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2 Timothy A. Davis et al.

1 Introduction

In recent years the idea feedback from an active galactic nu-
cleus (AGN; e.g. Springel, Di Matteo & Hernquist 2005; Cioto
et al. 2006) could be responsible for the quenching of stande
tion has grown in popularity. Such quenching seems to benestju
to create the red-sequence galaxies we observe today @dryB
et al. 2004). There is circumstantial evidence to supporiNAG
driven quenching, such as the study by Schawinski et al A280y-
gesting that AGN are predominantly found in green valleygis,
but direct evidence for removal/heating of cold star-farghgas is

rare.

The physical mechanism by which an AGN could drive molec-
ular gas out of a galaxy is still debated. Radiation presssire
thought to be important in star formation-driven outflowg(&ur-
ray, Quataert & Thompson 2005), and is potentially impkciain
AGN-powered ‘quasar mode’ outflows (e.g. Arav et al. 1999%d<u
sawa & Proga 2009). Kinetic feedback from an AGN jet can gevi
sufficient power to directly push through the ISM of a galaxy a
entrain or destroy it (e.g. Rosario et al. 2010; McNamara &8s
2012), but it is unclear if the geometry of a bipolar jet, whiaf-
ten emerges perpendicular to the nuclear disk, will allogvj#t to
remove the ISM from an entire galactic disk. Broad-line vgirman
deposit significant momentum into gas surrounding an AGNclwvh
could also lead to large outflows (e.g. Ostriker et al. 20AMer-
natively, heating by X-rays and cosmic rays could destitsr/she
molecular clouds close to an AGN, removing the need to ekeaht

ABSTRACT

We use the SAURON and GMOS integral field spectrographs terubshe active galactic
nucleus (AGN) powered outflow in NGC 1266. This unusual galaxelatively nearby (D=30
Mpc), allowing us to investigate the process of AGN feedbackction. We present maps of
the kinematics and line strengths of the ionised gas ennisisies Hv, Hg3, [Olll], [OI], [NII]
and [SII], and report on the detection of Sodium D absorpte use these tracers to explore
the structure of the source, derive the ionised and atonskigeematics and investigate the
gas excitation and physical conditions. NGC 1266 containsonised gas components along
most lines of sight, tracing the ongoing outflow and a compbaleser to the galaxy systemic,
the origin of which is unclear. This gas appears to be distitny a nascent AGN jet. We
confirm that the outflow in NGC 1266 is truly multiphase, camiteg radio plasma, atomic,
molecular and ionised gas and X-ray emitting plasma. Théosubhas velocities up ta-900
km s~ away from the systemic velocity, and is very likely to be remng significant amounts
of cold gas from the galaxy. The LINER-like line-emissionNiGC 1266 is extended, and
likely arises from fast shocks caused by the interactiorhefradio jet with the ISM. These
shocks have velocities of up to 800 km's which match well with the observed velocity of
the outflow. Sodium D equivalent width profiles are used toceeistraints on the size and
orientation of the outflow. The ionised gas morphology daies with the nascent radio jets
observed in 1.4 Ghz and 5 Ghz continuum emission, suppdtimguggestion that an AGN
jet is providing the energy required to drive the outflow.
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ies: elliptical and lenticular, cD — galaxies: evolutionalaxies: ISM

Astronomy (CARMA) and Sub-Millimetre Array (SMA) observa-
tions of the nearby lenticular galaxy NGC 1266 suggest thar-
bors a massive AGN-driven molecular outflow, providing aocedx
lent local laboratory for studying AGN-driven quenchinglgtalo
etal. 2011, hearafter A2011). NGC 1266 is a nearby (D= 29.8;Mp
derived from recession velocity in Cappellari et al. 201drdafter
ATLASSP Paper I), early-type galaxy (ETG) in the southern sky
(6 = —2°), which was studied as part of the ATLAS project. A
three colour image of this galaxy (from Kennicutt et al. 208%re-
sented in Figure 1. While typical CO spectra from early-tgpkax-
ies reveal the double-horned profile characteristic of gaselaxed
disk with a flat rotation curve, the spectrum of NGC 1266 shows
a narrow central peak (FWHM120 km s!) with non-Gaussian
wings out to at least-400 km s with respect to the systemic ve-
locity (Young et al. 2011). Imaging of the high-velocity cpoments
using the SMA revealed that the wings resolve into redshiéied
blueshifted lobes (A2011), coincident withaHemission (Kennicutt
etal. 2003), 1.4 GHz continuum (Baan & Klockner 2006), dret+
mal bremsstrahlung emission (detected with Chandra; A2Bitl

3). Molecular gas observations suggest thail@® M, of molec-
ular gas is contained within the central 100 pc of NGC 126@, an
that at least 510" M, of this gas is involved in a molecular out-
flow (A2011). This is thus the first observed large-scale &sipn

of molecular gas from a non-starbursting ETG in the localerse,
and this presents a unique opportunity to study this powerfr
cess in action.

from the galaxy (e.g. Begelman, de Kool & Sikora 1991; Fetlan

et al. 2009). These processes should be distinguishable dam
identify and study local galaxies where AGN feedback is amgio
Our recent Combined Array for Research in Millimetre-wave

* E-mailt davi s@so. org
1 Dunlap Fellow
1 Adjunct Astronomer with NRAO

In this paper we present SAURON (Spectrographic Areal
Unit for Research on Optical Nebulae) and Gemini Multi-@bje
Spectrograph (GMOS) integral-field unit (IFU) observasiarf the
ionised gas in NGC 126@y investigating the ionised gas kine-
matics and line ratios we hope to constrain the outflow param-
eters and ionisation mechanisms and thus shed light on the
mechanism driving gas from the galaxy In Section 2 we present
the data, and describe our reduction processes. We thesnptas
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IFU observations of the AGN driven outflow in NGC 12663

Figure 1. SINGs (Kennicutt et al. 20033,V and R band composite three
colour image of SO galaxy NGC 1266. The white bar shows aliseale
of 1 Kpc (6’94 at an adopted distance of 29.9 Mpc; ATLASPaper I).
Overlaid are the total field of view of o BAURON IFU (red) and GMOS
IFU (blue) observations.

derived maps of the gas kinematics and line fluxes. In Se&tioa
discuss the kinematic structure of the system, gas exaitatiecha-
nisms and the driving force behind the outflow. Finally weaade
and discuss prospects for the future in Section 4.

2 Data Reduction and Results
2.1 SAURON data

SAURON is an integral-field spectrograph built at Lyon Okaer
tory and mounted at the Cassegrain focus of the William Helsc
Telescope (WHT). It is based on the TIGER concept (Bacon.et al
1995), using a microlens array to sample the field of view. De-
tails of the instrument can be found in Bacon et al. (2001)e Th
SAURON data of NGC 1266 was taken at the William Herschel
Telescope (WHT), on the night of 10-11 January 2008, as gart o
the ATLAS®P observing campaign (ATLA® Paper 1). The galaxy
was observed with the low-resolution mode of SAURON, cagri

a field of view of about 33x 41" with 0”94 x 0”94 lenslets. The
field of view (FOV) of our observations is shown in red on Figur
1. SAURON covers the wavelength range from 4810-536ith a
spectral resolution of 105 knTs.

The basic reduction of the SAURON observation was accom-
plished using the standard ATLAS pipeline. Details of this pro-
cess, including extraction of the stellar kinematies presented in
ATLAS?P Paper Il (Krajnovic et al. 2011). In brief, the observed
datacube was processed as described in Emsellem et al) (26804
ing the Voronoi binning scheme developed by Cappellari & iGop
(2003). This binning scheme maximises the scientific potential
of the data by ensuring a minimum signal-to-noise ratio of 40
per spatial and spectral pixel. This does however result in @
non-uniform spatial resolution, here varying from 0”794 x 0”94
for unbinned spaxels in the central regions to 10x 7”in the
largest outer bin.

The SAURON stellar kinematics were derived using a penal-
ized pixel fitting routine (Cappellari & Emsellem 2004), piding
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parametric estimates of the line-of-sight velocity distition for
each bin. During the extraction of the stellar kinematibe, GAN-
DALF code (Sarzi et al. 2006) was used to simultaneouslyaektr
the ionised gas line fluxes and kinematics. The standard GRHND
reduction completed in the pipeline (using a single gaussiathe
lines) is insufficient in this source, due to the complex e of
the ionised gas outflow (see Figure 2). We have reanalyzedittie
acube using a multi-gaussian technique (as described paltsy
the subtraction of the stellar continuum.

2.1.1 Emission line fitting

The SAURON spectra include thedd[Olll] and [NI] ionised gas
spectral lines. As can be seen in Figure 2 some of the binred sp
els show clear signs of having two ionised gas componentgalo
the line of sight with different velocities. In order to fitabe pro-
files we created an IDL procedure based on the Non-LineartLeas
Squares Fitting codmpfit(Markwardt 2009). In this procedure we
perform two fits, and compare the chi-square to determineaf t
components are needed at each position.

In the first fit, we assume a single ionised gas component is
present, and fit the B, [Olll] and [NI] lines with single gaussians.
These gaussians are constrained to have the same kinelfvatics
locity and velocity dispersion). Additionally, we confirteetveloc-
ity of the lines to be within 1000 km™s of the galaxy systemic
(2170 km s''; ATLAS®*PPaper 1), and to have a velocity dispersion
greater than the instrumental resolution, and less thameobeed
velocity dispersion 0f&200 km s™*. Initial guesses at the ionised
gas kinematics were made by assuming the ionised gas desota
with the stars, with a velocity dispersion of 120 km's We con-
strain the fitting by forcing each gaussian to have a peakast [&
times larger than the noise in the continuum, or to be zerg.fAx
which had a & error bar that included zero was set to zero. Initial
guesses of the line fluxes were estimated by taking the mawimu
flux within the allowed velocity range of each line. The twdllD
lines in our spectral range have a fixed line ratio determimethe
energy structure of the atom, and we fixed the line ratio assum
in our fit to agree with the observed line ratios{f7=2.99x F4959:
Storey & Zeippen 2000; Dimitrijevic et al. 2007).

In the second fit we assume two, independent ionised gas com-
ponents are present in each bin, and fit each component sidtvit
set of independent linked gaussians. As before, itis asdtima¢the
lines in each component trace the same kinematics (velaodye-
locity dispersion). Once again we confine the velocity oheafche
components to be within 1000 km' & of the galaxy systemic, and
to have a velocity dispersion greater than the instrumeetalu-
tion. We use different upper bounds for the first and secoma-co
ponents of the gas distribution. Component one is forcedte fa
velocity dispersion less than 200 km's as before. In general the
second component is needed where the outflow is presentsand i
thus allowed to have a higher velocity dispersion. We altbwe
lines in the second component to have a maximum velocityedisp
sion of 360 km s. In practice however good fits were found with
velocity dispersions<300km s!. The same limits were used on
the line fluxes as described above.

Once the two fits described above were complete for each bin,
we tested (using an F-test, as implemented in the mpfit packag
Markwardt 2009) if adding the additional free parameteruo
model of the emission lines produced a significantly betteovier
and above the improvement expected when one adds free param-
eters. The F-test can be used as an indicator of where fitting t
components produces better models, but the best threshtdde
should be determined by visually inspecting the fits obthi(es
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Figure 2. Stellar emission subtracted SAURON spectrum from single bi
(black solid line) with line identifications. The top panélosvs the spaxel
with the largest line flux (x=0, y=-4""), the middle panel shows the spaxel
with the biggest difference in the fitted velocities (¥80y=-5/17) and the
bottom panel shows the lowest flux region where a two compdit@an be
constrained (x=#0 y=-5/17). Overlaid is the two component fit produced
by out fitting routine, as described in Section 2.1.1. Congnbone (nearest
the galaxy systemic) is shown in orange, while componentisvetnown in
blue. The red dashed line shows the sum of component one andvtvich
closely matches the observed data.

the values tested for are at the extreme edge of the posssite d
bution). In this work we visually chose a threshold that esponds

to an improvement in the chi-square of 60% when adding in the
additional parameters. When a spaxel did not satisfy tliisran

then the values from the single gaussian fit were used, argkthie

ond component set to zero. Where two components were found to
be necessary we denoted the component closest to the ggkaxy s
temic as component one, and the faster component as contponen
two.

In an attempt to ensure that the fits were robust, and spatiall
continuous, we implemented an iterative fitting regime ehitie
fitting processes described above were performed for eactekp
in turn. Then the resulting two dimensional flux and velocitgps
were smoothed using a gaussian kernel, and then these sdooth
values used as the initial guesses for the next iteratioheofitting
procedure. Using this procedure we found that the paramater-
ally converged within three iterations, with very littleriance be-
tween fitting attempts. Figure 2 shows SAURON spectra from-a s
gle bin, overlaid with the two component fithe top panel shows
the spaxel with the largest line flux, the middle panel showste
spaxel with the biggest difference in the fitted velocitiesrad the
bottom panel shows the lowest flux region where a two compo-
nent fit can be constrained. Clearly in the low flux regions of he
cube the fitted velocities are driven by the [Olll]s007 line, and
the parameters have correspondingly higher uncertainties

In Figure 3 we show the observed kinematics for component
one (panels a & b) and component two (panels ¢ & d). The veloc-
ity dispersion maps have had the instrumental dispersialrgui-
cally subtracted. We also show the stellar velocity fieldvetfrom
these SAURON observations (panel e) for reference, asmiezsa
Paper Il . In Figure 4 we show the fitted line fluxes.

2.2 Gemini GMOS data

In addition to theSAURON data, we obtained Gemini GMOS-IFU
observations of the central parts of NGC 1266, providinghaig
spatial resolution and a longer wavelength coverage. The©SM
IFU uses a lenslet array of 1500 elements to feed individoai-p
tions on the sky to optical fibres (Allington-Smith et al. 208ook

et al. 2004). The total field of view of the IFU i€'%7”, with a
spatial sampling of‘®. The Gemini GMOS-IFU observations of
NGC 1266 were taken over the nights of 24th, 26th and 27th of
January 2009 at the Gemini North telescope (program GN-2008
DD-1). We used a four point dither pattern to extend our cager
to a total field of view of~9/1x12’'5, around the optical centre
of the galaxy. The resultant field of view (FOV) of our observa
tions is shown in blue on Figure 1. The low resolution R15G-gra
ing was used, resulting in a spectral resolutiomdf85 km s™* (at
6500A) over the wavelength range 5000 - 7380 Two different
blaze wavelengths (688 and 700 nm) were used on differemt-exp
sures to allow continuous spectral coverage by averagiagahip
gaps/bridges.

In order to reduce the GMOS IFU data we utilized a data re-
duction pipeline, as used in van de Ven et al. (2010). Thislpip
calibrates and flat fields the data, before it is timmed asdme
pled into a homogeneous data cube. This cube was binnedthsing
Voronoi binning technique of Cappellari & Copin (2003), eriag
a signal-to-noise ratio of 40 per spatial and spectral piRele to
the low spectral resolution and the depth of the exposuredexe
tect line emission to high significance over almost the enfiuU
cube, but were unable to detect stellar absorption featoragh
significance. As we are interested in the ionised gas kinemat
this work we simply wish to remove the (relatively smoothglst

© 2012 RAS, MNRASDOQ, 1-18



IFU observations of the AGN driven outflow in NGC 1266
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Figure 3. lonised gas kinematics derived from the SAURON IFU data c&dn process discussed in Section 2.1.1. In the top rone{panand b) we display
the kinematics of component one (confined to be closest tgatzexy systemic velocity). Bins where only one ionised gamponent is required are also shown
in component one. The kinematics of the faster componetioiais in the middle row (panels c and d). The ionised gas vgiieidisplayed in the left panels
(a,c), and the velocity dispersion in the right panels (bTtie stellar velocity field of this galaxy derived from thesene observation in ATLAY Paper Il is
shown as a comparison in panel e, with stellar continuum ftuntaurs overlaid. These plots are centred around the galasiyion given in ATLASP Paper

I

lar continuum. We do this by fitting the stellar continuumtwihe ple specta extracted from the cube are shown in Figure 5. \bfg sh
penalized pixel fitting routine of Cappellari & Emsellem (20, as here the region around theoki [NII] and [SII] lines only. These
used for our SAURON data. We were able to constrain the number specta were selected to lie at the spatial position with tgbdst
of stellar templates required using our best fit to the SAUR{a. line flux (top panel), the spaxel with the largest differebeéween
Once the stellar continuum was successfully removed we lgéire  the two fitted velocities (middle panel) and at the lowest thirx
with a cube containing the ionised gas emission only. in which we can constrain two components (bottom panel)hWit

the low spectral resolution of this data the lines are bldntiew-
ever we clearly require two components to fit the line emissitde

) - . . also detect Sodium D (NaD) absorption against the stellatico
spectrum in the region which overlaps with the SAURON spec- ( ) P g

; uum (an example spectrum is shown in Figure 6). We describe th
tral range. These lines however appear very weak because they arefitting procedure used for the gas emission lines in deteflgntion
at the edge of our band pass, where the throughput is low. Hire m 2.2.1, and the procedure used to measure the parameteesNdih
strong lines we detect aredh [NI] 6548,6583 and [Ollszo0, While abso;ption in Section 2.2.2.
Hel and [Nll]s7s54 are detected more weakly. We choose to fit the
kinematics of the gas emission on the strong lines only, enmbse
these kinematics when measuring the fluxes of weaker linesnkE

The spectral range of our cube includes various ionised gas
emission linesThe [Olll] and [NI] are included in our GMOS

© 2012 RAS, MNRASD0Q, 1-18
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Figure 4. lonised gas line fluxes derived from the SAURON IFU data rédagrocess discussed in Section 2.1.1. In the left colurardisplay the flux of
component one (confined to be closest to the galaxy systeBii®d where only one ionised gas component is required acesilown in component one. The
flux of the faster out-flowing component is shown in the righbth column. The top row shows thesHine fluxes (panels a & b), the second row the [OllI]
line fluxes (panels ¢ & d), and the third row the [NI] fluxes (pkne & f). Fluxes are in units of 10'6 erg s=! cm—2 arcsec? in each SAURON bin.

2.2.1 Emission line fitting again note that good fits were found in most bins with velodigy
persions<300km s™*.

As for the SAURON data, to ensure that the fits were robust,
and spatially continuous we implemented an iterative fittegime
where the fitting processes described above were perforruéd m
ple times, using a smoothed version of the output from theipus
run as the initial conditions. Here we found that the paransaisu-
ally converged within four iterations, again with verylitvariance
between fitting attempts. Figure 5 shows the GMOS spectma &0
single bin (from the same spatial region as selected befovejlaid
with the two component fit, as found by this procedure.

In Figure 7 we show the observed kinematics for component
one (panels a & b) and component two (panels ¢ & d). The velocit
dispersion maps have had the instrumental dispersion atiealty
subtracted. In Figure 8 we show the fitted line equivalenthgdor
the strong lines, with fitted component one in the top row and-c
ponent two in the bottom row. We calculate the equivalenthwvid

GMOS emission line fitting was carried out as described irtiSec
2.1.1, with some modifications, described below. We fit haee t
Ha, [NII], [SII] and [Ol] lines with single and double gauss&n
Initial guesses for the velocity and velocity dispersiorrevenade
using the derived kinematics from the SAURON cube. The two
[NI1] lines in the Ha region of the spectrum have a fixed line ratio
determined by the energy structure of the atom, and we fdieed
line ratios to the theoretical line ratio fzs4=2.95x Fes45: Acker
1989). The [SII] doublet is an electron density tracer, it line
ratio Fs731/Fe717 varying from 0.459 in the high density limit to
1.43 at the low density limit (e.g. De Robertis, Dufour & Hunt
1987). Here we constrain the [SII] lines ratio to lie somewhe
within this region. We here allowed the lines in the secongh-co
ponent to have a maximum velocity dispersion of 500km, dut

© 2012 RAS, MNRASDOQ, 1-18
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Figure 5. Stellar subtracted GMOS spectrum (black solid lines)framgle
bins with line identifications. Shown in the top panel is the With the
spaxel with the peak line flux (x¥®1, y=-2'08), the middle panel is the
spaxel with the largest difference between the two fittedaiges (x=-0'2,
y=-4’29), and the bottom panel shows the bin with the lowest tasal ift
which we are able to fit two components (x48b, y=-3'73). Overlaid is the
two component fit produced by out fitting routine, as descrilmeSection
2.2. Component one (nearest the galaxy systemic) is shoanairge, while
the faster component two is shown in blue. The red dashedshows the
sum of component one and two, which closely matches the vixelata.
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Figure 6. GMOS spectrum of the NaD region from a single bin (X401

y=-1"/8; black solid line). Overlaid is the two component fit proeddy our

fitting routine for the emission lines, as described in $ec#.2. Component
one (nearest the galaxy systemic) is shown in orange, wieleat-flowing

component two is shown in blue. The red line shows the summpoment

one and two (and our fit to the Nal sky line), which closely rhat the

observed data. Shown in green is our fit to the NaD absorptiugh.

the standard way by finding the width of a rectangle, with gliei
which is the same as the average stellar continuum flux iretiem
of the lines, which has the same area as the observed lingbeAs
GMOS data were taken in non-photometric conditions, we weé
only ratios of the line fluxes from this point on.

2.2.2 Absorption line fitting

The sodium absorption lines at 5880and 5896A are detected
in our GMOS IFU data (Figure 6). This feature is unlikely to be
due to an imperfect stellar template leaving negative ued@after
subtraction from the GMOS spectrum, as the fitted velocifabe
absorption feature do not match the stellar velocitiesrassuwhen
fitting the template.

In order to extract the absorption depths, and determine the
neutral gas kinematics we jointly fit the absorption doutded the
neighbouring Hel emission line (and Nal skyline). We fix the v
locity and velocity dispersion of the Hel line using the besution
for each bin derived from the stronger lines (as describe8eic-
tion 2.2.1). We then fit this line with two gaussian composeas
before, to determine the line fluxes.

Simultaneously we fitted the NaD absorption doublet (whéch i
blended in our data), assuming a gaussian profile for bois liRor-
mally an absorption line should be fitted with a Voigt profés,the
absorption has an intrinsic Lorentzian shape, which has ben-
volved with the instrumental gaussian response. In the feetsal
resolution data we present here however we fit gaussiangsoéis
the instrument response function is much broader than thiasic
absorption. If one fits a Voigt profile to our data, the bestritfibes
always tend towards a pure gaussian, with a Lorentzian wicth
of zero, validating such an approach. We do not fix the NaDcrelo
ity and velocity dispersion, as the absorption arises fratiffarent
gas phase, which may have different kinematics (see Se8i)n
The velocities of the NaD hosting gas are constrained in oo fi
lie within 1000 km s'of the systemic velocity, and the velocity
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dispersion of this component is constrained to be greatar the
instrumental, but less than 500km’s At the spectral resolution
of our data we only require a single neutral gas componenti in a
spaxels in order to fit the absorption profiles well.

In Figure 9 we show the observed absorption equivalent width
and the kinematics for the NaD absorbing gas. We calculae th
equivalent width in the standard way, as above.

3 Discussion

3.1 lonised gas emission line kinematics

Figures 3 and 7 show the ionised gas kinematics derived from
our multi-gaussian fitting procedure. The SAURON data has a
much wider field of view, providing insight into the large scde
kinematics of this object. The GMOS IFU data zooms in to the
central portions of this object to reveal the inner regions.

Panel a of Figure 3 shows the SAURON ionised gas kine-
matics for the component nearest the galaxy systemic veloc-
ity (which we will hereafter call the systemiccomponent). This
component includes gas out to a radius ofk10’ (1.5 Kpc).
A2011 discussed the molecular gas distribution, and find evi
dence for a rotating molecular disk, as well as a molecular at
flow. The origin of this systemic component, and its relatiorto
the molecular disk is unclear. This component could be due to
unrelated gas components at different locations along there
of sight, or it may be a coherent structure which has been dis-
turbed.

Some degree of symmetry appears to exist in the gas distri-
bution around a line inclined ~20° from East. This may suggest
some bulk rotation, with a kinematic position angle of~30°.
If this component is rotating, then comparison with the stelar
rotation (shown in the bottom row of Figure 3) shows that it
is misaligned from the stellar rotation by ~90°, suggesting it
could be in the polar plane. In the inner~6"however the veloc-
ity field changes sign, and is disturbed.

Figure 7 shows the GMOS zoomed in view of the cen-
tre of NGC 1266. The same disturbed features present in the
SAURON data are observed in the GMOS velocity field (Panel a
of Figure 7). These features persist whatever our choice ofi-
tial velocities for the fitting procedure, and are located atthe
same spatial location as the most blue- and red-shifted gas i
component two. When fitting multiple components to observed
velocity profiles its always possible that such reversed gigve-
locity structures are a result of a mis-fitting or over-fitting of
the line components. Here however we find the same structure
from both the SAURON and GMOS data independently. Our it-
erative fitting procedure described in Sections 2.1.1 and 2.1 is
designed to avoid discontinuous fits, and thus tries to remav
such disturbed structures, but is unable to find better fits in
these spaxels. The middle panel of Figures 2 and 5 show the
emission line spectrum in the bin with the largest blue-shifed
velocity in each dataset (where the disturbed systemic conop
nent is also detected). Clearly the outer edges of each blesdl
line or line-complex (which drive our determination of the rela-
tive velocities of the two components) are well fit, increasig our
confidence that this structure is real.

If the systemic component is a misaligned rotating struc-
ture then we speculate that the disturbed structure visiblein
the inner parts could be where the molecular outflow detected
in A2011 has punched through, and material is flowing inward
to fill the vacuum. Given the dynamical timescale of gas at tlsi
radius (~30-40 Myr; A2011) it is difficult to imagine that the

disturbed structure present in the centre of this object cold
persist for long without being smeared out. This suggests #t
either this feature is very young, or we are indeed observing
unrelated clouds along the line of sight, which are not dynam
ically linked. A2011 estimate the age of the molecular outfle
in this object as~2.6 Myr, so a recent cause of this feature is
not completely ruled out. Alternatively if these are unrelaed
clouds long the line of sight, the blue features south of theur
cleus may be directly related to the outflow. Close correlatin
between some of these features and the radio jet support this
conclusion (see Section 3.5). Higher spatial resolution ebrva-
tions would allow us to disentangle these two possibilities

Panel ¢ of Figure 3 shows the globaBAURON view of the
gas kinematics where a second component was required. This
gas appears to be in a two lobed structure, orientated apprax
mately North-South (misaligned from the kinematic axis of he
stars by ~70° (Krajnovi ¢ et al. 2011)). The gas in this com-
ponent has velocities up to~800 km s~ away from the sys-
temic velocity. We denote this component as theutflow from
this point. Panel c of Figure 7 shows this component in more
detail. With the finer spatial sampling of the GMOS-IFU map
we are able to detect gas with velocities up tee900km s~ 'away
from the systemic. As argued in A2011 the escape velocity in
the centre of this object is at most~340km s~ ! supporting the
idea that the outflow in this system allows material to escapéne
galaxy. The molecular gas in the outflow of this object reache
velocities of up toa~480 km s™1, with a slightly smaller spatial
extent (see Figure 10). This could suggest molecular gas is-d
stroyed as it flows out of the galaxy, or that our observations
were not sensitive to detect emission from the molecular gast
the highest velocities. .

The molecular gas in NGC 1266 dominates the total mass
of the ISM (with a mass of ~2x10° M), and is contained
within the inner most =100 pc of the galaxy (A2011). It is very
hard to explain how this gas lost its angular momentum if it
was already present within the galaxy. Deep optical imaging
shows some minor signatures that could be due to recent digtu
bances, but no signatures of a stellar bar (Duc et al., in prep A
minor merger could explain the compactness of the gas, if the
merger happened with the correct initial parameters to leae
the gas with little or no angular momentum. The dynamical
mass (M, /2) of NGC1266 within a sphere of radius £/, (con-
taining half of the galaxy light) is 1x10'° M, (Cappellari et al.,
in prep). A minor merger with a smaller galaxy could provide
the gas we see, and with a stellar mass ratio o£5:1 (assum-
ing the smaller galaxy was gas rich, with a gas fraction of one
may not leave visible traces in the luminosity weighted gabey
kinematics.

In Davis et al. (2011) we analyzed the kinematic misalign-
ment of the ionised gas in ATLASP galaxies (extending the
work of Sarzi et al. 2006) in order to gain clues about the ori-
gin of the gas. In that work we suggested that gas with kine-
matic misalignments>30° almost certainly have externally ac-
creted gas. If the systemic component is rotating (and its rsk
alignment from the stellar rotation axis is not caused by orfit
branching or similar; Pfenniger 1985; Contopoulos & Magne-
nat 1985) then this would once again argue for a recent minor
merger/accretion.

3.2 NabD absorption

The sodium absorption doublet at 5880and 5896A provides a
good probe of the cold ISM in the outflow. The ionisation pdtitan
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Figure 7. lonised gas kinematics derived from the GMOS IFU data reédngbrocess discussed in Section 2.2. In the top row (panésave display
the kinematics of component one (confined to be closest tgdlaxy systemic). Bins where only one ionised gas compoisemguired are also shown in
component one. The kinematics of the faster out-flowing camept are shown in the bottom row (panels ¢ & d). The ionisexdvgtocity is displayed in the

left panels, and the velocity dispersion in the right handga

of Nal is lower than that of hydrogen, at only 5.1 eV. The pho-
tons that ionize Nal are thus in the near-UV & 2420,&).These
lines primarily probe the ISM in the warm atomic and cold ncole
lar phases, where there is sufficient dust extinction tonatieutral
sodium to survive (Spitzer 1978). For NaD lines to be obgkrve
only relatively modest optical depths and ¢blumn densities are
required, which makes these lines a sensitive probe of ttiloau
ing (or inflowing) neutral ISM.

As shown in Figure 9 we detect NaD only in the central re-
gions, and southern part of the galaxy. As absorption limes a
viewed against the stellar continuum, if blue shifted vitles are
observed it is clear that the gas is outflowing, rather th#liovin
ing. The gas kinematics show that it is likely caught in thé&low,
with typical blue shifted velocities of-250km s! and extreme
velocities detected out te 500 km s~ ! (which is well beyond the
escape velocity). The position angle of the outflow tracet&b
(and molecular gas; see Figure 10) is slightly differenintttaat
traced by the ionised gas, by35+5°. It is unclear if the difference
between the two gas phases is significant. We discuss thiefun
Section 3.5.

The presence of NaD in the outflow provides further evidence

extends to higher velocities when traced by ionised gas wien
using a dense gas tracer. Either the gas is dissociatee@ffuatit in
the outflow, or we no longer have the sensitivity to detect it.

To observe the NabD lines, the extinction must be sufficient fo
the optical depth«) to be 2 1 at 2420A which corresponds to an
A, 2 0.43 mag in the V-band (for a Cardelli, Clayton & Mathis
1989 extinction law) and to a IHcolumn density of 2 8x 10?°
cm~2. The NaD lines we observe are likely to be associated with
the H in this source, which is detected in absorption by A2011.
They find a total H column density of Ny = 2.1x10*' cm™2 in
front of the continuum source in NGC 1266, and estimate that t
HI column depth in the outflow isz 8.9x10*° cm™2, consistent
with our detection of NaD.

Our observations provide an alternative way to estimate the
reddening, and thus the atomic gas column density in eactekpa
The equivalent width (EW) of the NaD absorption lines hasnbee
shown to correlate with reddening. Here we use the relatidrue
ratto, Benetti & Cappellaro (2003), derived from low resimno
spectroscopic observations of supernovae:

E(B-V)
mag

= —0.01 + 0.16 x EW(NaD), 1)

that NGC 1266 hosts a multi-phase outflow, and that cold gas is
being removed from the galaxy. As discussed above, the wutflo where E(B-V) is the standard colour excess. This can be awedbi
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with the relation between E(B-V) anditdolumn density, such as

that derived by Bohlin, Savage & Drake (1978):
N(HI)  E(B-V)
em—2 0.2 x 10—21°

@)

Using these relations we find that the averagedlumn density in
the outflow of NGC 1266, as derived from the NaD EW (displayed
in Figure 9) is (1.2:0.6)x10*! cm™2, consistent with the Hab-
sorption spectrum presented in A2011.

The above estimate of N(His very simplistic, and assumes
that the NaD absorption comes from a ‘screen’ in front of the
galaxy. In fact, due to the small spatial scales we are pgobére,
some of the stellar continuum detected by GMOS will come from
stars in front of the outflow gas, decreasing the measuredTiBg/.
amount of contamination will change with radius. Just toteeth
of the galaxy nucleus the gas velocity is redshifted wittpees to
the galaxy systemic velocity. We are thus likely to be se#ingugh
to the receding part of the outflow. If we assume that the autito
symmetric, then as we only detect redshifted material atvéng
centre, this implies that the outflow is not in the plane ofga&axy
(as otherwise the outflow on the northern side of the galaxyldvo
be silhouetted by the same amount of stellar continuum).

It is possible to use the above facts to introduce a new simple
model which can help constrain the geometry of outflows. Is th
model we treat the inner regions of NGC 1266 as a planar disk, w
a vertical scale height of 700 pc. The exact value we choasthéo
scale height does not critically change our results, soWweradopt
a value at the high end of those found for the Milky Way by Chen
et al. (2001). As the inner surface brightness profile of N@GE6L
(within ~5") is reasonably flat (Krajnovic et al., submitted) in this
simple model we neglect the change in surface brightnessrait
dius of the system. We input an outflow with a constant surface
density, and a variable length (L), which is inclined frore thalaxy
plane by an anglé. From Equation 1 and 2 we calculate the ex-

od poz

() (b) (c)

Figure 11. Simple geometry assumed for the NaD absorption model de-
scribed in Section 3.2. The galaxy is represented as a flatvgth expo-
nentially declining surface density of scale height 700Tte outflow has

a constant surface density, a variable length (L), and dmaton from the
galaxy plane of anglé. Three sight lines (referred to in the text) are labeled

(ab &c).

outflowing material is in front of the majority of the stars time
galaxy, and thus the expected NaD EW will be relatively uacon
taminated. Sightline (b) passes through the galaxy ceae50%

of the stars in the galaxy are in front of the absorbing matettius
our measured EW will be 50% smaller. Sightline (c) has alrafist
of the stars in the galaxy in front of the absorber, so the igibien

on this sightline is likely undetectable. The exact viewamgle be-
tween the galaxy plane and the line of sight introduces ataahs
geometric factor, which can be neglected when one nornsaiise

pected EW(NaD) produced by such an outflow. The measured EW EW profile. The profile shape does not depend on the exact col-

will however be contaminated by the luminosity of the stags b
tween the observer and the absorbing material. At eachgadtu
calculate the amount of stellar luminosity above and bel@\posi-
tion of the outflow, and produce a model for the observed EVI(Na
profile.

umn density assumed for the outflow, and hence this factdsis a
removed when one normalises.

Models of the above sort can be fitted to the observed NaD EW
distribution. Figure 12 shows the observed NaD EW distridut
(black points) extracted from our GMOS observations in aigee

Figure 11 demonstrates the model geometry, and includes slit of 1” wide aligned in the North-South direction over the centre

three sight-lines as examples of this procedure. In Sigh{&) the
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Overplotted on the observed data is the best fit model forutftons
produced in the way described above (where additionallyrtbéel
has been convolved with a gaussian to match the averageyssein
our observations). Models with inclinations between 0 a0fd and
with sizes between 1 and 500 pc were created, and compareel to t
data by calculating the reduced chi-squared. The statisicor is
calculated by finding the area of parameter space aroundetste b
fit where the reduced chi-squared changes by 1. The best fieimod
has an inclination (between the galaxy plane and the outftiw)
53+8°, and a size of 40850 pc. A line corresponding to such a
model is shown in Figure 12.

A2011 estimate the outflow to have a total extent of 465 pc,
and an inclination with respect to the plane of the sky of hdug
20° (using the the average offset between the centroids of the ou
flow with respect to the nucleus divided by the average extént
the lobes). If we use the inclination of 3%° for the galaxy, as
in A2011, combined with our estimate of the outflow incliati
(with respect to the galaxy) this leads to an estimate of thtaw
inclination with respect to the plane of the sky of 18B8)°. Both
the inclination of the outflow and its size derived from ounple
model are thus consistent with the estimates presented @112
If we alternatively use the inclination of 26° estimated in Davis
et al. (2011), within our error bars we still get a result dstent
with the estimate of the outflow inclination in A2011.

This conclusion that the outflow in NGC 1266 is orientated out
of the plane of the galaxy is supported by the observed kitiema
misalignment between the galaxy stellar kinematics, thisexl gas
kinematics, and the outflow. A2011 also argue that the outffow
NGC 1266 is orientated out of the plane of the galaxy, baseti®n
differential reddening between the northern and southasad of
ionised gas emission. In Seyfert galaxies no correlaticwden the
direction of AGN jets and the galactic plane exists (e.g.dstad &
Wilson 1984), hence the misalignment of the outflow in thikgga
is perhaps not unexpected.

Two parameter models of this type employed here are highly
simplistic, and ignore a large amount of relevant physiassite
these reservations a good fit to observational data can lagnebt
(as shown in Figure 12), and the estimated parameters sesonre
able. This highlights the power of NaD observations to c@atsthe
geometry of outflows.

3.3 Gas excitation

Figures 4 and 8 show the distribution of ionised gas in NG(5126
lonised gas is detected everywhere in the ina@f’ (a projected
distance of 1440 pc) of the galaxy, however the brightnessidi
bution is not smooth. As seen in narrow band images (and-previ
ously discussed in A2011) the ionised gas emission is laidiat
the south of the nucleus, and has a distinctive ‘kidney beWépe
(best seen in Figure 8). This structure correlates with thsétijon

of the outflow (and with the radio jet; Section 3.5). The asyetiio
brightening of the lines is present in both the systemic artélaw
components, suggesting these components are linked inwagne
In the rest of this section we use ratios of the line fluxes tewn
stand the ionisation mechanism powering this emission.

Using the combination of the SAURON and GMOS IFU data
is is possible to construct BPT diagrams (Baldwin, PhilgpFer-
levich 1981) for the inner parts of NGC 1266. In order to use ra
tios from both datasets we interpolate 8&URON IFU map onto
the GMOS bins. As th&AURON bins are in general larger, some
GMOS bins will have identical values of tHAURON line ratios.
Figure 13 shows the [OIlll]/H ratio derived from our SAURON
data, plotted versus the [NII]/H (top panel), [SII}/Hy (middle

T T —— —— —
Data °
Model

Norm. EW(NaD)

0.0 T S [ S [N S S B |

—-600 —400 -200 0 200
Radius (pc)

Figure 12.The observed NaD EW distribution (black points) extractedf
our GMOS observations in a pseudo slit ¢f wide, aligned in the north-
south direction over the centre of the galaxy. The solidilae is the best

fit model for the outflow EW produced in the way described int®ac3.2,
convolved with a gaussian to match the average seeing oftiaareations.
The best model displayed here has an outflow inclinationh(vespect to
the galaxy disk) of 53, and a linear outflow size of 400 pc. The dashed line
shows the detection limit of our observations.

panel) and [Ol]/Hv (bottom panel) line ratios from our GMOS ob-
servations. In the bottom right of each plot is the typicabebar
associated with each point, derived from the formal fittinges
and a monte-carlo error analysis of the different fluxesrnetd by
our fitting routines.

Onto these diagrams we overplot the diagnostic lines of Kew-
ley et al. (2001, 2006), which indicate the dominant lineitation
mechanism. In all of the panels it is clear that star-forpratian-
not excite the lines we see in NGC 1266. The top diagram shows
that the gas is ionised either by an AGN, or shock procesdes. T
middle and bottom panels show that the majority of the spaxel
have line ratios which are consistent with low-ionisatiarclear
emission region (LINER: Heckman 1980) like activity. LINER
are a controversial classification (see Ho 2008 for a revigith
some authors claiming that the ionisation comes from an AGN
(e.g. Ferland & Netzer 1983; Ho, Filippenko & Sargent 19%a3t
shocks (Burbidge, Gould & Pottasch 1963; Dopita & Suthetlan
1995), or photoionization by ultraviolet (UV) bright stlsources
(di Serego Alighieri, Trinchieri & Brocato 1990; Binetteadt 1994;
Sarzi et al. 2010; O’'Dea et al. 2010).

In addition to the BPT diagrams, it is also possible to plet th
observed line ratios over grids that predict the line radi®nised
gas lines in given scenarios. Both obscured and unobscu@d A
models from Groves, Dopita & Sutherland (2004) fail to fuler
produce the observed line ratios. The closest AGN modeliresju
a metallicity of 4Z,, an electron density of 1000 émand a rel-
atively constant radiation field. Even then this model cariatly
reproduce the observed line ratio distribution. We find thatonly
model that can reproduce the emission line ratios we obdsrve
a shock model from Allen et al. (2008), again with a super so-
lar metallicity (= 2Z). The stars in NGC 1266 have a sub-solar
metallicity (McDermid et al., in prep), and thus if the gaalhgis
of super-solar metallicity then it must have been signifilgaen-
riched.

Figure 14 shows our best fitting shock models, from the
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Figure 13. BPT (Baldwin, Phillips & Terlevich 1981) type diagrams for
the inner parts of NGC 1266. The Y-axis of each plot shows @id]{H 3
ratio derived from our SAURON data, and it is plotted verdwes[INII)/H,
(panel a; top), [S)/Hx (panel b; middle) and [Ol]/id (panel c; bottom) line
ratios from our GMOS observations. In the bottom right oftrepiot is the
typical error bar associated with each point, derived frobenformal fitting
errors and a monte-carlo error analysis of the fluxes retubyeour fitting
routines. We overplot the diagnostic lines of Kewley et abql, 2006),
which indicate the dominant line excitation mechanism.
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Figure 14.Observed line ratios for spaxels in the inner parts of NGG126
plotted over a shock model with a super solar metallicity 3Z,), taken
from Allen et al. (2008). The Y-axis of each plot shows thel[{H 5 ratio
derived from our SAURON data, and it is plotted versus thé][Nlkx (panel

a; top), [SII]/Ha (panel b; middle) and [Ol]/H (panel c; bottom) line ratios
from our GMOS observations. In the bottom of each plot is ypécal error
bar associated with each point, derived from the formahterrors and a
monte-carlo error analysis of the fluxes returned by ounfjttoutines.
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SAURON specific line ratio diagram [Oll)/A vs [NI]/Ha and the
SAURON/GMOS combined [Oll)/K vs [SHl]/Ha and [Ol]/Ha

diagrams. The emission observed requires shock velooities to
~800km s!, and an average magnetic fielde8 .G cm’/2. The
shock velocities are similar to the outflow velocities, segfing that
the shocked emission is powered by the outflow.

The shock velocities derived from these grids are highest at
the centre, and towards the northern (redshifted) sidesodtiflow
(see Panel a of Figure 15)This is true in all the data sets, even
though the line ratio that drives the shock determinatidatifferent.
The [SII]/Ha grid predicts higher shock velocities than the [NIg¥H
grid, but the average shock velocity is consistent. The/f@i]grid
predicts lower shock velocities on average, but this isetfriby the
bins that fall within the Seyfert region of the associatedTBfa-
gram (Figure 13). These spaxels are mostly located in thieeceh
the galaxy, where the AGN contribution to the ionisationikely
to be strongest. It is not surprising that suggestions okthbed-
ded AGN are most clearly seen in the [OlliHliagram , as the
presence of strong [OXp300 is usually indicative of a power-law
ionising spectrum.The [Ol] line, which is collisionally @sed, will
only occur in a zone which has a sufficiently high electronsitgn
and temperature to excite the upper level. With a stellautispec-
trum, these conditions only occur within the Hstromgren sphere,
where the @ abundance is negligible. However, a gas ionised by a
relatively flat power-law spectrum has an extended paytiailised
zone where the [Ol] emission arises (Peterson 1997).

The magnetic field appears to increase with increasingriista
from the centre of the galaxy, perhaps due to compressioragf m
netic field lines as they enter the shocked @@anel b; Figure 15)
Shock velocities are similar in both the systemic and outfiom-
ponents, again arguing that these components are linkedhéu
magnetic field may be higher, on average in the outflowing @camp
nent.
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Figure 15. Shock velocities (top panel) and magnetic field strengtlos- (b
tom panel) for the systemic component derived from the SANRIly
[OlI}/H B vs [NI]/H« diagram by interpolating the shock grid presented in
Figure 14. The same trends are observed in the mixed GMOSREAU
diagrams.

and so we do not reproduce these plots here. However a rddgona
consistent picture emerges, with the higher density outfiawing

A2011 have shown that NGC 1266 has a deeply embedded |ower average temperature, and vice versa for the lowerityesys-

AGN, but as we show here, the ionised gas emission in this RNE
galaxy is dominated by shocks, likely caused by the outflogind:
ilar shocked, high metallicity wind has been postulatedxolan
the LINER like emission from starburst-superwinds (e.ghRat al.
2010). The shocks in NGC 1266 exist at high velocities, sintib
those found in the outflow, once again demonstrating the bigk
tween the ionised gas and the material in the outflow.

3.4 Physical Conditions

Using the ionised gas lines we detect, it is possible to edérthe
physical conditions within the ionised gas in eagaxel From
the ratio of the 6732 and 6717A lines in the [SII] doublet it is
possible to estimate the luminosity-weighted electrorsigmlong
each line of sight. The ratio of the [NII] doublet 26548,6584A
and the [NII] line atA5755 A also provides a sensitive tempera-
ture tracer, that depends very little upon the density ofgde We
calculated these line ratios for each spaxel where it istcaingd
by our GMOS data, and used thebular package in IRAF to es-
timate the electron density and temperature, based on t&eeb-
atom program developed by De Robertis, Dufour & Hunt (1987).
Figure 16 shows maps of the derived electron density for the
systemic and outflow component, and a histogram of the buregal
in both components. In significant areas of the outflow corepon
the [SII] ratio is saturated at the low density limit. As shown
panel b of Figure 16, however, in the highest velocity regiofithe
outflow where the line ratio is not saturated, the averagsitleis
higher than that in the systemic component. The requirezslio
calculate the electron temperature were detected in fepastets,

temic component. We hypothesize that the outflow may be highe
average density due to a pile up of material in-front of th@sed
gas shock, and/or an increase in the number of free electioago
ionisation from the shock. The disturbed structure in theteyic
component appears to have a lower electron density thaeshefr
the gas, on average, supporting the hypothesis that thid beua
different gas component.

The northern half of the ionised gas systemic component has
a lower electron density, on average, than the southern ®athe
of the ionised gas densities in the northern regions are avére
low density limit. This could potentially offer an explarat for
some of the puzzling features of the outflow. If the ISM is werdy
distributed on each side of the nucleus, then the same imeugye
from the central engine would dissipate faster in the demseerial,
producing stronger line emission in the denser southeriomsgas
observed. The lower density in the northern region woulavathe
same energy input to produce a faster shock, as observednddre
netic field in the northern region may also be lower, and trosia/
decrease the expected synchrotron flux from a jet, as olubémve
Section 3.5. One might however expect that the outflow wduld t
be faster on the northern side of the nucleus, as the outrtpmia-
terial would encounter less resistance. This is not obseirvéhe
velocity fields presented in this paper.

The observable tracers of the outflow that we currently posse
(ionised and atomic gas in this paper, molecular gas in APRGW-
ever have to be present at sufficient densities to be detectaind
more sensitive observations may be required to detect tiie- hi
est velocity parts of the redshifted outflow. Both evidencaf
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A2011, and from the NaD absorption presented in this papgr su
gest that the redshifted northern part of the outflow is sessugh
the galaxy, and dust obscuration could potentially prevsrirom
detecting low level ionised gas emission.

3.5 Driving mechanisms

The physical mechanism by which an AGN removes gas from a
galaxy is still widely debated. As discussed above, raaliafires-
sure, broad-line winds, cosmic ray heating, and radio jate tall
been mooted as potential methods for driving gas out of gegax

In NGC 1266 the gas is clearly being accelerated and removed f
the galaxy, and the cold gas phase survives reasonably famtou
the outflow. A2011 argue that radiation driven winds are lsab
provide enough mechanical energy to drive the outflow, ang &#m
AGN jetis a more likely driving mechanism. 1.4 Ghz and 5 Ghz ra
dio continuum maps are available for NGC 1266 (Baan & Kldgkn

the ionised gas outflow, but that another mechanism (e.gisaon
radiation pressure) could be driving the atomic and mobecoilit-
flows, naturally leading to different position angles (seRupke

& Veilleux 2011). From the speed of the outflow, and its meadur
extent we can estimate the lifetime of the phenomenon. Buh t
ionised gas (extending t&¢1.5 Kpc and travelling at upto 900 km
s~ 1) and the neutral gas (extendirg00 pc and travelling at an
average 250 kms') give a similar estimate for the lifetime of the
outflow (=~1.6 Myr). This would seem to suggest the outflows in
ionised and neutral gas have a common cause. Radiatiorupgess
driving the outflow also seems unlikely on energetics greuiseée
A2011). Deep high resolution observations of the radio icomim
structure could help distinguish the cause of this effect.

4 Conclusions

In this paper we have been able to shed some light on the out-

2006), and are shown here in Figure 17. The 1.4 Ghz image showsflow activity in NGC 1266. This unusual galaxy is relativelyanby,

a central bright point source, and a jet-like extension ®gbuth
and north.

A similar jet-like structure is visible in the 5 Ghz image
this higher resolution image the emission to the south amth rod
the nucleus is not connected to the point source. This ladof
nection could be because the VLA observations used herenhad i
sufficient sensitivity, or may have resolved out the coningcitruc-
ture. We could be seeing emission from where the jet hitsdhe s
rounding ISM (c.f. hotspots) or the jet itself may contaisalete
blobs of radio plasma.

The spectral index of the central point source (which is un-
likely to be affected byuv-coverage issues) is consistent with a
flat spectrum, with an index typical of an AGN source[X.4-
5Ghzk0). The spectral index of the outer structures dreg4 4-
5Ghzk:-0.7), as is seen in hotspots in local radio galaxies (e.g.
Hoekstra, Barthel & Hes 1997), but as some emission could hav
been resolved out, we cannot be sure this value is robust.

Figure 18 shows the 1.4 Ghz radio continuum structure over-
plotted on our GMOS maps of the ionised gas and neutral gas out
flow. The observed radio structure correlates well with tregdres
observed in the ionised and atomic gas. The radio morphakgy
similar to that predicted by models of disrupted Fanaroff Riley
Class | (FRI) objects, as expected given the very denseamient
around the jet, where it can be rapidly decelerated andtisduby
gas entrainment (e.g. Laing & Bridle 2002; Laing et al. 2011)

The ‘kidney-bowl’ shock structure observed in the ionised g
traces well the southern edge of the jet seen in radio camtinu
as is observed in many radio galaxies (i.e. the "Alignmene&f,
Chambers, Miley & van Breugel 1987; McCarthy et al. 1987)
This suggests that the shock suggested by the ionised gastins
occurs where the radio plasma impacts with the ionised das. T
blue shifted feature on the south-eastern side of the systm-
ponent also seems to correlate well with the jet. This featnay
well be associated with the jet, arguing that the systemicgaent
may not represent a single structure.

The radio continuum structure hooks around the fastest mov-
ing neutral and ionised gas. As discussed above, the positigle
of the outflow traced in NaD (and molecular gas; see Figure 10)
is slightly different than that traced by the ionised gasjé&ution
effects could possibly explain some of the difference betwthe
position angles, but is unclear if this can completely reentvwe
discrepancy. If this effect is real, then it could potemyiarise be-
cause interaction with the ISM has deflected the jet, or thegjeld
be precessing (as observed e.g. in Cen A; Haynes, Cannoni& Eke
1983). Of course it is also possible that the jet itself is gong

© 2012 RAS, MNRASD0Q, 1-18

allowing us to investigate the process of AGN feedback iipact
Using the SAURON and GMOS IFUs we detected strong ionised
gas emission lines (&4, Hg3, [OlII], [Ol], [NI], [SII] and Hel), as

well as NaD absorption. We use these tracers to explore the-st
ture of the source, derive the ionised and atomic gas kiriesnad
investigate the gas excitation and physical conditions.

NGC 1266 contains two ionised gas components along each
line of sight, tracing the ongoing outflow and a componens&tdo
the galaxy systemic, the origin of which is unclear. The ggsears
to be being disturbed by a nascent AGN jet.

We have presented further evidence the outflow in this object
is truly multiphase, containing radio emitting plasma,isexa and
atomic gas, as well as the molecular gas and X-ray emittiagnpa
(as detected in A2011). With outflow velocities up to 900 km,s
the outflow is very likely to be removing significant amounfs o
cold gas from the galaxy. The ionised gas morphology cdesla
well with the radio jets observed in 1.4 Ghz and 5 Ghz contimuu
emission, supporting the suggestion of A2011 that an AGNsjet
the most likely driving mechanism for the ionised gas outflow

The line emission in NGC 1266 causes it to be classified as a
LINER in optical diagrams. We show here that although NG(5126
undoubtably hosts an AGN (see A2011) the line emission i thi
object is extended, and is most consistent with excitatiomffast
shocks caused by the interaction of the radio jet with the.ISihse
shocks have velocities of up to 800 km's which match well with
the observed velocity of the outflow.

Using the observed NaD absorption we are able to set fur-
ther constraints on the size and orientation of the outfloa.st\bw
that we are able to detect atomic gas entrained in the outfidw o
to a (deprojected) distance ef400+50 pc, and that the outflow
has an inclination (between the galaxy plane and the outftiw)
53+8°. This suggests the outflow is misaligned from the stellar
body. Furthermore we were able to provide an independent es-
timate of the column density of neutral material in the owiflo
Nur=(1.240.6)x10*! cm~2. This estimate is consistent with that
derived from H absorption in A2011. The neutral and molecular
outflows are well correlated, but appear to be outflowing @lan
slightly different axis to the ionised gas. The cause of #fisct is
unclear.

NGC 1266 is a highly complex object, and it is clear that fur-
ther observations will be required to fully understand ihs@rva-
tions of single emission lines (either with an IFU or with ebRa
Pérot instrument) will be important to overcome problenith\ine
blending inherent in this high velocity dispersion sourégher
spatial resolution would also be advantageous to obtaiar de
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Figure 17.1.4Ghz and 5Ghz radio continuum maps of the centre of NGC 266 Baan & Kldockner (2006). The maps are shown for all emissbove &
(1.4 Ghz) and 3 (5 GHz) with contours spaced by INGC 1266 has a total flux of 83.5 mJy at 1.4Ghz.

agnostics of AGN activity, and better understand the shaelcs
ture. Sensitive interferometric radio observations ahhaggular
resolution would also enable us to understand the morpkicod
orientation of the nascent radio jet. The Atacama Largeiét
ter/submillimeter Array (ALMA) will allow us to study the necu-
lar component of the outflow in greater detail, and furthéerdwaine
the driving mechanism. For instance if molecular shockersare
found predominantly in the outflow then a kinetic driving rhae
nism would be favoured, while if photon dominated regiortitng
species were detected this would argue for a radiation i¢een-

ponent to the outflow.

witness ongoing active feedback, where a central AGN isugtsr
ing its star-forming reservoir. It is clear that understiagdhe pro-
cesses removing the ISM will have widespread applicatiortmth
theoretical and observation attempts to understand AGdbfeek,
its affect on the ISM, and role in building up the red-seqeenc
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