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ABSTRACT

We present new Spectrographic Areal Unit for Research onc@iftiebulae SAURQN) integral-field spec-
troscopy andSwift Ultraviolet Optical Telescope (UVOT) observations of nwlkar outflow host galaxy
NGC 1266 that indicate NGC 1266 has experienced a rapid to@ss# star formation. Both th6&AURON
maps of stellar population age and Beift UVOT observations demonstrate the presence of yosng Gyr)
stellar populations within the central 1 kpc, while exigti@ombined Array for Research in Millimeter-wave
Astronomy (CARMA) CO(1-0) maps indicate that the sites afent star formation are constrained to the in-
ner few hundred parsecs of the galaxy only. The optical specof NGC 1266 from Moustakas & Kennidutt
(2006) reveal a characteristic post-starburst (K+A) atedopulation and Davis et al. (2012) confirm that ion-
ized gas emission in the system originate from a shock. Gaxith K+A spectra and shock-like ionized
gas line ratios may comprise an important, overlooked segwiethe post-starburst population, containing
exactly those objects in which the AGN is actively expellthg star-forming material. While AGN activity
is not the likely driver of the post-starburst event thatuweed 500 Myr ago, the faint spiral structure seen in
the Hubble Space Telescope (HST) Wide-field Camera 3 (WKE3I)-andH-band imaging seems to point to
the possibility of gravitational torques being the culptithe molecular gas were driven into the center at the
same time as the larger scale galaxy disk underwent quepndhim AGN might be able to sustain the presence
of molecular gas fop, 1 Gyr by cyclically injecting turbulent kinetic energy intbe dense molecular gas via

aradio jet, inhibiting star formation.
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1. INTRODUCTION

The present-day galaxy population has a bimodal color dis-

tribution, with a genuine lack of intermediate-color gaéesx

1; Baldry et/lal. 2004). The lack of gaaxi
in the “green valley” suggests that galaxies migrate rgpidl
between the blue cloud and red sequence, requiring a rapi
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uenching of star formation (SE; Bell etlal. 2004; Faber et al
2007). Recent simulations have suggested that active-galac

tic nuclei (AGN) may be capable of shutting down SF by
heatmg and driving out gals_(_SpLLng_QL_Dl_Mane_o_&JiQmﬂwst

[_2005; Croton ef &l. 2006; Debuhr bt al.

) While circumstantial evidence for the quenching of
F via AGN feedback exists (Schawinski etlal. 2007), di-
rect evidence has been scarce. There are promising can-
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didates for AGN-driven SF quenching in quasar hosts atgalaxy, providing definitive evidence of the presence of an
z ~ 2 (Nesvadba et al. 2008; Cano-Diaz. 2012), but only AGN in the system. The distance to NGC 1266 is taken from
limited information can be obtained from such distant ob- ATLAS?P, 29.9 Mpc, for which ¥= 145 pc.
jects. In the more local universe, the low-redshift quasst h Here we report on the stellar population of NGC 1266, par-
Markarian 231 has recently been shown to exhibit a massiveticularly how it has changed with time, how that change might
molecular outflow|(Feruglio et al. 2010; Fischer et.al. 2010; relate to post-starburst objects in general, and how we tmigh
/Aalto et al/2012a). However, due to the high current SF rate, find other objects undergoing similar events. §& we de-
it is difficult to distinguish between a starburst and an AGN- scribe the observations and data reduction of Hubble Space
driven origin for the outflow in this system. Other nearby Telescope Wide-field Camera 3 (HST WFCSyift Ultravi-
galaxies with candidate AGN-driven molecular outflows such olet Optical Telescope (UVOTBAURON and the 2.3m Bok
as M51 iMatSUShita et Al. 2007), NGC 3801 (Das &t al. 2005; telescope at Kitt Peak. I§8, we show that NGC 1266 con-
Hota et al.[ 2012) and NGC 1377 (Aalto et al. 2012b) have tains a post-starburst-like stellar population, and weudis
been similarly controversial, with compact starburststa t  the implications of NGC 1266’s re-classification as a post-
effects of a recent major merger potentially dominatingrove starburst galaxy. 1§85, we summarize our results and suggest
any AGN feedback. Thus, examples of gas-rich systems unal{future directions for NGC 1266 studies.
tered by recent major mergers or strong starbursts are deede
to better understand the role of AGN feedback in the SF his- 2. OBSERVATIONS AND DATA REDUCTION
tory of local galaxies. _ 2.1. Hubble Space Telescope (HST)
Post-starburst gala>§|es (i.,e., K+A and .E+A galax;easij -\ﬂSEIeHa%% linf\;va:jed |:i'm|?jg(e;s of Nch(: V\}égg)were obtained
2004 Gotd 2005) may be an ideal demographic to study in VIt the Hubble Wide Field Camera 3 (V instrument on
the search for e\)/iden)::e of direct AGN-dgrivepn SF quen)::h- the HST in December 2011. Talile 1 lists the HST datasets
identification, instrument, channel, filter and exposuneeti

ing. These galaxies tend to have undergone a raqidi ( : :
Gyr) cessation of SF (although a rapid onset of SF is aIsoA" images are full frame, and were processed with the stan-

capable of forming post-starbursfs;_Falkenberg kt al. [p009 dard reduction pipelin€ALWF3. Cleaned images were coad-
and commonly lie in the green valley of the galaxy color- d€d; régistered and scaled to a common pixel scale of 0.13 arc
magnitude distribution. While some post-starburst gaiaxi  S€¢/PXel Wf'lthNULITt: DRI dZZLdE' The resulting drizzled im-
show obvious signs of disruption and are likely the prod- ages were flux calibrated and appear in Figdre S.

ucts of recent major mergers, the reason behind the abrupt

halt of SF in others is less cledr (Cales etfal. 2011). Pro- Table 1

posed methods of SF quenching in non-merging systems in- HST WFC3 Observations (Program 12525, 3 orbits)

clude strangulation and ram pressure stripping (as a ghs-ri : :
galaxy falls into a cluster environment and experiencea tid ObsID Instrument Channel Filter — Exp. Time
effects and winds, respectively; Evrard 1991; Flijita 1998; _ (seconds)
Bekki et al.[ 2002] Boselli & Gavazzi 2006), harassment (in br702c6q  WFC3 IR Fleow 449

which the gravitational Sotential of a galaxy is perturbgd b :Egggg;g wigg :E Eﬂgw g’gg
its cluster neighbors -1985; Mihos 1995; Be 998, ibr702chq ~ WFC3 IR F160W 449

[1996), tidal stripping (tidal disruption of dagjas ibr7ozedy  WFO3 IR iy Py
due to nearby galaxies, like what is seen in Hickson Com- ibr702cflq  WFC3 IR E110W 399

pact Groups; Verdes-Montenegro et al. 2001), morpholdgica

quenching (the tendency of the molecular gas within a bulge-
dominated system to be too stable against gravitational col
lapse to efficiently form stars; Martig et'al. 2009) and AGN- 2.2. Swift Ultraviolet Optical Telescope (UVOT)
driven feedback in the radiative (ionization, heating aaudi-r _ ) . _
ation pressuré; Ciotti & Ostrikéf 2007) or mechanical mode NGC 1266 was obverved with tt&wiftUltraviolet-Optical
(nuclear winds and jets; Ciotti et/al. 2010). Strangulatiam  relescope (UVOT;_Roming etial. 2005) under Target-of-
pressure stripping and harassment require a dense claster e Opportunity Program #31376 on March 15 and 17, 2009 for
vironment, tidal stripping requires a group environmerd an 9840sand 14220s in the near-UN2(00) and far-UVQA1928)
therefore cannot explain solitary post-starbursts, angphm ~ bands, respectively. Data were reduced using the automatic
logical quenching should not generate the massive molecula PiPeline and coadded using tBevifttask UVOTI MSUMfrom
outflows observed in some nearby galaxies. Thus, isolatedhe HEASOFT packafle(Breeveld et dll_2010). The resul-
post-starburst galaxies with actively outflowing gas pdevi tantimages were then sky-subtracted, and the sky root mean
snapshots of a critical phase of a galaxy’s journey from star square noise was determined using the IDL DAOPHOT task
forming to the red sequence. SKY. All discussions hereafter focus on the far-UNV1928)

The discovery of the massive molecular outflow data.
(Moutfow — 24 x 107 Mo, M = 13 M, yr—1) in NGC 1266

was originally reported i [(2011). Recently, 2.3. SAURON

d.Z) also presented their work on integrddifie ~ The Spectrographic Areal Unit for Research on Optical
spectroscopic observations of the ionized gas in the nscleu Nebulae SAURON) is an integral-field spectrograph at the
of NGC 1266 and showed that the outflow is truly multiphase, william Herschel Telescope (WHT;, Bacon etlal. 2001). The
consisting of ionized and atomic gas, molecular gas, X-ray SAURON data of NGC 1266 were taken on the nights of
emitting plasma and radio emitting plasma. Finally, Nyland

et al. (2013) report on the discovery of a high brightness *! HEASOFT software can be found at:
temperature VLBA point source within the nucleus of the http://heasarc.gsfc.nasa.gov/docs/software/lhgasoft
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Figurel. (Top): Integrated spectra (black) from 3800-60bare overlaid with the stellar model fits from MIUSCAT muliigd by a weighting
supplied bypPXF for both bursty (yellow) and continuous (red) modes, usingnaversal Kroupa Initial Mass Functioh_(Krolipa 2001).
Residuals (black points) and masked portions of the spésitieded gray) are also included, and well-known lines astified in blue. The
parameters of the integrated fit did not vary between diffelibraries (MILES or MIUSCAT| Vazdekis et &l. 2010), thdudid depend on the
chosen IMF (see Tab[é 2)Bottom): The relative age-metallicity weights derived frompBXF fit to a continuous SF history using a universal
Kroupa IMF (controlled by the line regularization weigtgigiven through thdREGUL keyword inpPXF; [Cappellari & Emsellem 2004) for
the spectrum. The redscale represents a linear light draeteighting, with darker regions tending to have higherghs. The results of a
bursty SF history light fraction weights are shown as yelfmints (of which there are 5), with their size representingrielative contribution
of each age and metallicity to the fit. Light fraction was ded using thé/-band mass-to-light ratio for each metallicity and age lsimg the
universal Kroupa IMF.

2008 January 10 and 11, as part of the ATI2RSobserv- V-band data to be written into tH®AURON Hj3.,s and stellar
ing campaignl(Cappellari etlal, o201166AUR0\| covers the  age headers.
wavelength range 4810 - 5358 with a spectral resolu-

tion of 105 km s!. The SAURON observations were re- 2.4. Long-slit Spectroscopy

duced using the standard ATLAS pipeline (Cappellari et al. We also provide a new analysis of long-slit spectroscopy

20114) and the processed data cubes were Voronoi binne@riginally published in Moustakas & Kennicuitt (2006). Thes
3) data were originally obtained at the 2.3m Bok telescope on

In order to measure the absorption line strengths, the dataitt Peak using the Boller & Chivens spectrograph, provid-
Lal. 2

were first processed using GANDA _ 006), pro- jng for spectral coverage between 3600 and 680dth 2.75
viding the best-fit combination of absorption and emission

lines. The emission contribution was then subtracted from
the SAURON spectrum. All details of the B absorption
(HBaps) and single stellar population (SSP) modeling will be
presented in McDermid et al. (2013), in prep. To apply as-
trometry to theSAURON images, the peak of the integrated
SAURON map was matched to the peak of the V-band im-
age from the Spitzer Infrared Nearby Galaxy Survey (SINGS)
(Kennicutt et all 2003). Since tf®AURON wavelength range

is nearest to V-band, this provided a reasonable match éor th
astrometry, allowing for WCS info based on the match to the

A pixels and a full-width at half maximum resolution offg
through &”5 wide by3’3 long slit. A spectroscopic drift scan
technique (scanning the slit across the galaxy while irtiegr
ing) was used to construct an integrated spectrum. The drift
scan length perpendicular to the slit for NGC 1266 wa’, 55
with a total exposure time of 2400 s. The nuclear spectrum
of NGC 1266 was obtained based on five-minute exposures
using a fixed”5 x 275 slit aperture. The final flux calibrated
spectra of the nucleus and integrated data for NGC 1266 were
deliveredin a FITS table to be analyzed for this paper, and fu
ther detail on the reduction and analysis techniques aiie ava
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Figure2. (Top): Nuclear spectra (black) from 3800-608aare overlaid with the stellar model fits from MIUSCAT multigd by a weighting
supplied bypPXF for both bursty (yellow) and continuous (red) modes, usingnversal Kroupa Initial Mass Functioh_(Krolipa 2001).
Residuals (black points) and masked portions of the spésitieeded gray) are also included, and well-known lines astified in blue. The
parameters of the nuclear fit did not vary between differiematies (MILES or MIUSCAT/ Vazdekis et &l. 2010), thoughddiepend on the
chosen IMF (see Tab[é 2)Bottom): The relative age-metallicity weights derived frompBXF fit to a continuous SF history using a universal
Kroupa IMF (controlled by the line regularization weigtgigiven through th&REGUL keyword inpPXF; [Cappellari & Emselleth 2004) for
the spectrum. The redscale represents a linear light draeteighting, with darker regions tending to have higherghis. The results of a
bursty SF history light fraction weights are shown as yelfmints (of which there are 6), with their size representimgrielative contribution
of each age and metallicity to the fit. Light fraction was ded using thé/-band mass-to-light ratio for each metallicity and age lsimg the
universal Kroupa IMF.

able inlMoustakas & Kennicutt (2006). The spectral range of rithmically spanning 63 Myr to 17.8 Gyr logarithmically
these observations allows for a more robust determinafion o in age (Vazdekis et al. 2010). Four Initial Mass Functions
stellar populations by providing a much larger set of Balmer (IMFs) were used to derive the differences in fractions ssro
absorption lines than thBAURON observations, which only  IMF choices, including Unimodal (Salpeter 1955), Bimodal

include H5. (Vazdekis et all_2010), and finally universal Kroupa and re-
vised Kroupal(Kroupa 2001). The spectra fits were also done
3. METHODS & ANALYSIS with pPXF using the MILES library [(Falcon-Barroso ef al.
3.1. The stellar composition of NGC 1266 [2011), in order to check the efficacy of the models and search

; - . for large diversions between model fits, with similarly se-
To determine the age composition of stars within :
NGC 1266, we used the spectra originally published in lected [Z/H] and age parameters. The MILES models derived

Moustakas & Kennicutt (2006). We masked emission lines equivalent mass fractions in each IMF as found by the MIUS-

- CAT models.
known to be part of the shock from Dauvis et al. (2012) at : : : .
[0 W]A3727, [O MA5007, Ha, HB, [N 11]AG5S83 and In order to gauge the different possible star formation his-

[S 1j)\6716, as well as visible Na D absorption and a to_rir?s th%'l[_f}:ould be present in NECf_lZ&ﬁ?XF was r_unh
sky-line (\5577). We then used the Penalized Pixel-Fitting with two different assumptions. The first assumption is that

(pPXF) IDL procedure [(Cappellari & Emsellém 2004) to fit _NGC 1266 has had a monolithic star formation .history, Igad-
a set of stellar population templates from the MIUSCAT li- ,/'9 to a much smoother stellar population weight distribu-

tion, which was created using line regularization (settimg
brary (Vazdekis et al. 2012), which is an update on the orig-
inal MILES library (Falcon-Barroso etl. 2011), spanning REGUL parameter ipPXF; [Cappellari & Emsellem 2004).

~0.71 < [Z/H] < +0.20 linearly in metallicity and loga- Setting a nonzero REGUL keyword has the effect of pushing
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Table 2
NGC 1266 stellar population weights

Total age distributions (pPXF, MIUSCAT)

Light Mass Light Mass
Kroupa Universal fraction fraction fraction fraction
Nuclear < 2Gyr 0.49 0.07 > 10 Gyr 0.51 0.93
Integrated < 2Gyr 0.41 0.08 > 10 Gyr 0.59 0.92
Kroupa Revised
Nuclear < 2Gyr 0.54 0.09 > 10 Gyr 0.46 0.91
Integrated < 2Gyr 0.40 0.07 > 10 Gyr 0.60 0.93
Unimodal (Salpeter)
Nuclear < 2Gyr 0.51 0.08 > 10 Gyr 0.49 0.92
Integrated < 2Gyr 0.40 0.07 > 10 Gyr 0.60 0.93
Bimodal
Nuclear < 2Gyr 0.50 0.07 > 10 Gyr 0.50 0.93
Integrated < 2Gyr 0.36 0.06 > 10 Gyr 0.64 0.94
Total A and K-star distributions (K+A only)
Nuclear A (0.3 Gyr) 0.85 0.12 K (10 Gyr) 0.15 0.88
Integrated A (0.3 Gyr) 0.68 0.12 K (10 Gyr) 0.32 0.88

The total normalized stellar contributions broken up ingotng” (< 2 Gyr) and “old” (> 10 Gyr) age bins for the nuclear and integrated
spectra for NGC 1266, with both mass fractions and lumigdsitctions listed, fit to MIUSCAT templates assuming 4 diffiet IMFs (listed
above). Although both spectra have young populations dieiar that the stellar population in the nucleus has a ldrgetion of young stars,
as compared with the integrated spectrum. The non-nelgigiaction of young stars in NGC 1266 is independent of IMBich. The results
from a K+A fit are also included, showing that when restricte@ templates, NGC 1266 would be classified as a post-s&irbystem by

Quintero et al.[(2004).

a star formation history toward a more linear shape in age and[Z/H] = 0.0). The inferred contribution of young stars t@th
Z space, and effectively providing the smoothest fit amoerg th spectrum is larger when we limit our models to K+A models
many degenerate solutions that fit the data equally wells Thi (see Tabl€]2). We find that the A-star mass contribution to all

linearization is also able to allow us to explore the deganer

spectra is~ 10%, with 68-85% of the light originating from

amongst the various stellar population models. The secondhe A-stars. The classical K+A fitting seems to have slightly

was assuming a bursty star formation history (setting REGUL overestimated the total contribution of young stars withia

= 0), which the multiple young subcomponents of NGC 1266 NGC 1266 spectrum. It is possible that constraining fits to

seem to point to. Both sets of assumptions create a bimodathese templates in other post-starburst searches migkt hav

stellar distribution, and both the bursty and smoothly iragy
star formation histories produced the same light fractmn f
young vs. old stars when fit with the MIUSCAT models. Fig-

overestimated the total contribution of young stars as.well
Using the MIUSCAT results from Figur&€s 1 apd 2, the av-
erage age of the “young” stellar population is approximatel

ures[1 andl2 show both the flux-calibrated long-slit spectra,0.8 Gyr in the outer regions and 0.5 Gyr in the nucleus,
the MIUSCAT universal Kroupa model fits as well as the light which is older than an A-star, but still much younger than the
fraction weighting given to the component stellar ages and “old” stellar population. It is possible that constrainifitg to
metallicities fitted bypPXF. These figures indicate that the just these two templates is far too simplistic in undersitagnd

distribution of models appears to be bimodal, with a “young”

(< 2 Gyr) and “old” (> 10 Gyr) stellar population. As there
is degeneracy in the 10 Gyr stellar population models, the

the star formation history (and possibly post-starburstsgh
for galaxies.
Future work utilizing broadband HST imaging to cre-

weighting of stellar models are driven toward the edge of the ate a high-resolution multicolor map of NGC 1266, in
distribution in NGC 1266, which has long been known to host conjunction with  SED modeling of stellar populations
(atleast in part) a large mass of old stars. Although we are un (da Cunha, Charlot & Elbaz 2008), will be able to create a

able to pinpoint exactly the metallicity and age of the “alde
stellar populationpPXF is able to provide a good estimate of
the relative light contributions to the spectra. Tdllle 2 suan
rizes the results of fitting the integrated and nuclear spect
to the MIUSCAT models with four IMF choices. The mass

map of the star formation history within the galaxy, thus-pro
viding a much more detailed look at the way in which star
formation has shut down throughout the disk of NGC 1266.
New, deep, high-resolution data will be capable of tracing
star-forming regions in the molecular disk as well as the-env

fractions were derived based on the output weights from theronment surrounding the central AGN.

bursty star formation (REGUL=0) models, and light fracton
were derived based on the mass-to-light ratiog #band de-
rived directly from the IMFs used. Finally, a classical A/K
fit was also run, limitingpPXF to two templates, solar metal-
licity A (0.3 Gyr) and K (10.0 Gyr) templates, derived from
the MIUSCAT Kroupa universal IMF set of stellar population
models.

In order to run a classical K+A analysis, first described in

Dressler & Gunnl(1983), and later in_Quintero €t al. (2004),

we constrained the models availableptBXF to A-star (0.3
Gyr) and K-star (10.0 Gyr) models with solar metallicity

3.2. Spatial distribution of SF

Because of the compact nature of the molecular gas, we
examine the comparative extent of both current and recent
star formation to infer the progression of the star formratio
in NGC 1266. The molecular gas not involved in an out-
flow is concentrated in a central disk of radigs 250 pc
(Alatalo et al[20111), so any current or future star formatio
activity must be concentrated within this radius.

In contrast, young stellar populations, as traced by stella
absorption line strengths (Figl 3; McDermid et al., in prep)
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Figure 3. (Top): SAURON map of the KB absorption. All absorption mea-
surements plotted have EW 1.4 A , indicating young stars. Overlaid are
both the3o UV boundary (outermost contour) and the CO(1-0) image from
Fig. [4 (inner contours).(Bottom): SAURON SSP model age of the stars
within NGC 1266 (McDermid et al. 2014, in prep), in logaritttnscale. It
is clear from these data that the young stellar populatighimihe galaxy is
more extended than the sites of current star formation. U¥iémage, the
Hp3 absorption map and the SSP-derived age map show a much egian
of young stars, closer to a few kpc, than the molecular gkalylindicating
that star formation has migrated inward. It is of note that I8 absorp-
tion along the axis of the outflow (approximately to the seasit of the CO
emission) could be filled in by strong ionized gas emissi@e({@avis et al.
[2012). White lines represent the approximate verticesebtitflow defined
by the obscuration seen in the HST B-band image (Nyland[edEB)Y and
are places where strong shock emission are fouhdin Davis@042). The
correspondence between the lack g@f &bsorption and placement of the out-
flow vertex argues that these decrements are likely due tootien, rather
than an intrinsic asymmetry in the young stellar population

are found throughout th8AURON field-of-view 40" = 6
kpc). A map of the SSP-equivalent ages in NGC 1266 indi-
cates that the youngest stellar populations are concedti@t
wards the center of the galaxy, particularly within the caint
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Figure4. Swift UVOT UV image (bluescale), with theo boundary ap-
pearing as a blue contour, overlaid with the CO(1-0) integrantensity map
(momentO; yellow contours). TH8V image indicates the region which con-
tains young (but not nascent) stars, compared to the cuoeation of the
molecular gas. The total extent of the COxs250 pc, with the most com-
pact molecular gas located only in the central 100[pc (Adeéalal.[2011).
The young stars, as traced by ti¥, are more extended, up to’12or 2 kpc.

ongoing or future star formation will be fueled by the avail-
able molecular gas and thus only occur in the central 250 pc.
INNGC 1266, we may be observing an object just asiitis tran-
sitioning into a post-starburst phase, in which widespstad
formation has ceased over the coursecaf Gyr. Central star
formation is expected to be suppressed rapielyl(00 Myr;
Alatalo et all 201/1) in the center of NGC 1266, corresponding
with the ignition of the AGN.

3.3. Star formation history of NGC 1266

In order to determine whether NGC 1266 would classically
be considered a post-starburst galaxy, we followed theidefin
tion of [Quintero et al.[(2004), that K+A galaxies have A/K
light fraction ratios> 0.2. The A/K fraction for the nu-
cleus of NGC 1266 is 5.7 (it is 2.1 for the integrated spec-
trum). NGC 1266 would thus be classified as a post-starburst,
confirmed by the fraction ok 2 Gyr stars from the multi-
component stellar population fit.

The post-starburst classification requires both a yourlg ste
lar population and a reduction of current SF. The nucleus of
NGC 1266 has an A/K stellar ratio that satisfies the post-
starburst condition, and the spatial distribution of yostays

5-8'(the central kpc; Figurel3). The measured single stel- compared to the molecular gas show that the sites of current
lar population ages range from approximately 1.1 Gyr in the SF have changed drastically, with a 2 kpc SF disk in the past to
central kpc to about 2 Gyr at larger radii, agreeing well with a> 100pc disk presently. Although the evidence supports the
the pPXF fit to the[Moustakas & Kennicut 6) spectrum suggestion that NGC 1266 is transitioning to a post-statbur
discussed iff3.]. These SSP ages represent a luminosity-system, the presence of strong ldmission would likely dis-
weighted combination of young and old stellar populations, qualify NGC 1266 from being classified as a K+A galaxy in
so the actual ages of the young stellar populations cannot be standard post-starburst search, since copiaugidission
directly determined. The UV emission, known to trace young is typically associated with current SF. Howe ta
(as opposed to nascent) stars (Kennicutt 1998) also shavs th ) showed that the ionized emission in NGC 1266, in par-
there are young stars over a larger scale than the moleasdar g ticular when investigating the resolved log([O NJ007/H/5)

(see Fig[#), out to a radius of 2 kpc. vs log([S II!/\6717, 6731/Ha) diagnostic lies in the LINER re-
The combined stellar population data and star formation gion of .[(2006), and so cannot be primarily from
tracers paint an intriguing picture of NGC 1266. Less than star formation.

1 Gyr ago, star formation was occurring on large scales ( The Integral-Field Unit (IFU) spectra froBAURON and
6 kpc, the edge of th8AURON field-of-view). However, any  the GMOS IFU on the Gemini North telescope presented in
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Figure5. (Left): 3-panel figure showing the calibrated emission from HST WFTBe bluescale image corresponds to ¥héand, the greenscale image
corresponds to thé band, and the redscale image corresponds té#thxand.(Right): 3-color image constructed from thé, J and H bands corresponding to
B, G and R respectively. The near-IR bands from HST show teaetis an underlying spiral structure in the galaxy, presfip un-discovered from ground-based
observations. The spiral structure seen here appears tgniaenital in nature, meaning induced by tidal torques, rativen the consumption of gas, which
would create a more blue color to the spirals.

Davis et al.[(2012) revealedd Hj, [O 1], [O 1], [N 11]and 4. DISCUSSION

[S 1] emission within the central 2 kpc of the galaxy. Spatial 4 1 The connection between the post-starburst and the
maps, line ratios and the high velocities of the ionized gas molecular gas in the center

emission were all most consistent with a shock origin, and

Davis et al. [(2012) argued that the majority ofi¢mission Now that it has been established that NGC 1266 hosts a
seen in NGC 1266 is not due to H regions from SF but  large amount of molecular gas, with a non-negligible frac-
instead arises from shocks. tion of that outflowing molecular gas (Alatalo etlal. 20119, a

Secular processes alone, such as stellar mass-loss, il mo Well as a post-starburst stellar population, the natureistep
likely not be able to significantly replenish the depletettico S examining the connection between these two properties.
gas over a short timescale and ignite any significant level of Many authors have suggested a causal link between the AGN
SF. This brings to light the possibility that classic seacfor ~ @nd the quenched SE_(Hopkins etial. 2005; Nesvadba et al.
post-starburst galaxies are missing some exciting spesime 2008;.Cano-Diaz. 2012), with the AGN and its outflow di-
those in which an AGN is actively expelling molecular gas. rectly quenching the SF seen in galactic disks. Although on-
If NGC 1266 is any indication, systematic searches for post-90ing AGN feedback may be able to disrupt SF in the nu-
starburst galaxies should not a priori reject all galaxighw cleus of NGC 1266| (Alatalo et al. 2011; Davis etlal. 2012;
strong Hv emission. Instead, such searches should considefNyland et al 2013), evidence that the current level of AGN
ratios of various ionized gas emission lines and searcmfori feedback is responsible for the decline in SF on the 2 kpc
dications that the emission is due to shocks rather than SF.  scales of the stellar disk is currently lacking._Alatalolet a

Given the typical timescale during which a post-starburst (2011) and Davis et al. (2012) demonstrate that the timescal
galaxy is detectable as such (1 Gyr; Quintero et al. 2004),Which the AGN has been impacting the gas is about 3 Myr,
~ 10% of the post-starburst population could be in the pro- about two orders of magnitude smaller than the age of the
cess of an NGC 1266-like molecular gas expulsion (assumingStars in the post-starburst disk. The short timescale of cur
a < 100 Myr timescale for this evenit; Alatalo etlal. 2011). A rent AGN activity and post-starburst timescale simply do no
significant fraction of these post-starburst galaxies witit- agree. _ )
flows would be rejected from standard searches due to the Observations from green valley SDSS galaxies offer an-
presence of H emission from shocks. Because the current Other possible explanation. In SD$S, Schawinski et al. {700
state of NGC 1266 represents such an important stage in #Pserve that galaxies with AGNs in the green valley appear
galaxy’s evolution from actively star-forming to quiesgeh ~ t0 have had its most recent SF episode between 100 Myr and
is essential that we modify post-starburst search routimes 1 Gyr prior, which seems to be what we observe in NGC 1266.
include NGC 1266-like objects. Assuming that the 1 kpc post-starburst disk were just sub-

critical at the time of the minor merger, it is possible that t
gravitational torques from the dwarf galaxy would be able to
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Figure6. g andr wide-field imaging of NGC 1266 taken with the MEGACAM instrent on the Canada-France-Hawaii Telescope on Mauna Keartasf pa
the MATLAS survey [([Duc et al. 201 L Paudel ellal. 2013). Thagmshown has a limiting surface brightness of 28.5 magaréseField of view is 34x5/4
(or 47 x 47 kpc?). There are possibly faint tidal streams seen below andedet of the galaxy due to material from a disrupted dwart ibis clear from
these data that there is no sign of a major interaction in & @yr. The large-scale feature seen to the south is likatlyqd a large Galactic cirrus complex.
Spectroscopy of the spiral galaxy to the east shows it to pedjection in the background (J. Silverman, private comication).

trigger a starburst, while simultaneously funneling thdene ular gas into the nucleus, which is currently being impacted
ular gas into the nucleus. Frmt 013), theby the AGN.

total stellar mass within a 1 kpc radiusss3.9x 109 M. The

young mass fraction from the integrated specprBXF fit, 4.2. Triggering gas inflow to the nucleus

assuming the Kroupa universal IMF is 8%. This means that The most common trigger invoked when discussing SF

there are a total post-starburst stellar mass 6f1 x 108 M. quenching is a major merger, but in NGC 1266 this sce-

The current mass of molecular gas in the syster k 10° nario is hi ; ;
i . ! ghly unlikely. NGC 1266 does not show evidence
Mo;Alatalo etall 2011) is a factor of 5 larger. The light frac- o 3 maior merger, either kinematically or morphologically

tion weighting seen in figurés 1 ahtl 2 seems to indicate that ; :
the young stellar population is older (about 0.8 Gyr) at 1 kpc The stellar kinematics of NGC 1266 were mapped as part of

L e . the ATLAS®P project (Krajnovi€ et dl. 2011), and are undis-
Stars are closesi o the ruclcus. Thia might mean (hat heiea Urbed: Near-IR {-J-H images of NGC 1206 from the HST
of the post-starburst being driven directly by the AGN, a dy- Y Sig b 9 '

namical event 500 Myr ago was responsible both for the post-WOUId expect from a major merger, although they do show

: o a weak stellar spiral (Fig[15). The lack of morphological
starburst population seen today, as well as driving the cole and kinematic disturbances places a constraint on the-possi
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ble triggers for the post-starburst, eliminating major gess 100 pc of the nucleus for the past 500 Myr. Stalling SF in
(those with a mass ratio of more than9:1;[Lotz et al[ 2010)  the hypercompact molecular disk would therefore require an
within the last 1 Gyr. injection of energy designed to keep the disk stable against
On the other hand, mild gravitational encounters gravitational collapse to explain the gas disk’s sustaieed
are capable of exc'tin long-lived>( 1 Gyr) spirals istence. There seems to be evidence of a population of just

(Chang & Chakrabai 2011; Struck ef al. 2011), similar to such sources, with largely suppressed SF rates: radio-galax
the spiral imprint seen |n Figl 5. Chang & Chakrabarti (2011) ies (Okuda et al. 200 al. 2007; Papadopoulos et al.

show that a perturbing companion as small as 1:100 is cai2008; Ogle et &l 2010, Nesvadba etlal. 2010; Guillardlet al.
pable of creating the spiral pattern seen, thdugh Struck et a [2012). [Nesvadba etlal. (2010) show that radio galaxies as
(2011) argue that the encounter should be at least a 1:10 masa group are inefficient starformers, with efficiencies 10-50
ratio, which also has the added benefit that it is capable oftimes smaller than in normal galaxies. They go on to hypoth-
driving the molecular gas into the center (Mihos & Hernquist esize that the turbulent kinetic energy injection from theio
[1994; [Chand 2008;_Struck e dl. 2011). High-sensitivity, jetis able to stall star formation in the molecular gasor0®
wide-field MEGACAM g andr imaging of NGC 1266 are  yr (as compared to the radio jet time,~f107 yr). This order-
presented in Fig[16. The MEGACAM image was taken as of-magnitude difference in timescales is explained thioag
part of the MATLAS surv@ The acquisition and analysis cascading deposition of turbulent energy from large sdales
of the MATLAS galaxies is identical to that described for the small scales, originally suggested for the shocked regfon o
New Generation Virgo Survey (NGV5; Ferrarese ét al. 2012) Stephan’s Quintet by Guillard etlal. (2009). This would ailo
described bm 13) for NGC 4216. Fiddre 6 the molecular gas in the nucleus to remain SF inefficient for
seems to exhibit a weak tidal stream seen southwest of the> 100 Myr timescales, if ignition and momentum transfer of
galaxy, which could very well be the remnants of a disrupted the radio jet occurs periodically.
dwarf galaxy, as well as is able to trace the spiral structure _Recent Ver Long Baseline Array (VLBA) findings of
seen in Fig[b to larger radii, being visible at least 10 kpafr ~ [Nyland et al [(2013) show that NGC 1266 has a compact ra-
the center. Itis therefore possible that the spiral strecteen  dio source, attributed most likely to the AGN. The radio
in Fig. [ and the faint tidal tail in Figl16 could be imprints lobes originally described in_Baan & Klockner (2006) are
of a minor merger event that triggered the post-starburgt an suggested as being part of a radio jet in Alatalo et al. (2011)
shepherded the remaining molecular gas into the center oiDavis et al.[(2012) and Nyland et al (2013). This could mean
NGC 1266 about 500 Myr ago. that NGC 1266 is a radio galaxy whose jet just turned on
If both the post-starburst and the nuclear gas are indeed con(about 3 Myr agOdi |. 2011). Schoenmakerslet al.
nected by a common trigger, then we must explain why the ( 2000) have shown that many radio jets in galaxies are cycli-
molecular gas still remains in the nucleus, when one eventcal phenomena, fading about107” yr after the initial jet cre-
occured in the past 1/2 Gyr and the AGN outflow has only ation. This would mean that the radio jet is able to impact
existed for the past 2.6 Myl (Alatalo etlal. 2011). One can the molecular gas- 10 times longer than it is visible. It is
imagine that there might be a lag time between the ignition therefore possible that the radio jet in NGC 1266 could be a
of the AGN and the funneling of gas into the nucleus, with cyclical phenomenon, leaving an impact on the SF in molecu-
many suggested mechanisms able to stall the AGN. One hydar disk without the outward signs of radio synchrotron lebe
pothesis is that the transport of gas from large radii forces (which have already faded). In fact, a 365 MHz radio survey
the gas to assume some distribution in angular momentumgonducted by Douglas etlal. (1996) indicates that NGC 1266
i.e., the stochastic model of AGN fueling (King & Pringle ~ appears to have be double lobed structuré, @5~ 4 kpc) in
[29_0_7 [Nayakshin & King 2007). Another possibility is that size, at least twice as large as the 1.4 GHz-detected radio je
cloud-cloud collisions are enhanced at small radii asati GMIIMILMMIMB) This conclusion was
suggested by Shlosman etlal. (11990). A radiation ressurereached by fitting the interferometric data to a model, there
supported disk has also been su geste et afore it is important to confirm the existence of the low fre-
) (see the discussion [E?H@oo& Another op-quency double-lobed jet through radio imaging.
tion is bottlenecking: competition of fuel between SF and If the radio jet feedback seen in NGC 1266 is indeed cycli-
BH, whose mechanism for fueling at the pc-level scales is cal, then gas is currently being heated and deposited ieto th
likely internal instabilities|(Alexander & Hickox 2012). €3 galactic halo, which is commonly seen in galaxy clusters and
spite the reconciliability of the AGN ignition time and the groups mlml and references therein). In most
post-starburst event, the fact that the molecular gas has su cases where X-ray bubbles are seen, the gas is being deposite
vived 500 Myr without being completely turned into stars re- into the media of either a group or a cluster. NGC 1266 ap-

quires further thought. pears to be isolated (Cappellari et/al. 2011b), and thezefor
- does not have access to the combined gravitational poitentia
4.3. Sustainability of the nuclear molecular gas of many nearby neighbor5. Boroson & 011) do confirm

Assuming the “normal” star formation efficiency calculated that hot gas haloes are present around isolated (and less mas
in[Leroy et al. [(2008) 05.25 x 10~ 1% yr—1, we would expect  sive) galaxies, but at a much lower luminosity. This is ljkel
NGC 1266 to form at leastd® M, worth of stars within 500  because much of the gas is able to escape the gravitational
Myr, thus exhausting most of the remaining Fiel. Given potential of the galaxy, and therefore would be unavailable
that the surface density of the nuclear gas (x 10* Mg for future recycling. One conclusive way to confirm whether
pc?; [Alatalo et al[ 20111) is larger than in a normal galaxy or not the SF quenching episode is due to this cyclical AGN
by over two orders of magnitude, we in fact would expect feedback mechanism is with deep X-ray and low frequency
that NGC 1266 would have exhausted its nuclear fuel evenradio observations to search for fossil shells from presiou
more efficiently if it had been sitting at this density within episodes, noting the 365 MHz interferometric data provide

_ _ compelling evidence that this may be the case for NGC 1266.

? http://irfu.cea fr/Projets/matlas/ It is also possible that these two events: the 500 Myr old




10 K. ALATALO ET AL.
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