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ABSTRACT

We present the emission-line fluxes and kinematictakpresentative elliptical and lenticu-
lar galaxies obtained with our custom-built integral-fisfrectrograplAURON operating on
the William Herschel Telescope.® [O 1111AA4959,5007, and [N AA5198,5200 emission
lines were measured using a new procedure that simultalyddasoth the stellar spectrum
and the emission lines. Using this technique we can deteissean lines down to an equiv-
alent width of 0.1A set by the current limitations in describing galaxy spaetith synthetic
and real stellar templates, rather than by the quality obpectra. Gas velocities and velocity
dispersions are typically accurate to within Ivhs—! and 20kms—!, respectively, and at
worse to within 25ms~! and 40km s~!. The errors on the flux of the [@] and H3 lines
are on average 10% and 20%, respectively, and never excéédBission is clearly de-
tected in 75% of our sample galaxies, and comes in a variatysoflved spatial distributions
and kinematic behaviours. A mild dependence on the Hubpkednd galactic environmentis
observed, with higher detection rates in lenticular gaaxdnd field objects. More significant
is that only 55% of the galaxies in the Virgo cluster exhibdgarly detected emission. The
ionised-gas kinematics is rarely consistent with simplglaoar circular motions. However,
the gas almost never displays completely irregular kinemagenerally showing coherent
motions with smooth variations in angular momentum. In thegarity of the cases the gas
kinematics is decoupled from the stellar kinematics, antat of the objects this decou-
pling implies a recent acquisition of gaseous material.rQlve entire sample however, the
distribution of the mean misalignment values betweenastalhd gaseous angular momenta is
inconsistent with a purely external origin. The distriloutiof kinematic misalignment values
is found to be strongly dependent on the apparent flattemiddtee level of rotational support
of galaxies, with flatter, fast rotating objects hostingferentially co-rotating gaseous and
stellar systems. In a third of the cases the distributionlkanematics of the gas underscores
the presence of non-axisymmetric perturbations of theig@onal potential. Consistent with
previous studies, the presence of dust features is alwaysrgranied by gas emission while
the converse is not always true. A considerable range ofegalar the [Q11]/H} ratio is
found both across the sample and within single galaxiespifEethe limitations of this ratio
as an emission-line diagnostic, this finding suggests ettie a variety of mechanisms is
responsible for the gas excitation in E and SO galaxies otlieanetallicity of the interstellar
material is quite heterogeneous.
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1 INTRODUCTION

Early-type galaxies were once considered uniform steliatesns
with little gas, dust, and nuclear activity. A number of inmagand
spectroscopic studies both from the ground and space hanget
this view (see_Goudfrooij 1999, for a review). Based on trese
veys, we now know that early-type galaxies commonly cordast

in either organised or complex structures, which is almbsaygs
associated with optical nebular emission (e.q.._Sadler &harel
198%5; lvan Dokkum & Framy_1905; Tran ef al. 2001). Early-type
galaxies also show nuclear emission in 60% of the cases (Blb et
1997L).

Still, a number of issues remain open. What is the origin of
the interstellar material in E/SO galaxies? Is it matergt Iby
stars during their evolution or does it have an externalioPidt
has long been demonstrated (Faber & Gallagheri1976) that dur
ing their life stars would reinject more than enough matdria
the interstellar medium to explain the observed gas enmis¥et,
the finding that the angular momentum of the gas or the orien-
tation of the dust is very often decoupled from that of thessta
(e.g.Bertola et al. 1902; van Dokkum & Franx 1995) suggasts
external origin. And what is its fate? Does it cool down tonfior
stars or does it become hot, X-ray emitting gas? With the rdve
of new mm-wave detectors and the Chandra space telescdpe, bo

extraction of the ionised-gas kinematics and fluxes, compag
SAURON measurements with published data, and set detection
thresholds for the gas emission and the sensitivity of owesu

In §3 we present the maps for the ionised-gas distribution amg ki
matics, discuss the incidence of emission, and describentie
features of the gas distribution and kinematics. In the saete
tion we also describe the maps for the IJQ/H 3 line ratio and
review systematic differences between the kinematicseof@hii]

and H3 lines. # is devoted to the relation between gas and dust,
while in §§ we compare the kinematics of gas and stars in order to
discuss the origin of the gas. We further discuss the obdeyas
phenomenology and draw our conclusiongn

2 MEASURING THE IONISED-GAS KINEMATICS AND
FLUX DISTRIBUTION

Within the limited wavelength range of th8AURON observa-
tions (4830-53305\) there are three well-known emission lines
we can expect to detect, thesN4861 Balmer line and the
[O 11]AN4959,5007 and [N]AA5198,5200 forbidden-line dou-
blets. The starting point for our emission-line measuramende-
scribed in Paper Il. It consists of measuring the emissioaslion
residual spectra obtained by subtracting from $#&JRON spectra

molecular gas and X-ray detections have become more commona detailed description for the stellar spectrum, itselfstarcted for

in early-type galaxies (e.¢.. Young 2002; Fabbiano 2003 A-
nally, what powers the observed nebular emission? Is it &alen
AGN? Is the warm £ 10*K) gas ionised by the hot{ 107K)
gas, through thermal conduction (the “evaporation flow'hsem,
e.g..Sparks et 5l. 1989; de Jong eial. 1990)7? Is the gagibhis
stars, either youngd (Shields 1992) or old (e.g., post-AGBsst
di Serego Alighieri et al. 1990;_Binette et al. 1994)? Or is thas
excited by shocks, as also proposed for low-ionisation earcl
emission-line regions (LINERS, Dapita & Sutherleind 199596).
If the extended emission observed in many early-type gadais
unlikely to be powered by nuclear activity (Goudfrooij 1998ll
other ionising mechanisms are plausible.

So far, the kinematics and ionisation of the gas in early-
type galaxies have been studied mostly through long-skecb
vations (e.g.._Zeilinger et Bl. 1996: Caon et al. 2000; Risilet al.
1986;Ho et all 1997b), while imaging surveys have invegtiga
the distribution of the ionised gas and dust (e.q., Busoh #083;
Goudfrooij et al.| 1994| Macchetto etial. 1996; Tran et al. 100
Integral-field spectroscopic (IFS) data can combine bagitigiand
spectroscopic information, mapping the flux and kinemaifahe
ionised gas across large sections of nearby galaxies. Wsiog
dimensional measurements it is possible to accuratelyuneasd
compare the projected angular momentum of gas and staessass
the regularity of the gas-velocity fields, and investigaeepossible
sources of ionisation for the gas.

In this paper we present maps for the ionised-gas kinemat-
ics and distribution within the effective radius of 48 reg@eta-
tive E and SO galaxies in both “cluster” and “field” environms
which were obtained with thBAURON integral-field spectrograph
(Bacon et ali 2001, Paper I). These galaxies were observetein
course of theSAURON survey, a study of the structure of 72 repre-
sentative nearby early-type galaxies and bulges. The tgeof
the survey along with the definition and properties of the gam
are described in.de Zeeuw el al. (2002, Paper Il). The stdliar
matics for the 48 E and SO galaxies in the survey are presamted
Emsellem et &li (2004, Paper III).

This paper is organised as follows. §2 we describe the

measuring the stellar kinematics. As described in Papemidl in
Cappellari & Emsellem (2004), the latter process requireg
timal combination of templates representative of the gakigllar
population, excluding spectral regions that could be cuoiriated
by emission lines.

Further testing revealed that this procedure does not work
well for all emission lines if there is insufficient informa in the
emission-free part of the spectrum to adequately constinaistel-
lar population content. Indeed when the wavelength ranigmiied
itis possible that some of the emission lines we wish to nred
very close to, or are coincident with, the most age- or metgh
sensitive absorption features. By masking the regionsntiatty
affected by emission, these important absorption featwikde
partially or even entirely excluded from the templateiigtipro-
cess. This can lead to substantial biases in the resultmbication
of templates, evident in the residual spectrum as spurieaisifes
in the masked regions that in turn contaminate the measumteme
of the emission lines. This is exactly the case for #A&JRON ob-
servations and particularly for thefHand [N1] doublet emission
lines. The [Q11] lines are less affected by this problem.

2.1 The Method

In this paper we extend the idea of Paper Il, draw from the- soft
ware of Cappellari & Emsellem (2004), and exploit the resok
Paper lll to develop a more refined procedure to measure the ga
kinematics and fluxes without any spectral masking. The key i
gredient is to treat the emission lines as additional Gans&m-
plates and, while iteratively searching for their best eities and
velocity dispersions, to solve linearly at each step foirtampli-
tudes and the optimal combination of the stellar templatashich

1 The composition of the template library was improved withpect to
the one used in Paper lll. Three stars fromithe Jones (199Aryi were
exchanged with more suitable ones that allowed a bettermtatihe spec-
tra of large early-type galaxies, thus improving the emisdine measure-
ments. The impact on the published stellar kinematics iigibtp.
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Figure 1. Examples of the difference between the emission-line nteasents obtained when the lines are fitted to the residuatseddtellar-continuum fit,
itself derived while masking regions contaminated by eioisgop panels), or when both the stellar continuum and thission lines are fitted simultaneously
(lower panels). At the top of each panel the black histograows the galaxy spectrum, the red line the best fitting stedlaplate, and the green line the best
fit when the emission lines are added. These are shown at ttwmrbof each panel by the blue line, along with a second hiatagshowing the difference
between the galaxy spectrum and the best stellar templatenstant has been added to both. The dashed vertical lioasthl spectral regions that have
been masked. Limiting the spectral range available to theplate-fitting by masking introduces spurious featureshi {3 and [N1] regions that leads
to overestimated amplitudes for these lines (top panels. lihe widths are also overestimated, particularly when[@ii1] lines are weak and no longer
dominate the resulting gas kinematics (right). Both biasethe line amplitudes and kinematics, are overcome whestiillar continuum and emission lines
are fitted together, and all the information in the spectissid (lower panels).

are convolved by the best stellar line-of-sight velocitgtdbution The main difficulty with the H8 measurement is the presence
(LOSVD). In this way both the stellar continuum and the eimiss of a number of metal features, mainly from chromium and iron,
lines are fittecsimultaneously around4870A. If we allow the position and width of the Flemis-

sion to vary, when the stellar templates cannot match thagtn of
this absorption feature, the overall spectral shape betwassA
and4875A can be described using metal-poor templates and a spu-
rious H3 line placed roughly half-way between the3tdnd Cr-Fe
absorption features. Figukgé 2 shows an example of this @nobl
The strength of this emission artifact can be significant@educe
a spurious detection. Fortunately, because the spurigusrhis-
sion always falls at the same wavelength region in the rashdy
the mean velocity of this line appears shifted with respeahe
stellar velocity by an approximately constant amount. Heités
possible to recognise this problem across the field by camgpar
H/3 velocity maps to the stellar velocity maps (Figlte 2).

Here we adopt the same stellar kinematics and spatial lgnnin
scheme of Paper Il (frorh_Cappellari & Cogin 2003) and hence
solve for the gas kinematics in exactly the same spectrah&ur
more for each galaxy we adjust the continuum shape of thiastel
templates using a multiplicative Legendre polynomial & ame
order (typically 6) as needed in Paper Ill. We adopt a mudtitive
polynomial adjustment to ensure that no extra dilution &f #p-
sorption features is introduced. As mentioned before, waras a
Gaussian LOSVD for the gas clouds. In the case of doublet$, ea
component has the same mean velocity and width, and thafive|
strength is fixed by the ratio of the corresponding transificob-
abilities. Figurddl shows for two specific cases the advastan]
this new method, when all emission-lines are fitted with thees
kinematics. Across our sample, template-mismatch featioréhe
masked regions lead to overestimate@ fiixes in average by 10%
and by up t040% and, if the [Oil1] lines are weak, also to system-
atically overestimated line-widths by 10%.

The lines of the [N] doublet are normally quite weak so that
it is almost never possible to constrain their kinematickepen-
dently. To complicate matters further, the [Ndoublet sits close
to the continuum region that is generally the worst matchgd b
the templates, because of an enhancement in the magnesarm ov
In principle, we could have used the new method imposing iron ratio that is neither included in the Vazdékis (1999)dels

the same kinematics on lines emitted from different atompéacges (which form the bulk of our template library) nor observedstars
or while fitting each of them independently. In practise, boer, in our Solar neighbourhood. The impact of template-misimaitt
neither the K nor the [Ni] lines could be always measured confi- the measurement of the [iNlines is therefore more difficult to es-
dently without first constraining their kinematics, as @mination timate than in the case of thedemission.

due to template mismatch can still be important even usimgew
approach. To measure the fluxes of thedand [N1] lines we therefore
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Figure 2. Example of template-mismatch contamination in th&ideasurement, in the SO galaxy NGC 3489. (a) Spectral regtamd H3. The solid black
histograms show the galaxy spectrum, the green lines thdittieg stellar template, and the red lines the best fit whenH3 emission, indicated below by
the solid lines, is added. When the velocity of ldmission is free to vary (left) the two main absorption feaduare best fit by a combination of templates and
a spurious K emission feature that contributes to the ‘bump’ in the spectbetween the two absorptions. When the velocity Gfétnission is constrained
to that of [O111] (right), the best fit includes a weaker, narrower emissiatdre closer to the Blabsorption. (b) Velocity maps. As the unconstrained H
emission is a spurious feature roughly always at the saragvelposition with respect to thedabsorption feature, approximately 2/3 of a pixel (60kmds) t
the red, the corresponding velocity field (left) resemblesdtellar velocity field when a constant is added to it (aentgte the curved zero-velocity region in
green). The right panel shows the [I] emission velocities, which trace the real gas velocities.

constrained their kinematics to those of thel{Qlines, which was
obtained first.

Using the spatial binning, spectral library, and stellaeknat-
ics of Paper lll, we obtain the emission-line fluxes and kiaem
ics in each (binned) spectrum of our sample galaxies byiatig
these exact steps:

a) Mask all spectral regions withif:300km s~ * of the location
of the H3 and [N1] lines at the galactic systemic velocitys,
taken from Paper IIl. This covers the typical range of emisdine
velocities and widths found in a preliminary analysis of sample.

b) Convolve all stellar templates in our library with the cerre
sponding best stellar LOSVD from Paper Il

c) Solve for the best amplitudd,.., mean velocity;.s and in-
trinsic velocity dispersiowgas of the [O111] lines, while also opti-
mising the continuum shape of the templates using a muéfilie
polynomial adjustmentViys is used as initial velocity guess for
‘/g;as-

d) Remove the mask and find the belst. for all the lines, while
imposing on them the [@1] kinematics.

More specifically, at steg) the bestV,.s and oz.s and the
best coefficients of the multiplicative polynomial corieat are
found through a Levenberg-Marquardt least-squares maaitiain.

At each iteration we construct a Gaussian template for eads-e
sion line with the current position and width (accounting floe
SAURON spectral resolution), and with unit amplitude. For the
[O 1] doublet, the template is formed by two Gaussians, with am-
plitude of 0.33 for the [Q11]A4959 line [(Storey & Zeippén 2000).
After multiplying the convolved stellar templates by therremt
polynomial correction, we fit for the best linear combinataf both
stellar and emission-line templates (with positive wesghexclud-
ing the regions potentially affected bydnd [Ni] emission us-
ing the mask built ire). The weights assigned to the emission-line
templates provide the best emission-line amplitudgs, at each
iteration, and eventually, the final best values.

Stepd) is similar toc), although only the coefficients of the
polynomial adjustment are solved for non-linearly, whie ton-
tribution of the stellar and emission-line templates i gfitimised
at each iteration. Gaussian templates are constructedalsbe
Hg and [N1] lines, and the entire spectrum is used in the fit.

In order to follow the most general method described at the
beginning of this section, only step$ andc) are needed, without
masking any spectral region and by searching for the gasrdhe
ics of all lines at the same time.

2.2 Constructing the Emission-Line Maps

In our sample galaxies the ionised-gas emission is neither u
formly distributed nor always strong enough to be deteetdbls
therefore crucial to understand the level to which we ardident

of detecting gas emission. In Appendix A we present a number o
experiments specifically designed to address this issdehere we
summarise the results obtained there.

The accuracy with which the position and width of an
emission-line can be recovered depends on how much theriine p
trudes above the noise in the stellar spectrum. We call trastity
the line amplitude-to-noise ratio, hereaftéy N. The accuracy in
recovering the amplitude of a line, on the other hand, saags
with the noise level in the spectrum. The ability to estintateam-
plitude of the lines is also the dominant factor in the ernmidet of
the line fluxes. Hence, in the limit of purely statistical fiuations
the line fluxes are subject to larger errors in spectra ofdrigfual-
ity, although the equivalent width of the lines is betteiraated at
these regimes. Better spectra also allow a more accuratgmiem
of the stellar continuum, which is equally crucial to the ssivn-
line measurements.

Indeed, since emission lines are measured while simultane-
ously fitting the stellar spectrum using a template librarny sys-
tematic mismatch between the templates and the galaxguspelp-
ulation will constitute a further source of error. It is théare im-
portant to include such deviations when estimating theentagel
against which the emission-line amplitudes are comparedise a
robust biweight estimator (Hoaglin eflal. 1983) to meashiesstat-
ter in the residuals of the fit to the integrated stellar spect as an
estimate of both statistical fluctuations and systematiatiens.
We will refer to this as to the “residual noise”.

The simulations of Appendix A also show that the formal un-
certainties returned by our emission-line fitting procedtorrectly
estimate the accuracy with which the input parameters a@vre
ered. AtlowA/N, however, our measurements become dominated
by systematic, rather than random, effects and the formedntisain-
ties cannot account for the observed biases. The minimAyii
values below which these problems arise naturally sets etace
tion threshold.

According to our emission-line measurement scheme, we
must first assess the presence of thei [{lemission, without which
no other emission line can be detected. The simulations shaiv
our ability to estimate the velocity dispersion of thelfQ lines
steadily deteriorates fad/N < 2.5, while the line fluxes start
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to be overestimated by more than 10% fofN < 5. As these IR AR RS IR L L B
experiments cannot fully account for the limitations of dem- C

i ] L o ]
plate library, we conservatively settled on an overglIV threshold 5 -_O A b o[ b
of 4. This limit was chosen also considering that in galaxigth o [. O 1 o T ° 1
larger velocity dispersions the impact of template-misthaian be ‘5_2 Y . ‘5_; F . ° .

more important and cause the line widths to be overestimated T t?%‘@ 4 1 FooBed o L]
shown by our experiment based on independent fits to the hae li Coo N
in the [O11] doublet @&B). For an intrinsicog,s = 50kms™" C ] C ]
and A/N = 4 the simulations show that the errors bh.s and 0
Tgas are typically 25kms™* and 40kms™*, respectively, while
errors on fluxes are 30%. The large error on the intrimgic is
not due to a poor fit but arises because the instrumentalutésol
is much larger than the adopted value ofla@s~'. In fact, the
observed width of the lines is matched to withinlim s —*. Mea-
surements for intrinsically broader lines will be more aete for
agivenA/N. AT L
When [O111] lines are detected, Blemission is also likely to 0 1 5 3 0 0 200 800

be present. The possibility that the3Hemission could be dom- [O11)/H,, paromar FWHMu) paiomar (km s71)
inated by gas with different kinematics than that contiifitto

;ru?(gs)llllr]l(;aen;ﬁ&tohr;V;I([,lcrsj?tag;ei‘rr':gri:(;l\/re?ﬂgn;lLtjc))(eesstil;nﬁ:)?[ t(;]ni:m Figure 3. SAURON vs. Palomar. [O11]/H line ratio (left) and intrinsic

) ! ,, . . width (right) of the [N11]lines from the nuclear spectralof Ho el al. (1997b)
cally affected by how well the position and width of the liree compared to [Q11)/H3 ratio and intrinsic width of the [@11] lines mea-
measured. This is not only observed in our simulations, kB @  sured withSAURON in the same apertures. The lower panels show the two
in the few galaxies where the [@] and H3 lines could be fitted  sets of data directly against each other, while the uppeelpahow their
independently §2.3). When we impose the [@] kinematics on ratio. Larger symbols correspond to less accurate measatsrirom Ho et
the H3 line, our simulations show that, fot/N > 2.5, the esti- al., while the arrows correspond to upper and lower limitsrirthe same
mates of the I8 flux are unbiased. At this level, they are accurate work. The dashed lines show the identity relation, whiledbéed lines in
to within ~30%. Unbiased K fluxes can be measured with lower ~ the top panels define the region where 8&URON and Palomar measure-
A/N because the M fit involves a lower number of parameters ~MeNts agree to within 20%.

(Veas @andogas are fixed). Considering that template-mismatch af-

fects the measuredHfluxes even in the framework of ideal sim-

IL_Jlation, we conservatively settled ordg N threshold of 3 for this 2.3 Sensitivity Limits

ine.

Finally, we come to the harder problem of assessing the pres- The detection thresholds adopted in the previous sectibthee
ence of the [N] doublet. These lines are the most affected by our sensitivity of our survey. The equivalent width' (V') of the weak-
limited ability to describe the stellar populations of owmple st [Oni] and H3 lines that we detect are around A.2nd 0.0A
galaxies, a problem that we cannot properly simulate. Thetmo for the [O111]A5007 and K lines, respectively. These limits can be
likely source of template mismatch in this spectral regisrihie understood as follows. I§ is the continuum level in the spectré,
absence of templates with super-solar abundance ratiosose m  the flux in the lines, ang their typical observed widths, then an
robust detection threshold can be established by compahieg A/ threshold can be translated into a limitiiJ? considering
[N 1]A5200 amplitude to the residual-noise level measured more that for a Gaussian line:
specifically in the Mg regionNyi. Furthermore, we do not ex-
pect to observe [N lines without strong K and [O111] emission. EW = g = % or EW = W
Hence, we consider the detection of thel[oublet to be reliable
only if both the H3 and [O11] lines have already been detected, Hence, for emission lines with a typical intrinsic broadeniof
and if the [Ni] lines satisfy the quite conservative detection re- ¢,,; =50kms~", which due to instrumental broadening appears
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quirement ofA /Nys > 4. aso =120kms ', or 2A at 5007, the EW of a barely detected
For our survey we will therefore show maps for the flux, [O11]1A\5007 line 4/N = 4) would be 0.2 for S/N = 100.
equivalent widths, velocity, and velocity dispersion oé O 1i1] In the nuclear region of our sample galaxies 3#¢JRON spec-
emission-lines for whictkd /N > 4. Maps for the flux and equiv-  tra are of extremely high quality, with nomin&)/N up to 500 per
alent width of the KB lines and for the [Q11]/H3 ratio will show pixel, so that very weak lines should be detected. Howevhgtw
regions where additionalld /N > 3 for the H3 line. We will not matters for the detection of emission lines is the “resichase”,
show maps for the [N lines, as these are detected only in the cen- not just the statistical fluctuations in the stellar spantrwhen
tral regions of 13 objects. Instead, the galaxies with][Bimission the “residual noise” is compared to the continuum level dbee-
are listed in TablEl1. spondingS/N ratios reach values only up to 200, dominated by
To conclude, we stress that the detection thresholds adiopte template mismatch. With this upper limit f&t/N the EW limits
here will never perfectly exclude all spurious measuresenmt become 0.4 for [O 1111A5007 and 0.0& for HB3, as found. At a
guarantee that all regions with real emission appear thesniay lower surface brightness level, however, the statisticaitfiations
completeness, the public data release will contain all signisline still dominate the “residual noise”, and the signal-tosoratio is
measurements with associated errors, for all spectraspmneling close to nominal. In Paper Ill we adopted a binning schema wit
to single lenses or larger spatial bins shown in the maph, avitag S/N > 60. Therefore our sensitivity is never worse thanfahd

marking the measurements we deem unreliable. 0.2A for [O 1111\5007 and KB, respectively.
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2.4 Comparison with Published Emission-Line
Measurements

In Paper Il we showed for NGC 5813 that tBAURON ionised-
gas kinematics is consistent with published data. An ideafce
for a more general comparison is the Palomar spectroscopic s
vey of Ho, Filippenko, & Sargent (1995, 1997a), who observed
37 of our 48 sample galaxies and also carefully subtracted th
stellar light prior to the emission-line measurements. \Wenc
pare the [QII]/H3 emission-line ratios as well as the width of
the forbidden emission, in this case relating 8&URON [O 111]
lines width to the [N1]A6583 width of Ho et &l.1(199Fa). For con-
sistency with the Palomar data, we analysed nuclear spextra
tracted from ouSAURON cubes within central apertures that match
the size 2” x 4") and orientation of the Palomar long-slit ob-
servations. For these spectra we first derived the stelfsmiat-
ics as in Paper lll, using the penalised pixel fitting aldorit of
Cappellari & Fmsellem[(2004), and then followed our progedu
to measure the gas emission.

The result of this comparison is shown in Figlile 3 for the
21 objects with measured emission-lines in the Palomaregurv
Considering the number of possible systematic factorsabald
enter this exercise (e.g., different observing conditiataa qual-
ity and reduction, starlight subtraction), the agreememiviben the
SAURON and Palomar measurements is satisfactory, as these are o
average consistent to within 20% (see Fiddre 3). In pagicdibr
the [O111] over HG ratios, the quality of the Palomar blue spectra
is significantly worse than that of tf®AURON data, with nominal
S/N ~ 20— 30 per pixel as opposed to at least 500 for our nuclear
extractions. On the other hand, the higher quality of themat
red spectraf/N ~ 30 — 80) is consistent with the better match
between the widths of the [@] and [N11] lines.

Forbidden lines can have different widths depending on
their respective critical densities_(Filippenko & Halpedr984;
de Robertis & Osterhrock 1986). The fact that in the majooity
the SAURON galaxies the width of the [N] lines is compara-
ble to that of the [Q11] lines could be explained if emission pre-
dominantly originates in low-density reservoirs, as ssigg by
Ho et al. (1997b) in the case of [N and [Sii], which also often
display similar widths. On the other hand, the origin of terf
outliers in Figurd3 with significantly broader [[@] lines can be
explained considering that, according to the positiveatation be-
tween line width and critical density, [@ ] should be broader than
[Nnj.

Of the 16 objects that Ho et al. identified as emission-liee fr
9 show clear emission in tH®AURON central apertures. Apparently
low-luminosity nuclear activity in early-type galaxiesagen more
common than already established.

3 IONISED-GAS DISTRIBUTION AND KINEMATICS

Figure[Z#-4b shows maps for the flux and equivalent widthbef t
[0 1111A5007 and H3 emission lines, for the velocity and intrinsic
velocity dispersion of the [@1] lines, and for the [Q11]A5007/HS3
ratio of all 48 E and SO galaxies in our sample. The maps were
constructed according to the detection thresholds s¢Zi@. The
SAURON observations were not always carried out in photometric
conditions. Therefore the derived fluxes should be consitienly
as approximate values.

AppendixB contains a description of the gas distributiod an
kinematics in each of our sample galaxies, along with contsnam

the dust distribution, the connection to the stellar kingosathe

[O m]/Hg ratios, and references to previous narrow-band imaging
and long-slit spectroscopic work. In the following we gqugnthe
incidence of ionised-gas emission and describe the gepevpt
erties of the gas distribution, the morphology of the gasacigy

and velocity dispersion field, and the range ofi[QYH 3 ratios ob-
served in Figur&4B=3b for galaxies with clear emission-tietec-
tions. We will also briefly investigate the presence of systtc
differences between the kinematics of thel[@and H3 lines.

3.1 Incidence of lonised-Gas Emission

The maps reveal that ionised-gas emission is very common in
early-type galaxies, and that it comes with a variety of igpais-
tributions, degrees of regularity in the observed kinecsatand
large variations in the [@1]A5007/Hg ratio. [O111] and H3 emis-
sion is clearly detected in 36/48 galaxies in our sample (75%
while in a further 7 objects we found either weak centrali
lines only (NGC 4382, NGC 5845) or patchy traces of emission
(NGC 4270, NGC 4458, NGC 4473, NGC 4621, NGC 4660).
Whether strong, weak or patchy, such emission is always spa-
tially resolved. Just 5 galaxies do not show any significamssion
(NGC 821, NGC 2695, NGC 4387, NGC 4564, NGC 5308)1]N
lines are found in 13 galaxies. Taljle 1 lists the basic ptogseof
rEhe E/SOSAURON sample and identifies galaxies in whictitdnd
[O 1] emission was detected, and wherei[Nnes were found.

Among the clear detections, the incidence of emission lines
is higher in lenticular galaxies, where emission is foun@@i24
objects (83%), compared to 16/24 (66%) for ellipticals. Tkepen-
dence on the galactic environment appears similarly matgivith
20/24 field galaxies showing emission compared to 16/24uis-cl
ters, where the definition of “field” and “cluster” is as in Rapl.
However, the fraction of galaxies with clearly detectedssian in
the Virgo cluster drops to only 55% (10/18), with just 3/9mitals
showing the presence of ionised gas. These 3 galaxies ar¢hals
brightest ellipticals that we observed in Virgo. More getigrthe
incidence of emission does not seem to depend on the galaxy lu
minosity. The incidence of gas emission is the same for daanel
unbarred SO galaxies.

Table[ also lists the total flux of the Hemission in each
galaxy with clearly detected emission. This includes thetigiou-
tion of regions where only the [@ ] lines were detected, assuming
a constant line ratio of [@1]A\5007/HB = 3. Assuming Case B
recombination, a temperature 8f= 10* K, and an electron den-
sity of n. = 10% cm ™%, we also report total H luminosities and
ionised-gas masses (following_Kim_1989). In computing the H
luminosity we adopted the distance moduli of Paper II, anetus
the theoretical value of 2.86 for the flux ratio of thextdand H3
lines [Osterbrock 1989), thus ignoring the impact of dustoaj-
tion which would lead to higher & luminosities and larger gas
masses. We caution against using such flux and mass meastseme
for quantitative applications.

3.2 lonised-Gas Distribution

The distribution of the ionised-gas is traced by the flux miaps
Figure[4h. FigurE4b also includes maps for i@ of the lines,
which highlight structures in the emission-line distributthat are
otherwise hidden in the flux maps (e.g., NGC 2974, NGC 3414).
This is because the flux distribution of the lines mostlydal$ that

of the stellar continuum, with a wide dynamic range. Smadtfiu
ations are therefore harder to recognise in the flux mapsteske



the EW-maps have the variation of starlight divided out. Although
EW structures are not directly related to the flux distributain
the lines, they show specific emission regions such as ringpio

ral arms. TheEW -maps also provide a picture of the robustness
of our emission-line measurements and illustrate how ctbeg
come to the detection limit. Th&W is indeed closely related to
the A/N ratio (Eq[1), which sets our detection thresholds and de-
fines the accuracy of the kinematic measurements.FIRé&maps
should be used only as supplementary tools to the flux mapa whe
investigating the gas distribution. Overall, by completiran the
flux maps with theEWW -maps, a better picture of the ionised-gas
distribution emerges.

The simplest case is that of an extended distribution ctergis
with a disk of gas. NGC 524, NGC 4459, NGC 4526, NGC 5838
belong to this category, as do the polar-ring galaxies NG&524d
NGC 2768 where the gas distribution is perpendicular to tek s
lar body. Additional spiral or ring features are found in N@G@74,
NGC 3414, NGC 4550, and possibly in NGC 3608. In some other
galaxies (NGC 5198, NGC 5846, NGC 5982) an elongated struc-
ture extends from a central disk. A very distinct class okoty is
formed by galaxies where a loosely-wound spiral featurajlar
to an integral sign, is superimposed on a more diffuse coeamton
(e.g., NGC 474, NGC 3377, NGC 4262, NGC 4278, NGC 4546).
Among more complex distributions are NGC 3156 and NGC 3489,
which exhibit a central ring and filamentary structures, abjgcts
characterised by outer emission-line regions that areglyanis-
aligned with the main body of the galaxy (NGC 1023, NGC 2549,
NGC 7332, NGC 7457). Finally, there are giant ellipticalsengh
the gas distribution is mainly confined to lanes across thaxga
(NGC 4374, NGC 5813) or in filaments (NGC 4486).

We note that planetary nebulae (PNe) could be responsible
for many of the isolated patches of [@] emission observed in
our sample galaxies. For instance, the typical observeadlut
the PNe in NGC 3379~ 10~ '% ergs~*cm ™2 for a narrow-band
magnitudemsoor = 26, ICiardullo et all 1989) would correspond
to equivalent widths well above our sensitivity limit, eptén the
very central region (within %) and for the largest outer bins. The
detection of PNe in NGC 3379 is discussed in Appefdix B.

3.3 lonised-Gas Kinematics

3.3.1 \elocities

A number of galaxies clearly show very regular gas veloc-
ity fields consistent with circular gas motions in a disk (e.g
NGC 524, NGC 4459, NGC 4526). Yet, the majority of the ob-
jects appear to deviate from this simple situation, shovgreg-

ual twisting of the overall velocity field (NGC 2974, NGC 3377
NGC 3414, NGC 4278), more complex leading or trailing feasur
(e.g., NGC 2768, NGC 4550), and sometimes both (NGC 3489,
NGC 4374). More mundanely, heavy spatial binning or wealsemi
sion leads to more noisy velocity fields (e.g., NGC 4150).dms
objects the radial variation of the gas angular momentumasm
abrupt. NGC 474 is the clearest example of this behaviotialso
NGC 2549, NGC 7332, NGC 7457, and possibly NGC 1023, show
kinematics that are distinct in the inner and outer regi@hserall
across our sample the gas kinematics are never irreguéagrly
exception being NGC 4486.

We note that regular motions occurs preferentially in disjec
with a regular disk distribution, while a more complex kiregin
behaviour follows the presence of additional features & dhs
distribution, such as integral-sign and spiral structuhespartic-
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ular, all objects with relatively strong, misaligned enmssin their

outer parts (e.g., NGC 2549), also show strongly decouptést-e
nal and internal gas motions, with the innermost systengheiore

likely settled onto the equatorial plane.

3.3.2 \elocity Dispersions

The accuracy of therz.s measurements is more sensitive to the
impact of weak emission than for th&.s measurements. This is
exhibited as an increasing fluctuatiorvig.s in regions with barely
detected [Q11] emission (e.g., NGC 4374). At low /N the width

of the lines also tends to be overestimated, due to templae m
match and correlation in the random fluctuations in the spéste
JA3 andJAS).

The ogas-maps appear more uniform than thB1 and Vyas
maps, and are characterised by little variatiorvgfs over large
regions and by the presence of a central gradient. Both fhie ty
cal width of the lines in the outer regions and the magnitutle o
their central increase can vary considerably. This is exigéhen
the ogas-values are plotted against their distance from the centre
(Figure[Zb). In some cases the intrinsic dispersion of theslire-
mains as high as 100ms~! in the outer parts (e.g., NGC 4278,
NGC 4546) while in other falls to 5&ms~' (e.g., NGC 3489,
NGC 3156). Central values ofg.s reach~200 kms™' (e.g.,
NGC 2974, NGC 3414). In other caseg.s remains constant
(NGC 3489). The morphology of the central peaks can varymfro
sharp (e.g., NGC 3377) to very extended (e.g., NGC 2974jh-elo
gated (e.g., NGC 2768, NGC 3414), and even asymmetric (e.g.,
NGC 4262, NGC 4278, NGC 4546). Finally, some objects show
peculiarog.s-features (e.g., NGC 474 and NGC 2685).

Except for asymmetrie.s-peaks that occur in objects with
integral-signEW -patterns, the most significant characteristics of
the o..s-maps do not appear to correlate with the morphology of
the gas distribution and velocity field. In the central regiohow-
ever, the observed velocities are important to understamettver
the ogas-gradients are due to unresolved rotation, an AGN, or a
genuine increase ofy.s. Detailed models are needed to address
this issue, but we expect the effects of purely unresolveation
to be rather limited and confined to the seeing-dominateimeg
The strongest and most extended-gradients therefore suggest
an intrinsic rise ofogas (€.9., NGC 2974_Krainovit et gl._2005).
On the other hand, the case for unresolved rotation is pdatiy
strong for sharp peaks that are elongated along the direcfithe
zero-velocity curve (e.g., NGC 2768, NGC 3414).

We note thato..s always exceeds the expected value from
thermal broadening 10km s~ ') and is generally smaller than the
stellar velocity dispersion.. In some cases, howevety,s ~ o,
either only in the central regions (e.g., NGC 2974, NGC 3414,
NGC 5813) or over most of the field (e.g., NGC 3156). This sug-
gests the presence of additional turbulence in the gas slouthat
the latter do not follow perfectly circular orbits. A straergdynam-
ical support for the gas motions_(Bertola etlal. 1995) mayede r
quired to explain cases whesg.s ~ o..
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dispersion inkm s—1, as traced by the [@1]A\4959, 5007 lines, v) values of the [@1]A\5007/H3 ratio. The cuts levels are indicated in a box on the right
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Figure 4b. From top to bottom: i) and ii) equivalent width of the [@]A\5007 and H3 emission lines, iR and in a logarithmic scale, iii) stellar mean velocity
in km s~ from Paper ll, iv) unsharp-masked images obtained fH®T observations 0BAURON reconstructed intensity maps, and v) radial profiles for the
misalignment between the kinematics of gas and stars (opdhé velocity dispersion of the [ ] lines (middle) and for the [@1]A5007/H3 ratio (down).
The SAURON maps are as in FigufgKa. The grey boxes in the top two mapsabadihe field of théiSTimages.
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3.4 [O1]/Hg ratios

The maps for the relative strength of the [Q\5007 and H3 lines

in Figure[Zh can be used to identify regions where emissioidco
be powered by young stars and to trace variations of thedtiois
mechanism within single galaxies. Low [@]/HS ratios tend to
characterise star forming itregions, whereas other mechanisms
are in general responsible for emission with hightiQHg ra-
tios. Only ~20% of the emission-line nuclei with [@]/HB> 1
are classified as H nuclei, while this class of objects represent
~85% of the nuclei with [Qn]/HB< 1 (Hoetal.[1997c). On
the other hand, [@1] lines stronger than B can arise also in
H 11-regions if the metallicity of the gas is sufficiently low de.
\eilleux & Osterbrocki 1967). The metallicity of the intezar
medium can vary between different objects (e.g., if the gesdn
external origin) but it is unlikely to change abruptly agafferent
regions of a galaxy. Large fluctuations of thelfQ/H 3 ratio within

a galaxy suggest a variation of the ionising mechanism réaktzm

a change in the gas metallicity alone.

The great variety of [@1]/H values found both across our
sample and within single objects (Figlirg 4a) therefore esigoei-
ther that different ionising sources could be at work inye#ype
galaxies or that the metallicity of the interstellar mediisrvery
heterogeneous from galaxy to galaxy. The radial profilesigilfF
show that more than half of the objects have average [®1 3 val-
ues between 1 and 3. Many galaxies (e.g., NGC 3377, NGC 3489)
display emission with [@1]/HB> 3, but such a strong level of
excitation (typical of Seyfert nuclei) never dominates twdire
field (except for NGC 7332). On the other hand, I[Q/HS ra-
tios < 1 characterise most of the emission observed in NGC 524,
NGC 3032, NGC 4459 and NGC 4526. The radial profiles for the
[O m]/Hg ratios also emphasise the presence of central gradients.
Towards the centre, with few exceptions, [[(/H3 always ranges
between 1 and 3.

The ionisation structure we observe links to the gas distrib
tion and kinematics in two classes of objects in particulae first
group includes the four galaxies with the lowestI[QYHg ratio
in our sample: NGC 524, NGC 3032, NGC 4459 and NGC 4526.
These objects have clear disk-like gas distribution anerkiat-
ics, although in NGC 3032 severe binning makes it hard togudg
the regularity of the velocity field. NGC 3032, NGC 4459, and
NGC 4526 also share the same radial trend for thei[JtH 3 ratio,
with a minimum in a circumnuclear region and strongenii(JH3
ratios toward the centrand the edge of the gas disk. Emission in
NGC 524 is too weak to confirm this behaviour. The second @$ass
composed of NGC 4262, NGC 4278, and NGC 4546, which show
[O m]/HB-maps that are not symmetric around their centre despite
the corresponding [@1] and H3 distributions being fairly simi-
lar. These objects also display an integral-sign featutbeir gas
distribution. By contrast, NGC 3377, another object witts tig-
nature, has a fairly symmetric [@]/H distribution.

We note that many of the brightest elliptical galaxies in our
sample show rather uniform [@]/H3-maps for relatively inter-
mediate values of [@1]/HB~1-2.

3.5 HgBand [O111] kinematics

As clouds ionised by different sources need not share thes sam
kinematics, here we seek evidence for systematic diffezhe-
tween the kinematics of clouds that emit more efficiently pho-
tons than [Q11]. We measured the Bland [O111] kinematics inde-
pendently in the galaxies with the strongest emission, aedled

Figure 5. Faster rotating 3 kinematics in galaxies with perfect dusty disks.
Two examples of galaxies with very regular gas kinematia$ @rcularly
symmetric dust lanes where the [0 and H3 kinematics could be derived
independently. The velocity maps for the i (top) and H3 lines (mid-
dle) are as in Flgda, and show regions where bothi[and H3 lines were
detected following our standard approach. Lighter andetagklors on the
receding and approaching side, respectively, of tieselocity maps, illus-
trate how the K# kinematics show faster rotation velocities than thaij®
kinematics. The grey boxes in the velocity maps indicatefigld of the
HSTimages (bottom), showing the dust-lane morphology (seeRitER).

if the H3 measurements were subject to the systematics described
in §2.1 by comparing the B velocity field with the stellar one
(see Figurdl2). The [N lines were still fitted using the [@1]
kinematics. Independentdand [O111] kinematics could be mea-
sured over most of the region where emission is observed only
in 10 galaxies. The most significant result from this expenin
shown in full in AppendiX{T, is that in objects with very regul
gas distribution and kinematics, such as NGC 4459 and NG6,452
the H3 velocities are higher than the [I0] velocities, by up to
100km s~ (Figure[®). This suggests thajHs a better tracer than

[O ] for the circular velocity in the equatorial plane.

In other cases the differences between the velocities are mo
limited (< 30kms~!) and show less clear patterns, except for the
central regions of NGC 3414 and NGC 4278 where a fastern O
component is observed. In general the width of th&les tend
to be smaller than that of the [@] lines, in particular towards the
centre.

We note that even when the difference between tiseadd
[O ni] kinematics is extreme (108n s~ 1), the flux of the HB lines
fitted independently and of those measured with thel[[kine-
matics differ by less than 20%. In terms of equivalent width t
constrained fit can lead, in the most extreme cases, to aesiirer
mation of H3 by up to 0.2A.
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NGC Type Environment Am Mp €25 Emission [Ni]  Dust logF(HB) logL(Ha) logMpy,
x2 (1) @ (©)] ()] 5) (6) ™ G (C)] (10) (11) (12)
474 SO (s) Field 3250 -20.42 0.19 yes no no -14.09 39.44 4.821
524 SO (rs) Field 32,58 -21.40 0.01 yes no yes -14.57 39.00 4.373
821 E6? Field 31.86 -20.44 0.32 no no no - - -
1023 SBO (rs) Field 30.06 -20.42 0.56 yes no no -14.10 38.46 3.835
2549  SO(rsp Field 31.12 -19.36 0.68 yes no no -14.18 38.80 4.179
2685 (R)SBO pec Field 30.79 -19.05 0.51 yes yes yes -13.48 39.37 4,747
2695 SAB®(s) Field 31.83 -19.38 0.27 no no - — — -
2699 E: Field 31.83 -18.85 0.06 yes no yes -15.25 38.02 3.393
2768 E6: Field 31.66 -21.15 0.42 yes yes yes -13.55 39.65 55.02
2974 E4 Field 31.93 -20.32 0.39 yes yes yes -13.35 39.96 5.333
3032 SABO(n) Field 31.68 -18.77 0.11 yes yes  yes -13.79 39.42 4.793
3156 SO0: Field 30.90 -18.08 0.38 yes no yes -13.71 39.18 4.561
3377 E5-6 Leo | group 30.14 -19.24 0.39 yes no yes -13.63 38.96 4.337
3379 E1l Leo | group 30.14 -20.16 0.08 yes no yes -14.41 38.18 5573.
3384 SBO (s): Leo | group 30.14 -19.56 0.49 yes no yes -14.67 37.92 73.29
3414 SO pec Field 3152 -19.78 0.17 yes yes yes -13.42 39.72  0995.
3489 SABO"(rs) Leo | group 30.14 -19.32 0.38 yes no yes -12.95 39.64 75.01
3608 E2 Field 30.96 -19.54 0.21 yes no no -14.77 38.15 3.525
4150 sé(r)? Comalcloud 30.68 -18.48 0.30 yes no yes -13.90 38.91 834.2
4262 SBO (s) Virgo cluster 31.06 -18.88 0.09 yes no - -13.55 39.41 5.78
4270 SO Virgo cluster  31.06 -18.28 0.53 traces no no - - -
4278 E1-2 Comalcloud 30.68 -19.93 0.06 yes yes yes -12.86 9539. 5.323
4374 E1l Virgo cluster  31.06 -21.23 0.12 yes yes yes -13.66 3039. 4.675
4382 SO (s)pec Virgo cluster 31.06 -21.28 0.22 weak [Olll] no no - - -
4387 E Virgo cluster  31.06 -18.34 0.34 no no no - - -
4458 EO-1 Virgo cluster  31.06 -18.42 0.06 traces no no - - -
4459 Sa(r) Virgo cluster  31.06 -19.99 0.23 yes no yes -14.07 38.89 26%.
4473 E5 Virgo cluster 31.06 -20.26 0.38 traces no no - - -
4477 SBO(s):? Virgo cluster  31.06 -19.96 0.09 yes no yes 5413. 39.42 4.795
4486 EO-1-pec Virgo cluster 31.06 -21.79 0.30 yes yes yes -13.26 39.70 .0755
4526 SAB®(s) Virgo cluster  31.06 -20.68 0.63 yes yes yes -13.74 39.22 5954
4546 SBO (s): Virgo cluster  31.06 -19.98 0.50 yes yes yes -13.22 39.74 5.115
4550 SBG:sp Virgo cluster 31.06 -18.83 0.71 yes no yes -13.67 39.29 6654.
4552 EO-1 Virgo cluster  31.06 -20.58 0.09 yes no yes -14.27 .68 4.065
4564 E Virgo cluster  31.06 -19.39 0.45 no no no - - -
4570 SO sp Virgo cluster  31.06 -19.54 0.68 yes no no -16.02 9436. 2.315
4621 E5 Virgo cluster  31.06 -20.64 0.24 traces no no - - -
4660 E Virgo cluster  31.06 -19.22 0.21 traces no no - - -
5198 E1-2: Field 32.80 -20.38 0.14 yes no no -14.52 39.13 14.51
5308 SO sp Field 32.26 -20.27 0.82 no no no - - -
5813 E1-2 Field 32.10 -20.99 0.24 yes yes yes -14.01 39.36 414.7
5831 E3 Field 31.79 -19.73 0.13 yes no no -15.06 38.19 3.567
5838 SO Field 31.36 -19.87 0.59 yes yes yes -14.29 38.79 4.165
5845 E: Field 31.69 -18.58 0.32 weak [Olll] no yes - - -
5846 EO-1 Field 31.98 -21.24 0.06 yes yes yes -13.85 39.48 534.8
5982 E3 Field 33.11 -21.46 0.30 yes no no -14.79 38.99 4.365
7332 SO0 pec sp Field 31.42 -19.93 0.73 yes no yes -13.43 39.67 .0495
7457 SO (rs)? Field 3046 -18.81 041 yes no no -14.49 38.23 3.605

Notes: (1) NGC number. (2) Hubble type (RC3:_de Vaucouletiesd 4991). (3)-(5) Galactic Environment, distance moduln in mag, and absolute
B-band magnitude, from Paper Il. (6) Ellipticitgs of the 25B-band mag arcse@ isophote (LEDA). (7) Presence ofgHor [O 111]A\4959,5007 emission.
(8) Presence of [NJAA\5198,5200 lines. (9) Presence of dust features iHB& images. (10) — (12) Estimated (see text) tota #ux, Ha luminosity and
mass of the ionised gasimgs—'cm =2, ergs~1, and M, respectively, for objects with clearly detected emission

4 DUST AND GAS

Dust in early-type galaxies is almost always associatetl gés
emission (e.gl, Tomita etlal. 2000; Tran et al. 2001). VEittuRON
we can correlate the presence and spatial morphology ofuse d
not only with the ionised-gas distribution but also with ftgo-
dimensional kinematics.

To highlight the presence of dust we constructed unsharp-
masked maps using both tBAURON reconstructed intensity maps
and archivaHST images, the latter being available for 45/48 ob-
jects. This was done by dividing each image by a smoothed ver-
sion of itself, using a Gaussian kernel with a FWHM &f30and
0’8 for the HST and SAURON images, respectively. Figuiel4b
shows for each galaxy tHdST or SAURON unsharp-masked im-
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age. The unsharp-masked images reveal different dust miorph
gies, such as perfect disks (NGC 524, NGC 3032, NGC 3379,
NGC 4459, NGC 4526, NGC 5838), less defined coplanar distri-
butions, (e.g., NGC 2974, NGC 3489, NGC 4550), well defined
lanes (e.g., NGC 2685, NGC 3377, NGC 4374) or more complex
filamentary (e.g, NGC 4486, NGC 5813, NGC 5846) and patchy
(e.g., NGC 4552) structures. Whenever dust is present weiats
emission, although very weak in NGC 5845. The converse doies n
always hold, which is expected as dust is harder to detetbée ¢o
face-on configurations. Still, it is puzzling to see thatdme cases
(e.g., NGC 5198, NGC 5982) dust is not detected despite the ob
served high gas velocities, which are hard to reconcile mibtions

in a face-on disk.

Consistent with previous studies (elg...Goudfrooii &t 894),
the dust generally follows the ionised-gas distributiorereif it is
not always possible to connect features in the flux Al -maps
with ones in the unsharp-masked images. In some objectevenyw
specific H3-emitting regions have dusty counterparts. Perfect ex-
amples are the circumnucleagktiominated regions of NGC 4459
and NGC 4526 that correspond to the strongest absorptidurésa
in the unsharp-masked images.

Regular dust distributions trace well regular velocity dil
consistent with_Ho et all (2002). All galaxies with perfeatsty
disks have indeed very regular gas kinematics, with NGC 3082
only possible exception. On the other hand, the absencegaf re
lar dust lanes does not imply irregular kinematics, as vefhec
ent gas motions correspond also to less defined dust moxpaslo
(e.g.,NGC 2974, NGC 4278), and even to quite complex ongs (e.
NGC 4150, NGC 5846).

The unsharp-masked maps also highlight the presence of sep-

arate stellar components, such as nuclear disks (e.g., NGAC 8
NGC 5308), peanut-shaped bulges (NGC 2549), and bilobate st
tures reminiscent of a bar (NGC 2699, NGC 4262). Interekting
nuclear disks are a common feature in galaxies with no or only
weak emission.

5 KINEMATIC MISALIGNMENT BETWEEN GAS AND
STARS

The distribution and kinematics of the ionised gas in earpe

Table 2. Kinematic misalignment between gas and stars

NGC (Z)gas - ¢star
1) @

A (‘z’gas - (z’star)
©)

Tmax

4

474 74 16 3.5

524 1 22 20
1023 -31 10 18
2549 11 15 3.5
2685 73 14 20
2768 -95 7 20
2974 2 7 20
3032 -151 22 11
3156 -11 9 15
3377 11 6 15
3379 43 11 3
3384 13 11 5
3414 75 32 9
3489 -6 6 18
3608 148 19 5
4150 21 12 2-15
4262 -119 6 15
4278 29 19 22
4374 -179 44 6
4459 -1 2 9
4477 -28 5 15
4526 6 5 10
4546 144 5 17
4550 0 - -
4552 -78 22 5
4570 0 - -
5198 75 16 3
5813 28 33 9
5838 11 11 5
5846 -156 30 10
5982 13 17 3
7332 132 68 15
7457 -95 29 4

Notes: (1) NGC number. (2) Median kinematic misalignmentéyrees.
(3) Standard deviation for the kinematic misalignment igrdes. (4) Max-
imum distance from the center used to derived the values lon@w (2)
and (3). For NGC 4150 we excluded also the centfal 2

galaxies have long been known to be often decoupled from that nal origin. We trace the direction of maximum rotation as @acfu

of the stars (sele_Bertola & Corsini 1999, for a review). Fejdh
includes the stellar velocity fields from Paper lll to fate the
comparison between the @] and stellar kinematics, and shows
that our sample galaxies are not an exception in this respbet
velocity maps show that the motion of gas is often decoupieah f
that of the stars, and that the angular momenta of the gastarsd s
have the same orientation in only a few cases.

A number of studies have used the distribution of the misalig
ment between the spatial distributions (e.0.. Martel £€2@04) and
angular momenta (e.d., Kannappan & Fabri¢ant 2001) of gds an
stars to constrain the origin of the ionised gas in earhetgplax-
ies. The orientation of the dust relative to that of the steas also
served this purpose (e.@.., van Dokkum & Franx 1995; Tranlet al
2001). With 48 representative E and SO galaxies in bothexdastd
field environments, thBAURON sample constitutes a good basis to
test simple hypotheses on the origin of the gas.

We used the velocity maps of Figdird fal 4b to accurately mea-
sure the direction of the stellar and gaseous rotation, amgpared
the distribution for the kinematic misalignments betwees gnd
stars with what is expected if the gas has either an intematter-

tion of radius, using the harmonic-expansion method folyairay
two-dimensional kinematics mapslof Krajnovic (2004). WWeded
the velocity field in concentric circular annuli and fittedetfirst
four terms of a Fourier series to the velocity angular prefile
each of the annuli. The angular phase of the first order temn co
responds to the direction of maximum rotati@Reas Or ¢star. The
width of the annuli increases geometrically to follow therigase
in the SAURON bin size. The fit automatically stops toward the edge
of the field or of the gas distribution (s2e_Krajnovic 2004h)the
lower panels of FigurE3b we plot the difference betwegn and
¢dstar @S a function of radius. The gas-star kinematic misaligrimen
is always shown betweeitt180°, and is derived only in objects
with clear gas detection and where stellar rotation is oleser\We
further excluded galaxies without sufficiently extendedission
(NGC 2699 and NGC 5831). In NGC 4570 and the external regions
of NGC 7457 the emission is too fragmented for the harmonic fit
to converge. The complex stellar kinematics in NGC 4550 e a
hard to describe with this method.

From the misalignment profiles of Figurel4b we derived for
each object a median value and the standard deviation, velnech
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Figure 6. Distribution of the median values for the kinematic misaiigents
between star and gas for all galaxies listed in TEble 2 (tophty for lentic-
ular (middle) and elliptical (bottom) galaxies. The valoé3able2 are now
shown between®and 180.
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Figure 7. Same as Figufd 6 but now showing flatter and rounder galaxies i
the middle and bottom panel, respectively.

the gas-star kinematic misalignments will therefore digpthree
peaks: two of equal intensity corresponding to counter- emd

tabulated in TablE]2. We considered NGC 4550 and NGC 4570 as'otating gas and stars, and a weaker peak for gas in orthbgena

perfectly co-rotating systems (see AppefidixB), and uséyl the

tation, assuming the stars rotate along the short axis. tiasadl

central gaseous systems of NGC 474 and NGC 2549, as they aredalaxy, however, the stellar rotation axis can lie anywherthe

more likely to be settled. For the same reason we excludefilthe
amentary structures extending from the central disks in NiG@8

and NGC 5982. In NGC 3414 we considered only the central re-
gions because of a strong decoupling in the stellar veldigty.
Table[2 lists the adopted radial ranges. The values for e st
dard deviation of the kinematic misalignment always actdon

the observed twists in the gas and stellar velocity mapsdine
harmonic-expansion generally measupgs; and¢star to within a

few degrees.

Figurel® presents the distribution of the average valuethéor
kinematic misalignment between gas and stars in our samqie,
shown betweenDand 180. Its principal feature is a pronounced
excess of objects with gas in prograde orbits with respeabjects
with gas in retrograde orbits. Figurk 6 shows also thattekpand
lenticular galaxies have very similar distributions. Diesghe mod-
est number of objects, a KS-test shows that the two distdbst
are identical at ad-level (p = 77%). The distributions of field
and cluster galaxies are also not significantly different=(43%).
The distribution of kinematic misalignments is also indegent of
the galaxy luminosity.

To interpret Figurdde, let us assume that the intrinsic shape
of our sample galaxies is mildly triaxial (Franx et al. 1991
this situation, stable closed orbits for the gas are alloaelg in
two planes: the plane containing the short and intermediate
and the plane containing the long and intermediate axis.iWhe
gas is acquired from random directions, it will settle mofeei®
in the long-intermediate plane and the chances of settlingne
short-intermediate plane will scale with the degree ofxtality
(Steiman-Cameron & Durisen 1982).

If the origin of the gas is external, and assuming that pro-
grade and retrograde gas settle in the same way, the distrilnf

plane containing the short and long axes. Since gas in bguitn
can rotate only around these two axes, intermediate vabrehd
kinematic misalignment will also be observed. Projectiffeats

will further dilute the distribution of the observed kineticamis-
alignments, but overall the resulting distribution will §gmmetric
around 90, with an equal number of counter- and co-rotating gas
and stellar systems.

If the origin of the gas is internal (e.g., from stellar-mbss)
the gas will rotate in the same sense as the stars, and tretbéo
distribution for the kinematic misalignments will Esymmetric
with values mostly betweerfGand 90.

The observed distribution in Figuf@ 6 is inconsistent wité t
prediction of either of these simple scenarios. Half of thgots
show a kinematic decoupling that implies an external origirthe
gas, but the number of objects consistent with co-rotatagyand
stars exceeds by far the number of cases with counterigtayis-
tems, suggesting that internal production of gas has to peritant.

We note that our objects form a representative, but incot@ple
sample of the local early-type galaxies population. Theekegf
incompleteness is known as our targets were drawn from a com-
plete sample (Paper Il). Since galaxies with prograde atd-re
grade gaseous systems form subsamples that are similarly-re
sentative of the local galaxy population, incompletenessschot
have a significant impact on the previous discussion. Indeiep
ness is not responsible for the observed asymmetry in Higure

5.1 The dependency on galaxy flattening and rotational
support

The distribution of the average values for the kinematicafigs-
ment between stars and gas does not depend on Hubble tyae, gal
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tic environment, or galaxy luminosity. It does, howeverpsgly
depend on the apparent large-scale flattening of galaxigsrdEl
shows that the roundest objects in our sample € 0.2) present a
more symmetric distribution of kinematic misalignmentarttlat-
ter galaxies, which instead host predominantly co-rogpsitellar
and gaseous systems. The two distributions are differemt98€6
confidence level and there is a 53% probability that the ibistr
tion of rounder object was drawn from a uniform distributidine
galaxies in the two subsamples have no significantly diffehe-
minosities or Hubble types and do not live in different eomir
ments. The two samples are also equally incomplete. Thelflat o
jects showing co-rotating gas and stars are also not signtfic
different than the rest of the galaxies in this subsample.

Since for random orientations fairly round galaxies areliik
to be almost spherical and hence supported by dynamicaymes
rather than by rotation, the degree of rotational suppantccalso
be important to explain the observed dependency on theg#dx
tening. A first distinction between slowly-rotating, rowndyalax-
ies and fast-rotating flatter objects, can be made usingl#ssie
calV/o — e diagram recently revised by Binney (2005). This dia-
gram alone, however, would fail to separate galaxies treatlar-
acterised by overall rotation from non-rotating objectshvd fast
rotating core, because the derivation1ofo includes only a lu-
minosity weighting. In Emsellem et al. (in preparation) vesess
the level of rotation support in a more quantitative way, oy
a quantity that is closely related to the specific angular emom
of a galaxy, thus overcoming the limitations of thc — ¢ dia-
gram. FigurdB shows the distribution of kinematic misatigmts
between gas and stars in fast and slowly rotating galax@sditig
to the criterion of Emsellem et al. (see also McDermid &t @052
for an illustration of this two kind of objects). Consistemith our
expectations, the two distributions are remarkably déffie(at 20
level,p = 95%), as in the case of flat and round objects (Figiire.
In the context of our simple first-order assumptions theselte
suggest that external accretion of gaseous material isirgser-
tant than internal production of gas in flat and fast rotatiatax-
ies. On the other hand, the more uniform distribution of kiaéc
misalignments in rounder and slowly rotating objects sstgthat
these objects aquire their gas more often. However, it maisigar
in mind that the interpretation of the misalignment disitibn of
rounder galaxies can be complicated by projection efféetsause
such objects often host kinematically decoupled core, anthé
fact that gas is subject to only weak gravitational torqueslimost
spherical objects.

7).

6 DISCUSSION AND CONCLUSIONS

We have measured the ionised-gas fluxes and kinematics ik 48 e
liptical and lenticular galaxies both in cluster and fieldvieon-
ments, using a novel technigue to measure emission linealac-g
tic spectra where the stellar and ionised-gas contribstionthe
spectrum arsimultaneouslylescribed. Extensive simulations were
performed to test this procedure and assess the detectidn In
measuring gas emission.

The excellent quality of th&AURON data and the ability of
our new method to exploit the entire spectral range allowetbu
detect emission lines down to an equivalent width oﬁo.\ﬂlhich is
set by the current limitations in describing the spectraaofyetype
galaxies with synthetic and real stellar templates. Dubédgg limi-
tations neither the B nor the [Nii] lines could be always measured
without imposing on them the kinematics of the @ doublet. In
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Figure 8. Same as Figuild 6 but now showing fast and slowly rotatingkgala
ies in the middle and bottom panel, respectively.

the case of KB, independent fits lead to biased gas kinematics that
are easily recognised across the field of a galaxy. This alliows to
identify a few galaxies where thedHand [Oi111] kinematics could

be independently derived and compared.

Across our samplélz.s andog,s are on average accurate to
within 14km s~ 'and 20km s, respectively. Errors on the flux of
the [On1] and H3 lines are on average 10% and 20%, respectively.
Although the H3 and [O111] kinematics can be different, imposing
the [O11] kinematics on the K lines does not dramatically affect
our ability to measure the Bifluxes. This is observed both in the
simulations and in the objects where independently deii/@and
[O ] kinematics could be compared. On the other hand, relying
on the detection of [@1] emission before measuringHloes limit
our ability to detect weak emission from IHregions, where the
[O m]lines are dimmer than Bl

Emission is clearly detected in 36/48 of our sample galaxies
(75%) and only 5 objects do not show any significant emissibe.
remaining 7 galaxies exhibit weak [i@] lines only or fragmented
traces of emission. Among clear detections, a mild depereden
the Hubble type and galactic environment is observed, wghdr
detection rates in lenticular galaxies and field objectsis&ion is
found in 20/24 lenticular galaxies in our sample (83%) antdf?4
(66%) of the ellipticals. This is remarkably close to theettions
rates of the imaging survey bf Macchetto €t al. (1996), whotb
Ha+[N 11] emission in 85% of SO and 68% of E. The dependence
on the galactic environment is similarly marginal, althoughen
only the Virgo cluster is considered the fraction of galaxigth
clearly detected emission drops to 55% (10/18), with justeBiip-
ticals exhibiting emission lines. These 3 objects are dledtight-
est that we observed in this cluster. Lauer etial. (2005) fabsba
significantly lower incidence (33%) of galactic dust in \drthan
in the rest of the local elliptical galaxy population (47%Mhey also
found dust only in the brightest objects of this cluster.

The observed emission comes with a variety of resolvedidistr
butions, kinematic behaviours, and [IO)/H 3 line ratios. It is very



often, although not always, associated with dust. Two @sing
classes of objects can be recognised.

The first group show settled gaseous systems where star-

formation is almost certainly occurring, particularly imaumnu-
clear regions. The defining properties of this class, whidiuides

the SO galaxies NGC 524, NGC 3032, NGC 4459, NGC 4526
and NGC 5838, are a regular disk-like gas distribution ameki
matics, very regular and circularly symmetric dust lanes] the
lowest [O11]/HS ratios in our sample. The kinematic signature
of emission from Hi-regions in circular motion on the equato-
rial plane is observed in the independently derived kinenaif

the H3 lines, which show faster rotation and smaller velocity dis-
persions than the [@1] kinematics. The detection in three galax-
ies of CO emission from dense molecular clouds (in NGC 3032,
NGC 4459 and NGC 4526 hy Sage & Wrabel 1989) further sug-
gests star-formation activity. On the other hand, it isliikbat gas
clouds departing from simple rotation end up getting shdcke
creasing the gas ionisation and thel[Qemission.

The second group of galaxies, which includes NGC 474,
NGC 3377, NGC 4262, NGC 4278, and NGC 4546, is charac-
terised by an integral-sign pattern in the ionised-gasibigion
and by noticeable twists in the gas velocity maps. In additio
NGC 4262, NGC 4278, and NGC 4546 display peculiar asymme-
tries in theirogas and [O111]/HB maps. Since all these objects show
misaligned stellar photometric and kinematic axes (altfnoonly
mildly for NGC 3377, see Paper |), the observed twisting i@ th
ionised gas distribution and kinematics is more likely itngcre-
gions where gas accumulates while flowing in a non-axisymrimet
potential rather than a warped configuration.

The presence of a triaxial structure also appears to be under
scored by finding in the outer parts of a galaxy gas emissianish
misaligned with respect to the main stellar body and thairiek
matically decoupled from the gas kinematics in the centergian,
asinNGC 1023, NGC 2549, NGC 7332 and NGC 7457. NGC 1023
is indeed a well-known barred galaxy (elg.. Debattistalé2GD2),
NGC 2549 shows a peanut-shape structure inHIST images,
and the presence of a bar in NGC 7332 was extensively distusse
by IFalcon-Barroso et all_(2004). Taken together with NGC4R9
where the gas distribution observed with b8#URON andHST is
consistent with the presence of nested bars (Krajnovit 2085;
Emsellem et al. 2003), these patterns show how dramatitfadly
gas can respond to the presence of even a modest non-axisgemme
perturbation of the gravitational potential.

Weak bars or unsettled configurations can contribute to ex-
plain why the ionised-gas kinematics is rarely consistattt gsim-
ple coplanar circular motions. Yet, despite complex stmes are
often observed in the velocity maps, the gas almost nevplayis
irregular kinematics and instead generally shows cohenetions
with smooth variations in angular momentum. In the majarftthe
cases the gas kinematics is decoupled from the stellar ldtiesn
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depend on the apparent flattening of galaxies, and their dééve-
tational support.

These results demonstrate that the origin of the gas in-early
type galaxies is not yet a “solved problem” — more clues aeglad.
Measuring the metallicity of the interstellar medium caovide
the needed insight. Indeed if the gas originated in stetlass loss
its metallicity should be related to that of the surroundstars, in
contrast to what is expected if the gas has an external oiNginto
measure the chemical composition of the gas it is first necgss
understand the ionisation of the gas, i.e. what causes stoméca
species to emit more efficiently than others.

In this respect, th6AURON [O 111]/H3 maps reveal a wide
range a values across the sample and considerable stsafiting
single galaxies. Despite the limitation of the {/H 3 ratio as an
emission line-diagnostic, this finding suggests either éheariety
of mechanisms is responsible for the gas excitation in E @hd S
galaxies or that the metallicity of the interstellar maérs quite
heterogeneous from galaxy to galaxy. Thel{QYH3 maps always
show central gradients, where the line ratios tend to vadleays
between 1-3. Since at these [0/H 3 regimes LINERs and Transi-
tion objects are the most common class of emission-lineanumlir
measurements may be consistent with the finding that therityajo
of E and SO emission-line nuclei belong to these two speubpie
classesi(Ho et al. 1997c). In the outer parts of our sampkexgal
ies, except for the objects where star-formation is ocogrrihe
[Om]/HgG is also typically between 1-3, although with large scat-
ter. This could also be consistent with a LINER-like classifion
for the extended emission of early-type galaxies, which been
observed in many cases (elg.. Phillips et al. 1986; Zeitintal.
1996;.Goudfroqij 1999). More emission-line diagnosticstsas
the [N11]/Ha ratio are needed to confirm the spectral classification
of the observed emission.

Excluding a central AGN as the ionising mechanism for the
emission observed at kilo-parsec scales, shocks, themnaluc-
tion, and both young and post-AGB stars are all potentiaicas
of ionisation. Shocks are known to occur while gas flows inédzar
potential (e.g.._Roberts etlal. 1979), therefore theie fdds to be
important in galaxies where the presence of non-axisynimetr
perturbation of the potential is underscored by charastterpat-
terns in the gas distribution and kinematics as those disclibe-
fore. Conductive heating of the warm gas by hot electronsifro
the X-ray emitting gas is a readily available source of epéng
most early-type galaxies, sufficient to power the observeloun
lar emission (e.gl,_ Macchetto ef al. 1996). High spatiabligion
X-ray data have also shown a striking coincidence between th
spatial distribution of the X-ray and ionised-gas emissfery.,
Trinchieri & Goudfrooij2002f Sparks etlal. 2004), suppogta ca-
sual link between them. Post-AGB stars could represent th& m
common source of ionisation. They can provide enough ingisi
photons to power the observe emission_(Macchettolet al.)1996

We have measured the kinematic misalignment between starsand lead to LINER-like line ratios_(Binette etial. 1094; Gérodij

and gas and derived a distribution of mean kinematic misaignt
values to draw on the origin of the gas. Although half of thgots
show a kinematic decoupling that implies an external orfgin
the gas, the distribution of the misalignment values betvstellar
and gaseous angular momenta is inconsistent with a purédy-ex
nal origin. In particular, the number of objects with coatihg gas
and stars exceeds by far the number of cases with countirgt
systems, suggesting that internal production of gas has itmpor-
tant. The distribution of the kinematic misalignment begwestars
and gas does not depend on the Hubble type, galactic envéranm
or luminosity of our sample galaxies. It does, however, rgjhp

1999). The most compelling piece of evidence supportingsbe-
nario is the finding that the emission-line flux correlates/veell
with with host galaxy stellar luminosity within the emissitine re-
gion (Macchetto et al. 1996). This correlation suggestseadthat
the source of ionising photons are distributed in the sameaga
the stellar population. Th8AURON observations further support
this view, since as noted i34 the flux distribution of the lines
closely follows that of the stellar continuum. This is sholnthe
smooth appearance of many EW-maps, in particular for tiie H
line. Finally, the rdle of Hi-regions cannot be ruled out only on
the basis of [QI1]/H ratios> 1, and should be explored in more
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details in light of the recent claims based on GALEX data oéli
al (2005), that a substantial fraction of nearby early-tgptaxies
recently underwent star-formation activity.

Complementing this survey with integral-field spectroscop
data in the Ke+[N 11] wavelength region will mark an important
step to further understand what powers the nebular emiseion
early-type galaxies, with bearings on the origin of the gathese
systems.
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Figure Ala. Recovery accuracy of the emission-line parameters as éidaraf the measured /N for simulations with a statistica#/ N = 60. Left panels:
Difference between the output and input gas velodity)(and intrinsic velocity dispersiorbétton). Thesolid anddashed linesndicate the median values
for the output-input difference and the 68% confidence regimund them, respectively. Theey linesshow the median values of the formal uncertainties on
the measured parametehdiddle panels:Same as left, but now for the amplitudes of thel{i(top) and H3 (botton) lines. Right panelsSame as left, but
now for the fluxes of the [@1] (top) and H3 (botton) lines. The accuracy in estimatifig.s andogas is a strong function ofd /N, while the measurement
of the amplitudes is not affected by it. The same appliesterfiuxes of the [QI1] lines, but for strong K lines these can be subject to larger errors if the
width of the lines have been estimated from quite weaki[fJines. In these simulations the main limit to the recovecguaacy of the amplitudes is set by

the level of statistical noise in the spectra.

worse the stronger the/Hemission, which is exactly what is ob-

served in the simulations. Fortunately, this situatiorelsapccurs

in our sample galaxy, since when the ([ lines are weaker than

HG generally both lines are quite strong. We note that for weak

Hg lines the accuracy with which the fluxes are recovered besome

again dominated by the error in estimating the line ampéitud
FiguredATH-ATk also show how the formal uncertainties on

the measured parameters closely parallel the standaratibes of

the measured values from the input ones, demonstratingothrat

error estimates are reliable. Only in the case of the lineeBux

our formal error estimates systematically over and undienase

by ~ 10% the observed fluctuations for the [@] and H3 lines,

respectively.

A3 Loss of reliability at low A/N values

Figured ATH-ATc show that as the emission-lines get wealker o
measurements become less reliable and also start to be atechin
by systematic effects.

In the case of the line velocities, there is little evidenoe f
a systematic bias, whereas beloy N ~ 2 — 3 the line widths

start to be overestimated. Two opposite biases are at wattkisn
case. As the lines become weaker, their width can either be ov
estimated as their wings are increasingly lost in the nasel] or
underestimated as it becomes more likely that the fit justemes
on pixel-scale random fluctuations. In the latter case thamed
intrinsic width will always be near zero, which explains thari-
zontal stripe of points in the bottom left panels of FiglirdsiBA1d.
This last behaviour is seldom observed in real data, as some-c
lation between pixels is introduced during the data reducths a
result, the width of the lines tends to be overestimatedvatdg N
regimes. IngAT it will be shown that template-mismatch can also
work in this direction.

Finally, both amplitudes and fluxes tend to be overestimated
at low A/N regimes. However, except for the fluxes of thel[Q
lines that can be already biased fdy N < 5, this problem is
not always visible in FiguréEAlla=Allc since the measufgdV
values are themselves overestimated at this level. Thikdas
in the central panels of FigurEsS ALa-A1c by the skewed strgde
points at very lowA /N, which correspond to synthetic spectra with
lines of the same amplitude. To highlight this bias, in Fa&jAg we
show the recovery accuracy of the line parameters agaieaplut
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Figure Alb. Same as FiguleZAla but féf/ N = 100. Notice how the amplitude and flux of the lines are less atelyr@stimated.

A/N values, clearly not accessible quantities in the real diathis
figure both the input-output deviations and the formal utaisties
on the amplitudes and fluxes of the lines are shown relatitketo
input values. This illustrates how accurate these measmencan
be in principle, as even for an inpdt/ N = 3 and aS/N = 60, the
flux and amplitudes of both lines are recovered to a 30% lews,
are biased by less than 10%. Thg Huxes are less biased than the
[0 ni] fluxes at lowA/N regimes (Figur€ZR), as effectively the
fit to the H3 line involves a lower number of degrees of freedom.

When considering the flux and amplitude deviationE1nlAla-
[&I4d in relative terms, the observed biases remain quitetditni
within 10% for A/N > 2.5.

A4 Assessing the sensitivity to template mismatch:
simulations

In real spectra our ability to match the stellar continuunmisre
limited, as the range in metallicities and abundances inteonr
plate library do not match what is observed in early-typaxgiaks.
This problem can considerably affect our emission-line snea
ment, and it is difficult to simulate. Yet, we can understarfdolv
line is more sensitive to template mismatch by running a s&co
set of simulations. Here only the input template is used téechma
the stellar continuum, as opposed to our standard proceahere
the whole template library is used. The comparison of thiasa-s
lations with the previous set, will tell us if systematice already
introduced by allowing the full freedom in our library evenfit-

ting spectra that can be matched by our templates and to which
noise and emission lines have been added.

Figure[A3 shows the result of this experiment. As expected
the fit to the [Oill] lines is not affected by using either the whole
library of templates or only the true one, while the estimatof
the H3 line amplitudes and fluxes is more sensitive in this respect.
The accuracy in estimating the fluxes of thg khes is on average
30% worse when allowing the full freedom in the templatedityr
with very little dependence on eithet/N or S/N, even though
the models could perfectly account for the stellar contimuu

When fitting real spectra we can expect that intrinsic limita
tions in our templates will make things even worse, althoigh
likely that the impact on the [@1] measurements will remain more
limited.

A5 Assessing the sensitivity to template mismatch:
[O111TA4959 and [O 111]A5007 independent fits

The [O1111AA4959, 5007 doublet provides a natural testbed to as-
sess the impact of template-mismatch on our emission-liaa-m
surements usingeal data. When fitted independently, the [Q
lines must indeed return the same velocity and velocityetispn,
and their relative fluxes should be consistent with thecaétpre-
dictions (e.g...Storey & Zeippen 2000).

The previous simulations have demonstrated that the acura
with which the position and the width of the lines are receder
scales asi/N !, The weaker [Q11]1A4959 line will therefore dis-



42 Sarzietal.

1Y

100

biHmp

Figure Alc. Same as FiguleZla but &t/ N = 200

play much larger deviations from the real gas velocity aridoity
dispersion than the [@1]A5007 line. The [O1111A4959 deviations

will dominate the observed scatter between the velocities\ee-
locity dispersions derived from each of the [ lines. Hence,

as long as the [@1]A5007 line is sufficiently strong, we can use
it to trace the gas LOSVD parameters, and use the resultseof th

lar velocity dispersiorr exacerbates the impact of template mis-
match on the emission-line measurements in two ways. FRicate
massive galaxies have stellar populations with higher igtes

and enhanced abundances of theielements (e.glL. Worthey etial.
1992; | Greggiol_1997|_Trager eflal. _2D00; _Maraston lef al. 12003;
Thomas et all_2005), which are more difficult to match with the

[O 111124959 fit to study how these parameters are recovered as atemplates in our library. Second, for a given strength of the

function of A/N in this particular spectral region.

Figure A4 shows the results of this experiment for two rep-
resentative galaxies in our sample. Plotted againstth®¥ of the
[O 1111A4959 line are, from top to bottom, the differences between
the gas velocities ambservedrelocity dispersions measured from
the two lines in the [Q11] doublet, and their flux ratio. These mea-
surements correspond only to fits where the&V of [O 111]A5007
was greater than 5. The most striking feature in Fidure Ahés t
difference between the behaviours observed in the two gsax
Whereas for NGC 2685 the [@] lines show position, widths,
and fluxes that are consistent with our expectations evereior
weak [O111]A4959 lines, in NGC 4278 the scatter between the
independently measured LOSVD parameters strongly depamds
the A/N of the [O11124959 line. Furthermore, as emission be-
comes weaker, an increasing fraction of the fits return syatie
cally broader [Q111A4959 widths, particularly forA/N < 4.

The observed behaviour is due to template-mismatch. As
shown by the green lines in FigurelA4, NGC 4278 has much larger
stellar velocity dispersions than NGC 2685. On the othedhtre
[O m]A5007 lines have similar widths in both cases. A larger stel-

template-mismatch features affecting the emission-lireasure-
ments, in galaxies with larger the mismatch features are them-
selves broader and therefore induce a positive bias on tiee li
widths.

A6 Concluding Remarks

The previous simulations have shown that the accuracy whilhw
the position and width of an emission line can be measurddsca
only with the relative strength of the line with respect te tthe-
viations from the fit to the stellar continuum. On the othendha
the accuracy in measuring amplitudes and fluxes is domirtated
the entity of this same residual noise, which itself depesushe
quality of the spectra and the limitations of the templdbedy.

The mild dependence of the flux estimates on the precision
with which the emission-line kinematics is measured issedsg
in light of fact that in real galaxies the [@] and H3 lines do not
necessarily share the same kinematics. Fortunately, fseofoac-
curacy in measuring the flux of the strongesf Hines due to a
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Figure A2. Same as Figule Al a but for now showing the recovery accurgainst the inputd /N values. Furthermore for the amplitudes and the fluxes of
the lines (niddle and left panejsboth the input-output deviations and the formal unceti@s are now relative to the input values.

poorly estimated kinematics from weak [@] lines is not an issue
for our sample.

Atlow A/N regimes the emission-line measurements become
dominated by systematics effects and should not be deerfied re
able. Even in the framework of ideal simulations the acaquiac
recovering the 4 fluxes is hampered by template-mismatch sys-
tematics. By independently fitting the lines of the IjQ doublet
we have further investigated iaal spectra the impact of template-
mismatch in the [Q11] spectral region. Template-mismatch is more
important in the presence of larger stellar velocity disfmrs and
can induce to overestimated line-widths.

For completeness we report that simulations carried out by
measuring independently the position and width of the &hd
[O m]lines show, unsurprisingly, that thedkinematics is subject
to larger biases than in the case of theliQlines. For instance, to
achieve the same accuracy in recovering thel[{kinematics for
A/N =4,anA/N = 5 for Hg is needed.

APPENDIX B: DESCRIPTION OF INDIVIDUAL
GALAXIES

Here we describe the main structures observed inSNERON
maps for the ionised-gas distribution and kinematics ohex¢he
galaxies in the E/SO sample presented in this paper. We atse ¢
ment on the observed dust distribution, the connectiondstéllar
kinematics, the [Q11]/H 3 ratios, and refer to previous narrow-band

imaging and long-slit spectroscopic work. We implicitlyfee to
Figure[Z#=Zb when describing these structures.

NGC 474: This well-known shell galaxyl (Turnbull etligl. 1999)
displays a peculiar ionised gas distribution and kinensatiche
[O m]distribution follows a twisted pattern, along which the [Q
lines are stronger at the northern side of the galaxy betvééen
and 7' whereas they become stronger at the southern end at larger
radii. Although the H lines are much fainter than the [@] lines,
they seem to follow a similar spatial distribution and indescape
detection on the northern side beyorid The gas velocity field
is characterised by a central and an outer component witbsilm
opposite angular momenta. In both cases the gas kinematifes i
coupled from the stellar one. The width of the lines appeaetk
in the transition region between the inner and outer gascitglo
components, which can be explained as a bias introducectimg fit
a single Gaussian to what in fact in some spectra looks like-a s
perposition of two separate components with different ci¢ikes.
The absence of strong absorption features is surprisingngive
considerable amount of gas emission.

NGC 524: This galaxy displays a disk of gas in very regular ro-
tation, in the same sense of the stars, consistent with thebser-
vations o1 Sil’chenkol(2000). The emission is close to otedgon
limit, however, which explains the patchy appearance ofthes.

A similarly fragmented distribution is shown by theaH[N 11]
narrow-band images of Macchetto et al. (1996). The gasillistr
tion is also matched by an extremely regular distributiothefdust,
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Figure A3. Same as FiguleAlLa but for models where only the right, ingtetlar template have been used to match the stellar camtiniotice how the
accuracy in any of derived parameters for the([Qlines has not substantially increased with respect toetlsb®wn in FigurEZATa, while the improvement is
clearly visible for the 8 amplitudes and fluxes.

organised in concentric circular lanes. The strength oHReand presence of a gaseous system well settled on the galaxyoeigliat
the [O111] emission are comparable, although at the edge of the plane. Also in this case no dust is observed, although thieanps
disk the [O111] lines become stronger. masked image reveals the clear peanut-shape signatureadya b

NGC 821: No significant emission is detected in this close to Pulge.
edge-on galaxy. ThéiST unsharp-masking image reveals a nu-

g%%r:L()j,ISk structure but no dust, consistent with Ravinaliaet al. (Burbidge & Burbidgel 1959), this famous peculiar objectveso
] ] o ] a gas distribution almost perpendicular to the galaxy majos.
NGC 1023: This galaxy displays [@1] emission that remains A gpiral-like structure is evident in the flux maps, in pautar
strong in Fhe outer regions, with a.distri.bution that appaarbe on the north-eastern side of the galaxy. This feature coldd a
skewed with respect the galaxy major axis. Yet, the gas shaes be regarded as a warped configuration where gas is settling on
herent, though not perfectly regular, velocity field witkeasonably the galaxy equatorial plane towards the central regions. Jas
defined zero-velocity curve, which indicates a mild.kineimmis- kinematics is also strongly misaligned with respect to thetias
alignment between gas and stars. The approaching sou#t®as kinematics, on average by 75and shows a complex velocity
arm indicates that the angular momentum of the gas may vary in fie|q, with a zero-velocity curve that is skewed with respecthe
the outermost parts of the galaxy. This would be consistetit W gjrection along which the most extreme velocities are ofeser
the complex neutral hydrogen morphology and kinematicsdou  Figyre[4b also shows that towards the centre the gas angular
bylSancisi et all (1984), suggesting an interaction witbehrearby momentum is aligning itself behind the stellar one. Near IR
companion galaxies. No noticeable absorption featuresible in narrow-bandHST images suggest the presence of a nuclear P
the HST image, which also in this case reveals the presence of a gisk aligned with the galaxy major axis (Boker etlal. 1999hjch
nuclear stellar disk. would confirm the presence of a settled central gaseousnsyste
NGC 2549: Another object with strong and misaligned emission The velocity dispersion map also shows peculiar featurs§
in its outer parts, where the gas kinematics is misalignet ve- away from the centre along the minor axis, wheggs increases
spect to the stellar kinematics. Towards the centre, howthean- up to 150kms~'. No strong evidence for complex line profiles
gular momentum of the gas quickly aligns itself behind thedlat is found. The unsharp-masked image reveal a nuclear disk and
angular momentum and along the galaxy minor axis, suggestea almost perpendicular dust lanes both across the centreoaadds

NGC 2685: Also known as the Helix galaxy
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Figure A4. Comparison between emission-line parameters measuredendently from the [@1]2\4959 and [O111]1A5007 lines, as a function of thel /N

of [O 111724959 and for the case of NGC 286ft) and NGC 4278right). Thetop andmiddlepanels show the difference between the measured gas iegocit
andobservedvelocity dispersion. Thiower panel shows the ratio between the fluxes of thel[\4959 and [O111]\5007 lines. In each panel theorizontal
dashed lindndicates our expectations (i.e. no difference betweevéfeities and velocity dispersions and a flux ratio of 0,3®)ile thesolid anddashed
red linesshow the median values for the plotted differences or ratiud the 68% confidence region around them, respectivelydditian, in themiddle
panels thévlue dotted linendicates the gas velocity dispersion as traced by the mewidth of the [O111]A5007 lines, while thegreen dashed linehows the

median stellar velocity dispersion at the location of thession-line fits.

the north-eastern side of the galaxy, where also tf¥eehhission
is stronger than the [@I]. Elsewhere the distribution of the
[O m]/Hg ratio is complex.

NGC 2695: No emission is detected in this galaxy, andH8T
image is available. Th8AURON unsharp-masked image does not
show peculiar features, besides highlighting a twistinthefinner
isophotes.

NGC 2699: This object shows emission only in the central re-
gions, making it difficult to judge the gas kinematics. TH8T
image reveals a bilobate structure underscoring the pceseha
nuclear bar, and a very small nuclear dust disk that was eubtic
also by Tran et all (2001).

NGC 2768: This galaxy is known for hosting a central dust lane
along the minor axis| (Kim_1989) and for showing a kinematic
decoupling between stars and gas (Bertolalet al.11992) that w
later interpreted as the result of a gaseous polar-disictsie
(Eried & lllingwortt 11994). TheSAURON maps further reveal re-
markably different distributions for the [@] and H3 emission.
The [O1n1] lines follow a twisted pattern that is misaligned by
~45° from the direction of the dust lanes, while thé Histribution
appears to be roundddST narrow-band images kv _Martel ef al.
(2004) show that the &+[N 1] emission in the central arcsecond
also follows an integral-sign pattern that is decouplednftbe ori-
entation of the dust. The [ ] velocity field is well defined, show-
ing peculiar and almost symmetric twists-aL0” from the cen-
tre. Overall, the gas motions are almost perpendicularegctéllar
ones. Thergzas-map shows an elongated peak parallel to the zero-
velocity curve, consistent with the observations| of Bertetial.
(1995), and possibly also a rise @f.s corresponding to the pe-
culiar twists in the velocity field. The crisscross appeaeaof the

[O m]/HB maps can be interpreted in light of the different shape of
[O ] and H3 distributions.

NGC 2974: SAURON observations for this galaxy were previ-
ously discussed in detail In_Krajnovic ef &l. (2005). Here mote
how the EWW-maps highlights the presence of a nuclear bar sur-
rounded by a ring and of two spiral arms connecting to the
outer parts of the field where emission remains strong. The-pr
ence of nested bars within this galaxy is discussed in that lig
of the SAURON and HST observations by Krajnovi¢ et al. and
Emsellem et al.L(2003). The inner bar is responsible in @arti
lar for the observed twist within the central’ 4n the velocity
field, which is otherwise very regular. The velocity dispens
of the gas rises up to 25Bm s~' and remains moderately high
(~100kms™') also in the rest of the map. The possibility of a
dynamical support for the gas motions was first investigdted
Cinzano & van der Mare| (19D4) and recently also by Krajo@t”
al. Although not perfectly regular, the dust distributigpaars to
trace the general orientation of the gaseous disk, follgviinpar-
ticular part of theEW -ring.

NGC 3032: Although heavy binning limits our ability to judge
the regularity of the gas distribution and kinematics irs tipalaxy,
overall the gas appears to be consistent with a disk of gascinar
rotation, in almost the opposite sense than the stars. Tésepce
of very regular dust-lanes and of a more regula kKinematics
(Figure[CTE) further suggest a disk distribution for the. getsis
dusty galaxy features the strongest Bmission in our sample, and
the lowest values for the [ ]/H3 ratios. The relative strength of
the H3 line compared to the [@1]A5007 line shows a clear ra-
dial pattern: from twice as bright at the edge of the disk,eio t
times stronger at-4”, and finally giving way to the [@1] lines
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very sharply in the central”2 The detection of molecular gas by
Sage & Wrobell(1989) further suggest ongoing star formagion
tivity.

NGC 3156: This dusty galaxy shows a complex distribution for
the [O111] emission, with filamentary structures extending perpen-
dicularly to the galaxy major axis. On the other hand, thiedthis-
sion follows more closely the stellar distribution and faria nu-
clear ring corresponding to the location of the central gitsm
features visible in th&lSTimages. Despite the peculiar features in
the [O111] distribution the gas kinematics show rather coherent mo-
tions and very small line widths. The [@]/H3 map displays very
large fluctuations, with high [@1]/H ratios & 3) corresponding
to the main [Q11] structures and lower values corresponding to the
nuclear H3 ring.

NGC 3377: SAURON observations for the ionised-gas distribu-
tion and kinematics of NGC 3377 were previously presentdtbin
per I. Here we note how the ionised-gas distribution displag
integral-sign shaped pattern that is parallelled by a sintiist in
the gas velocity field. Along this pattern the emission-ffhexes
display a much milder decrease with galactocentric digtahan
the stellar continuum, resulting in decreasing EW valuegatds
the centre where the weakemHemission eventually escapes de-
tection. The single dust filaments visible on the northede sif the
galaxy was also recognised by Tran etlal. (2001).

NGC 3379: The largest member of the Leo Group, this galaxy
displays a central disk of gas and a number of isolated sswfte
emission. The direction of maximum rotation of the centriakd
is consistent with the orientation of the nuclear dusty rigible
in the HST images, and indicates-a45° kinematic misalignment
between gas and stars. The impact of template-mismatctagi bi
ing the o,.s Measurements towards overestimated valg&s312)
is visible at the edge of the central disk, where the strenfthe
emission lines approaches the detection limit. On the dthed,
all isolated sources show very narrow [iJ lines and undetected
H emission, consistent with large [@]/H S ratios. These charac-
teristics suggest that these sources are in fact PNe. Theawoes
with the largest EW values-20” south and south-west from the
centre, have positions and velocities consistent with tNe R4
and #7 ot Ciardullo et all (1983), respectively.

NGC 3384: This galaxy shows weak [@] and H3 emission
close to our detection limit. The unsharp-masked image estgg
the presence of two, nested, disk structutes. Ravindraati
(2001) noticed the same features in neaH&T images.

NGC 3414: This peculiar SO galaxy (Arp 162) shows a spiral
pattern in the distribution of the gas, which is more evident
the EW maps and is accompanied by & 3@ist of the veloc-
ity field. In the central regions the gas rotates almost petioe-
larly with respect to the stars, as noticed by Sil'’chenko &wdsiev
(2004). Theogas-map show a very sharp peak, which is elongated
in the same direction of the zero-velocity curve, as in theeaaf
NGC 2768. Weak filamentary absorption features are visibtae
southern part of this galaxy, consistent with Tran et al0(90

NGC 3489: Similarly to NGC 3156, also this dusty galaxy fea-
tures a complex [@1] distribution with filamentary structures and,
despite that, a fairly regular velocity field and very nardaoves. It
also shows a more uniform distribution for the8ldmission, which
explains the resemblance between the maps for the J#B 5 ratio
and the EW of the [@11]A5007 line.

NGC 3608: As in NGC 3414, this galaxy shows a spiral pattern
in the ionised-gas distribution. In this case, however,eiméssion

stellar rotation except in the central regions, where tiheikiatics
of gas and stars are strongly decoupled. No clear absorf&n
tures are visible in thélST image, although_Tomita etlal. (2000)
claim to detect a dusty disk.

NGC 4150: This object displays a extremely smooth EW-maps,
exemplifying how closely the gas emission can follow thdlate
continuum in early-type galaxies. Despite heavy binniregith..-
andogas-maps suggest fairly regular gas motions in a dynamically
cold disk. A complex dust structure in the centrékc8rresponds
to the region where the stellar kinematics reveal courdtating
structure (Paper Ill) and to a minimum in the [Q/H3 distribu-
tion. Outside these central features, the gas and steflaniatics
are mildly misaligned by 20

NGC 4262: Like NGC 3377, this strongly barred galaxy shows
an integral-sign pattern in the gas distribution and a ®@d3..-
field. In addition, this object shows peculiar asymmetristritbu-
tions for the central values of;.s and for the [Q11]/H3 ratio. The
gas and stellar kinematics are strongly decoupled. Theaupsh
maskedSAURON image shows a bilobated structure reminiscent of
that observed at smaller scales in NGC 2699.

NGC 4270: This galaxy shows only fragmented traces of emis-
sion and no evidence for significant absorption features.

NGC 4278: This galaxy shows the strongest emission, in terms
of the EW of the lines, in our sample, allowing to appreciate i
detail the peculiar distribution and kinematics of the dessin pre-
vious objects, the ionised gas displays an integral-sigtepa a
twistedV.s-field, and an asymmetrig,.s central peak and distri-
bution of the [O1]/HS ratio. Dust absorption features are visible
only on the north-western side of the galaxy. Their morpgglo
suggests an orientation similar to that of the integrafrgigttern.
The gaseous and stellar kinematics are misaligned by isicigig
wider angles, as the stellar and gaseous velocity fields imwisp-
posite direction towards the outer parts of the field. Thiectalso
hosts an outer Hring (Raimond et al. 1981) that may be physi-
cally connected with the ionised gas given the similar degan
of the two gaseous systems (Goudfrooij et al. 1994).

NGC 4374: Known for its low-luminosity radio jet (e.g.,
Laing & Bridle [1987), also this galaxy shows intense ioniged
emission. This is confined along a lane running across thexgal
from east to west, which broadens up in the north-south tilireat
large radii. The central dust lane also runs across the nsiabethe
same direction of the ionised-gas, and perpendicular toat®
jet. The gas kinematics indicate a coherent rotation, exicetne
eastern direction where the initially approaching gas ga#y re-
verse its angular momentum and eventually, beyed&’ is fully
receding. Clear stellar rotation is observed only in there¢r-3”,
in almost opposite direction with respect to the gas. Thel[JtH 3-
map shows rather uniform values, between 1-2. We note that-Ch
dra observations reveal an H-shaped distribution for the o
ray emissionl(Finoguenov & Jones 2001) that is broadly cteist
with the ionised-gas distribution.

NGC 4382: Only weak [O111] emission is detected in this galaxy,
mostly towards the centre. THeST unsharp-masked image sug-
gests the presence of a dust lane running across the nuébes a
the minor axis direction. However, Lauer el al. (2005) shiogvab-
sence of dust reddening in the centre and find that NGC 4382 dis
plays a central minimum in its surface brightness distrdyut

NGC 4387: This galaxy shows only marginally detectable emis-
sion in few spectra, corresponding to isolated sourcessilplgs
PNe.

lines are much weaker and no gas is detected between the arms.NGC 4458: This galaxy displays only fragmented traces of emis-

Furthermore both NGC 3414 and NGC 3608 show little overall

sion, in particular close to the centre. THST unsharp-image re-



veals a nuclear disk (Morelli etlal. 2004), consistent whté pres-
ence of a central fast-rotating component in the stellaocrsi
field.

NGC 4459: This SO galaxy shows an extremely well-defined
dust distribution and regular gas kinematics. Th@ Emission
peaks in a circumnuclear ring, corresponding to the regibares
the dust distribution appears the most circularly symroeand
flocculent. On the other hand, the [©] emission very closely fol-
lows the stellar continuum. The values of [[Q/H 3 ratio therefore
show a very similar radial pattern to NGC 3032, with a minimum
in a circumnuclear region and stronger [/H 3 ratios toward the
centre and the edge of the gas disk. The independently ddrge
kinematics show faster rotation and smaller velocity disjoas
than the [Q11] kinematics, suggesting that theSHine is tracing
better than the [@1] doublet a kinematically colder component of
gas, which is currently forming stars. The detection of roolar
gas by Sage & Wrohel (1989) supports this picture.

NGC 4473: Also this galaxy displays scattered traces of emis-
sion, mostly from the [Qi1] doublet. [N1I]+Ha emission was
found by [Macchetto et al.l (1996) but not by _Goudfrooij et al.
(1994). TheHST unsharp-masked image highlights the presence
of a nuclear disk, already noticed by van den Boschlef al.£199
No dust is visible, contrary to the findings lof Ferrari et AD99)
but consistent with van Dokkum & Franx (1995).

NGC 4477: lonised-gas emission in this object is very concen-
trated toward the centre whereas it decreases more geatiyttle
stellar continuum at outer radii. The gas kinematics iseathgu-
lar, and misaligned with respect to the stellar kinematics-80°.

HB and [O111] emission have comparable strengths over most of
the field except in the central’Swhere the [Q1I]/H3 ratio rises
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distribution for the centrab,.s values and for the [@I]/Hg ra-
tios. The gaseous and stellar motions are strongly dectuyiéh
almost opposite angular momenta (Galletta 1987). Absumgga-
tures are found only close to the centre.

NGC 4550: Known for hosting two counter-rotating stellar disks
(Rubin et all 1992; Rix et &l. 1992), the ionised-gas distidn and
kinematics of this peculiar object, together with the olbedrdust
morphology, is consistent with gas moving in a fairly inelchand
dynamically cold disk. A spiral arm extending to the soutlevs
ident in the EW maps. Wiklind & Henkel (2001) note a similarly
lopsided distribution for the molecular gas they detectngistent
with the measurements of Rubin et al. and Rix et al., the ashis
gas rotates against the stars in the disk dominating tharskéhe-
matics along the major axis beyond”1@n the other hand, the gas
rotates in the same sense of the stars in the main body of kdveyga
Since this implies that the gas does not necessarily haveteamal
origin, we decided to adopt a value of zero for the kinematig- m
alignment between gas and stars in NGC 4550 for the purpose of
the analysis ofH. Independently derived maps for the 4 distri-
bution and kinematics were presented by Afanasiev & Sihkioe
(2002).

NGC 4552: lonised-gas emission, mostly from the [ dou-
blet, is clearly detected in the central regions of this obja-
though template-mismatch severely affects the measutadssaf
0gas- IN the central 4 the gas kinematics is strongly decoupled
from the stellar kinematics, confirming that the observedssion
is not purely an template-mismatch artifactaHN 11] emission
was detected also by Macchetto €t al. (1996). Nuclear[[@mis-
sion was found also by Cappellari et al. (1999). Patchy gitisor
features are visible on the north-western side of the cemntrie-8"

to values~3. Beside the evident central absorption features, weak tg the north-east. Upon closer inspection, H&T image shows the

dust lanes are visible 7" to the south.
NGC 4486: The central member of the Virgo cluster, M87 dis-

presence of a very small ring of dust~ 0”25) surrounding the
nucleus, consistent with the analysis_of Carollo etial. 799

plays the most complicated gas structures in our sample. The \Gc 4564: No significant emission is detected in this galaxy.

ionised-gas distribution features several filamentanycstires and

a very bright central component, consistent with previoarsaw-
band observations (e.@.. Sparks et al. 1993). In the ceffréhe
emission lines have complex profiles that are poorly matdhed
single Gaussians, which explains the large central valoesgf.s.

No [O111] emission is detected along the radio jet, whereas we
found H3 emission when this line is fitted independently. The
gas velocities show extreme variations across the fielticpéarly
along the main filamentary structures to the east of the naclene
ionised gas is outflowing from the centre to the north, deatiey

at larger radii. The main features of th&.s-map are remarkably
consistent with the long-slit observations|of Sparks 2{E$93).
Most of the observed emission comes with rather intermedialt
ues for the [QII]/H ratio, between 1 and 2, except in the south-
eastern filament and on the closer end of bright pat88’south-
east from the centre.

NGC 4526: Another prototypical example of an early-type
galaxy with a perfect dust disk, very regular gas kinematics
circumnuclear region where Hemission is particularly strong,
and an independently deriveddtkinematics indicating faster ro-
tation and smaller velocity dispersions than the([Qkinematics.

NGC 4570: This object displays several scattered sources of
emission. The observed emission is characterised by ndimes;
which appear to trace gas clouds coherently rotating in émees
sense of the stars. We found no traces of dust inrHB& image,
where the nuclear disk studied by van den Boschletal. (1998) i
clearly visible.

NGC 4621: Emission in this galaxy is found the centre and in a
number of isolated sources. Also in this case the scattenetes
broadly follow the main stellar stream. As in NGC 4552 tertpla
mismatch affects the centra}.s measurements, butin this case the
gas velocities do not show significant rotation and insteyuar to
be offset from the central stellar velocities, which areselto zero.
The presence of nuclear emission should therefore be cadirm
No Ha+[N 11] emission was detected by Goudfroaij et al. (1994)

NGC 4660: This galaxy shows clearly detected [@ emission,
possibly originating from PNe, in a few spectra, in part@itom
the southern part of the galaxy. A nuclear disk is visibleh@HST
image, as recognised alsolby Lauer etial. (2005)

NGC 5198: The ionised-gas distribution in this object is charac-
terised by a central component and a filamentary structusmex

As in NGC 3032 and NGC 4459 molecular gas was detected by ing from it to the north. Near the centre the gas rotates hapiod

Sage & Wrobell(1989).

NGC 4546: Another galaxy showing an integral-shape pattern in
ionised-gas distribution, along which the emission israjer on
the western side of the galaxy10” from the centre, and on the
eastern side beyond 15As in NGC 4262 and NGC 4278 we ob-
serve a strong twisting of the gas kinematics, and an asyriumet

almost perpendicularly with respect to the stars in therkiagcally
decoupled core (Paper IllI). No coherent pattern for the gatfoms
in the filaments is recognised, except that the gas movetvedia
slowly. No evidence for dust is found, consistent with Traale
(2001).

NGC 5308: No emission is detected in this galaxy, which is al-
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most certainly seen edge-on given the extreme inclinatfoitso
nuclear stellar disk (Krajnovic & Jaffe 20004)

NGC 5813: The ionised-gas distribution in this object is confined
within a lane running along the galaxy minor axis. The obsérv
gas kinematics is rather complex outside the central’, butin the
central regions the gas show coherent rotation in apprdgisnthe
same sense of the stars. The pre$épt-map is consistent with the
measurements shown in Paper Il, once the effect of spatiairg
is accounted for. Dust features take the form of filamentsingmn
towards the centre from the south and the east. Absorptiatsés
strong on the north-western side of the nucleus. The emidsie
fluxes have a similar distribution near the centre. In palkiicthe
flux distribution is lopsided along the major-axis direatidNote-
worthy are also the strong central.s peak and the rather uniform
distribution of intermediate values for the j®]/H ratio.

NGC 5831: This galaxy shows emission only close to the centre,
making it hard to comment on the gas kinematics. No trace sff du
absorption features is found.

NGC 5838: Another SO galaxy with a very regular dust disk.
Considering the small scale of the disk and the effects obatm
spheric blurring, the observed gas distribution and kirtersds
remarkably similar to that of NGC 4459 and NGC 4526.

NGC 5845: Only weak [Oi11] emission is detected towards the
centre of this galaxy. ThelST image shows a nuclear stellar disk
with an inner dust ring, as noticed by Tran €t jal. (2001).

NGC 5846: lonised-gas in this galaxy is found within10’and
along a filament running to the north-east. Although charészd
by large fluctuations in some places, g field clearly indicates
a nearly cylindrical rotation for the gas, in the oppositesseof the
stars. Remarkably, the zero-velocity curve runs acrossnth-
eastern filament, suggesting this is not a separate compfyoen
the gas closer to the centre. THST image shows dust along an
almost parabolic lane swinging around the nucleus. Upcsecim-
spection, the emission-line fluxes follow very closely thestddis-
tribution, in particular from K. Relatively intermediate [@1]/H3
values are observed across most of the field.

NGC 5982: As in NGC 5198, the gas in this bright elliptical
is found in a rapidly rotating central component and in a fila-
ment extending from it, in this case to the south. In NGC 5982,
however, the motions along the filament are remarkably eoher
ent. The gas velocities seem to suggest that the gas, linitip
proaching the observer from the southern end of the filament,
progressively decelerates and plunges back toward theecfait
lowing a curved trajectory. The gas in the centre rotateshen t
same sense as the stars in the well-known kinematicallyudeco
pled corel(Wagner, Bender & Moellenhoff 1988). Absorptiea-f
tures are neither found in the V-band unsharp-masked imagia n
the V-H colour image aof Quillen et al. (2000).

NGC 7332: SAURON maps for the ionised-gas distribution and
kinematics for this SBO galaxy were already presented by
Falcon-Barroso et al. (2004). Here we note how, like in NGZ&2
and NGC 1023, the gas emission remains relatively stronpen t
outer parts of the galaxy, where the gas distribution is lgisad
with respect to the galaxy major axis and the gas kinemagide
coupled from that observed in the inner regions. We also tiate
large variations in the [@1]/H3 values, and the presence of dust
in theHST-WFPC image.

NGC 7457: Another galaxy with strong and misaligned emission
in its outer parts. Near the centre the gas rotates in thesigpo
sense to the gas in the outer parts and also against the naftion
the bulk of the stars in this object. No dust is found in th8T
unsharp-masked image.

APPENDIX C: MAPS FOR INDEPENDENTLY DERIVED
[O111] AND H 8 KINEMATICS

In this appendix we show for 10 galaxies maps for indeperyent
derived velocity and intrinsic velocity dispersion of th@1fii] and
Hg lines. These objects are the only ones in our sample for which
over most of the regions where emission is observed, theureshs
HB kinematics do not suffer from the template-mismatch effect
described iffZ1. This was ensured by comparing thg tlocity
maps to the stellar velocity maps and by further noticing pe-
rious H3 emission lines tend to be considerably broader than the
[Om]lines.

FiguredCIH-Clc show the independently derived [{2and
Hg velocity and intrinsic velocity dispersion of these 10 gé#a.
Since among them, 3 are giant ellipticals and 4 show reguldr a
concentric dust lanes, Figute-@1a shows first the maps farethe
maining 3 galaxies, while figurds_Q1b ahd €1c shows maps for
these two groups. In addition, Figute T 1a shows again the afas
NGC 3489, to highlight the main characteristics of an uai#é
H3 kinematics.
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Figure Cla. Maps for independently derived [@] and H3 kinematics. From top to bottom: i) and ii) mean velocity of fi© 111] and H3 lines iii) and iv)
intrinsic velocity dispersion of the [@1] and H3 lines. The maps show only regions where bothiiPand H3 lines were detected following our standard
approach. Left: the case of NGC 3489 is shown again to hightige main characteristics of an unreliablg Kinematics. In addition to the velocity bias
discussed 2, the spurious H lines are considerably broader (by 50km s—1) than the [Qi1] lines. Right: three galaxies with reliable independently
derived H3 kinematics over most of the regions where emission is olkseiwn the central regions of all three galaxies thaij(lines trace faster rotation
velocities than the | line. In NGC 3414 and NGC 4278 the centeal.s increase of the H lines appears also to be much less dramatic thaargheincrease

of the [O1]lines. For NGC 3414, template-mismatch is affecting th@kihematics measured in the outer parts of the maps.
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Figure C1b. Same as FiguleClILa, but now showing giant elliptical gataxittice the narrower width of theines at all radii.
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Figure Clc. Same as Figue_Clla, but now showing galaxies with circulsytpmetric dust lanes. In all cases th@ Kinematics show faster rotation and
smaller velocity dispersions than the [©] kinematics.
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