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Abstract. We present here new flux-calibrated narrow-barghlaxies are believed to outline the locations of major orbital
images of the circumnuclear region of the Seyfert 2 galaxgsonances with a bar or oval distortion in the galactic disk
Mkn 620 = NGC 2273 in the light of [OIlI]A4959A, (Buta 1986ab, Norman 1987).
[0 11A6364+[Fex]\6374 AA and [NI11] 6548 A emission lines In the theory of AGNs the luminousi{r > 10°L.)
and two continuum images a6300A and A 4260 A, and ina IRAS galaxies play an important role. It appears that the lu-
broad band Gunn r continuum. minous IR galaxies are extraordinarily rich in molecular hydro-
The color mapF) (6300 A)/FA(4260 ,&) reveals a dusty gen, highly concentrated towards their nuclei (Scoville & Soifer
ring-like structure around the nucleus of Mkn 620. This ringt991; Scoville et al. 1994). This matter reservoir plays a central
like structure has a diameter of about 14 arcsec correspondialg in promoting star formation and possibly fueling accretion
to~ 1700 pc. Its mean projected thickness is about 500 pc ammto the central compact object (Scoville et al. 1991).
it is much more prominent in the north-west direction from the Studies of dust and gas distribution in the circumnuclear
nucleus. regions of luminous IRAS AGNs galaxies with rings and bars
The dusty ring-like structure surrounds a zone of high ioprovide information both about the link between the AGN and
ization which is represented by the (I0\4959 A contour map.  star formation events and about the matter transport to the active
The [N1I] A6548 Aand [O|]>\6364A emissions are visible both nucleus.
in the inner high ionized zone and in the outer partially ionized NGC 2273 (Mkn 620) was discovered by Huchra et
zone (P1Z), which coincides with the dusty ring. al.(1982) to be a type 2 Seyfert galaxy and classified by de Vau-
Based on the color mag (6300 ,&)/FA(4260 A) we couleursetal., 1991 [RC3]as a morphological type SB(r)a:. The
have estimated an extinction of;, =104 which yields heliocentric recession velocity iz = 1875 km sec! [RC3].
10°xM, for the mass of the dust in the ring. This dust mass According to van Driel & Buta (1991) this galaxy shows
would be able to produce the observed 12 ang@bemission faint doubled outer ring-like structure, which consists of two
if the equilibrium dust temperatuf, is larger than 110 K. This incompletely closed concentric structures formed by separated
value is determined by the equilibrium between the absorbsets of spiral arms at radii of 7.3 and 10.2 kpc. There is fore-
and emitted energy, assuming thermal dust reemission of rtened bar and an inner ring-like shaped by sets of spiral
nonthermal AGN continuum. Both larger nonthermal ionizingrms.
flux and star formation events in the innermost circumnuclear NGC 2273 has been detected by IRAS (Lonsdale et al.,
region could result in higher equilibrium dust temperatiise 1992 hereafter LLS92) with strong far infrared emission (FIR)
A second dusty ring is clearly seen on the color map. Ifsp;r ~ 10'°L.
radius isx 20 arcsec (2.4 kpc) and is approximately placed on Young & Devereux (1991) have presented new CO 2.6 mm
the inward side of an ovally distorted disk. observations of Mkn 620 and determined the mass of molecular
gas confined to the central 45 arcsec tdbeH,) ~ 2.8 x 10°
Keywords: galaxies: individual: Mkn 620 = NGC 2273—ga|ax1v|® _The CO line width is found to be less than 260 km s
ies: ISM — galaxies: Seyfert — galaxies: structure and this may indicate that the molecular gas is confined to the
central few arcseconds in this galaxy. The star formation rate
per unit mass of molecular gas in the nucleus of Mkn 620 is
1. Introduction Lir /M(Hy) ~ 8.7.
. The mid-infrared emission of Mkn 620 at 1®n measured

In recent years, ;everal _arguments hav_e been advanced to | evereux (1987) in small aperture b arcsec) is due to ther-
cate that galaxy mter_actlons apd/ or_orb|tal resonances can ! dust reradiation of the UV/optical emission of the central
to the enhanced fueling of various kinds of nuclear activity, e aurce (Giuricin et al.,1995).

pecially the Seyfert and Starburst phenomena (Heckman 19 0. The continuum measurements by Krugel et al. (1988) at

1991; Dultzin-Hacyan, 1997). Particularly interesting in thii3 0 um and the spectral index between 100 and 1360
respect are Seyferts with rings and bars. The common ringed0
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clearly indicate that the emission must be thermal reradiatidable 1. M 620-observing log and related data.
from dust.

CCD interference-band images isolating the emission liniasage interference  exposure  final FWHM
of Ha+ [N 1]AN6548 /84 AA and [O1111A5007 A were obtained frame filter, time resolution
by Pogge (1989) and Mulchaey, Wilson and Tsvetanov (1996) Ac/AX
(hereafte_r I\/_IWT96_) to search for spatially extended circumnu- AV(A) (s) (arcsec)
clear emission regions.
In this paper we present the results of new narrow and brod1l A6548 6567/30 1x300 4.4
band imaging to study gas and dust distribution in the circun® 1] A\6364+[Fe X]\6374  6420/30 2x300 3.2
nuclear region of the ringed Seyfert 2 galaxy Mkn 620. SOMEy continuum 6300/34 2 x 300 3.2

information on the observations and data reduction procedures
is presented in Sect. 2. The results are given and analyze(ﬂQr\”] A4959 5003/40 2x300 27
Sects. 3and 4, respectively. Their compatibility with the IR mehhe continuum 4260/34  2x300 3.1

surements is discussed. Gunnr 6550/900 2 x 300 4.3

2. Observations and data reduction
2.2. Data reduction
2.1. Observations
The images were reduced following the usual reduction steps

Mkn 620 was observed with the 2m Ritchey-Chretien-Goudor narrow-band imaging (Haniff et al. 1988; Perez-Fournon &
(2-m RCC) reflector of the Bulgarian National Astronomicaliison 1990; Tsvetanov & Walsh 1992).

Observatory (BNAO) at Mount St. Spirit near Rozhen, Rodopa The raw images contained a small amplitude pattern, peri-
mountains. The observations were carried out on December dgic along the rows. Analysis of the overscanned area showed
1992. _ _ that a pattern with the same amplitude and phase existed therein.

The narrow-band images were taken with the Focal Redugg{erefore it was possible to use the overscan for creating bias
of the Max-Planck-Institute for Aeronomy (MPAe). The techframes with the systematic additive noise, characteristic for each
nical data and the capabilities of the MPAe Focal Reducer &gicular image. Afterwards the bias and periodic pattern have
described by Jockers (1992). been removed in one step.

The telescope / reducer configuration and the CCD's square after flat-fielding the frames were aligned by rebinning to
22 jum pixels provide an image scale of/8 px~' and an un- 3 common origin. The final alignment of all the images was
vignetted field of view (FOV)~ 7x5arcmin at an effective gstimated to be better tharf’@. As an unwanted by-product
focal ratio f/2.86. This scale is quite well adapted to the typ the rebinning procedure a small decrease of the resolution
ical seeing conditions at BNAO (2-2'/5 FWHM). One arc- (., (" 15) was noticeable. The two images taken through the
sec corresponds to a distance of 125 pc at Mkn 620 assumigne filter were averaged and the cosmic-ray signatures were
H, =1715kmsec! Mpc~!. removed.

Images through interference filters centered near ynfortunately, small tracking errors of the 2-m RCC tele-
the wavelengths of [NII] A6548A,[0 111]A959A and  scope caused residual ellipticities in the PSFs of our frames.
[O |]/\63§4+[Fe X].)\6374 AA (“on-line”) and on the €MISSION Therefore, a convolution procedure was performed in order to
free continuum windows ax4260 A and A6300 A ("off-line”)  match the PSFs of each line—continuum pair. The same proce-
were obtained. The “off-line” images were used to subtrugf,re was applied to those images which later were used in the

the continuum contribution contained in the “on-line” imagegnapping of continuum emission ratios. This degraded the final
Moreover, we utilized the “off-line” images to form the colohego|ution to a mean value ef3” 3.

map.

A broad band image was also obtained with a Gunn r inter-
ference filter. 3. Results

The observing log is presented in Table 1 where the cen
wavelengths\. and the effective widtlA X of the interference
filters, and the spatial resolution of the images in terms of tl@®ntour map of the broad bandcontinuum is presented in
point-spread function (PSF) are listed. Fig. 1. Several morphological features are clearly seen: the out-

Two exposures of Mkn 620 were obtained through eaemmost ring-like structure at radius of 7.3 kpe (60 arcsec);
filter to eliminate cosmic ray events and to increase the reli@n ovally distorted disk with a radius of about 30 arcsec. The
bility of the measurements. Between exposures the telescapgermost visible structure is a bar with PsA114°. Weak spi-
was slightly offset to avoid permanent defects of the CCD. Flatl arms originate from the bar and form an inner ring-like with
field exposures were obtained using dusk and dawn twilight iadius~ 2.4 kpc (20 arcsec). Similar features are noted and
uniform illumination of the detector. No dark correction wasgliscussed by Gallagher & Wirth (1980) and van Driel & Buta
required. (1991).

t?.![. Broad and narrow-band continuum images
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Fig. 3. The [O 11I]A4959 A-emission contours superimposed over the

Fig. 1. Contour plot of the Gunn r image. The outermost contour |$4/pjue narrow-band color map

at 2o of the backgroundi(c background noise level i3 x 1078
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Fig. 2. Red/blue narrow-band color map of Mkn 620

The continua images obtained 260 A and A 6300 A
were used to create the narrow-band color map presented in
Fig. 2, where “black” means excess of light while “white” means
absorption. The color map reveals an inner redder structure re-
minding of dusty ring around the AGN nucleus of Mkn 620.
This ring-like structure has a diameter of about 14 arcsec corre-
sponding tox~ 1700 pc. Its mean projected thickness is about
500 pc. The dusty ring is disconnected in the east-west and it is
much more prominent in the north-west of the nucleus.

A second dusty ring is clearly seen on the color map. It is
approximately placed on the inward side of the ovally distorted
disk and its radius isz 20 arcsec (2.4 kpc). Gallagher & Wirth
(1980) have also shown the presence of outer rather red ring.

We calibrated the continuum image in F426 and
estimated the observed flux, (4260A) = 3.32 x
10~2%ergscm—2s~'Hz~'. On the other hand, according to
Rowan-Robinson & Crawford (1989) the starburst and Seyfert
components for Mkn 620 contain 0.74 of the whole infrared
emission. We utilize this value to estimate the nonthermal AGN
fraction of the observed flux. The later was used to calculate the
energy density of the radiation field in the circumnuclear region
occupied by the dusty ring.

3.2. Narrow-band emission line images

The emission line contours of [@]A4959 A, [N 11] A6548 A
and [O 1]A\6364+[Fe X]A\6374 AA superimposed on the

It should be noted, the Gunn r continuum contour maf, (6300 A)/F (4260 A) color map are presented in Fig. 3 and
(Fig. 1) shows an isophotal twist in the innermost region &fig. 4. The correspondingo background noise levels in the
Mkn 620. Similar isophotal twists are observed in early typemission line images are presented in Table 2. The lowest
spirals and could be associated with inner Lindblad resonangasphotal level is a8 o above the sky subtraction level and the

(ILR) (Elmegreen & Elmegreen 1996).

following contours are multiplied with/2.
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Fig.4. aThe [N II]>\6548Aemission contours superimposed over the red/blue narrow-band colobriiéye; [O1]\6364 + [FeX]\6374 AA
emission contours over the same color map

The [O1111A\4959 A emission arises entirely inthe circumnu-  We have to note that the measured fluxes by HFS97 in emis-
clear region enclosed by the dusty ring and it is strongly reducsidn lines of [O1111A4959 A and [N 11] A6548 A in aperture
there where the dust content is enhanced. 2’ x 4’ exceed the fluxes of the same lines measured in larger

The[NI] 26548 A emission (Fig. 4a) shows extended struapertures by LLS92 and MWT96. But on the other hand, the
ture in diameter of about 18 arcsec. The morphology does @oithors in HFS97 have stated the photometric accuracy of the
differ from that of the Hv + [N 11]A\6548/84 AA image pre- line fluxes are only approximate.
sented by MWT96. The outermost contour in Fig. 4a i8 at
above the noise level and includes entirely the dusty ring. 4. piscussion

The [O1] emission is a good diagnostic tool for the pres-
ence of hard nonthermal ionizing photons. Both emission linésl- Gas and dust in the narrow line region in Mkn 620

[O 1]X6364A and [Fe X]A6374A (Fig.4b) are transmited preyious studies of Mkn 620 have revealed a strong

through the F 642. _ _ [0 11125007 A emission concentrated around the nucleus and
The Gunn r contours (Fig. 1), the color map (Fig.2) andrcumnuclear extended emission afH [N 1]ANG548/84 AA

the presence of extended emission line regions suggest that(mggge, 1989; MWT96).

ioqized region is a gaseous disk W?th an orientation of the m_ajor The color mapFy (6300 A) / Fy (4260 A) (Fig. 2) infers the

axis at P.A~ 20°. The gaseous disk wound by the dusty ringresence of a redder dusty ring-like structure around the AGN

appears to be viewed at an inclination-of 32° to the line of ycleys of Mkn 620. Otherwise, the innermost circumnuclear

sight derived from the ratio of major to minor axes (Fig. 1). yegion is not influenced by extinction. We assume that the
The width of the dusty ring projected onto the sky plane {§rcymnuclear emission line region with diameter of about

comparable with its geometrical depth due to the small inclinggg_ggo pc, where the [@I]\4959 A contours are situated

tion angle to the line of sight. Note that the inclination angle fqg 5 high ionized Stimgren zone (Fig. 3). The $imgren depth
the galaxy stellar disk is- 45° (Whittle 1992; de Vaucouleurs jg yefined as

etal.1991 [RC3)).

From our calibrated images we estimated the total fluxes ¢+ = ¢I'/ag ~ 10T cm™?, (1)
the observed emission lines in apertures used by other auth@jiseren ; cn sec ! is the recombination coefficient to excited
Optical spectral observations of Mkn 620 were made by LLS92ates of hydrogery; is the speed of light andl is the ion-
and Ho, Filippenko & Sargent, 1997 (HFS97), where the s|#ation parameter. In order to estimdtewe take the electron
width and length arél.5 x 20) arcsec and2.0 x 4.0) arcsec, density~ 600cm~3 following LLS92. As was mentioned in
respectively. We performed an integration of the fluxes insi%ctm, the nonthermal component of the ionizing continuum

these apertures and in apertyte.0 x 16.5) arcsec used by F, ~ v~ amounts 0.74 of the measured fIE,\((426OA).
MWT96. The data are presented in Table 2. Our measured ﬂU’f%’Ring a resonable value far ~ 1.5we estimate the ionizing

in [O 111174959 A and [N11] A6548 A agree quite well with the parameteF ~ 10-3whichyieldsNs.. ~ 3.0x10® cm2.
fluxes presented by LLS92 and are Iarqer than that measured bype [N 1] A6548 and [OI\6364 + [FEX]\6374 emissions
MWT96. Tohe transmission of &AG6563 A in the interfergnce (Fig. 4a,b) arise both in the inner Stngren zone and in the
filter F 657A centered near the wavelength of [N AG548 Ais  qusty ring. Thus the redder dusty ring-like structure appears to
about10% which results in a larger flux. be a large partially ionized zone (hereafter PIZ) in which the
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Table 2. M 620-observed emission line fluxes in units(of&)

cm? s
emission LLS92 our fluxes, MWT96 our fluxes, HFS97 our fluxes, r.m.s.
line spectral data  in aperture imaging data in aperture spectral data  in aperture of  uncertainty
in aperture of  of LLS92 in aperture of  of MWT96 in aperture of HFS97
(A) 1"5%20" 14”1 x 16”5 2" x4"
[O1]X6364+ — 10.14<10715 - - - 11.1%107%% 0.036x10°1°
[Fe X]\6374
[O1]X6364  5.0x107*° - - - 10.0<1071% - -

[O]X4959 50.0x107'%  44.88<107'° 39.28<107'° 50.64x107'® 92.0x107'°  36.86<107'° 0.1x107'®
[N1] A6548 32.0x107 %  36.82¢<107'° 70.0x107 15 98.35<10°*°  745x107*  42.12¢<10*® 0.038107'°

The flux in [N 1] A6548 A has been obtained assumifg,/[N 1l] A6548 A/[NII] X 6584 A = 3/1/3.

ionized gas becomes neutral. The existence of this large & observed dusty rind/,;,, =~ 1.5 x 10° Mg, This value is
results from harder photons of the ionizing continuum. an upper limit since a filling factor of 1 was assumed.
In our color map (Fig. 2 and see also Fig. 3) thed8tgren

zone is homogeneous and we assume the measured flux il yecrementThe Balmer emission lines could be af-

Fxes00/ Faazeo = 151 not reddened t_here._ But in the PIZ¢. ted by the presence of PIZ in the circumnuclear region
where the dust content is enhanced this ratio is influenced YMkn 620. The measured Balmer decrement by LLS92 in
dust extinction (absorption and scattering) and it is about 2 )

The dust it dust is given b kn 620 is(H./Hpg)ops ~ 7. After a correction for the red-
€ dust opacity’y ™ IS given by dening we obtain a dereddened Balmer decrement9.
st — 1\ Nyo(PIZ) (0/H), ) Binette et aI.,(1993_) have shown the integrated Balmer Iines
] ~_ of a power-law photoionized gas in a system of clouds with
wheres/H (cm? per hydrogen nucleus) is the total extinctiofternal dust would be significantly affected because of dust
cross section and is the dust content of the medium expresseghq perspective. The same authors argue the intrinsic Balmer
relative to the standart ISM dust-to-gas mass ratio (Binette et@crement could be as steep as 4-4.4 in the radiation bounded

1993). We assume = 1.0 and takeo/H from Draine & Lee case where many clouds are seen from the back side.
(1984) (see their Fig. 7). Based on the reddened and unreddened

flux ratios Fgs00/ Fra260 We estimate the column density in the o

PIZNgo(PIZ) ~ 2.0 x 102! cm~2. Then the total column 4-2- Infrared emission of Mkn 620

density is The IRAS data show that Mkn 620 is a luminous IR galaxy

Nilab = NS, 4 Npyo(PIZ) ~ 2.3 x 10*cm 2. 3) Lpir(40 - 300pm)= 2.4 x 10'9L, . The spectral indexes,
defined asx(A1, A2) = —log(F(A2)/FA(1))/log(A2/A1) are

The column densityV;/*® defines the depth of the completex(12,25) = —1.566, «(25,60) = —1.82 and (60, 100) =

“photoexcited” region, that is the depth at which the incoming(0.80 and place this galaxy in the typical range for

ionizing flux is exhausted. . Seyfert galaxies in the color-color diagram€s0, 100) versus
The extinction opacity at 5508 is 7y = 4.8 x «(25,60) (Miley et al. 1985).
10722 u Nyo(PIZ) = 0.96 and the extinction isdy = The main components of FIR emission are nonthermal AGN

1.0867y = 104 if u = 1.0. Following Spitzer (1978) we continuum continued to IR domain and thermal dust reemission.

can estimate the mean dust density along the line of sight We favore the nonthermal UV continuum as the energy source
which heats the dust.

) ,gem ™2 (4) The temperature of a dust particle is determined by the equi-
librium between the absorbed and emitted energy

where p; is the density of the particular dust grains and we ,

assumep, ~ 1.0g cm °. The dielectric dust functiom, in /Qabs()\) U, dv = 4r /Qabs()\) Ba(Ty) dv (5)
0

€0+ 2
€ — 1

paust = 1.3107%" p; < Ay /Lype > (

the low frequency’s limit i, ~ 4 (Spitzer 1978). The mean

extent of the dusty ring-like structure measured on the colof*

map isZy,. = 0.5kpc. Then according to Eq. (4) the mearwhere

dust density along the line of sight js... = 7 x 107%7g Ar [ R

cm—3. U,=— (29}7',,) ergs cm °Hz !,
From Fig. 2 we can roughly estimate the volume occupied "

by the dusty ringz 4 x 10%* cm? assuming a filling factor of is the energy density of the radiation field aRg ~ 25 Mpc

~ 1. Knowing pq.s: We determine the dust mass contained kg the distance to the galaxy. The mean intenst/rQ)Fu
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in ergscnT?s~! Hz~! of the radiation field at distance ~ hanced star formation around the nuclei of Seyfert galaxies as
700 pc from the central nonthermal point source is obtaineth alternative of the Unified model are presented by Dultzin-
from the measured fluk;, (4260 A) extrapolating it to the UV Hacyan (1995).
with spectral indexx = 1.5. In Eq. (5)v; = 3 x 101* Hz=1 On the other hand, the accumulation of large amount of gas
pmandvy, = 3 x 1016 Hz= 100A are the assumed upper andnd dust near the ILR is connected with the supply of gas to the
lower limits to the frequencies which can heat the dBst(7;) nucleus of Seyfert galaxy. Wada and Habe (1992;1995) have
is the Planck function at grain temperatfg The absorption found a new fueling mechanism from kpc to several tens of pc,
efficiency Q.5 (M) in first approximation varies as/A for a whichisinduced by a weak bar and the self-gravity of the gasin
lot of dust particles in the visual and IR ranges (Spitzer 197& massive gaseous disc. In their model the first ILR is essential
Eq. (5) yields an equilibrium dust temperatdig= 110 K. for gas accumulation near the centre. The second ILR occupies,
Most of the 12 and 2%m emission in Seyfert galaxies isroughly, a diameter of about 1-2kpc.
from dustin ionized gas, heated both by nonthermal AGN con- The dustring-like structure{ 1700 pcin diameter (Fig. 2))
tinuum and by stellar UV photons (Mouri & Taniguchi, 1992pbserved in Mkn 620 could be associated with a shocked dust
Granato & Danese, 1994). connected with the ILRs.
It is natural to speculate that the R< 30 pum emis- As a rule, the dust ring-like morphologies favore type 2
sion arises in the dusty ring-like structure inferred by the col&@eyfert galaxies which possess SB morphology.
map. Assuming dust thermal reradiation we make an estima-
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