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Fig. 13. Maximum velocity, vmax, defined in Sect. 6, versus AGN bolo-
metric luminosity. The red circles represent the SUPER targets, the
dashed blue line shows the best fit relation for literature data compiled in
Fiore et al. (2017). The black curves are the Menci et al. (2019) predic-
tions for the shock velocity (approximated here by the measured vmax)
versus AGN luminosity for galaxies. The three curves correspond to
molecular gas masses of 2.7 × 109 M�, 6 × 109 M� and 2 × 1011 M�,
respectively. More details are given in Sect. 6.

the AGN location (see Rupke et al. 2002):

Vesc =
√

2Vc

�
1 + ln

� rmax

r

��1/2
, (5)

where rmax is the extent of the dark matter halo (assumed
∼100 kpc here) and Vc is the circular velocity of the galaxy,
assumed to be 300 km s−1 as in Eq. (4) from the Tully-Fischer
relation for the range of stellar mass in SUPER galaxies (see
Cresci et al. 2009). At 2 kpc, which is roughly the spatial reso-
lution of the H-band SINFONI observations, the escape velocity
calculated using Eq. (5) is on average ∼950 km s−1. We then esti-
mated the escape fraction of ionised gas as the ratio between the
flux of the [O iii] λ5007 channels in the integrated spectra with |v|
>Vesc and the total flux of the [O iii] λ5007 line. The escape frac-
tion of the ionised gas calculated for the Type 1 SUPER sample
presented in this paper is reported in Table 4. For most galaxies,
�10% of the outflowing ionised gas has the ability to escape the
host galaxy, while the rest of the gas is expected to re-accrete
back onto the host galaxy. The highest escape fractions of ∼43%
and ∼97% are observed in J1333+1649 and J1441+0454, which
are also the targets with high bolometric luminosity. We note that
in J1441+0454, the exceptionally high escape fraction is a result
of the extremely blueshifted [O iii] profile, which is also blended
with the iron emission as explained in Sect. 5.1. Figure 14 shows
the escape fraction as a function of the bolometric luminosity,
which suggests a positive correlation between the two quanti-
ties, but with a large scatter. The Pearson correlation coefficient
between the escape fraction and the bolometric luminosity is
0.64 with a null hypothesis probability of ∼0.2%. Although the
correlation is relatively weak compared to the w80 − Lbol relation
in Fig. 12, the data might suggest that outflows hosted in high
luminosity AGN have a higher fraction of escaping gas.

We also note that SINFONI data only trace the ionised phase
of the outflow, while a large fraction of the outflow might be
present in the molecular gas phase (e.g. Cicone et al. 2018;
Fluetsch et al. 2019). Therefore, follow-up studies in other gas
phases such as the warm and cold molecular phase and neutral
gas phase are required to complete the picture of the effects of
radiation pressure on the ISM of the galaxies.

Fig. 14. Escape fraction as a function of the bolometric luminosity of the
AGN for the Type 1 sample presented in this paper. The escape velocity
is calculated for a distance of 2 kpc from Eq. (5). The blue curve shows
the best-fit relation.

7. Summary and conclusions

We present near-infrared IFU spectroscopy for 21 X-ray selected
Type 1 AGN from the SUPER survey (half of the survey size).
We traced and characterised the velocity and extension of the
ionised gas and its outflow component in the NLR using the
[O iii] λ5007 transition. The main conclusions from the work
presented in this paper are summarised below.
1. Using a cut on the non-parametric velocity width, w80 >

600 km s−1, in the integrated spectra, we find that all the Type
1 AGN in the SUPER survey show the presence of ionised
outflows. We consider the selected threshold in w80 a con-
servative choice, based on the very diverse distributions of
low-z and high-z mass matched sample of star forming galax-
ies compared to the w80 distribution of AGN host galaxies
(Sect. 5.1, Fig. 3). We also confirm a strong linear correla-
tion between the [O iii] luminosity and the X-ray luminosity,
as previously observed in the literature (Sect. 5.1, Fig. 4).

2. Using three different methods (COG analysis, half-light
radii, and the PSF-subtraction method), we find evidence of
kiloparsec-scale extended ionised gas emission in seven out
of the 11 targets for which [O iii] is detected at an S/N > 5
in the integrated spectrum (Sect. 5.2, Figs. 5 and 6). Flux
and velocity maps of these resolved targets reveal outflows
extended to ∼6 kiloparsec (quantified by D600 value, Table 4
and Figs. 7 and 8), with indications of redshifted outflows in
three objects (cid_346, J1333+1649, and S82X1905).

3. We used the spectroastrometry method to determine the dis-
tance of the bulk of the gas moving at a given velocity. We
find that the high-velocity outflowing gas (|v|> 600 km s−1)
is contained in the central ∼1 kpc for ∼80% of the tar-
gets for which the spectroastrometry analysis was performed
(Sect. 5.4). For two objects (cid_346 and S82X1905) the
bulk motion of high-velocity gas is extended to ∼3 kpc.

4. We explored a range of plausible assumptions on the phys-
ical properties of the outflow (its geometry, velocity, and
radius) and of the outflowing gas (i.e. its electron density)
and report the range of derived mass outflow rates for each
target (Sect. 5.5). The mass outflow rates of the Type 1 sam-
ple are in the range of ∼0.01–1000 M� yr−1 (Table 4). After
factoring in the systematic uncertainties in the outflow mod-
els, these outflow rates seem to correlate with the bolometric
luminosity of the AGN.
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5. The non-parametric velocity, w80, strongly correlates with
the X-ray luminosity, LX(2−10 keV), and the bolometric
luminosity of the central super massive black hole (Fig. 12).
The correlation is relatively weak for w80 versus MBH (or
LEdd). The maximum velocity versus bolometric luminosity
plot for the SUPER sample agrees with model predictions for
an AGN-driven shock driving an outflow through a galaxy
disc (Fig. 13).

6. For most galaxies, <10% of the outflows in the ionised gas
have the potenial to escape the gravitational potential of the
host galaxy. The escape fraction also increases with the bolo-
metric luminosity of the AGN (Fig. 14).

While this paper focused on presenting the ionised gas kinemat-
ics of the Type 1 sample, an upcoming publication will present
the SINFONI and ALMA results for the overall (Type 1 and
Type 2) AGN SUPER sample. The different types of morphol-
ogy of the ionised gas and the associated outflows presented in
this paper clearly show the advantages of performing high spa-
tial resolution observations. Even better spatial and spectral res-
olution and higher sensitivity is expected with future facilities
such as ELT/HARMONI. Such observations will enable us to
resolve the extended redshifted and blueshifted outflowing gas,
which might reveal sub-structures within the outflow, and trace
the radial evolution of the outflowing gas, which is certainly not
possible at z ∼ 2 with today’s instrumentation. Finally, we are
currently limited to studying ionised outflows from the ground
up to z ≈ 4, observing the [O iii] line in the K-band. With the
IFU capabilities of NIRSpec on-board the JWST, a study similar
to the one presented in this paper could be performed with com-
parable resolution at z > 4 and will allow us to further constrain
the importance of AGN feedback at earlier comic epochs.
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Appendix A: Integrated H-band spectra and
[O iii] channel maps of the Type 1 SUPER sample

Fig. A.1. Integrated H-band spectrum of SUPER targets X_N_160_22, X_N_81_44, X_N_66_23, X_N_35_20, X_N_12_26, and X_N_44_64.
The grey curve shows the observed spectrum, the red curve shows the reproduced overall emission line model, the blue dashed curve shows the
iron emission, and the dashed green curves show the continuum emission and the individual Gaussian components (narrow, broad, and BLR)
used to reproduce the profiles of various emission lines. The blue vertical lines indicate the locations of Hβ, [O iii] λ4959, and [O iii] λ5007. The
vertical grey regions mark the channels with strong skylines, which were masked during the fitting procedure. The X-axis shows the rest frame
wavelength after correcting for the redshift of the target and the Y-axis shows the observed flux.
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Fig. A.2. Same as Fig. A.1 for X_N_4_48, X_N_102_35, X_N_115_23, cid_166, cid_1605, and cid_346.
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Fig. A.3. Same as Fig. A.1 for cid_1205, cid_467, J1333+1649, J1441+0454, J1549+1245, and S82X1905.
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Fig. A.4. Same as Fig. A.1 for S82X1940 and S82X2058.
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Fig. A.5. 1.5�� × 1.5�� [O iii] λ5007 channel maps of SUPER target X_N_160_22 at different velocity slices, after subtracting the Hβ, [O iii] λ4959,
and iron models from the raw cube. Each velocity slice is 200 km s−1 wide, and the displayed value is the centre velocity of the respective channel.
The black cross marks the location of the H-band continuum peak, used as a proxy for the AGN position. North is up and east is left.
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Fig. A.6. Same as in Fig. A.5 for X_N_81_44, X_N_66_23 and X_N_12_26.
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Fig. A.7. Same as in Fig. A.5 for X_N_115_23 and cid_166.
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Fig. A.8. Same as in Fig. A.5 for cid_346 and J1333+1649.
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Fig. A.9. Same as in Fig. A.5 for J1549+1245, S82X1905, and S82X1940.
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