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AGN Kinematics

• BLR profiles and kinematics
• Outflows seen in Absorption (AGN Winds)
• Emission-Line Outflows in the NLR
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BLR Profiles and Kinematics

(Peterson, p. 69)

- Wide variety, many with bumps
- Many BLRGs have double-peaked 
profiles (after subtraction of NLR) 
- Wings are logarithmic, but many 
kinematic models can reproduce them 
(Capriotti, et al. 1990, ApJ, 241, 903 )

What is the BLR?
- bloated (irradiated) stars?
- surface of accretion disk?
- clouds in an outflowing wind?

Need more information on, 
size, geometry, and kinematics
à Use variability and 
     reverberation mapping

BLRG

Sey 1
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Lags for Different Emission Lines

(Onken & Peterson, 2002, ApJ, 572, 746)

NGC 3783

FWHM ~  r-0.5

à Suggests gravitational motion (or at least 1/r2 force)
à But radiation pressure could be important (Marconi et al. 2008)
  



Examples of model Ψ(v,τ) (Welsh & Horne, 1991, ApJ, 379, 586): 

- Determine Ψ(v,τ) observationally and compare with models
- Recent results (also from forward-modeling simulations) indicate 

BLR is likely an accretion-disk wind.

Determining the kinematics directly →  (Radial) velocity-dependent Ψ

L v, t( ) = Ψ(v, t)C
−∞

∞

∫ (t −τ )dτ ,

where L v, t( )  is the velocity-dependent profile



5

Outflows in AGN: Types

M87

1) Jets in Radio-Loud Galaxies and Quasars

• Highly collimated, low density plasma traveling at relativistic speeds
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PG 0946+301

(Arav et al. 2001, ApJ, 561, 118)

2) Broad Absorption-Line (BAL) Quasars

• Blueshifted absorption troughs extending up to ~0.2c
• Observed in ~10% of radio-quiet quasars
• Possibly occur in most quasars, covering ~10% of the AGN sky
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3) Quasar “Associated Absorption”

• Discovered as excess absorption lines near z of quasar (zabs ≈ zemis)
• Narrow absorption (FWHM < 300 km s-1) within 5000 km s-1 of zemis

• Mostly blueshifted, which indicates outflow from nucleus

(Hamann et al. 2001, ApJ, 550, 152)
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Not to be confused with absorption at zabs << zemis:

QSO1422+23, zemis = 3.62

a)  Lyα Forest - intervening clouds in the intergalactic medium

b) “Metal-line” systems - intervening galaxies and their halos

(Rauch, 1998, 
ARAA, 36, 267)

(Peterson, 1997, An Introduction to 
AGN, p. 201)
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4) “Intrinsic Absorption” in Seyfert Galaxies 

(Hutchings, et al., 2002, AJ, 224, 2543

• Originally detected in optical spectra of NGC 4151 (Oke & Sargent 1968)
• Blueshifted He I and H I Balmer lines (ne> 108 cm-3 àrare in Seyferts)
• UV absorption in resonance lines much more common (~60% of Seyferts) 

(Crenshaw, Kraemer, & George, 2003, ARAA, 41, 117).
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Types of UV Absorption Lines - Summary
1. Galactic: Milky Way disk and halo (“high velocity clouds”)
2. Intervening (zabs << zemis)

- Metal-line systems (“damped Lyα”): galactic halos and disks
- “Lyα forest”: IGM clouds (also some O VI, other high-ionization lines)

3. Seyfert “intrinsic” absorption lines
- Mass outflow: up to -4000 km s-1 (probably related to QSO associated)
- Intrinsic to host galaxy (very narrow, within 300 km s-1 of galaxy z)

4. Quasar narrow absorption lines (“NALs”): FWHM ≤ 300 km s-1

- “Associated”: mass outflow up to 5000 km s-1

- “High-velocity NALS”: mass outflow up to 50,000 km s-1

5. Quasar Broad Absorption Lines
- Hi-BALs: velocity widths > 2000 km s-1, outflow up to ~0.2;, high-

ionization lines (C IV, N V, etc.)
- Low-BALs: same as above, plus Mg II and other low-ionization lines
- Mini-BALs: velocity widths between ~500 and 2000 km s-1
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IUE/HUT Observations of Intrinsic UV Absorption

(Kriss et al., 1995, ApJ, 454, L7)

• IUE discovered absorption spanning a wide range in ionization (O I to N V)
• HUT extended the ionization range to O VI, in the far-UV
• Ulrich (1988) found that 3 - 10% of IUE Seyferts have intrinsic absorption
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HST Survey of Seyfert Galaxies

NGC 4151

Akn 120

Intrinsic
absorption

No intrinsic
absorption

• 60% of Seyfert 1 galaxies show intrinsic absorption; those that show UV 
absorption also show X-ray absorption.

• Global covering of the continuum source and BLR:  Cg = 0.5 - 1.0
• Most absorbers are highly ionized (C IV, N V); only 10% show Mg II

(Crenshaw et al. 1999, ApJ, 516, 750)



NGC 4151

HST/STIS High-Resolution Spectra
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High Resolution Spectra

• Multiple outflowing components detected in UV and far-UV.
• Similar velocity coverage for X-ray absorbers; however X-ray absorbers have 

higher ionization parameters (U) and column densities (NH)
• Comparison of UV doublets indicates partial covering of BLR in some cases
• Mass outflow rates can be 10 to 1000x the accretion rates (Crenshaw et al. 2012)

(Gabel, et al. 2003, ApJ, 583, 178)
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5) X-ray “Warm Absorbers” in Seyferts

(George, et al. 1998, ApJS, 114, 73

• Absorption by highly-ionized gas first claimed by Halpern (1984)
• Confirmed by ASCA detections of O VII and O VIII edges (see above)
• Mathur (1994) claimed a connection between X-ray and UV absorbers
• Blueshifted absorption lines seen by Chandra confirmed outflow
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Chandra 900 ks Spectrum of NGC 3783

H-like
He-like

(Kaspi et al. 2002, ApJ, 574, 643)
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How do we get more Info? àVariability Monitoring

• Nearly all Seyfert 1 galaxies with intrinsic UV absorption 
show components with variable equivalent widths (EWs)

• Sources of EW (or ionic column density) variations:
      1) Variations in the ionizing continuum flux (variable U)
      2) Transverse motion of cloud across the BLR + continuum  

(variable NH or covering factor in the line of sight)
• Variable ionizing continuum: can determine density (ne) and 

distance from source (r) from time scale of variability (t)

• Transverse motion: can determine the transverse velocity

 
 ne ≈

1
 α trec

         U =  
Lν hνdν

ν0

∞
∫

4πr2c ne
  (U from photoion. models)

 vT = CBLR dBLR t ,    where CBLR  is the los covering factor
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NGC 4151 - Variability in Ionizing Flux

Si II Si II* Fe IIC IV

• Low-ionization lines “appear at low continuum àvariable U
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NGC 3783 – Variability due to Transverse Motion

 Comp. 1 transverse velocity: vT = CBLR dBLR Δt  ≥  550 km s-1
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Why are AGN outflows important?

• Quasar outflows have likely:
1) contributed to the heavy-element abundance of the IGM 

(Hamann & Ferland, 1999, ARA&A, 37, 487)

2) influenced formation of structure in the early Universe 
(Scannapieco & Peng 2004, ApJ, 608, 62)

3) regulated the growth of supermassive black holes and 
galactic bulges  (Ciotti & Ostriker, 2001, ApJ, 551, 131)

• Seyfert galaxies are the best AGN for probing the machinery 
of mass outflow in the form of AGN winds.
1) Of all AGN, they have the largest apparent brightness.
2) They are nearby (z < 0.1), and offer the best hope of 

directly resolving the outflowing gas.
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Emission-Line Outflows in the NLR

• Previous ground-based studies have claimed infall, rotation, 
parabolic orbits, outflow, etc.

• The problem: they relied on spatially integrated line profiles, 
since the NLR is only a few arcsecs across.

• HST/Space Telescope Imaging Spectrograph has angular 
resolution ~ 0.1”.

• Large ground-based telescopes + adaptive optics (AO) + 
integral-field units (IFUs) also approach this resolution

    à strong evidence for outflows in the NLR (Crenshaw et al.
           2010, ApJ, 708, 419)
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NGC 1068: NLR – [O III] Image

continuum 
“hot spot”

4.0"
 (290 pc)
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NGC 1068: STIS Long-Slit Spectrum (Hβ, [O III])

NE

SW

λ

outflow
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Biconical Outflow Model for the NLR in NGC 1068

incl = 5°, θmax = 40°, θmin = 26°, vmax = 1300 km/sec, rt = 137 pc

LOS

red: bright
purple: medium
black: faint clouds

(Das et al. 2006, AJ, 132, 620)

- Outflow matches the general trend.
- Radial acceleration followed by deceleration. 



Kinematics of the Narrow-Line Region in NGC 4151

incl = 45°, θmax = 33°, θmin = 15°, vmax = 800 km/sec, rt = 96 pc

(Das et al. 2005, AJ, 130, 945)



Mrk 573 – Ionized Spirals in the NLR
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(Fischer et al. 2010, AJ, 140, 577)

- NLR geometry due to intersection between host disk and ionizing bicone.
- Kinematic indicate “in situ” acceleration of gas from the dust spirals.



What is the importance of NLR outflows?
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• Provide AGN feedback on scales of hundreds of parsecs
à may regulate black hole growth, terminate star formation, 
and explain black-hole mass/bulge correlations

• Provide alternate explanation for double-peaked NLR 
emission lines (Fischer et al. 2011)

àOften used to claim double SMBHs in distant merging 
galaxies

• Kinematic models can determine the inclination of the AGN 
system (bicone, torus, and presumably accretion disk)
à Investigate how intrinsic properties (SED, BLR velocities, 

absorber column densities) change with polar angle
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NLR Studies: Integral Field Units
• Spectrum for every position in a field of view
• Three Basic Types

– Lenslets: microlens array can be tilted around the  optical 
axis so that spectra do not run into each other (allowed 
length of spectra is small)  Ex) WHT Sauron

– Fiber Optics: fibers transfer light to the spectrograph slit 
(there are gaps between the fibers)  Ex) Gemini GMOS

– Image Slicers: instrument mirror segmented into thin 
vertical slices that are slightly tilted with respect to each 
other (difficult to fabricate)  Ex) Gemini NIFS 

• Best used with adaptive optics (AO) on large telescopes to 
give angular resolution of ~0.1”



Integral Field Unit – Image Slicer

Gemini North
 and NIFS
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Near-infrared Integral Field Spectrometer (NIFS)

• Only available on Gemini North
• Spectral Resolving Power ~ 5000 over 3” x 3” at ~ 0.1” 

angular resolution
• Spectra in Z (0.9 – 1.1μm),  J (1.1 – 1.3μm), H (1.5 – 1.8μm), 

and K (2.0 – 2.4 μm) bands
• Works with adaptive optics system ALTAIR using natural or 

laser guide stars
• For AGN, access to:

– [S III] emission in Z band to map ionized gas in the NLR
– H2 emission lines in K band to map warm molecular gas
– CO bandheads and other stellar features in H and K bands 

to map stellar velocities and dispersions for determining 
black hole masses.
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(Mrk 573: Fischer+ 2017, ApJ, 834, 30)

Gemini NIFS Observations of Mrk 573

Schmitt & Kinney (2000), the maximum deprojected radii of our
measurements along the NLR axis of 128° increase by only 7%,
and the maximum radial extent of radiatively driven gas is
∼750 pc. As the resolved NLR is the largest structure that depicts
the interaction between this AGN and its host galaxy, this is the
maximum distance at which the AGN can impose negative
feedback. With AGN feedback unable to fully evacuate a bulge
housing an AGN radiating near Eddington, such as Mrk 573, it
becomes unclear if bulge clearing negative feedback processes
are successful in the local universe. Therefore, for negative
feedback via AGN outflows to be successful, the size of the bulge
in radio-quiet AGN at the time it is evacuated in quenching
scenarios must be much smaller than typical kpc-scale bulge radii
currently observed in nearby galaxies, while still maintaining an
AGN radiating near Eddington.

From Figures 9, 11, and 12, Mrk 573 has a projected rotating
velocity of ∼50 km s−1 near the maximum radial outflow
distance of 750 pc along the major axis (Slit B). Deprojecting
this to a true velocity of 115 km s−1, the time required to rotate
the host disk once at this radius would be ∼4×107 years.
During each rotational lap, the gas in the host disk would
experience radiative driving by the AGN at two separate
epochs, once for each intersection with a cone of ionizing
radiation emitted by the AGN. Therefore, gas in the host disk
experiences radiative driving every 2×107 years. If we
assume that the NLR orientation is static and that its
intersection with the host disk intersection currently impacts
approximately half of the host disk volume at radii >750 pc,
then each epoch of radiative driving experienced by material in
the host disk lasts ∼10×106 years. Assuming an AGN duty
cycle of 108 years (galaxy lifetime ∼1010 years, 1% of galaxies
are currently active), then the host disk rotates twice during an
active period. Cumulatively, the total time spent inside the

ionizing bicone of the NLR for any parcel of gas at radii
<750pc is then 4×107 years.
By measuring the amount of hydrogen gas in the NIFS FOV,

we can form an estimate for the total amount of gas within that
a radius that would need to be evacuated via radiative driving.
Per Mazzalay et al. (2013), the cold molecular gas mass can be
estimated as:

( )
: :

» ´ l⎛
⎝⎜

⎞
⎠⎟

M
M

L

L
1174 8cold H 2.12182

where lLH 2.12182 is the luminosity of the H2 line. Using an
integrated flux of = ´l

-F 2.74 10H 2.1218
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2 erg s−1 cm−2 and
a distance of D=70.55Mpc, we calculate an H2 luminosity of

lLH 2.12182 =2.74×10−15 erg s−1 and a cold molecular gas
mass of Mcold∼5×108Me. As that is the currently observed
mass, we assume double the mass as an estimate for the
original gas mass of 109Me. Therefore, with an initial mass
estimate of 109Me and a cumulative timescale of radiative
driving of 4.8×107 years, the required mass outflow rate to
evacuate gas within a radius of 750 pc would be ∼25Me yr−1.
This may not be an unreasonable mass outflow rate; we have
previously estimated a peak outflow rate of ∼3Me yr−1 for
NGC 4151 (Storchi-Bergmann et al. 2010; Crenshaw
et al. 2015), which has a much lower luminosity and Eddington
ratio. In a future paper (M. Revalski et al. 2016, in preparation),
we will give the resolved mass outflow rate in the NLR of Mrk
573 for comparison.
As the gas being radially driven from the nucleus is likely

more important in understanding the impact of the AGN on its
host, we suggest to define this gas as the true NLR of Mrk 573.
Therefore, assuming a symmetric extent west of the nucleus,

Figure 16. Cartoon interpretation of the AGN feedback process occurring in Mrk 573. Host disk gas initially rotates in the galaxy plane. After the AGN turns on, gas
in spiral arms enters the NLR and is ionized. Gas located at small radii (<750 pc) is radiatively accelerated away from the nucleus as outflows. Gas located at larger
radii is ionized but not driven away from the nucleus and remains in rotation.
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- Gas in dusty molecular 
spirals is ionized and 
radiatively driven outward

- Mass outflow rate peaks at  
~3 MSun/yr (Revalski et al. 
2018, 2021).



Radiative	acceleration:	 𝑎! 𝑟 =
𝐿𝜎"M

4𝜋𝑟#𝑐𝜇𝑚$
	 (𝜇 = mean	atomic	mass = 1.4, addition	to	Das+2006)

Gravitational	deceleration:	 𝑎% 𝑟 = −
𝐺𝑀 𝑟
𝑟# 	 (M = force	multiplier	compared	to	Thomson	scattering

          (𝑀 𝑟 = enclosed	mass)

Total	acceleration:			𝑎 𝑟 = 	𝑎! 𝑟  + 𝑎% 𝑟
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Dynamical Forces in the Narrow-Line Region (NLR)
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Launch	radius	(𝑟*) −	 match	calculated	and	observed	v(r)	for	a	NLR	knot	to	get	𝑟*(the	only	unknown):

𝑣 𝑟 = ∫!!
! 4885 /""M

!#
− 8.6	×	10,- 0 !

!#
𝑑𝑟 (𝑟	 − 	𝑟* = distance traveled, 𝑡 = 	∑ 1!

'
= time	traveled)

Model velocity	turnover	(max	launch	radius): 	𝑎! 𝑟2 =	 𝑎% 𝑟2 							𝑟2	=	𝑟* (max), independent	of	other	𝑟*

Note:	The	above	assumes:	
1)	purely	radial	motion	-	gas	at	launch	point	is	not	rotating,	so	no	azimuthal	velocity
2)	spherical	symmetry	(e.g.,	bulge	dominates	near	core)	or	axisymmetry	(e.g.	radial	motion	in	disk)
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The radiative acceleration (Arav et al. 1994; Chelouche &
Netzer 2001; Crenshaw et al. 2003) due to a central AGN with
a bolometric luminosity L on a mass at a distance r is

( ) ( )s
p m

=
%

a r
L
r c m4

4T
2

p

where sT is the Thompson scattering cross section for the
electron, c is the speed of light, μ is the mean atomic weight of
a proton (∼1.4 for typical solar abundances), and mp is the
mass of the proton. % is the force multiplier, which
incorporates the bound–bound, bound–free and continuum
opacity in addition to Thomson scattering, and depends on the
ionization parameter (U) for a given spectral energy distribu-
tion. Hence, the force multiplier is the ratio of the total
acceleration a(r) to the acceleration due to Thomson scattering
(Arav et al. 1994; Chelouche & Netzer 2001).
Considering spherical symmetry and assuming that no other

forces (hydrodynamic, thermal, drag, and magnetic) are in play,
the total acceleration on a point mass at a distance r can be
calculated as the sum of radiative acceleration (Equation (4))
and gravitational deceleration (Equation (1)). By substituting
for the constants and solving for differential velocity, a model
for the radial velocity of an outflowing cloud in the NLR (Das
et al. 2007, Equations (19)–(22)) is given by the following

Figure 14. (a) Mass profiles of NGC4051, calculated using Sérsic components defined in Bentz et al. (2009). (b) The rotation velocities are for each mass component
separately and for the total baryonic mass inside 10 kpc. (c) Velocity profiles generated with the dynamical model given in Equation (5). The capital letters are
associated with the APO outflow knots and lowercase letters are assigned to the knots seen in HST STIS. The velocities and positions are determined using the average
of selected kinematic points in Figure 8 that are assigned to each knot. The error bars are calculated from the minimum and maximum values of distance and velocity
associated with the points in a given knot. The true velocities and distance are calculated using the deprojection parameter from the biconical model geometry given in
Section 4.4. (d) An example of change in launch distance of the observed outflow cloud (B) for different values of force multiplier%.

Table 3
NGC4051 Outflow Model Parameters

Parameters Fischer+2013 This Work

PA (galaxy) 50° 130° (N-S in SE)
Inclination (galaxy) 5° 45° (SW closer)
PA (bicone) 80° 35°
Inclination (bicone) 78° 60° (NE closer)
HOA (max) 25° 40°
HOA (min) 10° 25°
Turnover 30 pc 380 pc
Max Height 100 pc 1090 pc
Max Velocity 550 km s−1 700 km s−1

Note. Rows are (1) major axis of the galaxy from Kaneko et al. (1997), (2)
inclination of the galaxy from Kaneko et al. (1997), (3) major axis of bicone
axis, (4) inclination of bicone axis relative to the plane of the sky, (5) maximum
half-opening angle relative to the bicone axis, (6) minimum half-opening angle,
(7) turnover radius, (8) maximum height of the bicone along its axis, and (9)
maximum outflow velocity, located at the turnover radius.
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(Meena+ 2021, 916, 31)

NGC 4051:
• Clouds launched between 0.2 – 4 pc.
• Max launch radius ≈ 4 pc, all 

velocities turn over at this point
• Clouds can travel up to ~1 kpc.
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(Meena+2023, ApJ, 943, 98)

• Increasing luminosity to the right.
• Correlation indicates radiative driving + 

grav. decel. control NLR dynamics.
• Any acceleration of gas or increasing 𝑀34(

.  
beyond rmod would indicate additional 
forces.

• What value of M would get the best match 
(excluding NGC 4151)? – about 500

• Does this relation hold for low luminosity? 
(may not be able to resolve turnover point)

• LINERs (with L/LE < 10-3) should not be 
able to radiatively launch outflows.

previous studies) are either equal to, or greater than, observed
velocity turnovers. In other words, we do not see any increase
in the outflow velocities beyond the model turnover—as
expected from the radiative-gravity model. A force multiplier
of  ≈ 500 for the model turnovers provides a reasonably
good match to the observed values for NGC 5643, NGC 4151,
and Mrk 34, while a slightly lower force multiplier ( ∼
150–180) would be required for Mrk 3 and Mrk 78. We have
adopted a radiative driving model for Mrk 573 from Fischer
et al. (2017), which assumed a 3000= (upper limit) and
M/L= 5. It must be noted that, unlike this work, the M/L was
not determined using B−V colors of the different brightness
components of Mrk 573. Therefore, while the radiative-gravity
formalism provided in Fischer et al. (2017) reasonably matches
the NLR kinematics, the adopted force multiplier, as well as the
model turnover, must be re-scaled to match this analysis.
Overall, based on the close similarities between modeled and
observed turnover radii, we confirm that the dynamics of the
NLRs in all of our targets (except NGC 4051) can be explained
using only radiation pressure combined with gravitational
deceleration. We do not require any additional forces in order
to reproduce the observed outflow velocities. This trend does,
however, seem to break for the low-mass, low-luminosity AGN
in NGC 4051, which has a much smaller modeled turnover
(∼2 pc) than the observed values (380 pc; Paper I).

Finally, there is also a disparity in the modeled turnover radii
for NGC 4151 based on the adopted bolometric luminosity.
Our radiative-gravity model favors a  of 500 (considering
Lbol= 5× 1044 erg s−1), but for a lower luminosity (Lbol=
1.4×1044 erg s−1; Kraemer et al. 2020), we would require a
higher (∼3000) to match the observed velocity turnover.

We find an even tighter relation between our modeled
turnover and mass outflow rate turnover as seen in Figure 10
(right). The spatially resolved mass outflow rates are
calculated using outflow velocities and ionized gas masses,
measured at each spatial distance from the SMBH (Crenshaw
et al. 2015; Revalski et al. 2018a, 2018b, 2021). Therefore,
mass outflow rates indicate the amount of ionized gas, with

the measured outflow velocities at a given distance (r) from
the central SMBH. As discussed in Revalski et al. (2021), the
outflow rates increase at larger distances into the NLR, as
both outflow velocities and ionized mass increase. However,
at a certain turnover distance, gravity dominates the radiation
pressure, and no more mass can be launched or accelerated.
Therefore, while some outflowing ionized gas (that may have
been accelerated at r < modeled turnover radius) can be
observed beyond this distance, an overall deceleration is
expected at larger radii. The outflow rate turnover radii for
Mrk 3, Mrk 78, and Mrk 34 are slightly higher than the
observed velocity turnover radii due to the presence of higher
ionized gas mass increasing the total mass outflow rate at
each spatial location. On the other hand, Mrk 573 and
NGC 1068 have relatively lower gas masses than the other
AGNs with comparable luminosities (see Revalski et al.
2021), explaining the smaller mass outflow turnover
distances. Nonetheless, for all of the targets, the observed
mass outflow turnover is either equal to or smaller than our
model turnover values, indicating no further acceleration of
mass outflows beyond these radii, which is in agreement with
the in situ acceleration and radiative-gravity formalism.
The excellent agreement between the observed turnover

distances and the lower limits of the model turnover indicates
that » 500 is the preferred value to use for these models,
agreeing with recent investigations using photoionization
models in Trindade Falcão et al. (2021; see discussion in
Section 5.1). The ambiguity associated with NGC 4151 can
also be observed in Figure 10 (right), where the modeled and
observed turnover radii are consistent for an adopted
luminosity based on [O III] flux and = 500. However, for
a lower luminosity, a much higher  (> 3000) is required
(which is unlikely for the physical conditions of the NLR) to
match both turnover distances, or there would have to be
additional physical mechanisms other than radiation pressure
accelerating the gas beyond the modeled turnover.

Figure 10. A comparison of the modeled turnover radii based on radiative-gravity formalism and observed outflow quantities. Left: comparison with the velocity
turnover distances (Fischer et al. 2013; Meena et al. 2021). Right: comparison with the mass outflow rate turnovers, i.e., distances at which the mass outflow rates
peak, as presented in Revalski et al. (2021). The data in green show the results for model turnover as determined in Section 4.2 and Figure 8, based on the AGN
bolometric luminosities provided in Table 1. The targets in this work and the literature are represented as squares and circles, respectively. The vertical error bars
correspond to  = 500 (for lower limit) and  = 3000 (for upper limit) for all targets except NGC 5643 ( = 200–400). The magenta dashed point is for
NGC 4151, if we were to adopt log(Lbol) = 44.14 erg s−1 (Kraemer et al. 2006; Crenshaw et al. 2015) in our radiative-gravity model.The horizontal uncertainties are
associated with the bin size/radial distance for the velocity/mass outflow rate measurements for each target (Revalski et al. 2021). The blue dashed line corresponds to
unity, where the model turnover radii equal the observed turnover radii.
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Comparison with Observations


