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ABSTRACT

UK

Based on new near-infrared spectroscopic data from theimsint EMIR on the 10.4 m Gran Telescopio Ca-
narias (GTC) we report the presence of an ionized and warracultalr outflow in the luminous type-2 quasar
J150904.22043441.8 (= 0.1118). The ionized outflow is faster than its molecularrtetpart, although
the outflow sizes that we derive for them are consistent withé errors (1.340.18 kpc and 1.460.20 kpc
respectively). We use these radii, the broad emissionkliménosities and in the case of the ionized outflow,
the density calculated from the trans-auroral [Oll] and][fhes, to derive mass outflow rates and kinetic

coupling dficiencies. Whilst the ionized and warm molecular outflowsespnt a small fraction of the AGN
power (£0.033% and 0.0001% of},; respectively), the total molecular outflow, whose mass tisnesed
from an assumed warm-to-cold gas mass ratiox16-°, has a kinetic couplingficiency of~1.7%Ly,;.
Despite the large uncertainty, this molecular outflow reprgs a significant fraction ofl,; and it could
potentially have a significant impact on the host galaxy.dditon, the quasar spectrum reveals bright and
patchy narrow Paemission extending out td’4(8 kpc) South-East and North-West from the active nucleus.
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1 INTRODUCTION

Active galactic nuclei (AGN) canfgect the interstellar medium of
their host galaxies by consuming, heating, sweeping oubadds-
rupting the gas available to form new stdfalpian 2012Peng et al.
2015. Indeed, semi-analytic models and simulations of galaxy f
mation require this feedback from the AGN for quenching &iar
mation therefore producing realistic numbers of massiiexigs
(Springel et al. 2005Croton et al. 200% However, many obser-
vations reveal quasar-driven outflows with radial sizds-3 kpc
when seeing-smearingfects are accounted foH(isemann et al.
2016 Fischer et al. 2018Tadhunter et al. 2098and the outflow
kinetic powers measured for AGN of fiBrent luminosities vary
by four orders of magnitude-0.001-10% of l,,,;; Harrison et al.
2018. The impact of the observed outflows on their host galaxies
is thus far from having been constrained.

The problem is that the contribution from theffdrent gas
phases entrained in the winds have not been determined in unb
ased and representative AGN sampleiéne et al. 2018 This is
primarily due to the reduced wavelength coverage of therghse
tions, generally restricted to the optical. Other impartsources
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of uncertainty are the assumptions needed to derive outftop-p
erties such as mass rate and kinetic povitar(ison et al. 2018
generally used to compare with models and simulations.

Type-2 quasars (QSO2sydys;; >1085Le; Reyesetal.
2008 are excellent laboratories to search for outflows and study
their influence in their host galaxies. This is because the&s-em
sion lines produced in the broad line region (BLR) and the AGN
continuum are obscured by nuclear dust, making it easieetect!
broad lines associated with the outflows and study the s{atip-
ulations of the host galaxies. Ramos Almeida et al(2017) we
demonstrated the feasibility of near-infrared (NIR) spestopy
to characterize QSO2 outflows in the ionized and warm magecul
phases of the gas. We found that the outflow properties wéez-di
ent from those derived using optical data and gas phase depgn
as previously claimed bjRupke & Veilleux (2013. This implies
that all single-phase estimates of outflow properties piewn in-
complete view of AGN feedback={ore et al. 2017 Cicone et al.
2018. The NIR range does not only include emission lines trac-
ing ionized and warm molecular gas, but it is le§eeted by ex-
tinction (Ax ~ 0.1 x Ay) and permits to reach lower seeing val-
ues than the optical. In spite of this, the NIR spectrum ofringa
QSO02s remains practically unexploreBupke & Veilleux 2013
Villar Martin et al. 2015 Ramos Almeida et al. 20).7

We report high spectral resolution {R000) K-band spec-
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Figure 1. Spectrum of the central region of J1509, extracted in antayger
of 0.8"” (~1.6 kpc) and smoothed using a 6 pixel boxcar.

troscopy of the QSO2 SDSS J150904:R23441.8 (also IRAS
F15065-0446 and hereafter J1509) obtained with the instrument
Espectrografo Multiobjeto Infra-Rojo (EMIR) on the 10.4 ma@
Telescopio Canarias (GTC). This is a nearby QSO2 (1118)
from the catalogue oReyes et al(2008), having an [O II] lumi-
nosity of 18-°6Lg (L,;=4.9x10% erg s'1 using the bolomet-
ric correction ofHeckman et al. 2004 It is a luminous IR galaxy
(LIRG) according to its total IR luminosity log(lg/Lp)=11.6
(Sargsyan et al. 20}Jand the Sloan Digital Sky Survey (SDSS)
broad-band optical images show a disrupted galaxy morplolo
that could be indicative of a past galaxy interactinarger.
Throughout this letter we assume a cosmology wit=HL
km s Mpc1, Q,,=0.27, andQ,=0.73. At the distance of the
galaxy (D =515 Mpc) the spatial scale is 2.017 kpc arcsec

2 GTC/EMIR OBSERVATIONS

J1509 was observed with the NIR multi-slit spectrograph EMI
(Garzon et al. 20062014, installed at the Naysmith-A focal sta-

tion of the 10.4 m GTC at the Roque de los Muchachos Obser-

vatory, in La Palma. EMIR is equipped with a 2048048 Tele-
dyne HAWAII-2 HgCdTe NIR-optimized chip with a pixel size of
0.2”. We obtained a K-band (2.03—2.3im) spectrum during the
night of 2018 June 28th in service mode (Proposal GTC77-18A;
PI: Ramos Almeida). The airmass during the observation w2&-1
1.38, the observing conditions were photometric and weneséd

the seeing value by averaging the full-width at half maximum
(FWHM) of eleven stars in the combined J-band acquisition im
age (0.760.07”). This is consistent with the FWH¥D.8’ mea-
sured from the K-band spectrum of the AO star HD 142346, ob-
served after the science target to allow flux calibration tfidric
correction. The slit width used during the observations &8,
allowing a spectral resolution 6f85 km s1 at 2.1um. The instru-
mental width measured from the OH sky lines is4& A with

a dispersion of 1.71 A pixell. Slit losses were minimak&% as
estimated from the AO star spectrum) thanks to the good geeid
photometric conditions during the observation. J1509 vbsgn/ed

for a total on-source integration time of 1920 s following @n
ding pattern ABBA. The two nodding positions were separdigd

30”7 and the slit was oriented along PAL6°, centred on the galaxy
nucleus and following the extended emission observed indloe-
combined optical SDSS image of the galaxy. The data weresstiu
using thdirisdr software within the IRAF enviroment. Consecutive
pairs of AB two-dimensional spectra were subtracted to rentioe

sky background. Resulting frames were then wavelengibreséd

and flat-fielded before registering and co-adding all fratogzo-
vide the final spectra. The wavelength calibration was dafegu
the HgAr, Ne and Xe lamps available. From the sky spectrum we
measured a wavelength calibration error of 8.33 krh s

3 RESULTS

3.1 Nuclear spectrum

In order to study the nuclear emission of J1509 we extracted a

spectrum in an aperture of 0’8(1.61 kpc), centred at the peak
of the continuum emission. It was then flux-calibrated and co
rected from atmospheric transmission by using the AOV giacs
trum and the IRAF taskelluric. The spectrum reveals several
emission lines tracing fferent phases of the gas (see Flj.
We detect the low-ionization lines RaBrs, Hell11.8637um,
Hel11.8691um and tentatively Hel2.0587:m. We also detect the
high-ionizatioricoronal line [SilV]11.9634/m (ionization poten-
tial = 166.7 eV) and all the molecular lines fromy H-0S(5) to
1-0S(1). These bl lines trace warm molecular gas*T000 K),
which is only a small fraction of the total molecular gas et
(Dale et al. 2005Emonts et al. 2017 The H,1-0S(3) line is par-
tially blended with [SiVI].

The emission lines were fitted with Gaussian profiles usiag th
Starlink packagd®IPSQ We used the minimum number of Gaus-
sians necessary to correctly reproduce the line profilesgrigaa
flat residual (see Fi@). The ionized lines show a narrow compo-
nent of~400-450 km 51, typical of the narrow-line region (NLR),
whilst those of the molecular lines are slightly narrowedq350
km s~1). Resulting FWHMs, velocity shifts (M) and fluxes are
reported in Tablel. The FWHMs are corrected from instrumen-
tal broadening and Yare relative to the central wavelength of the
Pay narrow componentA,. = 20853.520.64 A), from which we
determine a redshift of z 0.11182-0.00003. Uncertainties in V
include the wavelength calibration error and individualufitcer-
tainties provided bpIPSQ Flux errors were determined by adding
quadratically the flux calibration errox§% estimated from the A0
star) and the fit uncertainties.

In the case of Ra, Brg, [SiVI] and all the five H lines de-
tected in our nuclear spectrum, two Gaussians are needest to r
produce their asymmetric line profiles. One correspondsaamar-

row component and the other to a blueshifted broad component

that might be the approaching side of a biconical outflow &sge
Crenshaw et al. 201Bae & Woo 201§. The latter are indicated
with a (b) in Tablel and as blue solid lines in Fig. The FWHM of

the blueshifted components measured far Ral750:175 km s71,
with V=-335:70 km s 1. The same components are needed to
reproduce the By profile, of much lower intensity and partially
blended with the blue wing of $1-0S(3). For this reason some of
the input parameters were fixed to obtain a reliable fit (s&deT].

For comparison with the NIR ionized lines we fitted th@ H
and [O111]45007 A lines detected in the optical spectrum of J1509
publicly available from the SDSS data release Ald|fathi et al.
2018. We measured a FWHMA00 km 1 for the narrow com-
ponents of K8 and [O Ill]. The broad K component has a
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Figure 2. Examples of line profiles showing a blueshifted broad conepanSolid blue, dot-dashed red and dashed orange linesspomd to broad, narrow
components and continuum. Solid green lines are the tatalliite Gaussian components have been vertically shiftethanésiduals of the fits are shown at
the bottom of each panel. The shaded areas indicate theemgtielranges employed in the determination of the outfloessiz

FWHM=1200:100 km s 1 and it is blueshifted by 4480 km s°1
from the central wavelength of the narrow component. For the
[Ol1] line we fitted a broad component of FWHN500:20

km s~1, blueshifted by 35810 km s'1. Thus, despite the fier-
ent scales probed by the optical and NIR data (the SDSS spectr
corresponds to an aperture df 3n diameter) we find consistent
results. The [SiVI] line detected in our NIR spectrum alsovgb a
blueshifted broad component of FWHM450:300 km s 1 which
indicates that the highly-ionized gas is also outflowingisTdroad
component is less blueshifted (-100 kmy, although with rel-
atively large uncertainty due to the blend with the lhe, than
the low-ionization broad components, as we also found fer th
Teacup galaxy Ramos Almeida et al. 20)7In the optical spec-
trum we find a blueshifted broad component of FWHM70:200

km s~1 for the coronal line [FeVII6087 A (IP=99.1 eV), consis-
tent within the errors with the FWHM of [SiVI]. Finally, we tiect
broad components in the warm molecular lines. These broad co
ponents have FWHMs1300 km s and are blueshifted by100

km s~1 relative to narrow Pa. For the majority of the H lines we
had to fix the input parameters of the broad component to robtai
good fits (see Tablg), but these blueshifted broad components are
necessary to reproduce the line profiles and produce flatuasi
(see the right panel of Fi@). A significant fraction of the warm
molecular gas is also outflowing.

In order to constrain the spatial extent of the outflows we fol
lowed the methodology employed Rose et al(2018. We aver-
aged spatial slices of the blue and red wings of the broad line
detected in the nuclear spectrum, avoiding the wavelerayther
covered by the corresponding narrow emission line and amgrot
adjacent emission lines (e.g. the low-intensity heliurediblended
with the blue wing of Pa; see Fig2). We did the same for spatial
slices blueward and redward of the broad emission line aayeet
them and subtracted from the broad line emission. By doiisgih
derive continuum-free spatial profiles of the gas in the owtfso
we can fit them with a Gaussian to measure FW}iM (see Fig.

3). We consider the outflow resolved if

FWHM,ps > FWHMeping + 30 = 0.76” + 3 x 0.07 = 0.97”
(1)

Finally we subtracted the seeing FWHM in quadrature to @etie

outflow size

FWHM,,; = \/FWH M2, — FWHM? 2)

seeing

Using the red wing of the Ra line we find that the
ionized outflow in J1509 is barely resolved, and we measure
FWHM,,;=1.34:0.18 kpc. For the molecular outflow we used
the S(5) and S(1) lines, which have the highe®t B our nuclear
spectrum. In the case of S(1) the noisy continuum preventod g
determination of the continuum-free spatial profiles, ksihg the
continuum-subtracted red and blue wings of the S(5) linéy(ed
continuum available; see Fig) we also find the molecular outflow
to be barely resolved, with FWHp/; =1.46+0.20 kpc. The errors
were estimated by adding in quadrature the seeing errorfand t
standard deviation of FWHYJj},, obtained from varying the wave-
length range covered by the continuum and red and blue wihgs o
the lines.

3.2 Extended emission

The slit was oriented following the morphological struesivisi-

ble in the optical SDSS image of J1509 (RPA6°). Our J-band ac-
quisition image shows extended emission roughly in the sdime
rection. The two-dimensional K-band spectrum reveals tighb
and patchy extended Ramission shown in Figd. Towards the
south-east (SE) we detect a bright and compact line-emiktiob
peaking at 2.2 (4.44 kpc) from the nucleus (as measured from
the position of the maximum of the AGN continuum). The north-
west (NW) extended Raemission is patchy and it shows a bright
knot at 3.4’ (6.86 kpc) from the AGN nucleus (see Fig). We

will refer to these regions as the SE and NW knots. In order to
constrain the total extent of the narrowdPamission we analyzed
the line profiles detected in adjacent spectra extractegentares

of 0.8 at both sides of the nucleus (as measured from the maxi-
mum of Pa emission). We detect narrow #amission up to 4 (8
kpc) SE and NW of the nucleus. We extracted two additionatspe
tra of the same aperture (¢’Bcentred at the peak of each knot.
The Par emission of the SE knot can be reproduced with a sin-
gle Gaussian of FWHM110 km s and centred practically at the
same wavelength of the nucleardP@arrow component. In the NW
knot the line profile appears double-peaked due to the ralsid

a sky line at 2.0857um but it can be fitted with a single Gaus-
sian of FWHM~120 km s and redshifted by~60 km s! rela-
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Figure 3. Continuum-subtracted spatial profiles of the broad compinef Par and H1-0S(5) used to calculate the outflow sizes. The Beofile was
obtained from the red wing of the line only, and the profile is the average of the profiles obtained from the blué r@d wings. The red solid lines
correspond to the fitted Gaussians and the blue dot-dastetblihe seeing FWHM.

Nuclear spectrum

Line FWHM Vs Line flux x10~16
(kms1) (kmsl) (ergenrZsl
He Il 400 18:49 1.86:0.41
He | 400 9165 1.58:0.49
Pax 404+13 0+9 25.08:1.53
Par (b) 1748175  -335:67 19.45:2.12
Bré 400 83t45 1.64:0.26
Brs (b) 1783:214 -330 4.1%0.75
[SiVI] 448+76 27+22 3.811.23
Figure 4. Two-dimensional spectrum of J1509 centred in ther iae, [Si VI](b) 1457£324  -99:143 9.41:2.02
smoothed using a 2 pixel boxcar. A bright emission-line lata2.2” (4.4
) o Hy 1-0S(5) 29148 1+18 2.40:0.57
kpc) SE of the active nucleus and NW patchy emission are @etec H,1-05(5) (b) 126253 -110:59 5.60:0 81
Hy 1-0S(4) 32%52 28+24 1.40:0.23
tive to the nuclear Ranarrow component (see Tallg Thus, the Hz 1-05(4) (b) 1300 -100 0.10.24
- ) . ) . H 1-0S(3) 35931 27+15 4.54:0.61
extended gas kinematics provide no evidence for outflowiag g
. . . H2 1-0S(3) (b) 1300 -100 6.511.74
on this scales, despite the clear presence of warm ionizgdagta H 1-0S(2) 300 4336 1.22:0.30
though we cannot rule out the presence of low brightnessooutfl H, 1-05(2) (b) 1300 100 1.670.81
componentsgpence et al. 2038 Haz 1-0S(1) 345-39 57:19 5.35:0.86
Hy 1-0S(1) (b) 1300 42116 6.31:1.49
SE knot
4 DISCUSSION AND CONCLUSIONS Par 11249 748 6.59:0.35
We detect blueshifted broad components ifiedent emission lines NW knot
of the nuclear spectrum of the QS0O2 J1509 that we identifir wit Par 118+12 5749 1.99+0.15

the approaching side of a biconical multi-phase outflonedrél
field observations are required to confirm this geometry. dftee-
acteristics of this outflowing gas areffdirent in the ionized and
warm molecular phases, highlighting the importance of kil
of studies to evaluate the impact of AGN feedback. The iahize
outflow is faster (\=-330 km s°1) than the warm molecular out-
flow (Vs ~-100 km s1). This is also the case for the obscured
quasar FO85723915:NW (L,,; ~5.5x10%° erg s°1) studied by
Rupke & Veilleux (2013 in the NIR using integral field spec-
troscopy and for which they reported blueshifted #hs veloc-
ities of up to -1700 km s in the inner 400 pc of the quasar.
These results are in contrast with what we found for the Tgacu
(Ramos Almeida et al. 20)7in which we detected the ionized out-  and reddening of the outflow region simultaneously, follogvthe
flow but not its molecular counterpart. method described iRose et al.(2018. The trans-auroral ratios
In order to evaluate the power of the ionized and warm molec- F(3726+3729)F(7319+7331) and F(40684076)F(67176731)
ular outflows we need to estimate accurate mass outflow ratesare sensitive to higher density gas than the classical §8d][Oll]

Table 1. Emission lines detected in the nuclear, SE and NW knots ispect
of J1509. Velocity shifts (V) are relative to the central of the narrow Pa
component. Measurements without errors correspond to fizeaimeters.

(M) and kinetic powers E). To do so, we first require a good
estimate of the outflow density. Taking advantage of the-opti
cal SDSS spectrum of J1509 we can measure the total fluxes
of the [SI1]116716,6731 and [O1}13726,3729 doublets as well

as of the trans-auroral [OW}17319,7331 and [SI}14068,4076
lines. By doing so we can determine the electron densitigs (n
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doublet ratiosiflolt et al. 201} and therefore more suitable for es-
timating outflow densities.

By comparing our measured [Oll] and [SII] ratios (0:8802
and -1.240.05) with a grid of photoionization models computed
with CLOUDY (C13.04;Ferland et al. 2013 we obtain Log n
(cm~3) = 3.25:0-11 and E(B-V)=0.45:0.04. These values are con-
sistent with those obtained Byose et al(2018 and Spence et al.

(2018 using the same methodology employed here for a sam-

ple of 17 ULIRGs with nuclear activity, redshifts 004<0.2 and
bolometric luminosities 434Log L;,; <46.3. It has been sug-
gested that part of the outflow mass could be contained inrlowe
density gas not traced by the trans-auroral lirfesn(et al. 201y,
but high electron densities (Log.n~4.5) are also reported by
Baron & Netzen2019 for the outflows of nearby type-2 AGN us-
ing an independent method. We note that our value,da§ @ lower
limit on the outflow density because we used total fluxes austd
broad line fluxes which we could not fit for the trans-auroiads$,
and the densities estimated from the two sets of broad [8d] a
[Ol1] lines are always equal or higher than those obtainethfthe
total line fluxes Rose et al. 201;8Spence et al. 2018

To calculate the ionized outflow mass ralé) (ve used equa-
tions 1, 2 and 3 irRose et al(2018, ne, rour, Vour (defined as
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These ratios lie at the upper end of values reporte@ale et al.
(2005 for starburst galaxies and buried AGN (16-10~°). For-
tunately, on-going ALMA CO observations of J1509 and other
nearby QSO2s will soon permit us to quantify the cold molacul
gas within the outflow and measure corresponding warm-to-co
gas ratios. If we calculate the outflow mass rate of J1509ubia
total H, mass we obtaiM z7,=23 Mg yr ~1.

We note that all the previous estimates of M avidare quite
conservative because we do not consider projectitects in the
employed velocities (y,;). More realistic values can be obtained
by using maximum outflow velocities M x=Vour — FWHM/2 =
-1200 and -750 kms! for the ionized and molecular outflow) as in
Emonts et al(2017). In this case we obtaikl< 1.66 Mg yr ~1 for
the ionized outflow and 0.01 and 176gur ~* for the warm and
total molecular outflow. Finally, we can calculate the kiogower
of the ionized and molecular outflows as
E=Mi2 3,2

2 max

®)

with o=FWHM/2.355. For the ionized outflow we measUEe
1.6x10*2 erg s L. Dividing this value by I,,; estimated in Section

the diference between the peak velocities of the broad and narrow 1 from the [Olll] luminosity we obtain f;,, <0.033%, which is the

component of each line reported in Taldlgand the reddening-
corrected broad Raflux. The latter was obtained using the E(B-
V) calculated above for the outflow region and tBalzetti et al.
(2000 reddening law (A-=0.18:0.02 mag). We derive an out-
flow mass M< 9 x 10° Mg andM < 0.46 Mgyr ~1. The latter

is at the lower end of the range of values reported_mge et al.
(2018 andSpence et al(2018 for nearby ULIRGs. We note that
outflow mass and derived quantities are upper limits becase
consider p to represent a lower limit on the true electron density
(M=9x1C° Mg x 10%25/n,).

Using the B 1-0S(3) and 1-0S(1) broad line fluxes and
equations 2 and 3 iMartin-Hernandez et a(2008 we calculate
an excitation temperature,¥ ~ 2000 K for the molecular gas
in the outflow assuming local thermal equilibrium (LTE). lémd
these conditions we can use equation 1Emmonts et al.(2017),
the extinction-corrected 1-0S(1) flux and the luminositgtaince

of the QSO2 to estimate the molecular outflow mass. We obtain

M=(1.0£0.2)x 10* M, which is a factor 90 lower than the mass
in the ionized outflow. This dierence between phases is consider-
ably lower than the factor of 1600 reported Bypke & Veilleux
(2013 for the QSO2 FO85723915:NW, for which they measured
a molecular outflow mass of 520* Mg andM=0.13 Mg yr ~1.

For J1509 we estimati®l=0.001 ber‘l using the mass, o\;+

and r,,,; measured for the warm molecular outflow. We note that al-
though J1509 and FO85¥3915:NW have roughly the same bolo-
metric luminosities, the latter is a ULIRG in an on-going gear

power of the outflow as a fraction ofgl,; or the kinetic coupling
efficiency. For the molecular outflow we calculate a kinetic powe
of Eyarm=4.9x10% erg s'1, which represent 0.0001%L,;. In
principle, these low values ofiF;, would indicate that neither of
the two phases of the wind are very relevant in terms of etrerge
ics, even considering that only20-30% of the outflow energy
is kinetic according to simulationsR{chings & Faucher-Giguére
2018 and that a fraction of this energy is used to work against the
gravitational potential. Taking this into account, orl@.5%Ly,,;
would be transmitted to the ionized and molecular outflovat th
we are characterizing herélérrison et al. 2018 However, if we
estimate the total molecular mass in the outflow from the warm

molecular mass and we use the same outflow radius and kinemat-

ics to work out the kinetic energygy,=8.2x 10" erg s1) we find
Frin ~1.7%L,,;- Thus, the molecular outflow in J1509 represents
a significant fraction of |,,; and it could potentially have a signif-
icant impact on the host galaxy. Despite the large uncéytam
the assumed warm-to-cold gas ratio, our value of 1.%lis in
agreement with the couplingfiiencies derived from CO-based
measurements of AGN of similar bolometric luminosities 2509
(~0.5-3%;Feruglio et al. 2015Morganti et al. 201h

We have demonstrated the feasibility of GEMIR spec-
troscopy for deriving accurate multi-phase outflow propsrand
evaluate their potential impact on the host galaxy. The seeq is
targeting representative quasar samples to investigatelifterent
galaxy properties (e.g. radio jets, shocks, morphologigght be

system hosting one of the most extreme outflows detected in CO influencing the characteristics of the outflows and ultiryateow

(Cicone et al. 2014

As we mentioned in Sectiod.1, the warm H component of
the outflow is just a small fraction of the total molecular gas-
tent. We can then use the warm-to-cold gas mass ratiocd06°
measured for two nearby LIRGs with and without nuclear ac-
tivity observed in the NIR and the sub-mr&rfionts et al. 2014
Pereira-Santaella et al. 201® infer the total molecular outflow
gas mass in J1509. We obtaingy=(1.7+0.4)x 108 M. This er-
ror does not include the large uncertainty in the assumednwar
to-cold gas ratio, which is yet scarcely measured in outflows
For comparisonPereira-Santaella et 82018 reported ratios of
(2.6£1.0)x 10~ within the outflows of three nearby ULIRGs.

these outflows (i.e. AGN feedback) agexzting the host galaxies.
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