
Feeding and Feedback in Nearby AGN Narrow-Line Regions (NLRs)
(Crenshaw, Fischer, Gnilka, Revalski, Dashtamirova, Kraemer, Schmitt) 

1) Nuclear dust spirals are 
ionized to form the NLR.

Mrk 573

3��

HST F606W (1'' = 340 pc) Gemini NIFS velocity maps (Fischer+ 2017, ApJ, 834, 30)

2) Mrk 573 NLR shows in situ acceleration (A,B) of ionized and molecular gas 
from the rotating (C,D) dust/molecular spirals. Outflows extend to < 1 kpc.
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Figure 1. Upper-left panel: PSF-deconvolved ACIS image (0.3–2 keV) using the EMC2 method, with subpixel binning (1/8 of the native pixel size) and a 2×2
FWHM Gaussian filter smoothing. The same image is presented in the lower-left and lower-right panels with the HST [O iii] and radio VLA 6 cm contours overlaid,
respectively. Upper-right panel: HST [O iii] image.
(A color version of this figure is available in the online journal.)

et al. 2004; Karovska et al. 2005, 2007) algorithms; while both
methods show a similar extended morphology in the decon-
volved images, the R–L algorithm yields a grainier image re-
construction with respect to EMC2; the latter results are pre-
sented in Figure 1. In particular, in the upper panels we show
a comparison between the reconstructed ACIS image with the
subpixel binning (1/8 of the native pixel size, upper-left panel)
and the [O iii] image (upper-right panel): the soft X-ray ex-
tended emission clearly shows structures in correspondence
with the optical arcs (Hollis et al. 1997); this correspondence
is more clearly shown in the lower panels of the same fig-

ure, where [O iii] and radio contours are overlaid on the soft
X-ray emission (lower-left and lower-right panels, respectively).
While the radio emission appears more compact than the soft
X-ray emission, the latter shows a striking coincidence with
the optical features and an interesting interplay between radio,
optical, and X-ray emissions, as already suggested by Bianchi
et al. (2010) and Gonzalez-Martin et al. (2010) in their anal-
ysis of Chandra observation 07745. In particular we see soft
X-ray structures lying in coincidence or just in front of the in-
ner [O iii] arcs, with the latter wrapping around the outer radio
lobes.
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Chandra, [O III] (Paggi+ 2012)

3) X-ray match suggests 
rapid phase transition.

that in situ radiative acceleration is possible (out to ∼0.5 kpc) in
this object. The bottom panel plots the effect of different
Eddington ratios (L/Ledd, with Mrk 573 having a ratio of
L/Ledd∼ 1) on a cloud launched from 200 pc. This illustrates
that AGN as luminous as 0.5 Ledd cannot successfully launch
outflows from a distance of 200 pc. Second, given the
deprojected radial distances and velocities of individual
emission-line knots, can we determine the radial distances at
which they originated? Using the major axis position angle of
the inner disk of 95° and a maximum ellipticity of the inner 5″
from Schmitt & Kinney (2000), e=0.18, we calculate the
portion of the host disk containing the NLR knots near

Figure 13. Left: HST WFPC2/PC F814W continuum image of Mrk 573. Center: best fit galaxy decomposition model (3 components) for Mrk 573. Right: residuals
between image and model.

Figure 14. Mass distribution profiles for each component in our model. Red,
green, black dashed, and black solid lines represent inner, intermediate, and
outer components and the sum of the 3 components, respectively. Our radial
mass distribution is calculated using the expressions from Terzić & Graham
(2005) assuming a mass-to-light ratio of 5.

Figure 15. Top: velocity profiles for various launch radii (all generated
assuming % = 3300), in the absence of interaction with an ambient
medium. Based on these results, radiatively accelerated gas can escape
the inner ∼ kpc if launched from D<500 pc. Bottom: velocity profiles
for a launch radius of 200 pc, over a range in L/Ledd. From this distance,
if L/Ledd�0.5, radiatively accelerated gas would not reach a distance
of 1 kpc.
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4) Radiative driving + gravity indicate 
NLR clouds travel only 10s of pcs.

(Fischer+ 2017)
Conclusions:
Ambient gas (e.g., dust spiral) is 
ionized and radiatively driven out 
to < 1 kpc in the host galaxies of 
moderate-luminosity AGN. Peak 
outflow rates are ~3 M⦿ yr-1 

(Revalski+ 2017, 2018). The NLR 
gas likely transitions from 
molecular à ionized à highly 
ionized gas over tens of pcs.


