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In this contribution we present the first observations usitegral field spectroscopy of the galaxy
MCG-6-30-15, a Narrow Line Seyfert 1 galaxy with high blaakenaccretion rate and well
studied X-ray properties. This galaxy is therefore a silgtédst case to study the relation between
black hole accretion and the properties of the inner regidiise host galaxy.

We are able to remove the dominant spectral contributiohebtoad brackett emission lines and
trace the distribution and kinematics of the stars and &ledRe Il] line emission. We find that
there is a counter-rotating stellar core with a radiasl25 pc, which appears to be associated
with the [Fe Il] emission. Based on the presence of this aonidge, we estimate the age of the
central stellar population to be of order of 65 Myr. We shoattine gas needed to fuel the black
hole is, at most, only 1 per cent of that needed to form thess.st
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1. Introduction

MCG-6-30-15 is an elongated lenticular (S0) galaxy andsdiasl as a Seyfert 1.2. This
galaxy is best-known for having provided the first detectiba relativistic broadened Fekemis-
sion line generated in the inner regions of an accretion [@B]; hence providing evidence for the
presence of a supermassive black hole. MCG-6-30-15 hasdbeeied in several wavelengths.
The Active Galactic Nucleus (AGN) has been studied extehgiv the X-rays, it presents a lumi-
nosity of Ly (2 — 10 keV) 4x 10*%erg s* and there is evidence of a warm absorber [18]. The non-
stellar continuum can also be observed in the infrared [hd]iais detected but only marginally
resolved in the radio [13]. Despite the studies mentioned@fthe mass of the black hole respon-
sible for the AGN activity is still not well constrained. Tlarrent estimates using stellar velocity
dispersion measurements, X-ray variability and the lumityoof the galaxy have found the mass
to be in the range: (0.3 - 310’ M, [10, 1, 23]. The stellar population is dominated by an old
population ¢ 10 Gyr) but with indication of a series of previous burststaf sormation distributed
in age among the younger stellar populatien500 Myr) [3].

The advent of integral field spectroscopy (IFS) has openeshvgoerspective on the black hole
fuelling process and on the relation between the stellgpeaties and the AGN activity. MCG—6-
30-15 is one of the key galaxies to understand the accretignrigs, useful in particular to study
black hole fuelling at higher accretion rates. We obsertedriner regions of this galaxy, with the
main goal of studying its stellar and dynamical properti€be results presented here provide a
new perspective on MCG—6-30-15, and on the properties oéitsral black hole.

2. Stellar kinematics and gas dynamics

Using the near-IR integral field spectrograph SINFONI weaobts map of the central 3” x
3" of MCG—6-30-15. For this galaxy, the broad hydrogen BeatlWGN emission lines are very
strong in the central pixels, making the stellar absorpt@atures hard to identify. As a first step,
we fit the broad emission lines at each pixel by fixing theiatieé intensities and wavelengths and
subtract them from the observed spectra.

The velocity map and stellar velocity dispersion distribntare determined from our fully
reduced and broad line subtracted data cube, by fitting thetrspwith theibL routine pPXF
[5]. We use the strength of the absorption lines and the 2@nairbinning routine [4], to bin
the data spatially to a minimum signal-to-noise S/N = 5. Aamagle of our spectra (in this case
the integrated spectrum) is shown in Fig. 1. Each spaxeles flited in the wavelength range
Arest (1.57 - 1.716)um, to obtain a map of stellar velocity and velocity dispemnsidrhe results
show a low rotational velocity when compared with the vdipdclispersion (Fig. 2). Negative
velocities are associated with blue-shifted absorptinadiand positive velocities with redshifted
absorption lines. The inner and outer regions of our magatditwo different and counter-rotating
components, with the< 0.8” ~ 125 pc region rotating clockwise and the 0.8” rotating counter-
clockwise. The rotation of the counter rotating core isidieseen in the northern (yellow/red zone)
and eastern (blue zone) regions of the velocity map. Thecitgldispersion map presents values
that decrease inwards and are constant at the centre.
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Figure 1. Spectrum and fitting results versus rest-frame wavelerigthlack, integrated spectrum over a
radius of~ 1.1” excluding the central 84 pixels. In red, pPXF best fit combination of stellar temgdadnd
4th order polynomial (to model the AGN continuum). The resild are shown in grey and have been offset
from zero for plotting purposes. The vertical shaded regjiiware excluded from the fit.

The general kinematic properties mentioned above, inglitzt we are most likely in the
presence of a kinematically distinct core. These type dfesys are fairly common in ellipticals
but counter-rotating systems are rarerX0 per cent) in SO type galaxies [9, 8]. The drop in the
velocity dispersion occurs far< 0.8” and is possibly related with the counter-rotating core sThi
phenomenon has been observed for another SO galaxy withean&tically-distinct core, NGC
7332, where the velocity dispersion increases fmom 10’ or 1 kpc towards the centre of the
galaxy, but drops by~ 10 km/s when in the region of the counter-rotating core [7Jur Qata
cover a smaller radiirfyax ~ 1.4” or 200 pc) than the work of Falcon-Barroso et al. [7], which
does not permit us to evaluate if the velocity dispersionreleses again as we move to larger
radii. The dynamically decoupled core could be the resuibftdw of gas into the central regions
of the galaxy via, for example, a past minor merger event. duortarget, the majority of the
stellar population is old and fairly homogeneous, not shgveiny variations with radius [2]. There
is nevertheless indication of a series of previous star &bion bursts [3]. The evolution for this
galaxy is not expected to be through major mergers, singeatrdut 2—- 2.5 per cent of SO galaxies
are expected to have had a major merger in their past [16]h®nther hand, secular evolution is
expected to dominate the evolution of Narrow Line Seyferathgies such as MCG—6-30-15 (e.g.
[15]).

The gas is traced by the= 1.644um forbidden emission line of [Fe 11], the strongest emission
line in the spectra. We show the two-dimensional line proggiin the three panels of Fig. 3. In
these plots, the velocities are measured in relation toytsiesnic velocity of the galaxy. The lines
show an asymmetry in the intensity and a velocity gradienh@lthe major axis of the galaxy.
Since the signal in the data is weak, we cannot say with cgytaihat causes this [Fe I1] emission,
but we argue that it is caused by supernova shocks and not A@Nws.

The velocity map for [Fe Il] shows a deviation from the radativelocity of the stars and
an elongation along the major axis of the galaxy, as seen H[®G007 A emission using HST
observations ([20]). However, the [Fe 1] velocity offsebiin the rotational velocity is not very
large, and could be due to uncertainties in the velocity mremsents. Also, the transition in
velocity along the major axis is fairly smooth and resemblestation pattern. The asymmetry in
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Figure2: Two-Dimensional map of line of sight velocity and the vetgdispersion from the spectral fitting
with pPXF. Top: Line of sight velocity map. To note that théues are more uncertain in the centrafl x 4
pixels due to the presence of a high AGN continuum. Bottomp Miiavelocity dispersion. Individual pixels
in the regions where the flux decreases to 1/125 of its pealewaere masked out and excluded from the
analysis, which correspond to the outer regions of our fidldiew. The errors are measured using a Monte
Carlo approach+4.5 km/s for the mean line-of-sight velocity areb.1 km/s for the velocity dispersion.

[O 11l emission is on a larger scale than the field-of-viewoof observations, and we cannot check
if the [Fe IlI] and [O Ill] emission are tracing the same outflgeometry.

The [Fe Il] emission is excited by electron collisions and good tracer of shocks. In the case
of MCG—6-30-15, the extended emission observed could beechoy nuclear mass outflow shocks
with ambient clouds, or by supernova-driven shocks [12pnfrthe arguments above, we propose
that the [Fe Il] emission is most likely due to supernova ranta shock fronts and therefore can
be used as a tracer of the supernova rate ([11, 19]). In thes ¢lae [Fe IlI] emission can be used to
investigate the properties of the stellar population of M&&30-15.

3. Black hole and central stellar population

It is possible that the counter-rotating core is associati¢il new inflow of gas which fuelled
the formation of a new stellar population with distinct Eelkinematics. The [Fe IlI] emission
traces the supernova and is observed in the inner regionsevite counter-rotating core is. We
used the measured [Fe II] flux and the STARS code [21, 6] tmlgare about the episode of star
formation and its relation with the black hole fuelling. Téarburst has an age of approximately
6.5 x 107 yr, formed 2x 10°M,, stars and presents a mass loss rate of Jyi. If the AGN
activity is fuelled by ejections from the stars, we would cheemass loss comparable to the mass
accretion rate of the black hole, which i©22 M. yr—1. The mass loss rate obtained using STARS
would be enough to fuel the black hole activity, providingttthe process is efficient. On the other
hand, if the new inflow of gas was responsible for the star &iom and for providing the fuel to
the black hole, we would need an amount of gas capable of jayvtre AGN for 65 x 107 yr.
Considering that the black hole was always active and at atanhmass accretion rate, the total
initial gas mass needed for black hole fuelling would b&x110°M_, which is roughly 1 per cent
of the total mass used to form stars. These calculationdg@a@pproximate values only, but are
useful to understand the general mass budget in the ceegjialnrof the galaxy. In either case, it
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Figure 3: Panels showing the [Fe II] emission properties of MCG-6t3M®btained by fitting the line with

MPFIT. The white cross marks the position of the AGN. Binsdw@/N < 3 and bins for which the velocity

dispersion is lower than the instrumental broadening wectuded (black regions). Top panel: Velocity in
km/s. Middle panel: Velocity dispersion in km/s. Bottom périine intensity.

is, nevertheless, still uncertain how this mass can movardsvto< 1 pc scales to fuel the black

hole.

To obtain a quantitative limit on the black hole mass, we meaghe average velocity dis-
persion and line-of-sight velocity in the innex 0.2” region, which gives an average af~ 89
km/s. The enclosed mass is then an upper limit for the bladk hass, and we havdgy <
(V2 +3x 0?)R/G. We can also estimate the enclosed mass due to young stargegsating the
luminosity in ther < 0.2” region and using the M/L ratio from STARS. Subtracting thelesed
stellar mass from the dynamical mass we get an upper lin\tgf < 1.5 x 10°M...

4. Conclusions

This contribution focused on the properties of the innet70 pc of the galaxy MCG—-6-30-15
and on the relation between the central stellar populatiahthe accretion history of the black
hole. We argue that there is a counter-rotating stellar eatending out to 125 pc, associated
with the [Fe Il] emission. From these observations we wefe &bcalculate the properties of the
central stellar population, including its age and stellasm Assuming that the counter-rotating
core is a result of a recent inflow of gas, we determine thafpdreentage of gas used to fuel
the black hole is at most 1 per cent of the gas used to form. dkmosn the dynamical properties
measured at« 0.2 and the mass-to-light ratio we calculate an upper limitfertlack hole mass

of Mgy < 1.5x 10®M...

The content of this contribution is presented in more datditaimundo et al. [17].
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