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Motivation

The baryonic assembly in galaxies is regulated by complex interactions  
between different astrophysical processes

Adapted from Harrison thesis (2014)
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Arc-like structures can extend 
over tens of arcsecs on the sky
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Motivation

Lensed galaxies and quasars offer a  
wealth of information to study galaxy evolution
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Gravitational lensed system SDSSJ1038.
Z=2.2. Observed with identical curved-
slit MOS masks on both sides
simultaneously. LUCI1 set to K-band
detects the Hα, LUCI2 the OIII and Hβ
lines in the H-band.

LUCI1   K-Band

LUCI2   H-Band

LUCI1 LUCI2
SDSSJ1038. Z=2.2. Observed with
curved-slit MOS masks on Luci2
side, while simultaneously taking
an image on LUCI1 side. (The
grating on Luci1 required a check-
so we took the opportunity to get
an image on this side with manually
offsetting)

Gravitational lensed system SDSSJ1038.
Z=2.2. Observed with identical curved-
slit MOS masks on both sides
simultaneously. LUCI1 set to K-band
detects the Hα, LUCI2 the OIII and Hβ
lines in the H-band.
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LUCI1 LUCI2
SDSSJ1038. Z=2.2. Observed with
curved-slit MOS masks on Luci2
side, while simultaneously taking
an image on LUCI1 side. (The
grating on Luci1 required a check-
so we took the opportunity to get
an image on this side with manually
offsetting)

LUCI1 (K band)
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(see talk by S. Rabien)



Luci + ARGOS spectroscopic data 

Six gravitational lensed systems at z~1.3-2.7 observed with 0.35-0.5’’ wide  
curved-slit MOS masks (PI. S. Rabien) 

Hb+[OIII] and/or Ha+[NII] lines  (also in binocular mode) 
Spectral resolution: few tens of km/s 
Spatial resolution: 0.4 - 0.6 arcsec (3 - 5 pixels) 
 

Data Reduction requires:  
- 2D spectra rectification,  
- corrections for grating and 
 Y position of ref.star instabilities, 
etc.  
see talks by A.Contursi, S. Belli



SDSSJ1038 (THE CHESHIRE CAT) - integrated spectrum

TOT: 4h 20min (Hband) 
        3h 47min (Kband)  z = 2.197



SDSSJ1038 - comparison between different blobs
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from top to bottom: 
• line peak from positive  
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•   broad profiles  
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this

MNRAS 456, 1195–1220 (2016)
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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additional contributions to the NLR Hα luminosities, in addition
to photoionization by AGN, such as by star formation processes
(e.g. Cresci et al. 2015). Indeed, we observe that a significant frac-
tion of our sample have [N II]/Hα emission-line ratios that could be
produced by H II regions (see Section 4.3.3). The NLR region Hα

luminosities of the KASHz targets may follow an even shallower
trend than the local relationship; however, the deviation is only ob-
served at the highest X-ray luminosities, where we are currently
limited to a lower number of sources (see Fig. 6). We also note
that the KASHz AGN are likely to be systematically low in LHα,NLR

due to the lack of obscuration correction (also see the discussion
on aperture effects above). For example, the correction to the NLR
luminosities would be ≈0.7 dex, assuming the median AV, Hα = 1.7
for the star-forming galaxy comparison sample at the same redshift
(Stott et al., in preparation; Section 3.4), while the average Balmer
decrement of the z < 0.4 AGN comparison sample implies a me-
dian correction of only ≈0.3 dex for the z < 0.4 AGN (following
Calzetti et al. 2000). Additionally, our X-ray selection compared to
the optically selected comparison samples may also provide a sys-
tematic effect towards lower line luminosities for the high-redshift
sources (see discussion above for the [O III] targets).

4.3 The prevalence and drivers of ionized outflows

A key aspect of KASHz is to constrain the prevalence of ionized
outflow features observed in the emission-line profiles of high-
redshift AGN. Additionally, KASHz is designed to assess which
AGN and host-galaxy properties are associated with the highest
prevalence of high-velocity outflows. One of the most common
approaches to search for ionized outflows is to look for very broad
and/or asymmetric emission-line profiles in the ionized gas species
such as [O III] and non-BLR Hα components (e.g. Heckman et al.
1981; Veilleux 1991; Mullaney et al. 2013; Zakamska & Greene
2014; Genzel et al. 2014). For example, asymmetric emission-line
profiles (most commonly a blue wing) that reach high velocities
(i.e. ≈1000 km s−1) are very difficult to explain other than through
outflowing material (e.g.Veilleux 1991; Zakamska & Greene 2014).
Furthermore, extremely broad emission-line profiles (i.e., W80 !
600 km s−1) are very unlikely to be the result of galaxy kinematics,
but instead trace outflows or high levels of turbulence (e.g. Vega
Beltrán et al. 2001; Collet et al. 2015; also see discussion in Section
4.3.3) and studies of large samples of low-redshift AGN have shown
that the gas that is producing such broad emission-line profiles is
not in dynamical equilibrium with their host galaxies (see Liu et al.
2013; Zakamska & Greene 2014).

In the following sub-sections, we assess the prevalence and
drivers of ionized outflow features in the galaxy-integrated
emission-line profiles of our KASHz AGN sample, following simi-
lar methods to Mullaney et al. (2013) who study z < 0.4 AGN (see
Section 3.4). More specifically, we investigate the distributions of
emission-line velocity-widths of individual sources, in combination
with emission-line profile stacks. For clarity and ease of comparison
to previous studies, we separate the discussion of the z ≈ 1.1–1.7
[O III] sample from the z ≈ 0.6–1.1 Hα sample (these are defined
in Section 4.1). Furthermore, the [O III] emitting gas is more likely
to be dominated by AGN illumination, while the Hα emission may
also have a significant contribution from star formation (see dis-
cussion in Section 4.3.3). We defer a detailed comparison of these
two ionized gas tracers to future papers, which will be based on
spatially resolved spectroscopy using both emission lines for the
same targets; however, see the works of Cano-Dı́az et al. (2012)

Figure 7. Stacked [O III]5007 emission-line profiles for the 40 [O III] de-
tected KASHz targets and the X-ray luminosity matched z < 0.4 AGN
comparison sample (see Section 3.4). The dotted curves show the stacked
data and the dashed and solid curves are fits to these stacks. The upward
arrows show, from left-to-right, the fifth, 10th, 90th and 95th percentile
velocities of the KASHz stack. The overall emission-line width of W80 =
810 km s−1 is also illustrated (see Section 3.3). On average, the KASHz

AGN show a broad and asymmetric emission-line profile, with velocities
reaching ≈1000 km s−1. The low-redshift AGN have a very similar average
emission-line profile to the high-redshift AGN for these luminosity-matched
samples.

and Cresci et al. (2015) for IFS data covering both Hα and [O III]
measurements for two high-redshift AGN.

4.3.1 The distribution of [O III] emission-line velocity-widths

In Fig. A1 we show the [O III] emission-line profiles, and our best-
fitting solutions, for all the z ≈ 1.1–1.7 KASHz targets. The pa-
rameters of all of the fits are provided in Table A1. We identify
secondary broad components (following the methods described in
Section 3.2), with FWHM≈400–1400 km s−1, in the emission-line
profiles for 14 out of the 40 [O III] detected targets (i.e. 35 per cent).
The velocity offsets of these broad components, with respect to the
narrow components, reach up to |"v| ≈ 500 km s−1. We note that
Brusa et al. (2015) find that four out of their eight z ≈ 1.5 X-ray
luminous AGN identify a secondary broad emission-line compo-
nent at high significance in their [O III] spectra, which is broadly
consistent with our fraction given the low numbers involved. While
the fraction of broad emission-line components in our KASHz sam-
ple already indicates a high prevalence of high-velocity ionized gas
in high-redshift X-ray AGN, these measurements do not provide a
complete picture across all of the targets. This is because it is very
difficult to detect multiple Gaussian components when the signal-
to-noise ratio is modest, i.e. the detection of a second Gaussian
component is limited to the highest signal-to-noise ratio spectra.
Therefore, in the following discussion, we follow two methods to
overcome these challenges. First we assess the average emission-
line profiles using stacking analysis (see Section 3.5) and, secondly,
we use a non-parametric definition to characterize the overall line
width (i.e. W80 which is the width that encloses 80 per cent of the
emission-line flux; see Section 3.3).

We show the stacked [O III]5007 emission-line profile for our
KASHz targets in Fig. 7. The overall-emission line width of this
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(preliminary) Results and perspectives
Curved-slits allow us to follow the (entire) extension of arc-like structures

Thanks to the very good spatial (~0.5’’) and spectral (Dv ~ 30 km/s) resolutions we are able to 
study the kinematic along the curved-slit direction;

We found complex clumpy and filamentary structures in ionised gas. Merging events 
(SDSSJ1958) and outflows (SDSSJ1038 and J0022) could be responsible of the observed perturbed 
kinematics. 

With improved DR procedures and additional data it will be possible to optimise the analysis (better S/N, 
smaller sky-line residuals, …). Gas physical properties (e.g. ionisation, metallicity) can also be spatially 
resolved

Lens models are required to reconstruct the spatial distribution in the source plane


