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Abstract.

Ring-shaped morphologies of nuclear star-forming regisitbin the central 40- 200 pc of disk galaxies have been barely
resolved so far in three composite Sy 2 nuclei, the Sy 2 Qicialaxy and in three non-AGN galaxies. Such morphologies
resemble those of the standard. kpc-size nuclear rings that lie in the inner Lindblad resure regions of disk galaxies and,

if they have a similar origin, represent recent radial géle\vs tantalisingly close to the central supermassive bladks. We
aim to identify the population of such ultra-compact nuckéegs (UCNRs) and study their properties in relation tosénof the
host galaxies. From archivélubble Space Telescope UV and Hy images and from dust structure maps of the circumnuclear
regions in nearby galaxies, we analyse the morphology dadtdreformation and dust, specifically searching for ringattres

on the smallest observable scales. In a sample of 38 galsixided, we have detected a total of four new UCNRS; 380 pc

in radius, in three dferent galaxies. Including our confirmation of a previous WC8Etection, this yields a UCNR fraction
of roughly 10%, although our sample is neither complete miniased. For the first time we resolve UCNRs in two LINERs.
Overall the UCNR phenomenon appears widespread and liméitder to late-type galaxies nor exclusively to AGN hosts.
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1. Introduction Besides the composite Sy 2 nuclei mentioned above, star-
. . ) ) forming UCNRs of less than 200 pc in radius are known in
Star-f_ormlng nuclear rings, almost excluswely found imrbd the Sy 2 Circinus galaxy (Wilson et al. 2000) and in galax-
galaxies (Buta & Combes 1996), are attributed to shock f. \\ithout AGN: NGC 5248 (Laine et al. 2001; Maoz et al.
cusing of gas near the location of one or more inner Lindblag) ;. Jogee et al. 2002) and possibly in NGC 3245 (Barth
resonances (ILRs; Schwarz 1984; Athanassoula 1992; Heller,, 2001a) and IC 342 (Boker, Forster-Schreiber, & @énz
& Shlosman 1996; see also Shlosman 1999; Knapen 2005 {gl97) The smallest of these UCNRS are arountD pc in ra-
reviews). Their sizes, of typically 1kpc, allow them to be ;5 “Eyen more tantalising is the detection of molecutagsi
easily resolved in ground- gnd_ spage-bgsed observatians. Q §isks of~ 1 — 100 pc in low-luminosity AGN, such as M51
the other hand, high resolution imaging with tHabble Space (Kohno et al. 1996) or in NGC 1068 (Galliano et al. 2003).
Telescope (HST) has led to the d_etect|on of three u_nu_suallgrhe Milky Way, a “normal” galaxy, hosts a massive molecular
compactnuclear star-forming regions, where unambiguges i, g yithin ~ 1.6 — 7 pc from the Galactic Centre. Presently, it
natures of recent episodes of star formation (SF) COExXtt Wig ot clear that all these rings have a similar origin—big th
the active galactic nucleus (AGN)—so-calleaimposite Sy 2 5 5 5ssibility. A major open question is whether the UCNR
nuclei (Gpnzale; Delgadp et al. 1998). .These_barely resb!v opulation is the small-radius tail of the general popolabf
star-forming regions exhibit morphologies which are not Irﬁuclear rings (e.g., shown in Laine et al. 2002) or whether it

compatible with those of “standard” nuclear rings—an iss'ﬁ%aracterises afierent physical phenomenon

that was never addressed in the literature. The prevaleihce o Nucl . . | K be b d f
such “ultra-compact nuclear rings” (UCNRSs) and their arigi uclearrings in general are taken to be by-products of gas

are currently unknown. While conducting a first compreht‘msiimIOW in response to gravitational torques induced by bars o

survey of UCNRs, supplemented by statistical, phenomgaol@alaxy interacti(_)ns, S0 i_t Is significant that rings are 650
ical and dynamical studies of their origin and evolution, ree close to the region dominated by the supermassive black hole

port here the results of the initial searchH®T archival imag- (SMBH). UCNR hosts are nuclear starburst galaxies (by defi-

ing, which has revealed a number of UCNRs in NGC 298gition) and potentially related to the triggering and furgl of
’ AGN.

NGC 4579 and NGC 4800.
There are two closely related scenarios that could account

Send offprint requests to: S. Comeron for the tiny UCNRs compared to their “normal” counterparts,
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namely, a shallower radial mass distribution in the cerkpal 3. Results
of the host galaxy, implying a smaller bulge, or ring forma-
tion in response to a non-axisymmetric mass distributicdhén 3.1. NGC 2985

inner feV\_/ h_und_red pc, that tumbles_ ex<_:eed|ngly fast. In bo C 2985 is an SAab galaxy &t = 224 Mpc (Tully 1988).
cases this implies that the ILR region is located close to the . . ; .
. . 2 . n the UV and Hr images (Fig. 1) we can readily see a ring
centre. The first scenario would indicate that one might epe - : L2
. ) . of emission, caused by the presence of massive SF. The ring is
a deficiency of UCNRs in early-type spirals. The second sce- N . . o
) Wwell defined: the intensity fallstbsharply both within and out-
nario favours the presence of nuclear gaseous or stellar bar. . . . . .
: o side the ring. There is no equivalent in the F814W band which
(Shlosman 1999). These alternatives can be distinguissed.u S o
ina a number of observational tests iS a further indication that the ring is due to a young stellar
9 ' component. In both UV and d&dthe radius of the ring is ap-
proximately 0.5arcsec or 50 pc. The intense peak of emission
at the nucleus is due to a LINER (Wilner et al. 1985). It is more
2 Observations and data reduction extended in i, with a half intensity radius of close to 25 pc,
than in the UV band. The UCNR is not uniform azimuthally,
We inspecteddST archival images of a sample of 38 nearbiput quite patchy, being clearly composed of a number of indi-
spiral galaxies, all at a distance of less than 50 Mpc, forctvhividual massive star clusters. Each cluster emits in UV aad H
images in K andor in UV bands (filters F218W, F250W,though the structure in UV is finer, as would be expected since
F300W, or F330W) were available. The sample was selecté@ Hx comes from the more extended ionised gas around the
to study the possible relationships between central dropsciusters. The structure map shows dust lanes spiralling-in t
the stellar velocity dispersion ¢-drops”) and the host mor- wards the central region of the galaxy, but fading out as they
phology on the smallest observable scales, and consist3 ofapproach the radius of the UCNR. These dust lanes are not nec-
galaxies with confirmed--drops as known from the literatureessarily related to material flowing towards the centre amd ¢
and 19 galaxies in a control sample, matched carefully to the formed from a mild compression not accompanied by SF
o-drop sample in terms of absolute magnitude, distancel axiaaine et al. 1999; Englmaier & Shlosman 2000). Some dust
ratio and morphological type (S. Comeron et al. 2007, ippre Structure inside the ring may hint at the presence of a rasidu
ration). Highly inclined galaxies were excluded. We used inflow towards the nucleus, which is compatible with the nuclea
ages from both ACS, with 0.05 arcsec resolution, and WFPCF; peak.
with 0.0455 arcsec resolution. Cosmic rays were removed wit  This galaxy does not show a sign of a bar even on the small-
theqzap algorithm. est scalesH{ST near-IR imaging: Laine et al. 2002) even though

We focus here on the three galaxies in which we discoliis possible that deeper imaging will reveal one. Graiotal
ered UCNRs. For NGC 2985, we combined two UV 1400t9rques triggered by a minor merger are an alternative way to
WFPC2 F218W exposures of a field centred on the nucleusidluce inflow (see Knapen et al. 2004, 2006 for examples).
the galaxy. An kv image was obtained through the F658N fillndeed NGC 2985R = 11.2mag) has two close neighbours.
ter with ACS, while we used an ACS F814W image for coNGC 3027 is a 12.2 mag SB(rs)d galaxy at projected distance
tinuum subtraction. We used the ACS F814W image and1&0 kpc, with a systemic velocityfiérence of only 300 knTs.
WFPC2 F606W image to construct a colour index image. Fbhe 17.2mag irregular galaxy KDG 59 (Karatchentseva et al.
NGC 4579 we combined two WFPC2 F791W 300 exposurk887) is closer at 90 kpc ank = 140km s, but its faintness
to subtract the continuum from an ACS set of three combin#&uplies that its gravitational influence on NGC 2985+is10
F658N images. We also used two sets of two UV ACS 30dignes less than that of NGC 30271 ébservations clearly show
exposures, taken through the F250W and F330W filters. Foimorphological and kinematical disturbance of NGC 2985,
the colour index image we used the WFPC2 F791W image@ssibly due to KDG 59, but there is no evidence for a tidal
and a set of two F547M WFPC2 images that we combined. A8l which connects to NGC 3027 (Noordermeer et al. 2005; T.
NGC 4800, we used a 1000 s F300W WFPC2 exposure, a paifoosterloo, private communication). We conclude thatane
of ACS F658N and F814W images foraHand F606W and both of these companions can cause a deviation from axisym-
F814W WFPC2 images in order to build a colour index inimetry in the centre of NGC 2985, which in turn can trigger the
age. We used standard image reduction software, and fallov@served UCNRs.
the recipe described by Knapen et al. (2006) for theddn-
tinuum subtraction. The resulting UV andxHmages of the
three galaxies are shown in Fig. tb and centre-top panels,

respectively). Colour index images are in tsattom panel. NGC 4579 has been studied extensively. It has been classified
We produced “structure maps” (Pogge & Martini 20023s SABDb in the RC3, and as SBab and SBa inBhend H-
from the broad-band red images to bring out the distribution bands by Eskridge et al. (2002). Garcia-Burillo et al. &00
dustin the central regions of the sample galaxies, whicleare reported a 1.5 arcsec diameter ring-like structur® in | im-
hanced on the scale of the point spread function (PSF). Wk usges of NGC 4579, which corresponds to a radius of 80 pc at
synthetic PSFs, created with the “Tiny Tim” software (K8st D = 16.8 Mpc (Tully 1988). On the basis of our UV image
Hook 1999) The structure maps are shown inddrgre-bottom  (Fig. 1), we can say that it is not a true ring. Our UCNR is not
panels of Figure 1. centred on the AGN nucleus (Seyfert 1.9: Maiolino et al. 1997

3.2. NGC 4579
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or LINER: Barth et al. 2001b). Upon close inspection, the Hdynamics in the central region of this galaxy. NGC 4800 does
image reveals a very filuse ring shape following the UCNRnot have a close companion, and the fdorphology, which
which is defined more clearly in the UV. A set of much moreould yield information on a possible interacting past (e.g
brightly emitting arc-shaped regions is seen, well withie t Knapen et al. 2004) is unknown.

UCNR, partly traced by dust as outlined in the structure mapi  pnotometric analysis of the UCNRs indicate that they are

Fig. 1, and possibly related to the outflow from the AGN (S§fe|y 10 be highly obscured by dust. This obscuration istpro

Section 4)_. The inner arcs have asemi—majo_r ax_is of about80a£b|y greater than two magnitudes irvkand may be specially
and a position angle (PA) of 8%the ring’s radius is 135 pc andimportant in the case of the UCNRs of NGC 4800.
PA=8%. The latter is approximately the same as that of the

galaxy (PA=95°). The southern sections of the ring and the arcs
are almost coincident (Fig. 1). Part of the inner arcs coiesi
with the structure that was suggested by Garcia-Burillal et
(2005), but they gave a veryftirent PA.

The UCNR so clearly visible in the UV image of NGC 4579Ve have estimated star formation rates (SFRs) for the UCNRs
is clearly df-centred, which can be readily explained in termgom the Hr and UV, using the empirical formulae given by
of a resonance ring in a mass distribution that is induced byannicutt (1998). We could not apply these in the case of the
superposition ofn = 1 andm = 2 perturbations. UV image of NGC 4800 because its wavelength is outside of

The inner arcs seen in the UV can originate in the AGMe range of the Kennicutt formula, which is 15@&B00A.
activity detected in this low-luminosity LINER (or Sy) gala We assumed a conservative dust extinction valuésgf =
The line emission in the central 100 pc can be reconciled wiflyy = 2 mag, and find values for the SFRs which are around
the presence of a jet and emitted by 100kms? shocks 0.04M,year?! (Table 1). We find that the SFRs as derived from
triggered by the interaction of the compact radio jet with ththe Hx and UV images are of the same order of magnitude for
cloudy ambient gas (Contini 2004). SF can be induced in deribese galaxies where we could derive the UV SFR. This is sur-
clumps embedded in the jet backflow (cocoon). Radio surveyssing given that we used the same extinction correction in
of low-luminosity AGN find that low radiative ficiency ac- both cases, but can be explained by one or, most plausibly, a
cretion flows in these objects can coexist with the collidateeombination of the following arguments.

outflows (e.g., Doi et al. 2005). In particular, the PA of tBé ] Firstly, and as a most plausible explanation, at the rather
in NGC 4579 (Sofue et al. 2004; Doi etal. 2008)57°-6%,is  modest SFRs we find in the UCNRs, it is likely that the upper
well aligned with the PA of the inner arcs,6% + 2(°, shown  gnq of the Salpeter IMF assumed by Kennicutt (1998) is not
in Fig. 1, which probably is the orientation of the ionisatio |y populated. Purely due to low-number statistics, éhare
cone in this AGN. Garcia-Burillo et al. (2005) find sign@8ir 144 few O stars to producedemission commensurate with the
of outflow velocities in this region, thus indirectly supppg sgR. |n contrast, the low-mass (e.g., B-type) stars which pr
this picture. While such low-luminosity AGN can lack fullyg,ce Uv emission are much more common and will be present
developed molecular tori, their radio loudness is knowmto i; s\ fficient numbers. This means that the BFR may be un-
crease with a decreasing accretion rate (Ho 2002; Greene, H&estimated by an unknown amount. Secondly, the UCNRs
& Ulvestad 2006). This fect is apparently related 0 AGNmay pe coeval and rather old, so that the émission due to

switching their outflows from molecular tori at high luminos {ha" most massive stars is fading, but the UV not yet.
ties to jets at lower ones (Elitzur & Shlosman 2006).

4. Star formation rates

This leads to the conclusion that the true SFR is underesti-
mated by the numbers in Table 1. For instance, in the first op-
3.3. NGC 4800 tion, we would use only the UV SFR, and in that casedarof

2 mag seems very conservative indeed, given that the UCNRs
NGC 4800 is an SAb galaxy & = 152 Mpc (Tully 1988). A are so close to the nucleus. Assumingfanof 3 mag already
double-ring structure in the circumnuclear zone is seehén tyields a SFR close to.OM,year?. It is, unfortunately, not
UV and Hr images (Fig. 1). The inner of these two rings, witleasible to reach reliable determinationsAgf from, e.g., the
a radius of only about 30 pc, is very close to the bright nueledolour index images in Fig. 1, because of the combined red-
(classified as H) and is rather faint and patchy. The outer ringjening efect of extra dust and a relatively older stellar pop-
with a radius of~ 130 pc, is much brighter and wider. A dustyjation. We thus conclude that a reasonable estimate of the
trail covers a part of its perimeter. The structure map shtwgs SER of a typical UCNR is @ M, year. Given the small size
spiralling inwards until the outer edge of the bigger rinbeT of the UCNRSs, the SFR densities, or SFR per unit area (see
lack of structure between the rings implies a lack of orderg@dple 1) are, at a value of order M, yr-X pc2, compara-
dust. ble to that in the starburst region in M83 (Harris et al. 2001)

Profile analysis of a 2MASS near-IR image of NGC 4800 UCNRs are even moderately long-lived and stable, this is a
indicates the presence of a weak bar (with a deprojectatt ellsignificant SFR, which may transform important quantitiés o
ticity some 0.2 higher than the disk) with a semi-major axigas into stars, very close to the nuclei of their host gataxie
of some 35arcsec, although it is classified as a non-barfeat instance, this SFR during 39 would yield a mass trans-
galaxy. The fact that NGC 4800 has an exponential “bulgéSrmed from gas into stars of 1M, which would add to the
(Andredakis & Sanders 1994) argues in favour of bar-inducather bulge mass and thus assist in secular evolution.
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Galaxy Hr (Mo yr?) UV (Mo yrl) Ha (M, yripc?) UV (M yripc?)
NGC 2985 0.026 0.050 8x10° 34x10°
NGC 4579 0.042 0.064 Bx10° 23x10°8
NGC 4800 (inner UCNR) 0.00063 - 27x107 -

NGC 4800 (outer UCNR) 0.030 - 6.0x 107 -

Table 1. SFRs (columns 2 and 3) and SFR densities (columns 4 and 5@ dishovered UCNR, as determined from the &hd
UV images. Foreground dust extinctionA&f, = Ayy = 2 mag was assumed in all cases.

5. Discussion In favour of a distinct UCNR population from the standard
nuclear ring population, speaks also the size distributicdhe
latter. Figure 8 in Laine et al. (2002) displays a sharp desme
ifithe number of nuclear rings with sizes smaller thahkpc.

Careful analysis of a large, statistically significant sémip
necessary to quantify the significance of UCNRs and the
lations to j[heir host galaxies (in p_reparation). Here Weorep rpis jecrease is not caused by the resolution problem—even
thedQetectlon of fr:)ur new UCNRs in a:jnon—AGN (NGCG 4?00( e smaller rings in Laine et al. are above the resolutioiit lim
andin two A,GN osts ,(NGC 2985 an NGC 4579). The attef typical ground-based imaging of typical host galaxies.
provide the first detection of UCNRs in LINERs. The number

of known UCNRSs, nearly doubled with the present study, and

their appearance among early and late Hubble types, assvelfaConcluding remarks

in AGN and non-AGN hosts, points to a common phenomenon _ . _
in galaxy evolution. In this paper, we present the discovery of UCNRs in three spi-

The observed morphologies of the star-forming regions ﬁﬁl galaxies, identified fronhiST archival UV and H imag-

three Sy 2 composite nuclei (see Section 1) are compatilie V\}Pgl’ Wh'Ch’ for the first t'mf’ |r}cI3u8dZ.LII|\lER’ti._ Ovr(]arall, four
those of standard kpc-size nuclear rings. Because the cem axies among our sample o ISpay this phenomenon.

ite nuclei are estimated to comprise about 50% of the Sy 2 rf(‘) Euhgohugeit?rLZtsear;Etlse ;ﬁenirlter:qel:e(r:l(é;n%lfeta gﬁ;:r::t'i%%/d this
clei, this can provide a lower limit for their spread. ; o
L provi wer '"'sp .Moreover, they are found now in Sy 2s, LINERs and non-

In addition to the new detections, our sample Contal%%N galaxies—hence their origin lies in galactic dynamical

iﬁﬁsSSgiéo(rLgmghe\tN:I clzeozzrlly ('i/(l)ggzrrgttg? I;rg)%vi/n JL(J)g(’e\IeRe(t) pocesses and not in radiative processes related to the AGN a
' N y L . tivity. The UCNRs found range in radius from 30 to 130 pc, and
2002). We thus find UCNRs in four of our 38 galaxies, whlct?i,e in galaxies of types Sab and Sb

; - 0 i ) .
if extrapolated, implies that 10% of spiral galaxies mayteim Two of our galaxies host UCNRSs that look very much

one or more UCNRs—this value of course should be taken Witp . . .
Ike classical nuclear rings and are probably resonana@gsyin

caution as the present sample is neither complete nor unbia? : 4
o . . . . armed as a consequence of gas inflow slowing down near one
The sample is biased in favour of disk galaxies which show a

central drop in the stellar velocity dispersion—hence or more ILRs. One, NGC 2985, has close and influencing com-

have a dynamically young stellar population inside the rantPan'ons, while _the other, NGC 4800’.'5 weakly ba_lrred. The
kpc. UCNR in the third galaxy, NGC 4579, igfecentre which can

be explained as a result of a superpositiomof 1 andm = 2
The new UCNRs presented here resemble closely th it : . o .
. turbations. Th detected in this object
larger counterparts (e.g., Knapen 2005). Their morphalo rturbations. The inner arcs detected in this object apipea

. . . ve a natural explanation in the combined emission from the
round, with knots of massive SF spread around the ring, ol P

. . . -induced SF and the postshock gas.
with structured dust lanes reaching from the outside, bth w .
: S . > o The small number of UCNRSs discovered does not yet allow
little dust structure inside the ring, fits the generic pietof nu-

. . : . ; : us to reach any conclusions on their formation or evoluti®n a
clear rings in which the gas, driven inward under the inflgenc

; : . a class. However, these results suggest that there is nitequal
of a bar (or other non-axisymmetric) potential, slows dowam . . .
N tive difference between these rings and the nuclear rings seen
one or more ILRs. The UCNRs look very much like “normal? . : .
. . in disk galaxies, although they may constitute a separgiapo
nuclear rings, albeit much smaller than usual.

lation from the kpc-size rings. More UCNRSs are expected to be

This may either mean that (1) the mass distribution in tl?Sund in our ongoing search, which will allow us to establish

host galaxy is shallower, which places the ILRs furtherﬁr@,tF the fraction of galaxies with UCNRs, and to study in detadl th

(2) .there s a small-sc_ale non-axisymmetry in the maSSIdIStlrelations to their host galaxies. Given the proximity of URSN
bution that tumbles with a fast pattern speed, or that (3ethg, .o ntra SMBHS, these findings will be of great intereshi t

IS an(_)t_hgr, presently unknown mechanism, which operat_ejjgue of fuelling of AGN activity, as well as to that of galiact
the vicinity of the SMBHS’. e.g., of a purely hydro_dynf_;lm|c ynamics on scales of tens to a hundred pc.

or radiatively-hydrodynamical nature. The first option Irap
that UCNRs prefer galaxies with §r.nalll bulges, which is aafcknowledgenents. We thank Leonel Gutiérrez for his help with the
parently not borne out by the classifications of NGC 2985 afidage processing and helpful ideas, and Tom Oosterloo armd Ed
NGC 4800: Sab and Sb. The last possibility means that th@(gordermeer for discussions on the i1 NGC 2985. We also thank

is a physical dierence in the origin of at least some of théne referee, Herve Wozniak. Support by the Ministerio dedadion
UCNRSs and the “normal” nuclear rings. y Ciencia (AYA 2004-08251-C02-01), the Instituto de Astsifa de
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Fig.1. Images of the central regions of the three galaxies of oulys(NGC 2985 left; NGC 4579,centre; and NGC 4800,
right). Images in theop row are in the UV (filters F218W, F250W and F300W, from leftitght), thecentral-top row is Ha, the
central-bottom row shows the structure maps and tiaétom row show colour index images (F606W-F814W, F547M-F791W
and F606W-F791W, from left to right). All images span 1 kpaloa side and the scales are such that this corresponds teearc
for NGC 2985, 12 arcsec for NGC 4579, and 13.5 arcsec for NGID 4Bhe shape of the UCNR in NGC 4579, as derived from
the UV image, is outlined with ellipses. North is up and Eaghe left.
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6.7 arcsec. North is up and East to the left.
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