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What are we learning about 
nearby NLR outflows?

Gemini Z-band 
[SIII] 0.95μm 
FOV ~3” x 6”

Vmax =  
+/- 300 km/s

Mrk 573 - Fischer et al. in prep.
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What are we learning about 
nearby NLR outflows?

Gemini K-band 
H2 2.12μm  

FOV ~3”x3”

Vmax =  
+/- 100 km/s

Mrk 573 - Fischer et al. in prep.

[SIII] arcs are connected to 
nucleus by H2 arcs
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[SIII] and H2 arcs follow 
host disk rotation
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What are we learning about 
nearby NLR outflows?

[SIII] .9533μm H2 2.1218μm

Knots of [SIII] and H2 gas 
are interwoven near the 

edges of the NLR 

Inner surfaces of 
molecular gas arms  

are ionized when  
inside the NLR 

High velocity ionized gas 
is localized, accelerated 
off molecular gas lanes







Spatially-resolved NLRs often intersections 
between AGN ionization cone and host disk





NLR outflows in nearby AGN likely not  
large enough for bulge evacuation
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Do NLR outflows scale with 
luminosity?

Adapted from  
Schmitt et al. 2003

Ganguly &  
Brotherton 2008



We looked at luminous QSO2s to 
determine the extent of their NLRs

FIRST-J120041

2.117 kpc/“

2MASX-J14054117

1.529 kpc/“

2MASX-J17135038

2.067 kpc/“

MRK 477

0.753 kpc/“

2MASX-J16531506

1.913 kpc/“

SDSS J115245

1.344 kpc/“

B2 1435-30

1.729 kpc/“

2MASX-J11001238

1.865 kpc/“

2MASX-J13003807

1.660 kpc/“

2MASX-J07594101

1.064 kpc/“

2MASX-J08025293

1.536 kpc/“

3”

Selected from  
Reyes et al. 2008 sample 

Avg z : 0.09  
Avg logL[OIII] : 42.46



NLR extent scales  
with luminosity 

Adapted from  
Schmitt et al. 2003



1” = 2.1 kpc 
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High velocity outflow kinematics in 
QSO2s still occur at radii < 1 kpc

Fischer et al. in prep.
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High velocity outflow kinematics in 
QSO2s still occur at radii < 1 kpc

1” = 1.3 kpc 



Take Home
• Gemini NIFS IFU observations: Mrk 573 shows intricate relationship between 

ionized [SIII] gas inside the NLR and molecular H2 gas outside the NLR. 

• Extended NLR morphology and kinematics due to ionization of host disk 
material by the central AGN 

• Largely rotation + in situ acceleration of gas off fueling flows 

• Radially outflowing gas located in the plane of the disk —> allows direct          
measurement of maximum outflow radius 

• HST/STIS observations: Nearby (z < 0.12), luminous QSO2s show kinematics 
and morphologies are comparable to nearby Seyferts (Fischer et al. 2010,2013). 

• NLR radial extent scales with AGN luminosity, however, outflows still do 
not reach distances required in bulge evacuation/quenching scenarios.

Travis Fischer — travis.c.fischer@nasa.gov



–The Doors

“This is the end, my beautiful friend” 





High velocity outflow 
kinematics in QSOs 
are still small scale 

Fischer et al. in prep.
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r < 1000 pc : ablation 
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Different kinematic profiles 
exist as a function of radius
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gas lanes can 
get blown out at 

small radii

gas can still be ablated off 
lanes at larger radii

Mrk 573
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Model (Outflow + Radio Jet + Rotation)

Could in situ feedback exist in other previously observed AGN?
Storchi-Bergmann+ 2010 — NGC 4151 

[SIII] Pseudo long-slit data 



824 T. Storchi-Bergmann et al.

Figure 5. Channel maps obtained by integrating the flux within velocity bins of 63 km s−1 along the [S III] emission-line profile. The numbers in the upper left
corner of each panel are the central velocity of the bin, in km s−1, relative to systemic. The continuous line shows the orientation of the galaxy major axis and
the dashed line shows the orientation of the bi-cone. Green contours are from the radio MERLIN image.

Figure 6. Channel maps for the [Fe II] emission line, as in Fig. 5.

emission is extended in all directions around the nucleus, evidencing
the absence of a sharp cone apex. The largest elongation of this
emission occurs along the horizontal axis, which is approximately
the orientation of the radio axis. The overplotted radio contours
show that, although there is no detailed correspondence between
the [S III] and radio image, the brightest regions of the [S III] image
coincide with the two inner knots of the radio image. For redshifts

larger than 100 km s−1, the gas is observed mostly to the NE in
the opposite direction to that of the blueshifted gas, showing also
a similar flux distribution: for the lowest redshifts the emission is
distributed in a fan structure extending from the major axis of the
galaxy to the bi-cone axis, while for the intermediate and the highest
redshifts the emission is more elongated and concentrated closer to
the bi-cone axis to the NE.

C⃝ 2009 The Authors. Journal compilation C⃝ 2009 RAS, MNRAS 402, 819–835
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Could in situ feedback exist in other previously observed AGN?
Storchi-Bergmann+ 2010 — NGC 4151 
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Feeding and feedback in NGC 4151 – II 825

Figure 7. Channel maps for the Brγ emission line, as in Fig. 5.

Figure 8. Channel maps for the H2 emission line, as in Fig. 5. The dotted line shows the orientation of the galaxy minor axis.

Channel maps for the [Fe II] emission line are shown in Fig. 6.
In the high-velocity blueshifted channels, this emission seems to
be more collimated along the bi-cone axis than for other emission
lines. Some blueshifts from ≈ −221 km s−1 to zero velocity are
observed also to the NE, unlike the channel maps in the other
emission lines. The flux distributions for velocities close to zero
and redshifted gas are similar to those in [S III], although the highest
redshifts are as high as the highest blueshifts and are observed up
to similar distances from the nucleus. In all velocity channels, there
seems to be more structure in [Fe II] than in [S III], in the form of
knots of emission in closer association with the radio knots. This is
particularly clear at the velocity bins from ≈ −221 to 94 km s−1: at
−221 km s−1 the strongest emission traces the ‘flaring’ of the radio
structure to SW towards the galaxy major axis; between velocities of
−45 and +45 km s−1, the strongest emission approximately traces
the two central radio knots and, for higher redshifts, there is an
enhancement of the [Fe II] emission at ≈1 arcsec NE, at the location
of another radio knot.

Fig. 7 shows the channel maps in the Brγ emission line. These
show similar morphologies to those seen in [S III], but with more
structure. This can be attributed, at least in part, to the better spatial
resolution achieved by the adaptive optics system in the K band
relative to the Z band.

The channel maps in the H2 emission line, shown in Fig. 8, are
completely different from those of the ionized gas, in support of
a distinct origin for the molecular gas, as already pointed out in
Paper I. Most of the emission occurs in channels at velocities close
to zero. A small excess of blueshifts to the SW (from ≈100 km s−1)
and similar redshifts to the NE suggest rotation around the minor
axis. The flux distributions show a hollow core around the nucleus,
and beyond this region the emission surrounds the minor axis of
the galaxy in the shape of two arcs extending up to 1 arcsec to
NW and SE of the nucleus. A comparison with the channel maps
in the ionized gas at the same velocity bins (around zero velocity)
shows that the molecular gas emission avoids the innermost re-
gion of ionized gas, and the hollow structure can thus be explained

C⃝ 2009 The Authors. Journal compilation C⃝ 2009 RAS, MNRAS 402, 819–835
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Figure 5. Channel maps obtained by integrating the flux within velocity bins of 63 km s−1 along the [S III] emission-line profile. The numbers in the upper left
corner of each panel are the central velocity of the bin, in km s−1, relative to systemic. The continuous line shows the orientation of the galaxy major axis and
the dashed line shows the orientation of the bi-cone. Green contours are from the radio MERLIN image.

Figure 6. Channel maps for the [Fe II] emission line, as in Fig. 5.

emission is extended in all directions around the nucleus, evidencing
the absence of a sharp cone apex. The largest elongation of this
emission occurs along the horizontal axis, which is approximately
the orientation of the radio axis. The overplotted radio contours
show that, although there is no detailed correspondence between
the [S III] and radio image, the brightest regions of the [S III] image
coincide with the two inner knots of the radio image. For redshifts

larger than 100 km s−1, the gas is observed mostly to the NE in
the opposite direction to that of the blueshifted gas, showing also
a similar flux distribution: for the lowest redshifts the emission is
distributed in a fan structure extending from the major axis of the
galaxy to the bi-cone axis, while for the intermediate and the highest
redshifts the emission is more elongated and concentrated closer to
the bi-cone axis to the NE.
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Feeding and feedback in NGC 4151 – II 825

Figure 7. Channel maps for the Brγ emission line, as in Fig. 5.

Figure 8. Channel maps for the H2 emission line, as in Fig. 5. The dotted line shows the orientation of the galaxy minor axis.

Channel maps for the [Fe II] emission line are shown in Fig. 6.
In the high-velocity blueshifted channels, this emission seems to
be more collimated along the bi-cone axis than for other emission
lines. Some blueshifts from ≈ −221 km s−1 to zero velocity are
observed also to the NE, unlike the channel maps in the other
emission lines. The flux distributions for velocities close to zero
and redshifted gas are similar to those in [S III], although the highest
redshifts are as high as the highest blueshifts and are observed up
to similar distances from the nucleus. In all velocity channels, there
seems to be more structure in [Fe II] than in [S III], in the form of
knots of emission in closer association with the radio knots. This is
particularly clear at the velocity bins from ≈ −221 to 94 km s−1: at
−221 km s−1 the strongest emission traces the ‘flaring’ of the radio
structure to SW towards the galaxy major axis; between velocities of
−45 and +45 km s−1, the strongest emission approximately traces
the two central radio knots and, for higher redshifts, there is an
enhancement of the [Fe II] emission at ≈1 arcsec NE, at the location
of another radio knot.

Fig. 7 shows the channel maps in the Brγ emission line. These
show similar morphologies to those seen in [S III], but with more
structure. This can be attributed, at least in part, to the better spatial
resolution achieved by the adaptive optics system in the K band
relative to the Z band.

The channel maps in the H2 emission line, shown in Fig. 8, are
completely different from those of the ionized gas, in support of
a distinct origin for the molecular gas, as already pointed out in
Paper I. Most of the emission occurs in channels at velocities close
to zero. A small excess of blueshifts to the SW (from ≈100 km s−1)
and similar redshifts to the NE suggest rotation around the minor
axis. The flux distributions show a hollow core around the nucleus,
and beyond this region the emission surrounds the minor axis of
the galaxy in the shape of two arcs extending up to 1 arcsec to
NW and SE of the nucleus. A comparison with the channel maps
in the ionized gas at the same velocity bins (around zero velocity)
shows that the molecular gas emission avoids the innermost re-
gion of ionized gas, and the hollow structure can thus be explained
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Could in situ feedback exist in other previously observed AGN?
Storchi-Bergmann+ 2010 — NGC 4151 
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AGN feedback may be more frequent than originally thought

Liu+ 2015 
Gemini/GMOS 

[OIII] λ5007 

Fischer+ 2015 Disk (Fischer) + Spherical outflow (Liu) = disk ablation?


