features 3nd the molecular gas masses of both galaxies are compara-
have to be added to a standard gas distribution to describegfe Using the tilted-ring models it is possible to compare also
observed secondary maxima. Only a smooth radius-dependggtintrinsic kinematical data by deprojection of the observa-
variation of the inclination of the orbits is needed. tions as described in Sect. 4. Quillen et al. (1992) estimated a
Also the high degree of symmetry found a natural explahape of the rotation curve of NGC 5128 which clearly resem-
nation. We are able to confirm that in the transition region bptes Fig. 13: a linear increase at radii smaller thafi wich
tween the outer atomic gas distribution and the inner molebrresponds to 10in NGC 3718 due to the fierent distance.
lar gas around ~ 100" both fractions of the neutral gas areror radii beyond the stellar bulge the rotation curve approaches
located in the same orbits with the same velocities. And the igsymptotically a constant value of 290 km sslightly higher
tation curve of the molecular gas could be estimated downttan the rotation velocity of the molecular gas in NGC 3718.
a radius ofr = 10” by deprojecting the data via the iterativpye to the comparable molecular gas content this indicates a
fitting process. higher inner dynamical mass in NGC 5128. Summarizing we
state here that the ISM in both galaxies show very similar in-
. . trinsic kinematical properties, exceeding the simple agreement
5. Comparison with NGC 5128 of the observed integrated intensity maps. This suggests that

NGC 5128 is the lenticular galaxy hosting the famous radfiso the formation history of the observed warped gas disks
source Centaurus A. A comparison of its general propert/@@y be comparable.
with those of NGC 3718 is given in Table 5. A review of the In contrast to the equal molecular gas content the FIR Iu-
current knowledge about NGC 5128 is given by Israel (1998hinosity of NGC 3718 is substantially smaller than the one of
As outlined in the following especially the molecular gas disk§GC 5128. The nuclear FIR luminosity of NGC 5128 is weak
of both objects are very similar to each other. compared with the luminosity originating from the extended
In Fig. 2 (plate 9) in Eckart et al. (1990b), the superptar forming molecular gas disk (Wild & Eckart 2000). Thus
sition is shown of integrated CO(1-0) line intensity map witfhe smallelLgr in NGC 3718 may also indicate a lower star
the optical map of NGC 5128. This plate is equivalent to Fig. rmation activity compared to NGC 5128.
Again a prominent dust lane covering the nucleus indicates a The appearance of NGC 5128 (Cen A) in the radio
highly inclined gas disk. But more detailed kinematical analyegime difers significantly from NGC 3718. It is classified
sis revealed that the molecular gas distribution can be describgdFanarfi-Riley class | (Israel 1998). The radio luminos-
much better by a tilted-ring model than with a simple rotatinigy (Table 5) of both galaxies ffier by about roughly one or-
gas disk (see Figs. 8d and e in Quillen et al. 1992). der of magnitude. Furthermore in NGC 3718 no extended ra-
The data and models presented by Eckart et al. (1990t continuum structure (e.g. lobes, jets) has been found apart
Quillen et al. (1992, 1993), and van Gorkom et al. (1990) gifeom the central core. This implies intrinsicfiirences in the
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processes radiating at cm-wavelengths. But especially in c&sderences

of NGC 3718, more observational information is needed E\)rp, H. 1966, Atlas of Peculiar Galaxies (Pasadena, CA: California
support such a stat.ement. . Institute of Technology)

The morphologmgl analqu of bloth warped gas disks eValh H. 1973, ApJ, 185, 797
holds for the gas kinematics. This suggests, that proballgon, p. B., Trewhella, M., Davies, J. 1., et al. 1998, A&A, 335, 807
causes for strong warped gas disks, such as past interacgann, A. J., Ho, L. C., Filipenko, A. V., & Sargent, W. L. W. 1998,
andor merger events, might not have a strong influence on the ApJ, 496, 133
radio continuum properties of a galaxy, which are shown to Beaine, J., Combes, F., Casoli, F,, et al. 1993, A&AS, 97, 887B
quite diferent in both galaxies. A similar conclusion could bBurke, B. F., & Miley, G. K. 1973, A&A, 28, 379
drawn for the star formation activity. The lower star formatioff®mPes, F., Debbasch, F., Friedli, D., & Pfenniger, D. 1990, A&A,
activity in NGC 3718, as suggested by the lower FIR lumi- 233, 82

. . ndon, J. J. 1987, ApJS, 65, 485
L‘?S?%’/may be uncorrelated to strong warps and their Creat@ﬁrran, S. J., Polatidis, A. G., Aalto, S., et al. 2001, A&A, 373, 459

Devereux, N. A., & Hameed, S. 1997, AJ, 113, 599
Dickel, J. R., & Rood, H. J. 1978, ApJ, 223, 391
6. Summary Dufour, R. J., Harvel, C. A., Martins, D. M., et al. 1979, AJ, 84, 284

] ) ] o Duschl, W. J., Strittmatter, P. A., & Biermann, P. L. 2000, A&A, 357,
Our three-dimensional model explains convincingly the ob- 1123

served molecular gas distribution of NGC 3718 in all details gkkart, A., Downes, D., Genzel, R., et al. 1990a, ApJ, 348, 434

the underlying data. The total gas kinematics are traced doRakart, A., Cameron, M., Rothermel, H., et al. 1990b, ApJ, 363, 451

to the limiting resolution of our single-dish measurements. Tiekart, A., Cameron, M., Jackson, J. M., et al. 1991, ApJ, 372, 67

employed tilted ring model could be succesfully expanded &skart, A., & Downes, D. 2001, ApJ, 551, 730

the outer atomic gas distribution, too. Thus it also explains tk@9Imaier, P., & Shlosman, 1. 2000, ApJ, 528, 677

earlier observations of HI by Verheijen & Sancisi (2001) anjg!PPENko, A. V., & Sargent, W. L. W. 1985, ApJS, 57, 503

Schwarz (1985), obtained affi#irent spatial resolutions. Garcla’ A- M. 1993, AZAS, 100, 47 .
araa-Burillo, S., Sempere, M. J., Combes, F., Hunt, L. K., & Neri,

_ Qur _model c!early shows, that thg warp of t_hel neutral gas 2000, A&A, 363, 869

distribution continues down to a radius of 20This is repre- Garga-Burillo, S., Combes, E., Eckart, A., et al. 2003a, Active

sented by the tilt angles, which are unequal to zera ter20” Galactic Nuclei: from Central Engine to Host Galaxy, meet-
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Furthermore by fitting the line intensity of the modeled gas ofarda-Burillo, S., Combes, F., Hunt, L. K., et al. 2003b, A&A,

bits to the observed integrated line intensity map, we found 'N Press _
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