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ABSTRACT

We have undertaken an HST Space Telescope Imaging Speqthogurvey of 54 late type spiral galaxies to study the sgaéitations
between black holes and their host spheroids at the low nmas<Orir aim is to measure black hole masses or to set uppés fionia
sizeable sample of spiral galaxies. In this paper we presamtSpace Telescope Imaging Spectrograph (STIS) obsamsaif three
spiral galaxies, NGC 4303, NGC 3310 and NGC 4258. The brigtital emission lines H 1 6564A, [NII] 11 6549 6585A and
[SIl] 216718 6732A were used to study the kinematics of the ionized gdsemuclear region of each galaxy with-e0.07” spatial
resolution. Our STIS data for NGC 4258 were analyzed in amtjon with archival ones to compare the gas kinematicanese of
the black hole mass with the accurate value fidgB-maser observations.

In NGC 3310, the observed gas kinematics is well matched liscalarly rotating disk model but we are only able to set apemp
limit to the BH mass which, taking into account the alloweskdinclinations, varies in the ranged5< 10f — 4.2 x 10’ M,, at the 95%
confidence level.

In NGC 4303 the kinematical data require the presence of a BiimassMgy = (5.0)*95% x 10°M,, (for a disk inclinationi = 70
deg) but the weak agreement between data and disk model dbaliaw us to consider this measurement completely redidbthe
allowed inclination values are taken into accolMgy varies in the range.8 x 10° — 1.6 x 10’ M,, at the 95% confidence level.

In NGC 4258, the observed kinematics require the presenaebtzfck hole withMgy = (7.9)'$2 x 10"M,, (i = 60 deg) and, taking
into account reasonable limits for the inclinatidngy is in the range Bx 10" — 26 x 10°M,, at the 95% confidence level. This result
is in good agreement with the published valu® 0.1) x 10’ M, derived fromH,0-maser observations. As in the case of NGC
4303, the agreement between observed and model kinematics trong but this does noffect the recovery of the correMgy
value.

Our attempt at measuring BH masses in these 3 late type Stat gpiaxies has shown that these measurements are velgngiiag
and at the limit of the highest spatial resolution curreathgilable. Nonetheless our estimates are in good agreenmitbrihe scaling
relations between black holes and their host spheroidsestigg that (i) they are reliable and (ii) black holes in apgalaxies
follows the same scaling relations as those in more massivg-gype galaxies. A crucial test for the gas kinematicaitimod, the
correct recovery of the known BH mass in NGC 4258, has beeresstul.

Key words. Black hole physics — galaxies:spiral — galaxies:bulgeslaxigs:kinematics and dynamics — galaxies:nuclei — galax-
ies:individual:NGC 3310- galaxies:individual:NGC 430alaxies:individual:NGC 4258

1. Introduction It is now widely accepted that the mechanism powering
. L . Active Galactic Nuclei (AGN) is accretion of matter onto a
It is becoming increasingly clear that the energy outpumfroBH (Salpetef 1964), with masses in theb10101°M, range
0(Ferrarese & Ford 2005). This paradigm, combined with thee co
mological evolution of AGNSs, implies that most, if not alhdal
Send offprint requests to; Guia Pastorini galaxies should host a BH in their nuclei (e.g._Marconi &t al.

* Based on observations made with the NABESA Hubble Space 2004 and references t_herem)' .
Telescope, obtained at the Space Telescope Science testitich is BH are detected in about 40 galaxies, mostly early-types
operated by the Association of Universities for Researdkstmonomy, (E/SO; Ferrarese & Ford 2005 and references therein). The BH
Inc., under NASA contract NAS 5-26555. These observatioasiaso- mass Mgy) is closely related to the stellar velocity dispersion
ciated with proposal 8228. (o«; [Ferrarese & Merritt 2000; Gebhardt etal. 2000) and to the

role in the formation and evolution of galaxies.
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host bulge mass or luminosity{n, IKormendy & Richstone the expected value af is then~ 105 km's. The radius of the
1995;| Marconi & Hunt 2003). These correlations reveal attighlack hole sphere of influence expected for this object is thu
link between the growth of central BH and the formation ansy ~ 0.04” very close to the HST angular resolution, demon-
evolution of the host galaxy. These locally detected BHsewestrating how challenging these observations are.
probably grown during AGN activity (Marconi etial. 2004) and We have undertaken a spectroscopic survey of 54 spirals us-
during these phases they had a major impact on the host galdany the Space Telescope Imaging Spectrograph (STIS) on HST.
the feedback from the accreting BH (i.e. from the AGN) can b®ur sample was extracted from a comprehensive ground-based
S0 strong as to suppress star formation in the host galaxy atddy by D.J. Axon et al. (in preparation) who obtained H
is possibly the physical mechanism responsible for settieg and [NII] rotation curves, at seeing-limited resolution1sf, of
close relations between BH and host galaxy structural parami28 Sh, SBb, Sc and SBc spiral galaxies selected from RC3.
ters (e.g. Menci et al. 2003; Granato et al. 2004; Di Matteallet By restricting ourselves to galaxies with recession véiesi
2005.) V < 2000 km s?, we obtained a volume-limited sample of

The number of BH detections in spiral galaxies is small (cus4 spirals known to have nuclear gas disks. The sample spans
rently 7, Ferrarese & Fard 2005) and it is clearly mandatory & wide range in bulge mass and concentration. The systemic ve
increase this number in order to understand how common Bldsity cutof was chosen so that we can probe close to the nuclei
are in spirals and if they follow the same correlations a$yealof these galaxies and detect low-mass BHSs.
type galaxies. Even constraining upper limits gy could be This paper is part of a series reporting the results of our HST
considered as a significant improvement given the scardity grogram. In Paper | (Marconi etlal. 2003) we reported the mod-
measurements and thefitiulties in performing the required ob-eling of the central mass concentration in NGC 4041, the first
servations in spiral galaxies. Moreovbfgy-galaxy correlations galaxy to be observed as part of the program. Paper | also con-
are studied only in the 8 10° — 3 x 10°M,, mass range and it tained a detailed description of the modeling techniquasite
is expected that spiral galaxies might host low mass blaédshouse to determine BH masses. In Papef_ll_(Hughes et al. 2003)
below 10Ms. we presented the atlas of STIS spectra obtained from the suc-

The direct methods adopted to measiMig, in the nearby cessful observations and we created color maps from theabpti
universe use gas or stellar kinematics to gather informati@TIS images when archival Near-Infrared Camera and Multi-
on the gravitational potential in the nuclear region of th@bject Spectrometer (NICMOS)images were available. IrePap
galaxy. The stellar kinematical method has the advantage thl (Scarlata et al. 2004) we presented the STIS images eedjui
stars are present in all galactic nuclei and their motionlHs an the program and analyzed surface brightness profilegetkri
ways gravitational. The drawback is that it requires re&yi from the images. In Paper 1Y/ (Hughes et al. 2005) we used both
long observation times in order to obtain high quality obeolor information from these images and the spectra predent
servations and that stellar dynamical models are very coffere to investigate the age of the central stellar populatin
plex, potentially plagued by indeterminacy (Valluri et2004; Paper V [(Atkinson et al. 2005) we reported the BH mass mea-
Cretton & Emsellem_2004). Conversely, the gas kinematica#lirements in two Sbc galaxies of the sample, NGC 1300 and
method is relatively simple, it requires relatively shooserva- NGC 2748. Here (Paper VI) we present the analysis of three ad-
tion times for the brightest emission line nuclei, even if ab ditional Sbc galaxies from our sample: NGC 3310, NGC 4303
galaxy nuclei present detectable emission lines. Anothpoi- and NGC 4258, selected from the remaining sources because
tant drawback is that non-circular or non-gravitationatioms they combine high 8 spectra with evidence for rotation.
can completely invalidate this method. Since the obsergege NGC 3310 (Arp217, UGC 5786), located in the vicinity of
lations are based on BH masses obtained wifedint methods, the Ursa Major cluster, is an Sbc galaxy ("SAB(r)bc pec” ia th
it is important to check whether these methods provide sensRC3 catalogue by de Vacouleurs ef al. 1991) with an inclimati
tent and robust results. A comparison betwéégy measure- of the galactic disk of abolt ~ 40 deg [(Sanchez-Portal ei al.
ments obtained with gas and stellar kinematics so far has b2®00). It is a very well known starburst galaxy charactetize
performed only for the Milky Way. (Genzel etlal. 2000; Genzeby a disturbed morphology (see EImegreen &t al. 2002 for a re-
2006) and Centaurus A (Marconi et al. 2005; Silge etal. 200%)ent review) which suggests that star formation has begn tri
where the two independent estimates are in excellent agiemgered by a collision with a dwarf companion during the last
This comparison has been attempted also for IC 1459, NGC 1¢® yr (Kregel & Sancisi_2001; Balick & Heckman 1S81).
4335 and NGC 3379 (Cappellari 2002; Verdoes Kleijn €t alts central starbust region (Diaz ef al. 2000; Elmegreefet a
2002;/ Shapiro et al. 2006) but in those cases the gas kinenggo2; Chandar et £1. 2005), as well as its young stellar @tast
ical method does not provide reliable MBH estimates becau@g Grijs et al. 2003a,b), have been studied in detail ravgal
the observed velocity field is not reproduced by a circulaoly the presence of very young stars (frem10’ to 1 yr). The
tating disk. bright inner region is dominated by a two-armed open spagl p

All methods used to directly detect BHs and measure the#rn observed in bl and the inner part of this well-developed
masses require high spatial resolution in order to resble@H pattern connects to a 900 pc diameter starburst ring, sur-
sphere of influence, i.e. the region where the gravitatiamal rounding the blue compact nucleus (van der Kruit & de Bruyn
fluence of the BH dominates over that of the host galaxy. Tn®76; | Balick & Heckman 1981). The gas kinematics in the
radius of the BH sphere of influence is traditionally defined ajalactic disk is disturbed, characterized by non-circutan-
ren = GMgn /0%, whereG is the gravitational constant amdis  tions and strong streaming along the spiral arms, strengthe
the stellar velocity dispersion, and is usuatlyl”. Very high ing the idea of a recent merger event (Kregel & Saricisi 2001;
spatial resolution is provided by theubble Space Telescope |Mulder & van Driel[1995). Concerning the nuclear region, the
(HST) whose angular resolution is approximatéfy = 0.07”  rotation center of the gas isffeet with respect to the stellar
(Full width at Half Maximum, FWHM, of the Point Spreadcontinuum isophotes by 1.5” + 0.3” toward PA 142 deg
Function, PSF) at ~ 6500A. Let us assume that a spiral galaxyvan der Kruit 1976). The STIS acquisition images of NGC 3310
located at a distance of 20 Mpc, hosts a BH vl = 10’'M,  obtained with our HST project indicate the presence of astro
and follows theMgy — o correlation [(Tremaine et al. 2002);dust lane crossing the center of the galaxy (Scarlata le084)2
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From the LyoriMeudon Extragalactic Databdisg. EDA) NGC  structure of normal spiral arms due to the presence of HlI-
3310 has an average heliocentric velocity of 121§%rmafter regions (see Wilson et al. 2001 for a recent review on the @om
correction for Local Group infall onto Virgo. Assumiriy = 70  lous arms). Wilson et al. (2001) interpreted the anomaloonsa
km st Mpc3, this implies a distance dd ~ 17.4 Mpc (i.e. as jet-cloud interaction between the radio jet and the galac
1” ~ 84 pc). disk: the jets shock the normal interstellar gas along tlse3&50
The late-type Sbc galaxy NGC 4303 (M61) is a doublesc (~ 10”) of their length, causing the hot, X-ray emitting co-
barred galaxy in the Virgo Cluster (Binggelli etlal. 1985y&- coons surrounding the radio jet. To summarize, in the nuclea
tance of 16.1 Mpc (1 ~ 78 pc, see e.@. Schinnerer et al. 2002)egion of NGC 4258, the radio jet propagates perpendiguiarl
A large-scale bar of about 2.5 kpe 35”) lies inside the outer the maser disk at PA -5 deg and the shock edge between the
spiral arms/(Laine et al. 2002; Erwin 2004). In addition te thhot X-ray cocoon and the dense gas in the galactic disk is at PA
large-scale bar, this galaxy hosts a second inner bar oft@h?u —33 deg.
kpc (~ 2”7) length that is surrounded by a circumnuclear starburst The aim of this paper is to present the gas kinematical analy-
ring/spiral of ~ 0.5 kpc (~ 6”) diameter[(Colina & Wada 2000; sis of these three spiral galaxies in order to measure the ofas
Perez-Ramirez et al. 2000; Colina et al. 1997). Based onghe their nuclear BHs. The case of NGC 4258 is particularly digni
tical emission line ratios it is classified as a SeyfgtlIRER cant because this galaxy is an important test for the gasidte
borderline AGN [(Filippenko & Sargent 1985; Colina & Arribascal method since its BH mass is accurately known from high
1999) and, in fact, it constitutes a nice example of the statb spatial resolution maser observations described above.
AGN connection. A young{ 4 Myr), massive stellar clusterand  The structure of the paper is as follows. In $éc. 2 we present
a low-luminosity active nucleus seem to coexist within tea-c our HSTSTIS and archival HYNICMOS-ACS observations as
tral 3 pc ¢~ 0.04”) of the galaxy with the starburst contributionwell as the data reduction procedures. In §eé. 3.1 we destiEb
being the dominant one in the UV spectral region (Colina ket &inematical analysis and we present the kinematical paieme
2002). The AGN presence is revealed through the luminous nemeasured from our data. In SEC.]3.2 we describe the method fol
infrared point source (Colina etlal. 2002) and through hardX lowed to obtain the stellar contribution to the gravitatibpo-
emission|(Jimenez-Bailon etlal. 2003). The gas kinematit®o tential for each galaxy. In Sekl 4 we describe the kinemlatica
galactic disk is fected by the presence of the large bar but, imodeling and how it is possible to measivgy. In Sec[b we
the nuclear region, the gas seems to show ordered rotatiom. F present the results for all galaxies. These results areisiscl
integral field observations, Colina & Arribas (1999) findttttee  and compared with the expectations from gy -galaxy cor-
Hp velocity field at~ 1.5” resolution is consistent with a circu-relations in Sed.]6 and, in Sdd. 7, we summarize our work and
larly rotating massive disk of 300 pc radius{ 4”). CO obser- present our conclusions.
vations confirm this behavior and indicate that, at a fewexrcs
resolution, the gas within the central 0.7 kpc10”) is follow-
ing almost pure circular rotation with the dynamical ceriter 2. Observations and data reduction

cated within I from the near-IR point source (Koda & Sofue

2006 Schinnerer et Al. 2002). At 2esolution| Schinnerer etlal. FOr €ach galaxy we analyze our own HST-STIS spectra and
(2002) find the presence of an asymmetric spiral patterdénsi@ichival HST-NICMOS images (Figl 1; see also Hughes et al.
a radius of~ 400 pc ¢ 5”) which is consistent either with a2003). In the case of NGC_3310_we consider also an archival
self-gravitatingm = 1 mode (hence gas kinematics would b8arTow band i image acquired with HST-ACS (Fifl] 2). In the
unafected by the small inner bar) or with a ring of star forma&@Se 0f NGC 4258 we combine our HST-STIS data with archival
tion heavily extincted north of the nucleus. ones. In Tal.]1 we present a list of all available observatiord

NGC 4258 (M106) is a SABbc nearby galay & 7.2+ 0.3 the following subsections are dedicated to an accurateigesc

Mpc, i.e. T’ ~ 35 pclHerrnstein et al. 1999) spectroscopicallffon Of the analysis of spectra and images.

classified as a.2 Seyfert galaxy (Ho et al. 1997). This galaxy

is very well known because it represents the best case fopa sT/S Opservations

nuclear supermassive BH after the Milky Way. Miyoshi et al.

(1995),  Greenhill et al.[ (19954,b) ahd Herrnstein etlal9@9 The three galaxies were observed with STIS onboard the HST.
studied the HO maser line emission of a rotating gas disk nedihe adopted observational strategy consisted in obtaspeg-
the galaxy center. This disk is nearly edge-dbe: 81+ 1 deg) tra at three parallel positions with the central slit ceadteon
and its kinematics is nicely explained by circular rotawound the galaxy nucleus, and the flanking oneset by 02”. The

a (39+0.1)x10"M, mass confined within.@3 pc of the nucleus, archival STIS observations of NGC4258 were obtained with a
indicating very compelling evidence for a supermassiveearc Similar strategy but the fiset of the flanking slits was.105”.
black hole. The active nucleus has been detected througih rathese diferent slit positions are shown in Figl 1 and labeled
(Turner & Ho1994] Cecil et al. 1995), X-ray (Fruscione et alNUC’, "OFF1’ and 'OFF2’. The log of the observations is pre-
2005;/ Wilson et all_2001; Makishima et al. 1994) and infraregented in Tali.]1.

observations| (Chary & Becklin_1997; Chary etlal. 2000). The At each slit position, we obtained 2 spectra with the galaxy
strong polarization of the relatively broad optical endssi nucleus placed in éierent positions along the slit, shifted by an
lines further supports the existence of an obscured active integer number of pixels, in order to remove cosmic-ray &itd
cleus in NGC 4258 (Wilkes et al. 1995). In particular, the AGNot pixels. Each spectrum was obtained with the G750M gyatin
is characterized by a radio jet which propagates perpendisid the ®” slit which provided a dispersion @fl = 1.108A
ularly to the maser disk_(Cecil etlal. 1995). On large scalgsix~* and a spectral resolution & = 1/(261) ~ 3000. In the
"anomalous arms” were discovered througlk Hnaging by case of the archival NUC position in NGC4258, the slit sizs wa
Courtes & Cruvellier|(1961), which noted their unusudfuie 0.1”. All the spectra, except for the NGC4258 archival and our
and amorphous appearance, in strong contrast with theyknatticlear ones, were obtained with a 2x2 on-chip binning tiegpl

in a pixel spatial scale of.001” pix~1. See Tal.]1 for details on

1 Available af http/leda.univ-lyon1.fr slit size and binning.
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Fig. 1. Left panel: HST-NICMOS F160W image of NGC 3310 with the thdé&®erent parallel positions of the slits used for spectra
acquisition. North is up and East is left. The gray-scale wlassen to have darker points for higher intensity valueg 3iit
positions used in the observations are labeled as NUC, OrRFO&F2 (see text for more details). Central and right pahs&C
4303 and NGC 4258, notations as in left panel.
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Fig. 2. HST-ACS narrow banéia image of NGC 3310 with slit positions overlaid. North is umldfast is left.

The data were first reduced using the STIS pipeltcad; 2.2. Images

stis (Kim-Quijano et al. 2003), and the most up-to-date refegenc . . .

files. The raw spectra were first reprocessed through théscal ST-NICMOS images o_btalned with Camefmt al.

pipeline and standard pipeline tasks were used to obtaifidlet ) and the F160W filter(H band) were retrieved from the

corrected images. The two exposures taken at a given slit p ST arck_nve. Their spatial scalga IS8 /pix and thgy hay_e a
leld-of-view of ~ 20 x 20”. The images, with the slit positions

ti th ligned with a shift al the slit dirent{b
lon were then realigned with a shift along the slit direat{by superimposed, are shown in Fig. 1 and their details in Tab. 2.

an integer number of pixels), and the pipeline taslteject was . o . X X
used to reject cosmic rays and hot pixels. Subsequentattibr 'Maging data reduction is described in detaillby Hugheslet al

procedures followed the standard pipeline reduction desdin . ) )
the STIS Instrument Handbodk (Kim-Quijano etlal. 2003); i.e For NGC 3310 we hav_e also retrieved a narrow-band filter
the spectra were wavelength calibrated and corrected for tyF658N) image obtained with ACS (camera WFC1) (Mack et al.
dimensional distortions. The expected accuracy of the wa . The image was recalibrated using the ACS pipeline
length calibration is 0.1-0.3 pixels within a single expasand i [2003) with the most up-to-date calibration filEse
0.2-0.5 pixels among fierent exposures (Kim-Quijano et a|_f|nal_ spatial _scal_e of the calibrated image i83)/pix f_;lnd its to-
2003), which converts intoe3— 8 km s (relative) and- 5— 13 ta}l field of view is~ 300’ x 300”. The image is displayed in
km s (absolute). The relative error on the wavelength calibr&i9-[2 and its details in Tap] 2.

tion is negligible for the data presented here because @lysia

is restricted to the small detector region including, fNII] and

[SI] (A4 < 200 A). 3. Results

In this section we present the results from the spectroscoqi
imaging observations and the preliminary steps requirgubte
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Table 1.Log of spectroscopic observations

ID PID Rootname Date fldegF tep[s] Offset[”] Slitsize[’] Binning
NGC 3310 NUC 8228 05h17030,40 Feb 11, 2000 170 64 0.0 0.197 2 2x
NGC 3310 OFF1 8228 05h17010,20 Feb 11, 2000 170 480 -0.2 0.197 2x2
NGC 3310 OFF2 8228 05h17050,60 Feb 11, 2000 170 576 0.2 0.197 x2 2
NGC 4303 NUC 8228 05h735030,40 March 31, 2000 135 720 0.0 70.19 2x2
NGC 4303 OFF1 8228 05h735010,20 March 31, 2000 135 480 -0.2 1970. 2x2
NGC 4303 OFF2 8228 05h735050,60 March 31, 2000 135 576 0.2 970.1 2x2
NGC 4258 NUC 8228 05h734030,40 August 01, 2000 246 864 0.0 970.1 Ix1
NGC 4528 OFF1 8228 05h734010,20 August 01, 2000 246 576 -0.2 .1970 2x2
NGC 4258 OFF2 8228 05h734050,60 August 01, 2000 246 576 0.2 1970. 2x2
NGC 4258 NUC 8591 067104010,20,30 March 16, 2001 146 144 0.0 .0950 1x1
NGC 4528 OFF1 8591 067104040 March 16, 2001 146 158 0.15 0.197 1x1
NGC 4258 OFF2 8591 067104050 March 16, 2001 146 120 -0.15 70.19 1x1
a Position angle of the slit (N to E).
Table 2. Log of imaging observations
PID Rootname Date Instrument Camera  Filter 6(°) texp(S)

NGC 4303 7330 n3z132u010 April 03, 1998 HST-NICMOS  NIC2  RAB0 -103.42 320

NGC 3310 7268 n49j06tkg  November 12,1997 HST-NICMOS NIC2 60W  80.53 128

NGC 3310 9892 j80g20010 October 21, 2003 HST-ACS WFC1 F658N.0140 950

NGC 4258 7230 n46801040 November 21,1997 HST-NICMOS NIC2 60WL 85.54 56

a Position angle of imagg axes (deg e of n).

form the kinematical modeling which can result in a BH magke faintest and the brightest line of the doublet. The \gtpc
estimate. In particular in Sec._8.1 we first describe the groovelocity dispersionhs andh, for Ha and for the [NI1] and [SII]
dure adopted to estimate the kinematical moments alondithe sdloublets were then left free to vary during the fit. Finallyr f
(surface brightness, velocity, velocity dispersion angrasetry each slit position we considered the flux weighted averagd of
parameters) and we then present the results for each gataxykinematical quantities.
Sec[3.2 we briefly describe the procedure used to deriveotie ¢ Fig.[3 and Fig[ ¥ present the resulting kinematical quastiti
tribution of the stellar mass to the gravitational potdraied we measured along all slit positions for NGC 3310 and NGC 4303.
then present the results for each galaxy. The kinematical analysis of NGC 4258 followed a slightly-dif
ferent procedure and is presented at the end of this section.

The use of the Gauss-Hermite expansion allowed us to repro-
duce asymmetries in the emission line profiles in a more tobus
The emission lines analyzed to extract the kinematical paay than, e.g., the use of two Gaussian functions (see the dis
rameters are bl 16564A, [NII] 116548 6583A and [SI]A1  cussion in Cappellari 2004). In the case of NGC 3310 and NGC
6716 6731A. Line-of-sight velocities, velocity dispersiongda 4303 the cofficients of the Hermite polynomials, h, are small
surface brightnesses along each slit were obtained bygfiie (< 0.1 — 0.2) so that the fitted emission line profiles are similar
emission lines in each row of the continuum-subtracted twits pure Gaussian functions and, indeed, the rotation cwobes
dimensional spectra. In all cases the emission lines weigk mtained by imposindiz = hs = 0 are not significantly dierent,
eled with a Gauss-Hermite series (van der Marel & Franx 1993nly less smooth.
Cappellari 2004): Both NGC 3310 and NGC 4303 are characterized by very
4 peaked surface brightness distributions which suggesixtse

14 Z heH(Y) tence of two difergant regions: a nuclear one, identified by. the
N o y peak in surface brightness, and an extended one characteyz
m=3 a surface brightness which is much smoother and mdiesai. A

wherev is the velocityy = (v — Vo)/o andHy, with m= 3,4 similar situation was found in NGC 4041 (Marconi et al. 2003)
are the Hermite polynomials of order 3 and 4, respectivend is consistent with the findings by Knapen (2005) at greund
(Cappellaii 2004). The best fit parameters (line flux, aversg based spatial resolution. In Fig. 4 and fig. 3 the 'nuclezgion,
locity, velocity dispersionbs; andh,) were determined by min- identified on the basis of the surface brightness distiinutsee
imizing a penalizegy? as described ih_Cappellari 2004. TheSec[b), is delimited by vertical dashed lines.
Gauss-Hermite expansion is usually adopted in the anatysis The velocity curves are fierent for the two galaxies. In
stellar kinematics from absorption lines; Marconi et aD@3) NGC 3310, the nuclear rotation curve has the typg&tature
provide a complete description of the application of thishomd expected from a rotating disk (eld. Marconi el al. 2005) \aith
to the analysis of emission line spectra. amplitude of~ 200 kms. On the contrary, the velocity curve

During the fit the only constraints we imposed were to linkf NGC 4303 seems less regular and $&hape appears more
the kinematical parameters of lines belonging to the sanue dalistorted. The amplitude is also much smalle50 knys. Both
blet. Lines from the [NII] or [SII] doublet were constrainél galaxies show a large scale velocity gradient, such as that e
have the same velocity, velocity dispersion dnrg h,. In the pected from the rotation of the galactic disk, but the romati
case of [NIl] we also imposed a fixed flux ratio of 1 : 3 betweeaurves are disturbed. The velocity dispersions of the gasotio

3.1. Kinematical analysis

_lyz
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Fig. 3. Observed kinematical moments for NGC 3310 obtained witHittieg procedure described in the text. The first row shows
the average emission line surface brightness (units ofa&@s tcm2arcsec?). The second row shows the velocity along the line
of sight (units of knjis) and the third one the velocity dispersion of the line @aoitknys). From left to the right, the three columns
refer, respectively, to the NUC, OFF1 and OFF2 slit posgimdicated in Fig.J1. The vertical errors-bars, when visibkpresent the
formal errors of the fit, while the horizontal bars are thesiaf the bins used to extracted spectrum (in general onetdetexel).
The vertical deshed lines delimit the nuclear region, whvehhave identified on the basis of the surface brightnesshiisons in

the upper panels and which will be analyzed in the kinemkticadel.

show the behavior expected from a rotating disk (smootleplat straints adopted for NGC 3310 and NGC 4303. The kinematical
and peak at the position of the BH) but are more or less irreguarameters found from the [SII] doublet are then used torreco
lar suggesting that turbulent or non circular motions magfgct struct the ki and [NII] narrow lines which are then subtracted
the kinematics. from the spectrum. The flux of thedHand [NII] narrow lines

In the case of NGC 4258 we adopted a modified proceduseadjusted so that the residual spectrum does not show udvio
with respect to the one used for NGC 3310 and NGC 4303. structure due to und@ver subtracted narrow lines. The resid-
this galaxy the K and [NII] lines are severely blended and, beval spectrum is that showing the broad line and any other com-
ing a Seyfert 1.9, one has to take into account the possibke pmonents which have a fliérent kinematics to that of the [SII]
ence of a broad line. doublet (see Fid.]5). It is interesting to note that the bridad

We first assume thatdd [NII] and [SII] share the same kine- line (FWHM-~ 1600 knjs) does not have a Gaussian profile but
matics. Although there might befiirences due to the fact thata profile resembling that of double humped broad line gataxie
Ha can be emitted also by gas affdrent stages of excitation, (e. 9.l Eracleous & Halpern 2003; Strateva etial. 2003 and ref-
our assumption will in any case result in average kinemhaticarences therein.) Nagao et al. (2006) modelled the BLR df the
guantities, weighted with the line surface brightness. 8k ¢ quasar templates with a double power law function. Here, we
lapse the central 4 or 6 rows in order to obtain a hig Bu- find that a good model profile for the BLR is a three piece bro-
clear spectrum and we fit the [SII] doublet with the same coken powerlaw as shown in Figl 6.
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and our own data.

Note that the BLR profiles derived from our and archivalmodeled with the Gauss-Hermite expansion and constramed
spectra are consistent, within the uncertainties, in shaganor- share the same kinematics) and a broaditbdeled as described
malization. If the broad line flux did not vary significantlsofm above. Except for the flux, all parameters of the broadliHe
one observation to another, the above similarity implied the derived from these fits were then kept fixed in the subsequent
NUC slits were well centered on the nucleus position. We theaw by row fits.hz andh, were set to 0 in the low/8l spectra of
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their residuals.
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Fig. 7. Example of line fitting of the ki, [NII] and [SII] lines in the nuclear region of NGC 4258. Theftland right panels refer,
respectively, to our and archival data. The lower windowaaflepanel shows the residuals of the fit.

NUC and in all spectra of OFF1,2. F{g. 7 shows an example fafcts in the rectified image. An example of the artifacts ia th
the fit for ours and the archival data. peak row of a G750M image is shown in Figure 11.9 (Section

The kinematics extracted with this fitting procedure argl.3.5) in the STIS Instrument Handbook (Kim-Quijano et al.
shown in Fig[B. In contrast with NGC 3310 and NGC 4302003). The spectrum in each row of the image undulates across
the rotation curves are limited only to withinS of the cen- the detector as flux is alternately retained, gained, or byst
tral source. As for the two other spiral galaxies, we deteet tthe interpolation. Adjacent rows have undulations thatare
bright nuclear emission but we lack the fainter extended-co®f phase, since the interpolation inappropriately pushesdut
ponent. With the limited spatial coverage, the rotationvesr of one row and into the next. Undulations were obvious in the
appear more regular than in the cases of NGC 3310 and NG@tinuum spectrum of NGC4303. They presented no problems
4303. The velocity amplitudes of the rotation curves in catad for the analysis of the emission lines, however. The linewse
are about~ 200 knys while these drop te- 100 knys for the nharrow t_hat the underlying continuum was well represented b
archival data. This is not surprising since our spectra &ed ta short linear segment. NGC 4258 was a somewhat more prob-
archival ones are taken atfidirent position angles. The veloclematic case, since it has a spatially unresolved speetadlife
ity dispersions, apart from some deviant points, seem tibéxh (& broadH, component) which is broad relative to the structure
a nuclear peak at about 200 — 250 km's and much smaller of the undulations. This undulating feature must be suttac

constant values at theffauclear positions- 150 knys with a from the rows of the spectrum so that the parameters of the nar
behavior similar to that of a rotating disk. row lines can be measured. The undulation structure careot b

A possible cause of concern for the accuracy of our kingirectly observed in this case, since it is mixed in with the-s
matical measurement is given by the fact that the point spreif! and spectral structure of tit, + [NII] blend. We assessed
function of HST is undersampled by the pixels of the STIS CCHS Impact by artificially dividing our nuclear spectra wiskv-

When spectral images with unresolved components are eettifi€’@ observed undulation patterns and remeasured kineanati
interpolation along the undersampled spatial axis proslace- parameters. The impact on the velocity measurements iqin ge
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Fig. 8. Observed kinematical moments for NGC 4258: the first thréenenos refers to our data, the other ones represent the atchiv
data. Archival and our own data were acquired with the sticpt at two dferent position angles as shown in Elg.1.

eral small. Moreover, the size of the residuals in the o&bjfits We considered the galaxy light profiles obtained by using
sets limits to the magnitude of the neglected undulations. Gthe IRAFSTSDAS prograngllipse to fit elliptical isophotes to
tests indicate that undulations of this magnitude wouldsigpt the F160W continuum NICMOS images of NGC 3310, NGC
nificantly afect the velocity measurements. 4303 and NGC 4258. The ellipticity of the isophotes in the nu-
clear region of all our galaxies (excluding the contribatfoom
3.2 Liaht Profile the central unresolved source, when present) is very clmse t
< Hg zero € = 0.15,0.05,0.0 for NGC 4303, NGC 3310 and NGC
In order to account for the contribution of the stars to thavgr 4258, respectively) allowing us to assume spherical symymet
itational potential in the nuclear region, the stellar lnosity (i.e.q = 1). In the case of NGC 3310, the isophote fit was limited
density has to be derived from the observed surface brightnto the region included by the circumnuclear ring visible ig.2,
distribution. The inversion procedure to derive this dgndis- in order not to be fiected by the bright spiral arms present on
tribution from the observed surface brightness is not umiju large scale. The observed surface brightness profiles avensh
the gravitational potential does not have a spherical symymein Fig.[S.
such as can be revealed by circular isophotes. Assuming that i
the gravitational potential is an oblate spheroid, the isiem _ We followed the above procedure to fit the observed surface
the inclination of its principal plane with respect to thedi adequate to our goals since, as shown in the next section, the
of sight,i. As these two quantities are related by the observ&thematical model fitting is performed only in the innerl”.
isophote ellipticity, we are left with the freedom of assum!Ihe best-fit parameters for all galaxies are presented inJab
ing different galaxy inclinations to the line of sight. Followingvhere mass densities are computedIfor M/L = Mo/Lon.

van der Marel & van den Bos¢H (1998), we assumed an obi4t real value will be determined during the kinematicairfg
spheroid density distribution parameterized as: procedure in Se€l4). The comparison between models and ob-

served data is shown in Fig. 9.

m -a m 218
p(m) = ,Oo(r—) [1 + (r_) } 2) A nuclear point source was added for NGC 4303 and NGC

b b 4258 in order to account for the AGN emission. Indeed itspres
mis given byn? = x* + y? + 72/0° ; xyz is a reference sys- ence is clearly indicated by the little bump at log —0.5, which
tem with thexy plane corresponding to the principal plane ofepresents the first Airy ring of the HST PSF. In the following
the potential andj is the intrinsic axial ratio. Wheq = 1 the analysis, we will assume that the central point sources @me-u
model is spherical anch corresponds to the radius. The aboveolved emission from the AGN, and therefore they do not con-
stellar density is integrated along the line of sight to jidev tribute to the total stellar light. An alternative possilyilis that
the surface brightness distribution on the plane of the Bkis these central point sources are unresolved star clustersioa
is then convolved with the instrumental Point Spread Foncti in late-type spirals (Boeker etlal. 2004). However NGC 4308 a
(PSF) (derived from TinyTim, Krist & Hook 1999) of the tele-NGC 4258 are known AGNs (see Jéc.1). It has been shown by
scoperinstrument system and averaged over the detector pixadillen et al. [(2001) that unresolved infrared sources auad
size to obtain the observed surface brightness distribu#dd in the great majority of HST NICMOS images of Seyfert galax-
this point, the derived model light profile can be directlyreo ies and that their luminosities strongly correlate withtbtte
pared with observed ones (for a detailed description ofrthert  hard X-ray and QI 11] line luminosity. This result strongly sug-
sion and fit, see Marconi etal. 2003). gests a dominant AGN contribution to the IR emission. We thus
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Fig. 9. Surface brightness profilesrg cm2 st arcsec?) of the continuum emission from the F160W NICMOS images. [Efie
central and right panels refers to NGC 3310, NGC 4303 and NZBB drespectively. Dots with error bars (when visible) deno
the observed data while the solid lines indicate the mode($ite text). The lower plots show the residuals after scidraof the
model fits.

Table 3. Best-fit parameters for the stellar light density model. $dsnsitieso, p;) are derived from luminosity density under

the assumption thdt = MQ/L@,H.XEed is y?/dof wheredof represents the degrees of freedom of the fits (47 for NGC 4308yr
NGC 3310 and NGC 4258).

¢ logopg 15 o B y logps™ 1y o B P X
NGC 4303 10* 228 1990 235 1190 .@0* -0.76 851 0.21 7.87 9.62 13.09
NGC 3310 10" 3.43 0.66 -0.71 3.67 .Q0* 3.40 023 1.79 0.22 440 52.66
NGC 4258 10* 1.59 4.55 1.86 0.14 .000* — — _ — — 48.83

@ Observed axial ratio (defined g&= 1 — € whereeis the ellipticity).

b In units of M, pc2.

¢ In units of arcsec.

d Point source flux in units of 187 erg cr2 st AL,

* Parameter was held fixed, as explained in detailiq 3.2.

consider unlikely that the point sources are due to unresblvtative BH), unresolved with the spatial resolution of ouseib

star clusters. vations. In computing the rotation curves we take into aotou
In NGC 4258, the observed brightness profile is well reprthe finite spatial resolution of observations, the intiérairface

duced by the spherical stellar light distribution of Ed. 2ldny brightness distribution (which is the weight to averageeskirat-

a central point source. However in the cases of NGC 3310 aiedl quantities) and we integrate over the slit and pixehaiide

NGC 4303 a good match of the observed profiles required &ire parameters characterizing the best fitting model arado

additional component described by Elg. 2 but characteriged by standarg? minimization.

JoN SN In Sec.[4.]l we determine the Intrinsic Surface Brightness
Givenp(r), one can easily derivil(r) the amount of stellar Distribution (ISBD hereafter) which plays a very importaole
mass contained within the radiusFig.[I0 shows, for all galax- in the modeling (see_Marconi etlal. 2005 for a detailed discus
ies, the circular velocity due to the stars as a function efdis- sion). In Sec[b we describe the fitting of the rotation curves
tance from the nucleus computed assuming. = My/Li o Marconiet al. [(2005) have shown that the velocity dispersio
(solid line). The dashed line represents the circular igl@x- depends on the adopted ISBD, therefore we decided to restric

pected from a BH with maselgy = 10’Mo. the model fitting only to velocity. Moreover the observedoeel
ity dispersions of our galaxies are small (see [Higl 3-4 agddJi
not-monotonic and likely fiected by turbulent motions; we will

4. Kinematical Models discuss this issue further in S&d. 6. Summarizing, the feee p

The procedure used to model the kinematical data was fifgmeters during the model kinematical fitting are:

described by Macchetto etlal. (1997) and then refined by sev- the plack hole masMlgy:

eral authors.(van der Marel & van den Bosch_1998; Barthlet al. ine stellar mass to light ratiil/L;

2001,/ Marconi et al. 2003). This procedure, described imitlet _ tne coordinates of the BH positioX,(Y) on the plane of the
in IMarconi et al. [(2003), assumes that the ionized gas isicirc sky where the nuclear slit is centered at (0,0);

larly rotating in a thin disk placed in the principal planegnév-  _ the galaxy systemic velocityss;

itational galaxy potential. We neglect any hydrodynamefal  _ the position angle of the disk line of nodés
fects like gas pressure. The gravitational potential is enlagl

two components: the stellar one (whose mass distributiom wa The inclinationi of the gaseous disk cannot be treated as a
determined in Se€.3.2) and a dark mass concentration (the fsree parameter. Since the amplitude of the rotation curatesc
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Fig.10. Circular velocities expected from the stellar gravitatibpotential on the principal planes (dashed lines) with abe
sumption of unitM/L. The solid lines represents the circular velocities exgatom the gravitational potential of a BH with
Mgy = 10’M,. The left, central and right panels refer to NGC 3310, 43a84258, respectively.

asv(r)? ~ M(r)sin?(i), i is tightly coupled withMgy. The resid- velocity gradients are the largest. This has a strong impratiie

ual, weak dependence of the projected velocity on ¢Bg. B2 quality of the fit and possibly on the finMgy estimate. When
and B4 in Appendix B of Marconi et al. 2004) can be used tine observed line surface brightness distribution aloeggstt is
derivei only when high B\, integral field kinematical data arestrongly peaked in the nuclear region and has a profile wisich i
available (e.g. Barth et gl. 2001) but this is not the caséef ta little different from that of an unresolved source, one cannot
data presented here. For this reasons we decided to work, donply use a deconvolved emission line image but shouldotry t
each galaxy, with an initial fixed value of the inclinatiordame reproduce the observed line surface brightness distobutith
then investigated theffects of varying on the final best fit pa- a parameterized intrinsic one and take into account theuinst
rameters. mental €fects.

Usually the PSF adopted in the modelling is the ona atRecently Marconi et al. (2005) showed that the adopted ISBD,
6700 A directly obtained with the TinyTIM modeling softwareProvided that it reproduces the observed one within thergro
(Krist & HooK[1999). Howevef, Dressél (2006) pointed outthado€s not #ect the final BH mass estimate. In their paper, they
by default, TinyTIM computes the PSF with the presence ofSpiowed that systematic errors by due to the adopted ISBD
Lyot stop which is not present when the G750M grating is use@f€re of the order of 5-0.08 in logMa. Notwithstanding the
The Lyot stop is mounted in front of the optical elements (e.4>BP has an importantfiect on the quality of the velocity fit
G750L) close to the pupil plane and it supplements the fo fhough not on thé/gy value. o _
plane mask used in coronographic mode by suppressing esidu We parameterized the IS_BD_Wlth a comblnafuon of ana]ytmal
scattered and firacted starlight from the coliimated beam. It hafnctions. We used a combination of exponential, Gaussian a
a broadeningfect on the PSF: with the Lyot-stop, in fact, thé-onstant components (labeled respectiesfyp, gaussandconst
detector sees a smaller diameter primary mirror, has a broat tables of results) and their expression are, respegytivel
Airy disk and a slightly more distant first Airy ring. A compar
ison of the radial profile of light for model imaging the PSF a{ I(r)=0 r<rn 3)
6600 A with and without the Lyot stop, is shown in Fig. 1 of| () = lo&™/™ r >y
Dressel|(2006). Therefore we followed the procedure sugdes

bylDressel (2006) to obtain from TinyTIM the G750M PSF with- lo *<';;h>z

out the Lyot-stop. I(r)= 5538 ° (4)

4.1. The Intrinsic Surface Brightness Distribution I()=0 r<ry (5)
o I(r)=1lo r>rp

The observed kinematical quantities are averages ovetuapsr

defined by the slit width and the detector pixel size along the loisthe amplitude of the component ands its scale radius.
slit. The ISBD is thus a fundamental ingredient in the maugli The presence of a nuclear hole in the ISBD, modeled with a non-
of the kinematical quantities because it is the weight ofaver-  zerorn, could be caused by varying ionization conditions of the
aging process (see, e.g., the discussion in Marconilet@§)20 9as (e._g. close to the nucleus the gas is too ionized to emit th

Ieguations other important parameters are ’hidden’: these a

tinuum subtracted emission line image and were successfu 40 which d ide ISBDs with ellintical isooh
reproducing the microstructure of the rotation curves tedsic-  21d¢ Which are used to provide s with elliptical isophotes.
g is the ratio between the minor and major axis of the isophotes

ing the overalk? of their best fitting model. However, apart from d0is the PA of th ; i | o C
the microstructure of the rotation curves which has litthgact andeis the PA of the major axis. In practice:
on the finalMgy estimate, Marconi et al. (2003) showed that it

is crucial to adopt a good ISBD in the central region where thie= [X2 + Yz]l/2

(6)
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where the coordinateX(Y) are defined by: deglSanchez-Portal et'al. 2000). Recall that the choice of fix
ing the inclination is justified by its tight coupling with res
X = (X — Xo) COS4 + (Y — Yo) Sing [v(r)? ~ M(r)sin®(i), see Sec]4]. We now verify the dependence
{ Y = (=(X - Xo) cOSO + (y — Yo) Siné) /q (7)  of our model against the choice of this parameter. In pdeticu

we wish to check whether the quality of the fit might improve at
ti\;gfferent inclination. We thus fit the rotation curves witlffeli-

; : fixed values of the inclination, from= 5 deg toi = 85 deg,
black hole) in a reference frame on the plane of the sky with€Nt AR .
andy aligned along the North and East directions respectivelydSIN9 theA flux distribution. Tab 6 shows the best fit parameters

Summarizing the free parameters for each ISBD componémta'n.ed W'.th t_h_e dferentzlncllnat_lons. In order to establish the
Statistical significance gf< variations among diierent models

(%o, Yo) represent the position of rotation center (the puta

are: : > A .
we renormalized~ by adding in quadrature an extra velocity
— the amplitudd; error to the dataAvp. The value ofAvg is found by imposing
— the scale radiusy; that the model with the lowegf value has/?/dof = 1, where
— the hole radiusy; dof is the number of degrees of freedom (see lalso Marconi et al.
— the axial ratiog; 2004). Withdof =30, the best fit models which are acceptable
— the position angle; with a significance of 95% havgfesca]ed < 1.48. The depen-
— the coordinates of the symmetry centey, §/o); dence ofy? on the adopted disk inclination is reported in the left

panel of Fig[IP: the filled square represents the inclimataue
i = 70 deg corresponding to the lowgstvalue.
5. Kinematical results With the y? renormalization described above, all inclina-
tions withi < 80 deg are acceptable at the 95% level and, ap-
parently, our analysis produces an upper bound to the clin
tion. However, the mass-to-light ratio increases sharpilly de-
creasing inclination and, indeed, alsyL scales with (sim)—2
5.1. Analysis of NGC 3310 asMgy. We then considered the evolutionary synthesis models
for stellar population derived by Vazquez & Leitherer (2P05
As explained in the Introduction, the galactic disk of NGQ83 in order to derive a lower bound drbased on astrophysically
is characterized by non-circular motions with strong stieé® acceptableM/L values. The typical stellar populations have
along the spiral arms (e.g. Kregel & Sancisi 2001 and ref@en H — K ~ 0.25 and the value oM/L monotonically increases
therein). Fig[2 clearly shows that the spiral arms departfa with galaxy age reaching ldg/Lx < 0.6 i.e. logM/Ly < 0.25
~ 6" ring, the starburst ring, and suggests that, beyond that (®azquez & Leitherei 2005). Note that, for the sake of sigwpli
dius, motions might be significantly non-circular. Withivetring  ity, we assume that the F160W band can be approximated with
(which might indicate the corotation radius) the morphglof) the standardd band. This physical upper limit okl/L can be
the emission line region is characterized by a peaked nucléanslated into a lower limit onwhich corresponds to an incli-
blob, about 12" in size, which appears unrelated with the stahation of~ 20 deg. To summarize, the constraints on inclination
burstring. In order to avoid as much as possible obviousaront are that 20 deg: i < 80 deg. The model with the lowegt has
ination by non circular motions we have decided to restniot oj = 70 deg and the comparison between observed and model ro-
analysis to the nuclear blob, i.e. to the central’iegjion. This tation curves is shown in FifL1. The inclination valué ef40
region, which includes the high surface brightness pealwshodeg, found by Sanchez-Portal et al. (2000), refers to thgelar
in Fig.[3 is delimited by a dashed line. scale disk while the inner nuclear disk (which is clearlyasep
To determine the best ISBD we made several attemptged from the large scale structure, Fily. 2), is seen at aehig
with different compositions of the analytical functions describedclination. The best fit black hole mass for the 70 deg-mexdel
above. The best choices are the following: the one calledlog Mgn[Ms] = 4.2 and, in general, all inclinations require simi-
(composed of two Gaussian components, an exponential anidrdy small black hole masses (I&dgn[Ms] < 5.6). Such values
constant one) and the one callBdcomposed of two exponen-are unrealistically small and, indeed, we are only able t@se
tial components, two Gaussian ones and a constant componergper limit toMgy.
Their resulting best fitting parameters are shown in [ab.dt an  In order to estimate statistical errors associated withptrst
in the left panel of Figi 11, we compare the model with the olfit parameters, we present in the right panel of Fig. 12 the con
served flux distribution. tours for the joint variation oMgy andM/L. The grid has been
As explained in Se€l4 we fitted the velocities with fixed diskomputed with ISBDA andi = 70 deg, fixing the 2 parameters
inclination and, as starting point forwe adopted the inclination of interest Mgy and M/L) and varying the others to minimize
of the large scale galaxy disk £ 40 deg). With both ISBD A 2. Before computing confidence levels we have renormalized
and B, it is possible to reproduce the observed rotationesiry? as described above so that the model with the loyésalue
(right panels of Fig1I1). Tabl 5 shows the correspondingfites hasy? reduced equal to 1. Confidence levels for 2 parameters
parameters. The reducgd of the fits are very large at varianceof interest are then found followirig Avnli (1976)2 = Xﬁin+
with the apparently good agreement between data and mod2I8, 4.61, 6.17 for confidence levels 68.3%, 90% and 95.4%, re
The reason of this apparent contradiction is to be found én thpectively. Fig[TI2 shows that it is not possible to meashee t
small velocity errors, the formal ones of the line profildriigt BH mass but only place an upper limit to it. By choosing a con-
These errors are extremely small, of the order of I&kmand cor- fidence level of 68%, the stellar mass to light ratio for this
responding to 50 pixel. Although theS/N ratio of our spectra galaxy resultavl/L = 0.47*333M /Lo 1 Which is the typical H-
is large, such small errors values are not realistic and véill band value for spiral bulges.@+ 0.2 in K, which correspond to
corrected as described below. 0.3+ 0.1 forH — K = 0.2;IMariondo et al. 1998). For the black
The above kinematical fit was computed with the inclinatiohole mass upper limit we chose a confidence level of 95% and
i fixed at the value of the large scale disk inclination=( 40 the corresponding estimate restMgy < 5.62x 10°Ms.

In this section we first determine the intrinsic surface himngss
distribution for each galaxy and then we fit the observedaiio
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Table 4.NGC 3310: best fitting parameters of the two ISBDs adoptelerkinematical model fitting.

Id  function i 15 i) M) xi(”)  ya(")  6() g

A gauss 1 3003 0.37 0.0 -0.19 0.09 -189 55.14
gauss 2 2717 0.40 0.06 0.24 0.01 79.2 43.08
expo 3 7029 0.09 0.02 -0.04 -0.02 46  71.27
const 4 186 - - - - - -

B gauss 1 19591 0.29 005 -0.23 -0.02 -05 88.12
gauss 2 2631 0.68 0.04 -002 0.00 -31.2 7294
expo 3 8265 0.10 0.06 0.23 0.09 -30.5 27.98
expo 4 2796 0.76 018 -343 1.72 -124 87.70
const 5 151 - - - - - -

2 Units of erg s cm2 arcsec? A-?
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Fig. 11.NGC 3310Left panel: best-fit models of the emission line surface brightnedsildigion compared with the observed data
(dots with error bars) at the threefidirent slit positions. The solid and dotted lines refer todSBand B, respectively. From top
to bottom the panels refer to NUC, OFF1 and OFF2 respectiG@ehtral panel: best-fit models and observed data for the rotation
curve obtained witt (solid line) andB (dotted line) flux distributions, assuming: 40 deg.Right panel: best fit model of velocity
obtained using ISBIA with the 'best’ inclination { = 70 deg) at the three fierent positions of the slit.

Table 5.NGC3310: best fitting parameters of the kinematical modtdiokd with diferent ISBDs and = 40°.

Flu@  xo(”)  yo(") logMB, logM/L®  6(°)  Vgskm/s) xiy

A -0.04 0.10 4.58 -0.29 -19.8 990.37 101
B -0.08 0.07 4.74 -0.26 -4.3 988.72 135
a Adopted ISBD.
b Units of My,

¢ Units of logMy /Loy

We then verified that at fferent inclinations the statistical resolution the motion within the central region (L0” of the
errors on logM/L were roughly the same and that the upper limucleus) appears ordered and consistent with circulatioata
its on Mgy were scaling with (sii)~ as expected. By taking (Schinnerer et al. 2002; Colina & Arridas 1999) the preseafce
into account the allowedvariation (20 deg< i < 80 deg) the the inner bar with a size comparable with the spatial resmiut
upper limit on the black hole mass varies in the ran@es10°  (~ 27 size| Erwih 2004) suggests caution in the kinematical anal-
—4.2x 10"M,. ysis. Indeed, the curve of the extended component showgs irre

In Fig.[I3 we plot the expected velocity dispersion for thelar behavior at about'3from the nucleus (pix- 320— 340 in
best fitting model ai = 70 deg which includes intrumentalFi9.-[4). Moreover, the H+[NII] surface brightness distribution

broadening and the contribution of unresolved rotatiorttetb @long the slit clearly indicates the presence of a well deffme-
line). In order to match observations we added an intrinsie ¢ ¢léar component as in the case of the other two galaxiessn thi
stant dispersion of 55 kfa (solid line). Overall data points doPaper and NGC 4041 (Marconi et al. 2003). This then suggests
not show a deviation of more than 20 fsrirom the model val- © limit our analysis to the nuclear component, i.e. to thetice

ues, after the intrinsic dispersion was taken into account. ~ 17 from the nucleus.

We follow the same procedure adopted for NGC 3310. We
5.2. Analysis of NGC 4303 considered dferent ISBDs but we found that only two of them
are able to provide a reasonable fit of the observed datarhe o
The kinematics of NGC 4303 can be traced up tofdom calledD, composed of three exponential components and a con-
the galaxy nucleus identified by the location of the near-I&ant one, and the one callé composed of three Gaussian
point source|(Colina et al. 2002). Although at-12” spatial components and a constant one. [igl 14 shows the compari-
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Table 6. NGC3310: &ect ofi variation on the best fit parameters affgd x? values have been rescaled by an extra error on
velocity Avg. All models adopt ISBDA.

i) logM3, logM/L® Vsys 6(°) 2 caled)’
Fit of velocity (Avo = 8.5%ms1)?

5 -6.18 1.85 1023.18 -62.58 1.17
10 1.46 1.26 1024.01 -62.62 1.16
15 3.77 0.51 992.36 -28.51 1.40
20 3.56 0.26 991.82 -26.87 1.41
25 4.13 0.08 991.85 -26.79 1.44
30 4.46 -0.06 991.86 -26.33 1.45
35 4.60 -0.16 992.74  -28.92 1.47
45 4.89 -0.39 988.71 -13.01 1.50
50 5.10 -0.44 986.44 -4.33 1.48
55 4.85 -0.46 985.06 1.08 1.39
60 4.62 -0.45 983.31 5.87 1.25
65 4.50 -0.45 982.19 6.99 1.15
70 4.23 -0.41 981.66 8.56 1.00
75 5.20 -0.35 980.36 8.04 1.06
80 551 -0.23 977.99 6.36 1.62
85 5.61 0.03 975.09 3.37 3.97
a Units of M.

b Units of My/Lon.

¢ x? rescaled with errors computed &g 2=Av? + Av2.

4 Systematic error on velocity adopted to renormajize
(< 49 ks, velocity corresponding to the pixel size).
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Fig. 12. NGC 3310.Left: dependence of? on the adopted disk inclination. Horizontal lines indictite 95 %, 90% and 68%
confidence levels. The filled square represents the poinésponding to a(fesca,ed = 1 fori = 70 deg. Thee? value ati = 85

deg is out of the plot rang®ight: y? contours for the joint variation dflgy andM/L (with i = 70 deg). Contour levels are for
b% :X?nin +2.3,4.61, 6.17 corresponding to 68.3%, 90% and 95.4% confidence levieésddts indicate th#lgy andM/L values

for which they? minimization was actually computed.

Table 7.NGC 4303: best fitting parameters of the two ISBDs adoptelerkinematical model fitting.

Id function T 13 () m() () () 60 q

D expo 1 80 010 038 -0.12 0.04 0.0 0.04
expo 2 857 0.03 0.07 0.05 -0.05 -0.04 0.04
expo 3 801 004 000 -01 001 0.01 0.03
const 4 11 - - - - - -

E gauss 1 78 002 221 -197 -098 -0.18 0.25
gauss 2 728 0.03 0.02 -0.12 0.17 1.89 0.04
gauss 3 716 004 0.02 -006 0.05 158 0.12

const 4 6 - - - - - -
2 Expressed in erg$ cm2 arcsec? AL
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Fig. 13.NGC 3310. Expected velocity dispersions for the best fittoigting disk model with = 70 deg compared with observations
(dots with error bars) assuming a constant intrinsic dsparof 55 ks (solid line) compared with the dispersion expected from
pure rotation (dotted line).
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Fig. 14.NGC 4303Left pandl: best-fit models of the emission line surface brightnedgsidigion compared with the observed data
(dots with error bars) at the threefldirent slit positions. The solid and dotted lines refer toDSB and E, respectively. From top
to bottom the panels refer to NUC, OFF1 and OFF2 respectatier panel: best-fit models (solid and dotted lines) and observed
data (dots with errorbars) for the rotation curves at thedtslit positions. The solid and dotted lines denote modasimed with
theD andE ISBD, respectively. The models were computed assuiining0 deg Right panel: as in the left panel, but the solid line
is the model computed for the best inclinatioca 70 deg and ISBID.

son between observed and model surface brightness digiribu center to be located withigr0.2”” of the continuum peak posi-
while the best fit ISBD parameters are placed in Tab. 7. tion. The best fits of the rotation curves with ISBDsandE are

As for the case of NGC 3310, we started the velocity fittinghown in the left panel of Fi§. 14 and the best fitting kinewiti
with a fixed inclination valuei = 20 deg corresponding to theparameters are shown in Tab. 8.
large scale value one, and we used both ISBDs described above
The nuclear rotation curves of NGC 4303 have a less regular ISBD D provides a much better fit of the observed velocities
appearance than NGC 3310 and the agreement with the madd the disagreement in the best fit parameter values ameng th
els might thus be worse. A bling? minimization can result in two models is readily explained by thefldirence in reduceg?
non-physical parameters values. In particular the pasiiidthe values. ModeD has two unsettling characteristics: an unphysi-
kinematical center of rotation can move away=h.5” fromthe cally highM/L (which might be due to the low disk inclination)
continuum peak which clearly identifies the galaxy nucleug.( and a PA of the line of nodes which is very close to 90 deg, a ge-
Schinnerer et al. 2002; Colina et al. 2002). To avoid thisoproometry in which only a small fraction of the rotational velyc
lem we have constrained they coordinates of the kinematicalis projected along the line of sight.
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Table 8.NGC 4303: best fitting parameters of the kinematical mod&iokd with diferent ISBDs andl = 20°.

Flu®  xo(")  Yo(") logMp, TlogM/L®  6(°) Vgs(kmis)  x7y

D 0.2 -0.09 7.53 2.14 95.41  1560.64  13.28
E -0.01 0.00 8.29 -0.89 57.12  1556.06 20.24
a Adopted flux distribution.
b Units of M.

¢ Units of Mg /Lo n-

Table 9. NGC 4303: &ect ofi variation on the best fit parameters affgd x? values have been rescaled by an extra error on
velocity Avg. All models adopt ISBID.

i) logM3, logM/L® Vg (knys) 0(°) O fescated)®
Fit of velocity (Avg = 7.14Kms™1)?

5 8.86 3.90 1561.65 86.35 2.08
10 8.12 3.05 1562.14 96.65 1.89
15 7.80 2.55 1561.87 94.63 1.80
25 7.36 1.54 1559.96 93.41 1.60
30 7.21 0.96 1558.90 94.31 1.55
35 7.15 0.24 1558.31 90.53 1.53
40 7.04 -0.15 1558.78 92.93 1.41
45 6.91 -0.42 1559.90 96.99 1.26
50 6.79 -0.64 1560.92 106.21 1.07
55 6.73 -0.77 1561.94 113.80 1.04
60 6.68 -0.90 1562.90 119.19 1.04
65 6.66 -0.94 1564.42 125.02 1.03
70 6.69 -0.96 1565.98 129.78 1.00
75 6.68 -0.99 1566.69 131.53 1.19
80 6.69 -0.99 1566.79 131.66 1.19
85 6.18 -0.87 1570.87 157.37 1.33
a Units of M.

b Units of My/Lon.
¢ Rescaled/? with errors computed asv,2=Av? + AV2.
4 Systematic error adopted to renormaliZe
(< 49 knys, velocity corresponding to the pixel size).

Again, we have investigated whetheiffdrent inclinations been computed with ISBID andi = 70 deg, fixing 2 interest-
can provide a better fit to the observed rotation curves.@abing parametersNlgy and M/L) and varying the others to min-
shows the resulting best fit values obtained fdfedent incli- imize y? (see Sed. 511). By choosing a.8% confidence level,
nations fromi = 5 deg toi = 85 deg, using th® ISBD. As Mgy = (5.0)"95] x 10°M, andM/L = (0.1)*35Mo/Lon, in-
previously,y? have been rescaled so that the model with thaicative of a very young stellar population in the centragioa
lowesty? has a value of 1 for the reducgd. The y? depen- (Calina et all 2002).
dence on the adopted disk inclination is shown in the lefeban  Fig.[18 provides an alternative visualization of the besnfit
of Fig.[18, where the model with the lowegt is marked with model. The velocity field weighted with the intrinsic line Xlu
a filled square. In the case of NGC 4303, 24 degrees of freeddistribution is shown prior to the averaging over slit angepi
imply that the 95% confidence level is found fgf,,eq = 1.52.  sizes. The velocity asymmetries with respect to the linemdes
Above that value all models are to be discarded with a 95% siglashed line) are due to the intrinsic line flux distributiasnich
nificance implyingi > 40 deg. The model with the lowegf is not symmetric with respect to the BH position.
hasi = 70 deg,Mgy = 4.90x 10°M,, and is plotted in the right To check for the robustness of the BH detection we tried to
panel of Fig[I#. The first modeling attempt, made-a20 deg, fit the rotation curves without a BH but only with the gravita-
should be discarded and the non-physical valuMgE is not tional potential due to the stars. We worked at 70 deg and
problematic. Moreover, at high inclination values the PAte#  with D ISBD. The result of this fit is shown in the left panel of
line of nodes is significantly éierent from 90 deg and is similar Fig.[T4. At first sight the no—BH fit does not appear signifibant
to the one found by Colina & Arribas (1999) and Koda & Sofusvorse than the one with a BH but it is nonetheless statigfical
(2006) for the arcsec scale gas rotation (33B0= —-50 vs 130 unacceptable. After rescaling velocity errors with= 6.9km/s,
and-44.5, respectively). As in the case of NGC 3310, the inclias described above, the.886, 90% 95.4% confidence levels are
nation of the nuclear disk is smaller than that of the largdesc y? = 27.8, 30.1 and 31.7, respectively while the model without
galactic disk (= 45 deg). the BH hasy? = 33.8. However, given the non perfect agree-

Apart from the consistent kinematical parameters foural, timent between our model and the data, we do not consider our
agreement between model and observed rotation curve is gddgl; detection completely reliable.
except for OFF1 where discrepancies might indicate the-pres As in the case of NGC 3310, we verified that affelient
ence of non-circular motions. inclinations the statistical errors on IdyL and logMgy were

In order to estimate statistical errors associated wittbtbet roughly the same. The allowed range of inclinatidns @0 deg)
fit parameters, we present in the right panel of Eig. 15 the cas then translated into a possible range fibgy which can vary
tours for the joint variation oMgy and M/L. The grid has between @x 10° and 16 x 10’M,, where the extreme have been
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Fig. 15. NGC 4303.Left: dependence of? on the adopted disk inclination. Horizontal lines indictite 95 %, 90% and 68%
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Fig. 16. Map of the velocity field in the best fitting model of NGC 4303€lvelocity field is weighted with the intrinsic line flux
distribution and is shown prior to averaging over slit angepsizes. The dashed areas denote the three parallelTsigsfilled
square represents the position of the black hole and theeddiste is the line of nodes.

computed by taking into account also the 95% confidence®rroot show a deviation of more than 20 Jgrfrom the model val-
on logMgy (-0.4,+0.15). ues, after the intrinsic dispersion was taken into account.

In Fig.[I7 we plot the expected velocity dispersion for the
best fitting model at = 70 deg which includes intrumentals 3. Analysis of NGC 4258
broadening and the contribution of unresolved rotatiorttédb
line). In order to match observations we added an intringie ¢ An inspection of Figl B shows that the available kinematzal
stant dispersion of 50 kfs (solid line). Overall data points dorameters for this galaxy are limited to the nuclear compbnen
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Fig. 17. NGC 4303 Left pandl: best-fit model without a BH at= 70 deg and ISBD. Thedotted line represents the best fit model
with a BH, obtained with the same inclination and ISBD. Nimtiatas in the Fig_T4Right panel: expected velocity dispersions for
the best fitting rotating disk model with= 70 deg compared with observations (dots with error barsyragg a constant intrinsic
dispersion of 50 kits (solid lines). The dotted line is the velocity dispersigpected only by unresolved rotation.

within 0.5” of the continuum peak. We followed the same proce- Finally, we present in the right panel of Fig.]19 the contours
dure outlined for NGC 3310 and NGC 4303 with th&elience for the joint variation ofMgy and M/L computed for the disk
that, in this case, we fitted simultaneously ours and artdata. inclination ofi = 60 deg. The contour shapes allow to estimate
Effectively we fit 6 slit positions at the same time. Mgy, but only an upper limit for thévl/L ratio. At the 68.3%
The starting assumption is that the nuclear slits are cedtegonfidence level, the black hole mas#fg. = (7.9)'$2x10'M,
on the same point, as confirmed from the fact that the braad Mhile the 95% upper limit oM/L is M/L < 1.8Mo /Lo n.
components have very similar fluxes in the two nuclear spectr |n the left panel of Fig. 20 we compare the observed kinemat-
(see FigLh). ics with the models with (solid line) and without (dashed)im
We first tried to fit the observed surface brightness distf8H computed at = 60 deg. As in the case of NGC 4303, the no—
bution with diferent combinations of analytical functions, buBH fit does not appear much worse than the one with a BH but
we could find only one ISBD that provided a good agreemeiststatistically unacceptable. After rescaling velocitsoes with
with the data. Left panel of Fig. 18 and Tab] 10 show the be®t = 32.9km/s, as described above, the.B8, 90% 95.4% con-
fit model and the parameter values, respectively. It is dtean  fidence levels arg? = 35.3, 37.6 and 39.1, respectively while
the figure that the surface brightness drops by a facttd from the model without the BH hag? = 57.8. Moreover, the no-BH
the nuclear to theftset positions. Note that the observed surfageodel is characterized by a very high value of the massgtut-li
brightness in the NUC slit of the archival spectra is a fa@orratio M/L = 5.08My /Lo Which is larger than the maximum
larger than in our data. This is simply due to the fact that opredicted by normal stellar populations (see the discussio
data use the.@” slit instead of the I’ one. the case of NGC 3310 in Sec. 5.1) indicating the presence of a
To fit the observed rotation curves, we started assuming ti§&@k mass. Combining these two facts we consider that with ou
disk inclination isi = 80° as in the much smaller maser disklata we have reliably detected the presence of the BH in NGC
(Herrnstein et &[. 1999). The best-fit model is shown in tgatri 4258.
panel of Fig[IB and the best fit parameter values are displaye Our black hole mass value is compatible with tHeO-
in Tab.11. maser estimate by Greenhill et al. (1995a,b)land Herrnsteh
As in the cases of NGC 3310 and NGC 4303, we investigaft999) which isMg = (3.9+0.1) x 10'M,, at slightly above the
the influence of the disk inclination on quality of the fit. TAE 1o level. Given the poor match between the data and a simple

shows the best-fit parameters obtained &edént values of the pure rotating disk model (i.e. no streaming or warps), thism
inclination. be nonetheless considered an encouraging result.

The model with the lowest? value is the one dt= 60 deg As in the previous cases, we verified that the statistical er-
and, after rescaling, all the models have redugédlose to 1. rors on logM/L and logMgy do not vary significantly with the
The left panel of Fig[ 19 shows the dependencg®bn the adopted inclination. However, in this case we could not g@lac
adopted disk inclination (the filled square marks the mod#d w any constraint on the inclination thus, in principle, we lcoanly
the lowesty?). In this figure we did not draw the 90% and 95%provide a lower limit on the BH mass value. The nuclear gds dis
confidence level because they are larger than all the vafygs owe are mapping is spatially intermediate between the largle s
found by our fitting. This means that its is not possible tacpla galactic disk and the maser disk. The two disks haffedint in-
any constraints on the inclination value but it is intemggtio clinations~ 60 and 80 deg, respectively and it is thus reasonable
note that the best inclination value is remarkably simitathte to assume that the inclination of the nuclear gas disk, octinge
inclination of the galactic disk which is 64 deg [(Cecil et al. the large to the small galactic scales, is limited in the-80 deg
1992). range. With this assumption the black hole mass from gas kine
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Fig. 18.NGC 4258.Left panel: best-fit model (solid line) of the emission line surface htigess distribution compared with the
observed data (dots with error bars) at thifedent slit positions. From top to bottom the panels refer tONOFF1 and OFF2
respectively. The dierent columns denote our and archival d&ight panel: best-fit model (solid line) and observed data (dots
with error bars) for the rotation curves. The model is corapudbri = 80 deg. The meaning of the columns is the same as in the
left panel.

Table 10.NGC 4258: best fitting parameters of the ISBD adopted in therkiatical model fitting simultaneously our and archive
data.

Id  function i 2 (") (") %i(")  ya(") &)

A expo 1 14139 001 000 0.04 -0.01 -0.1 0.49
expo 2 1173 0.03 0.00 0.07 -0.04 -04 0.30
const 3 2 - - - - - -

2 Units of erg s cm2 arcsec? A~?

Table 11.NGC 4258: best fitting parameters from the velocity fitifer 80 deg fitting simultaneously our and archive data.

Flud  xo(")  Yo(") logM2, TogM/L®  6()  Vgs(kmys) xiy

A 0.02 -0.01 8.02 0.70 235.44 466.45 34.96
a Adopted flux distribution
b Units of Mg,

¢ Units of Mg /Lo n

matics is confined in the range52x 10’ — 2.6 x 1M, where the X-ray cocoons are interacting with the dense inteestghs,
the extreme have been computed by taking into account adsoith ~ —33 deg, very close to the slit PA of the archival data
95% confidence errors on lddgy (-0.5,+0.4). (~ 146 = -34). Since our data are at an almost perpendicu-
Inthe right panel of Fig. 20 we plot the expected velocity didar slit PA and likely less giected by non-circular motions, we
persion for the best fitting model at= 60 deg which includes have tried to perform the fit without the archival data. Werfdu
intrumental broadening and the contribution of unresolked NO significant change in the black hole mass estimate althoug
tation (solid line). In contrast with NGC 3310 and NGC 4303 slightly better agreement between model and observed-velo
the observed velocity dispersion can be well matched witke-unities. This indicates that the non-circular motions do néect
solved rotation without the inclusion of any intrinsic dispion. the final black hole mass estimate.

The non-perfect agreement between our model and the data
suggests that rotation curves might be somehidected by non g piscussion
circular motions. Indeed a jet-cloud interaction is resplole for
the hot X-ray cocoons which give rise to the anomalous arfisSec[5.1 5]2 arld 5.3 we have presented the kinematical mod
(Wilson et al! 2001). Their position angle, i.e. the regidmene eling of the three Sbc spiral galaxies analyzed in this p&NBC
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Table 12.NGC4258: &ect ofi variation on the best fit parameters affgd x? values have been rescaled by an extra error on
velocity Avp. .

i) logM3, logM/L® Vg (knys) 0(°) O fescated)®
Fit of velocity (Avo = 33.74Kms™1)d

5 9.69 -0.74 465.60 239.22 1.11
10 9.12 -1.21 466.31 239.84 1.09
15 8.78 -1.15 466.78 239.54 1.09
20 8.56 -2.10 461.66 238.51 1.10
25 8.37 -1.80 465.01 238.95 1.08
30 8.26 -1.92 464.67 238.98 1.07
35 8.15 -1.74 466.36 238.68 1.06
40 8.06 -1.83 465.47 238.35 1.05
45 8.03 -2.24 463.81 237.64 1.04
50 7.99 -2.22 465.32 237.07 1.03
55 7.97 -1.96 465.13 236.85 1.02
60 7.96 -2.30 467.98 237.04 1.00
65 8.00 -1.70 468.68 236.14 1.00
70 8.01 -1.64 472.64 236.69 1.00
75 8.09 -1.76 472.40 236.45 1.02
85 8.47 -2.07 497.09 244.23 1.12
a Units of M.

b Units of My/Lon.
¢ Rescaled/? with errors computed asv,2=Av? + AV2.
4 Systematic error adopted to renormaliZe

1.12[ T T
b 0.5 bl
68%

1.10F - [
) i 1 —
< 1.081 ° ] ) |
o [ 3 oof - ]
p [ ] .
< q06f o o . 3 ,
N>< [ E
T 1.04 o s . <
N [ ] = 3
© — 1 w g5l |
£ 1.021 o o i o 0.5
o r 4 L
5 [
: [ ]
® 1.00 = a ]

0.98F ] 1.0l

L [ R B B 7.0

0 20 40 60 80
Inclination [deg]

Fig. 19. Left panel: Dependence of? on the adopted disk inclination during NGC4258 fitting onlyr data. Dotted line indicates
the 68.3% confidence levels (lines indicating respecti@lyo and 95.4% would have valuetb and 134) Right panel: For the
same galaxyy? contours for joint variation oMgy and M/L using the best ISBD and= 60 deg. Contours levels are fof =
Xﬁ"in +2.3,4.61,6.17 corresponding to 68.3%,90% and 95.4% confidence levels.

3310, NGC 4303 and NGC 4258. We first worked with a fixed The observed rotation curves of NGC 3310 within the in-
value of inclination and then we found the range of possikle v ner 0.6’ from the nucleusr( < 50 pc) agree very well with
ues forMpy taking into account the allowed values of inclinaa circularly rotating disk model. The observed velocitypgis
tions. Previous works on spiral galaxies have made the giggpl sions cannot be matched with a simple rotating disk but re-
assumption that nuclear gas disks usedMigy; detection have quire a constant intrinsic velocity dispersion-o565 knys. This
the same inclination as the large scale galactic disks.dip fia might indicate the presence of turbulence, non-circularan-
contrast to elliptical galaxies, it is not possibile to detae the gravitational motions. The former would just contributetie
gas disk morphologies and inclinations from HST images bf splispersion of the gas but not to the bulk motions and theeefor
ral galaxies. In this paper we have considered tifieces of the would not invalidate the gas kinematical method. Convegrsel
unknown inclination which results in a range ik values or the latter ones could invalidate the measurements depgodin
upper limits. TheMgy values derived for a given disk inclinationtheir strength compared to the ordered circular rotatien,(s.g.,
are characterized by statistical errors as shown in theiquev the discussion in_Barth etlal. 2001; Verdoes Kleijn etial. €200
section but the samilgy values vary as (si)=2. Thus a range [Marconi et all 2004). However, the good agreement betwesen th
of allowed inclinations results in a range of possible BH sess observed and model rotation curves suggests that the loontri
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Fig.20. NGC 4258L eft panel: best-fit model (solid line) computed for= 60° fitting simultaneously our and archive data (dots
with error bars). From top to bottom the panels refer to NUEFO and OFF2 respectively. The dashed line is the best fit mode
obtained without a BH; even if thefiierence between the two cases does not appear significhgveadel without a BH provides
an unphysically high value for stellar mass to light ratioethis M/L = 5.08My/Le n. Right panel: expected velocity dispersions
for the best fitting rotating disk model wiith= 60 deg (solid line) compared with the observations (doth witor bars).

tion of non-circular or non-gravitational motions is smaild of the BH mass estimate. However, NGC 4258 was chosen as
does not invalidate the measurement. From the analysiseof thbenchmark for the gas kinematical method because it rep-
rotation curves it is not possible to find evidence for thesexiresents the second best case for a BH (after the Milky Way),
tence of any BH since they can be accounted for by the stalith an accurate mass estimatdgy = (3.9 + 0.1) x 10’M;

lar mass. The derived mass to light ratio (for the best mod@teenhill et al. 199%a,b; Herrnstein etlal. 1999). The apmd

ati = 70 deg) isM/L = (0.47)"0%4Ms /Lo _and is consis- between our mass estimated%2x10’Mo) (i = 60 deg) and the
tent with the typical numbers for spiral bulges (Moriondakt H,O-maser value (the ffierence is just slightly abover) indi-
1998) confirming the validity of the analysis. The spatialale- cates that the gas kinematical method is reliable even ibthe
tion of our observations is about 0/qFWHM of the STIS PSF served velocities present deviations from the circulashating

at 6700A) and within a sphere with that diameter the stelassn disk model. We now compare the BH mass estimates (or upper
is M, ~ 10’M,. This fact, combined with the upper limit on thelimits) in spiral galaxies with the known correlations betm

BH mass Man < 4.2 x 10°M,, at the 96% level for the lowest Mgy and host galaxy structural parameters. Since our work has
inclination allowed), indicates that we were not able tedethe doubled the number of gas kinematical measurements in late
BH because our spatial resolution is noffstiently high. type spiral galaxies it is worthwhile to consider the sanmgfle

The situation for NGC 4303 is fierent with respect to NGC 2all late type spirals studied so far.

3310. The rotation curves require the presence of a BH with This is shown in Taly, 13 where for all galaxies studied in our

massMgy = 5.0°987 x 10°M,, (6.0 x 10° — 1.6 x 10’"M,, when project and those available from the literature we reperttiea-
taking into account > 40 deg) but the agreement between oured BH masses or upper limits and the ratio with the expecte

served and model velocities is not as good especially at OFFalues from theMley — Loy, (Marconi & Hunt 2008; ed.18) and
With the inclusion of an intrinsic velocity dispersion of B8ys, Mgn/o. (Tremaine et &l. 2002; Ferrarese & Ford 2005; [dq. 9
the observed velocity dispersions in tHEnuiclear slits are in fair and10) correlations:

agreement with the model ones while in the nucleus they show

deviations of the order of 10 kis Although the model withouta 109(Me+/Mo) = 821+ 1.13(log(Lgp/Le.x) ~ 10.9) (®)
black hole is statistically worse than that with a BH, the bom
nation of the above facts does not allow us to consider thekblal®9(Men/Mo) = 8.13+ 4.02log(oe/ 200km/s) 9)

hole mass estimate in NG(; 4303 completely reliable. IO(?(MBH/MQ) _ 822+ 4.86 log(re/200km/) (10)
For NGC 4258, the fair agreement between observed an

model rotation curves might indicate the presence of noBH masses are taken from this work (NGC 3310, NGC
circular motions but the observed velocity dispersion ime€o 4303), from[Atkinson et all 2005 (NGC 1300, NGC 2748),
pletely accounted for by unresolved rotation. These twasfadrom [Marconi et al.| 2003 (NGC 4041) and from the compi-
alone would not allow us to say anything about the reliabilitiation by|Ferrarese & Ford 2005 (Milky Way, NGC 4258 and
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Table 13.Comparison betweeMpgy estimates in late type spirals with the expectations froenBh-spheroid scaling relations.
The intrinsic scatter of the correlations~s0.3 in logMgy and the uncertainty on the determination of the luminosit3 dex
(see text).

Galaxy Type D2 logMB, logLS logMg/Men(Lk)® o0c® 10gMgn/Mp(oc)’  oe® log Mgy /Mgn(oe)?
NGC1300 SB(rspc 188 .92  10.0 0.6 90 13 87 11
NGC2748  SAbc 232 802 98 0.6 79 14 83 1.0
NGC3310 SAB(rbc 174 <76 9.6 <09 101 <038 84 <10
NGC4041  SA(rs)bc 195 <73 9.7 <04 92 <07 88 <06
NGC4303 SAB(rs)bc 16.1 .6f8:g 10.2 -0.8 108 -0.3 84 0.0
NGC4258 SAB(s)pc 7.2 .B90% 103 0.09 120 0.45 148 -0.19
Mikyway ~ Sbl-Il  0.008 66028  10.2 -0.9 100 -0.2 100 -0.3
M81 SA(s)ab 3.9 B4 110 -0.4 174 -0.1 165 0.0

2 units of Mpc.

b units of M.

€ units of Lo k.-

4 Mgy (Lk) is the value expected from the Marconi & Hunt (2003) cotieta
€ units of knys.

f Mgy (o¢) is the value expected from the Ferrarese & Ford (2005) tziive.
9 Mgy (o) is the value expected from the Tremaine et al. (2002) catice.

M81) to which we refer for the proper references for eadhations, if their intrinsic dispersion is taken into acctuM gy
galaxy. K band luminosities of the spheroid are taken from a factor of 6 smaller than expected from tkigy — Lx cor-
Marconi & Hunt (20083) (Milky Way, NGC 4258, M81), from relation however it should be recalled that the bulge lursiityo
Dong & De Raobertis| (2006) (NGC 2748 and NGC 4041). Faf NGC 4303 has been measured using the scaling relation by
the other galaxies (NGC 1300, NGC 3310 and NGC 4303) vizong & De Raobertis (2006) and the observed dispersion for Sbc
took the total K band magnitude from the 2MASS extendegpiral galaxies is of the order of 0.3 in lbg.

source catalogue (Jarrett etlal. 2000) and we applied the nea In Fig[21 we compare spiral galaxies (filled squares) with
IR bulge-total correction by Dong & De Robertis (2006). Théhe knownMgy /Lsphk,Mer/0e andMgy /o correlations from
correcting factor depends on the galaxy morphological fypethe compilations by Marconi & Hunt (2003); Ferrarese & Ford
and for our galaxiesT( = 4.0), it is Am = Mgn — Mt = 2.0.  (2005); | Tremaine et al. (2002). The empty squares represent
We then transformed the relative to absolute magnitudegjusearly type galaxies and, for simplicity, we have not shown er
the distances shown in the table and we obtained the luminasir bars.

ties using the solar K band magnitulit, = 3.28. The uncer- Considering that each correlation has an intrinsic dispers
tainty on the determination &€-band luminosity of each galaxy of 0.3 in logMgy we can conclude that spiral galaxies do not
is 0.3 dex and is due to the observed dispersion on the bulge-tafabw evident deviations from the correlations followed byhe
correction for a given morphological type (Dong & De Rokrertitype galaxies, apart for a slightly larger scatter. A staé$ anal-
2006). The stellar velocity dispersions required by thereeor ysis on the behavior of spiral galaxies has to wait for a large
lations in Eq.[® and_10 are ftérent:| Tremaine et all (2002) number of BH mass detections.

use the luminosity weighted velocity dispersiog measured  |n conclusion, in order to show thefficulty of this kind of
within re i.e. within the bulge half-light radius. On the contrarymeasurements, we compute the diameters of the BH spheres of
Ferrarese & Ford (2005) use the central velocity dispersign influence (%) for each galaxy and compare them with the

i.e. measured within an aperturercf ir.. For all galaxies ex- : . .
cept the Milky Way and Mp81 we use?j ihe valueqs measured B¥%"g§ Ieosopéal tlaldrﬁgluftlonN(g\(/:VI-glglg .Ogeaécieat(:))é Thzsagz:e
- . . <70.08, 0.08 an "’ for , an
Batchgldor eE 81L(2005). Otherwise we u§ed th,e compilatin 4258, respectively. Except for NGC 4258, which is a nearlpy sp
Tremaine et al. (2002) and Ferrarese & Ford (2005) . L
= < : ral galaxy, the black hole spheres of influence are at the limi

When inspecting the logarithms of the ratios between thg the HST spatial resolution, indicating how challengihgge
measured BH masses and the expectations from the corrglgeasurements are.

tions one has to bear in mind that the intrinsic dispersiothef

correlations is~ 0.3 in logMgy (Marconi & Hunt|2003). The

upper limit on the BH mass in NGC 3310 is consistent with  conclusions

all correlations since it is larger than all expectdgy values.

The BH mass measurement in NGC 4303 is less reliable, \We have presented new HST Space Telescope Imaging
discussed above. However, it is comforting that the measur@pectrograph (STIS) observations of three Shc galaxie<C NG
Mgy value is in very good agreement with thMgy — o corre- 3310, NGC 4303 and NGC 4258. We usdd 1 6564A, [NII]
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Fig. 21.Correlations betweeNpgy and the host galaxy luminosityi¢ht panel), the central stellar velocity dispersian; (middle
panel) and the &ective velocity dispersionr. (lIeft panel). The empty squares denote early type galaxigS@Efrom the literature
while the filled ones refer to the spiral galaxies in [ab.13.

11 6549 6585A and [SI1]41 6718 6732A to study the kinemat-  We have combined the BH mass estimates in late type spirals
ics of nuclear ionized gas disks at 0.07” spatial resolution. presented in this paper with others from the literaturehdligh

Our NGC 4258 data were analyzed in conjunction with avalabthe sample is still small (6 detections and 2 upper limitgiyad
HST/STIS archival data. In all galaxies, we derived the kinematgalaxies seem to follow the same BH-spheroid scaling mxati

ical moments by fitting a Gauss-Hermite expansion to the ofis early type galaxies.

served line profiles and, in the case of NGC 4258, we also took The comparison between the BH spheres of influence and the
into account the presence of a brddd component. spatial resolution of HST observations underlines tligatilties

We have modeled the observed kinematics by assuming tR@pnected to the study of BH in late type spiral galaxies and i
the gas is confined in a thin circularly rotating disk wherdtoy ~ dicates that higher spatial resolution is required for aificant
dynamical &ects can be neglected. The disk rotates in a grawtep forward.
tational potential which is due to the galaxy stars and tcaalbl _ _
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