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quirements. Galaxies in these unexplored regions of colour space
are generally fainter thaniAB � 23 and lie at intermediate red-
shift, 0:2 < z < 2:0; they correspond to a population of faint, blue
galaxies at intermediate redshift, which have not been targeted
because they are near the magnitude limit of previous surveys.
However, their abundance and unique colours make them an
important part of the galaxy population and crucial sources for
weak lensing cosmology. Based on their spectral energy distribu-
tions, we expect the objects targeted to be mostly low-metallicity
galaxies with strong emission lines. A minor number of cells
contain faint red galaxies that are either passively evolving or
dust obscured, but these constitute only 10–20% of the unex-
plored sample. Hence, M15 collected a large number of exist-
ing spectroscopic measurements in the COSMOS �eld (Capak
et al. 2007; Scoville et al. 2007; Lilly et al. 2007) to identify the
type (and number) of sources that require spectroscopic follow-
up in order to accurately map the full colour-redshift relation of
galaxies. The work has since then been extended to four addi-
tional �elds: the VIMOS VLT Deep Survey (VVDS) �eld, the
Subaru/XMM- NewtonDeep Survey (SXDF) �eld, the Extended
Groth Strip �eld (EGS, within the All-Wavelength EGS Interna-
tional Survey, AEGIS), and the ExtendedChandraDeep Field-
South (E-CDFS) �eld.

2.2. C3R2 overview

The Complete Calibration of the Color–Redshift Relation
(C3R2; Masters et al. 2017; M17 hereafter) survey was designed
to perform a systematic spectroscopic e� ort by means of two ob-
serving campaigns involving two telescope facilities. Part of the
spectroscopic follow-up is conducted with the Keck telescopes
using a combination of the DEIMOS, LRIS, and MOSFIRE in-
struments, with time allocated from all Keck partners (M17).
The second part is overseen by the ESO Very Large Telescope
(VLT) and its UT1 instruments FORS2 and KMOS.

M17 presented the results of the �rst �ve nights of observa-
tions using the Keck facilities during the 2016A semester, lead-
ing to the release of 1283 high-con�dence redshifts (Data Re-
lease 1). A further 3171 new high-quality spectroscopic redshifts
were obtained during 2016B and 2017A semesters and are re-
leased in (Masters et al. 2019, M19, Data Release 2). A third
C3R2@Keck data release is in preparation (Stanford et al., in
prep.).

2.3. C3R2 @VLT

In order to build a large sample of spectroscopic redshifts for the
calibration of the photometric redshifts of upcoming cosmologi-
cal surveys we obtained a 200 h large programme (199.A-0732;
PI F. J. Castander) in service mode over four semesters (Pe-
riod P99: 1st April 2017 – P102: 31st March 2019+ carryover).
The large programme allocated 112 h to FORS2, a multi-object
optical slit spectrograph and 88:8 h to KMOS, an integral �eld
unit (IFU) spectrograph covering the near-infrared wavelength
regime. KMOS observations were automatically carried over
P103 to complete a few P102 pointings in the SXDF �eld. The
VLT campaign targets the same extragalactic �elds observed
with the Keck programme with the exception of EGS, which is
not accessible from the southern hemisphere.

3. Target selection and KMOS IFU settings

3.1. Observed �elds

In order to reduce the impact of sample variance on the calibra-
tion of photometric redshifts, the spectroscopic follow-up obser-
vations are conducted in a number of extragalactic calibrations
and deep �elds planned for theEuclidmission. However, we ex-
pect these commonly observed �elds to also be the calibration
�elds of other upcoming surveys such as LSST and WFIRST;
this spectroscopic follow-up e� ort will therefore be bene�cial
for the wide �eld survey community at large.

The major driving criterion in the choice of such �elds is the
possibility of collecting a homogeneous and well-calibrated pho-
tometric sample of galaxies observed in eight �lters (ugrizYJH,
seven colours) from the optical to the near-infrared domain down
to the Euclid limiting magnitude but with �ve times higher
signal-to-noise ratio. A combination of the Canada-France-
Hawaii Telescope Legacy Survey (CFHTLS) deep �elds in the
ugriz optical magnitude and the VISTA or CFHT-WIRCAM
Deep Survey (WIRDS) in theYHK near-infrared bands was
found to meet these requirements. The �nally targeted �elds
are COSMOS (from which the SOM was derived; RA=10h 0m,
Dec=2° 120), the VIMOS-VLT Deep Survey �eld centred at
RA=2h (VVDS-02h, VVDS hereafter; Le Fèvre et al. 2005;
RA=2h 26m Dec=� 4° 300), the Subaru/XMM- NewtonDeep Sur-
vey �eld (SXDF; Furusawa et al. 2008; RA=2h 18m Dec=� 5°),
and the ExtendedChandra Deep Field-South Survey �eld
(ECDFS; Lehmer et al. 2005; four �elds centred at the fol-
lowing coordinates: Field 1, RA=3h 33m 5:s61 Dec=� 27° 4108:00

84; Field 2, RA=3h 31m 51:s43 Dec=� 27° 41038:0080; Field 3,
RA=3h 31m 49:s94 Dec=� 27° 57014:0056; Field 4, RA=3h 33m 2:s

93 Dec=� 27° 57016:0008). The Keck part of C3R2 addition-
ally targets the Extended Groth Strip �eld (EGS; RA=14h 19m

Dec=52° 410), inaccessible to VLT facilities. We note that the
SXDF and E-CDFS �elds currently lack uniform photome-
try in the full suite of the aforementioned optical and near-
infrared �lters at the required depth, but as they provide a con-
siderable number of spectroscopic redshifts, they were included
after applying a rough colour correction to convert into the
CFHTLS+VISTA/WIRDS-like system (see M17).

3.2. Prioritisation scheme and target selection

C3R2 prioritises targets in regions of the SOM that lack spec-
troscopic redshifts. High-priority targets have colours that are
frequent (i.e. fall in cells with high occupation) and are therefore
extremely valuable in calibrating the redshift-to-colour relation.
The C3R2 prioritisation scheme (extensively described in M19)
therefore gives higher weights to sources with common colours
in still uncharted cells. As observations are obtained and spec-
troscopic redshifts determined, the target catalogue and priority
�ags are updated.

Spectroscopic redshift measurements are based on the iden-
ti�cation of emission lines in the observed galaxy spectra, with
higher priority given to the detection of the often prominent H�
line (� 6564:61 Å1). The grisms selected for the KMOS obser-

1 In order to operate at near-infrared wavelengths, the entire working
parts of the instrument are cooled to below� 130°C with the detector
cooled even further to below� 200°C. To achieve this, the entire in-
strument is contained in a vacuum within a cryostat to prevent icing
and extra heat load on the fragile components. Therefore, the wave-
length values should be considered in rest-frame vacuum units (e.g.
H� restframe=6564.61 Å).
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Fig. 1: Telluric absorption curve (black curve) in wavelength
range covered by the KMOSH- andK-band gratings (red hor-
izontal lines); the light grey spectrum in the bottom part of the
panel represents the emission lines produced by the OH radical
in the atmosphere between 0.61µm and 2.62µm. The red labels
on the top horizontal axis indicate the redshift (1:4 < z < 2:6)
of a galaxy whose H� emission line falls at the wavelength indi-
cated by the position of the vertical red dashed lines.

vations areH (1.456 – 1.846µm) andK (1.934 – 2.460µm); we
thus target galaxies with a photometric redshift that positions the
H� line within the observed wavelength range but avoids its con-
tamination by atmospheric absorption windows as well as OH
night-sky emission lines, as shown in Fig. 1.

We selected high-redshift star-forming galaxy candidates
with 1:3 < zphot < 1:7 and 2:0 < zphot < 2:5 to be observed
with theH andK grisms, respectively, and divide them into two
classes based on the prioritisation scheme de�ned in M19:

- H-band, priority 1: 1:3 � zphot � 1:7, itot � 24:5, and the
priority �ag computed in M19 (PF) � 5002;
- H-band, priority 2: 1:3 � zphot � 1:7, itot � 24:5, and 200�
PF < 500;
- K-band, priority 1: 2:0 � zphot � 2:5, itot � 24:7, andPF �
500;
- K-band, priority 2: 2:0 � zphot � 2:5, itot � 24:7, and 200�
PF < 500.

TheH-bandPF � 500 corresponds to the top 7:2% of KMOS
selection list,PF � 200 corresponds to the top 18%.K-band pri-
ority > 500 corresponds to the top 16% of the KMOS selection
list, priority > 200 corresponds to the top 33%.

A fraction of the COSMOS, SXDF, and E-CDFS �elds have
been extensively observed in the past with KMOS as part of the
KMOS3D programme, one of the KMOS Guarantee Time Ob-
servations programmes (Wilkinson et al. 2015) using theYJ, H;
andK gratings. We removed all sources already observed by the
KMOS3D team from the present target selection. Their spec-
troscopic redshifts (of exquisite precision) are available publicly
(Wisnioski et al. 2019) and are going to be used for the cali-
bration of theEuclid photometric redshifts (KMOS3D,http:
//www.mpe.mpg.de/ir/KMOS3D/data ).

4. Observations and data reduction

In this section, we describe the acquisition and reduction of the
data.

2 ThePF parameter computed in M19 ranges from 0 up to 3750; 89%
of the SOM cells havePF � 500.

4.1. Observation design

KMOS is a multiplexed near-infrared integral �eld system (IFS)
with 24 deployable image slicers (commonly referred to as
`arms'), surveying a 70:2 diameter patrol �eld area. Each arm
has a �eld of view (FoV) of 200:8 � 200:8 (14� 14 pixel IFS units)
and a spatial resolution of 000:2/spaxel. The IFS units connect
to three cryogenic grating spectrometers with 2k� 2k Hawaii-
2RG HgCdTe detectors. As previously mentioned, among the
�ve available KMOS gratings (IZ, YJ, H, K, HK), our obser-
vations make use of theH- and K-bands (plus tentativeYJ),
characterised by a typical spectral resolution of about 3500. The
observations were prepared with the KMOS ARM Allocator
(KARMA; Wegner & Muschielok 2008) software, and submit-
ted through the Phase 2 Proposal Preparation (P2PP) tool. Here-
after an individual KARMA setup (made of 24 arm allocations)
is referred to as a `pointing'. Each pointing was observed for
a total of 3600 s split into single exposures of 300 s each, us-
ing an O-S-O-O-S-O pattern (i.e. a `sky' exposure is observed
every two `object' exposures). The sky exposures were o� set
with respect to targets to the closest position uncontaminated by
sources. Additional sub-pixel/pixel dithering shifts were also ap-
plied at every exposure to minimise the impact of pixel-to-pixel
variation and bad pixels in the �nal science data cube. One of
the 24 KMOS IFUs was allocated to a star (with an observed
magnitude of 15:0 < H < 16:5) during the science observations
(with the exception of 7/36 pointings). The star allows us to track
variations in the PSF and photometric conditions between the
frames; the star is therefore referred to as the PSF star.

The standard requirements of the KARMA software for
preparing a KMOS pointing are, �rstly, the presence of a suf-
�cient number of acquisition stars (with observed magnitudes
13:5 < H < 17) within the patrol �eld of a given KMOS point-
ing and preferentially and equally distributed among the 24 arms
and three spectrometers/detectors (these stars are used to align
KMOS). The second requirement is the absence of bright stars
(which would create persistency) superposed with the path of
the KMOS arms on the �eld of view. The �nal requirement
is the presence of at least one bright guide star (with an ob-
served magnitude 9< R < 12) in the vicinity of the pointing
to maintain telescope tracking. All the aforementioned stellar
sources must have low proper motion. Speci�cally, we required
j � RA j and j � Dec j< 20 mas yr� 1.

The observations cover four distinct �elds whose observabil-
ity spreads adequately throughout the year. The number of hours
allocated per semester and per �eld is reported in Table 1. The
corresponding number of pointings are indicated in parentheses,
split between theH- and K-bands, with a slight preference of
H-band overK-band to maximise the redshift measurement suc-
cess rate. A detailed list of the pointings observed in P99–P103
is reported in Table 2. Each observing block (OB) is composed
of two pointings of 1 h on sky, which provides about 40 minutes
on source. These pointings can either be observed during the
same night or on di� erent nights. In the latter case, the obser-
vations are reduced separately and then combined. Only during
the last awarded period (P102) was the on-source time forK-
band pointings doubled in order to increase the detectability of
the targeted galaxies. The data-reduction procedure, described in
the next section, is applied to the single science and sky frames
separately, and the frames are combined at the end of the reduc-
tion, after the whole pointing (two OBs) has been observed.
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4.2. Data reduction

The data were reduced with the Software Package for Astronom-
ical Reduction with KMOS (SPARK; Davies et al. 2013) using
recipes outlined in the SPARK instructional guide3. The reduc-
tion �rst applies a correction for detector e� ects, including (1)
the correction of the readout channel variations via the refer-
ence pixels (pixels without photodiodes but with full electronics
readout), and (2) the correction for the picture-frame e� ects af-
fecting IFUs at the edges of the detector, using median DARK
frames. The reduction then proceeds through the standard cali-
bration steps, namely �at �elding, illumination correction, wave-
length calibration (the accuracy of the wavelength solution is
to the order of 30 km s� 1), reduction of the spectrophotometric
standards, and �nally the data cube reconstruction. After this
stage, an additional custom processing was performed on these
reconstructed data cubes to further subtract the sky lines. The
custom-made sky-line correction routine is an adaptation of the
Zurich Atmosphere Purge (ZAP; Soto et al. 2017) approach to
the KMOS data. The routine subtracts the closest sky frame to
the science frame in the O-S-O-O-S-O sequence and then fur-
ther optimises the �tting to the OH sky-line residuals via a ZAP
principal-component analysis (Wisnioski et al. 2019). The back-
ground continuum is removed using o� set sky frames without
attempting to correct for short time scale background variations,
and thus some residual continuum levels are still expected. An
illumination correction is then applied to �atten out the IFU spa-
tial response. A heliocentric correction is �nally performed be-
fore the data cubes are combined.

A further set of reduction steps is applied by means of a rou-
tine developed by the KMOS GTO team in order to perform the
�ux calibration and a re�ned background subtraction (Wisnioski
et al. 2019). The �ux calibration procedure can be summarised
in three operations: a) correction for the grism+detector wave-
length response using a telluric star; b) application of the zero
point to convert �uxes to units of 10� 17 W m� 2 µm� 1 (to be fur-
ther multiplied by 0.1 to obtain erg cm� 2 s� 1 Å � 1); and c) �t of
the PSF star in the science data with a Mo� at function for the
monitoring of the �ux and estimation of the PSF from its average
FWHM across the frames, and measured again on the combined
data cubes for consistency checks. Individual frames are then
median-combined into �nal cubes using spatial shifts measured
from the average centre of the stars within the same pointings
(when applicable) or using the information given in the header
of each frame. Variations in �ux and seeing among the com-
bined frames are typically 10% and 000:1, respectively. A detailed
description of the data reduction for KMOS data cubes can be
found in Wisnioski et al. (2019).

3 ftp://ftp.eso.org/pub/dfs/pipelines/kmos/kmos-pipeline-cookbook-
0.9.pdf
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Table 1: List of the awarded time (in h) for KMOS observations. Below the number of hours, in parenthesis, the number of the
observed pointings is indicated, together with the selected �lter, for example, 3H+2K means that three pointings have been observed
in theH-band and two pointings have been observed in theK-band.

Field P99 P100 P101 P102 Total
COSMOS 7.6 10.8 0 10.8 29.2

(2H+1.5YJ? ) (3H + 2K) (5H) (10H+2K)
ECDFS 0 0 2.2 0 2.2

(1H) (1H)
SXDF 0 8.7 5.4 10.8 24.9

(2H+2K) (1H+1K) (3H?? +1K) (6H+4K)
VVDS 6.5 10.8 6.5 8.7 32.5

(2H+1K) (3H+2K) (2H+1K) (2H+2K) (9H+6K)
Total 14.1 30.3 14.1 30.3 88.8

? We had initially planned to target sources with 1:8 < zphot < 2:0, for which the Oii doublet is in theYJ-grating. The detection of Oii is challenging in high-redshift galaxies, and our �rst

observations in P99 had a low success rate. We therefore decided to start in P100 to exclusively concentrate on the detection of H� in theH- andK-gratings.
?? The observation of the last threeH-band pointings in the SXDF �eld (see Table 2 for details) was carried over P103.

Table 2: List of the observed pointings.

Pointing ID RAcen Deccen Exp_time Filter UT Date Success Rate
(deg) (deg) (s) (yyyy.mm.dd) (3� Q � 4/Q=2/Observed)

P99_COSMOS_HaHP1 149.8900 1.9003 2� 1800 H 2017.04.03 14/4/22
P99_COSMOS_HaHP3 150.1672 1.8391 1800 H 2017.04.02 16/4/22

1800 H 2017.04.04
P99_VVDS_HaHP2 36.3758 � 4:2529 2� 1800 H 2017.12.23 18/2/22
P99_VVDS_HaHP3 36.2548 � 4:4108 1800 H 2017.09.06 14/3/22

1800 H 2017.09.14
P99_VVDS_HaKP1 36.2005 � 4:0997 1800 K 2017.07.12 5/5/22

1800 K 2017.09.14
P100_COSMOS_HaHP1 150.3757 2.5168 1800 H 2018.03.03 12/1/22

1800 H 2018.03.17
P100_COSMOS_HaHP2 150.3964 2.4168 2� 1800 H 2018.03.24 11/0/22
P100_COSMOS_HaHP3 150.3342 2.3114 2� 1800 H 2018.04.07 17/2/22
P100_COSMOS_HaKP1 150.3758 2.5113 1800 K 2018.03.17 7/1/22

1800 K 2018.03.24
P100_COSMOS_HaKP2 150.4966 2.5003 1800 K 2018.04.04 9/0/22

1800 K 2018.04.06
P100_SXDF_haHP1 34.6131 � 5:3581 2� 1800 H 2017.10.01 8/2/22
P100_SXDF_haHP2 34.7924 � 4:8665 2� 1800 H 2017.12.25 16/0/22
P100_SXDF_haKP1 34.6130 � 5:3587 1800 K 2017.10.26 3/1/22

1800 H 2018.07.29
P100_SXDF_haKP2 34.7925 � 4:8669 1800 K 2018.07.27 1/0/22

1800 H 2018.09.09
P100_VVDS_haHP1 36.5006 � 4:0833 1800 H 2018.01.20 14/3/22

1800 H 2018.01.21
P100_VVDS_haHP2 36.6674 � 4:4833 1800 H 2018.07.29 12/5/22

1800 H 2018.08.27
P100_VVDS_haKP1 36.6257 � 4:4940 1800 K 2017.11.09 7/3/22

1800 K 2018.01.15
P100_VVDS_haKP2 36.7924 � 4:5337 1800 K 2018.09.08 11/0/22

1800 K 2018.09.09
P100_VVDS_haHP3 36.7922 � 4:4501 1800 H 2018.10.30 11/0/22

1800 H 2018.10.31
P101_ECDFS_haHP1 53.0840� 27:7418 1800 H 2018.07.03 12/1/22

1800 H 2018.08.30
P101_SXDF_haHP1 34.0842 � 5:1167 1800 H 2018.09.03 12/0/22

1800 H 2018.10.31
P101_SXDF_haKP1 34.3047 � 5:3420 2� 1800 K 2018.12.09 5/1/22

1800 K 2018.12.11
1800 K 2018.12.14

P101_VVDS_haHP1 36.8047 � 4:1669 2� 1800 H 2018.09.04 17/0/22
P101_VVDS_haHP2 36.9217 � 4:5527 2� 1800 H 2018.12.14 15/1/22
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P101_VVDS_haKP1 36.7296 � 4:4668 2� 1800 K 2018.11.12 8/0/22
P102_P100_VVDS_HaKP1? 36.6257 � 4:4944 1800 K 2018.12.20 15/3/22

1800 K 2018.12.21
P102_P99_VVDS_HaKP1? 36.2009 � 4:1000 1800 K 2018.12.21 15/0/22

1800 K 2018.12.22
P102_VVDS_HaHP1 36.5424 � 4:8001 1800 H 2018.12.22 12/3/22

1800 H 2018.12.24
P102_VVDS_HaHP2 36.3672 � 4:2446 2� 1800 H 2018.12.24 14/2/22
P102_COSMOS_HaHP1 150.0840 2.2193 1800 H 2019.02.14 8/5/22

1800 H 2019.02.23
P102_COSMOS_HaHP2 150.2464 1.8080 1800 H 2019.02.21 12/0/22

1800 H 2019.02.23
P102_COSMOS_HaHP3 149.7305 2.1500 2� 1800 H 2019.02.22 12/0/22
P102_COSMOS_HaHP4 149.8884 2.5663 1800 H 2019.02.27 14/0/22

1800 H 2019.03.12
P102_COSMOS_HaHP5 150.4503 2.0366 2� 1800 H 2019.01.19 12/0/22
P102_SXDF_HaKP1 34.6756 � 5:2782 1800 K 2019.01.25 1/0/22

1800 K 2019.02.13
1800 K 2019.02.14
1800 K 2019.02.18

P102_SXDF_HaHP1 34.6673 � 5:2670 1800 H 2019.02.19 12/3/22
1800 H 2019.07.14

P102_SXDF_HaHP2 34.2004 � 5:2056 1800 H 2019.07.17 9/3/22
1800 H 2019.07.18

P102_SXDF_HaHP3 34.6981 � 5:0032 1800 H 2019.07.30 10/0/22
? These pointings are replicated con�gurations of twoK-band VVDS pointings with low success rates observed during P99 (P102_P99_VVDS_HaKP1) and P100

(P102_P100_VVDS_HaKP1); the overall con�guration is maintained, but new objects have been allocated to arms in which a good spectroscopic redshift was derived during the ear-

lier observations (quality �ag from three to four, which means that we replaced �ve to seven galaxies per pointing).
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5. Redshift assignment

The observational programme performed with KMOS@VLT
aims to derive the spectroscopic redshift of 1:3 . zphot . 2:5
galaxies through a single emission line, mainly H� in theH- and
K-band �lters.

Each observed spectrum was analysed by two co-authors to
independently determine the redshift and the quality �ag. The
results were then reconciled and discussed by the two people. We
developed an interactive routine that we applied to the reduced
and combined data cubes for the redshift assignment. There are
several steps towards the application of the code:

– when continuum is visible, �nd the position of the targeted
source in the spatial plane of the median image of the data
cube, otherwise we use the nominal centre at the pixel with
coordinates (x; y) = (9;9);

– create two-dimensional (2D) vertical/horizontal spectra
computing the median �ux at each wavelength of four
lines/columns around the central pixel;

– identify the presence of an emission line either in the vertical
and/or in the horizontal 2D spectrum and select a narrower
(about 10 pixels) wavelength range to determine the pixels
where the emission is detected;

– plot the (x; y) spatial image of the cube at four pixels cor-
responding to the wavelengths where the emission has the
highest intensity in order to identify both the wavelength (in
pixel units) of the peak of the emission and the (x; y) coordi-
nates of its centre;

– plot the 1D spectrum of the selected central spaxel and the
1D spectrum obtained by summing the �ux in a number of
adjacent pixels to increase the signal to noise (the number of
pixels varies from a cross of �ve to a square of nine, depend-
ing on the spatial extension of the source);

– perform a Gaussian �t weighted by the noise spectrum on the
identi�ed emission line;

– choose the most appropriate-looking value of the emission-
line centre, between the position of the mean of the �tted
Gaussian and the position of the peak pixel;

– compute the redshift with the formula

zspec= (� peak=Gaussian� � H� )=� H� ; (1)

where� peak=Gaussianis the wavelength (inµm) corresponding
to the pixel peak or to the centre of the �tted Gaussian, and
� H� is the H� vacuum wavelength expressed inµm.

5.1. Quality �ags

Each redshift measurement is assigned a preliminary quality �ag
reproducing the �agging scheme presented in M17:

– Q = 4: indicates a secure redshift measurement based on the
identi�cation of more than one emission line. Speci�cally,
the H� line is associated with the Nii doublet at� 6549.84 Å,
� 6585.23 Å. In one case, the Oii doublet (� 3727.09 Å and
� 3729.88 Å) was identi�ed rather than the H� line. (Details
on how the identi�cation and �t of these groups of lines is
performed is given in Sect. 5.2);

– Q = 3:5: indicates a secure redshift measurement based on a
single emission line (usually H� );

– Q = 3: indicates a likely secure redshift determination, but
with a low probability of an incorrect identi�cation or an un-
certain redshift due to low signal-to-noise data or sky-line
contamination a� ecting the Gaussian �t;

– Q = 2: �ag 2 indicates a reasonable but not secure enough
guess. The targets being assigned with this �ag are discarded
from the calibration sample, and not included in the released
catalogue.

5.2. Re�ne the redshift assignment with KUBEVIZ

Maps of the emission-line �uxes were obtained from the reduced
data cube using the IDL routineKUBEVIZ(Fossati et al. 2016).
The code simultaneously �ts groups of lines (de�ned as `line
sets', e.g. H� and the Nii � 6548.05,� 6583.45 doublet, or the Oiii
� 4958.91,� 5006.84 doublet) using a combination of 1D Gaus-
sian functions with �xed relative velocities. The continuum level
is evaluated as the median value of the �ux with an intensity from
40% to 60% within the total range of values inside two sym-
metric wavelength windows around each line set, and then sub-
tracted. During the �t, KUBEVIZ takes into account the noise
from the `stat' data cube, thus optimally suppressing sky-line
residuals. Furthermore, we reject the spaxels with SNR< 4:0
from the �t, and manually reject bad-�t and isolated spaxels from
the map.

There are several aspects that motivated us to useKUBEVIZ
on the KMOS reduced data cubes. Firstly, �tting the H� +Nii
lineset improves thezspec measurement; starting from the H�
emission map of the galaxy and its corresponding velocity (v)
map, we arbitrarily chose the centre (v = 0) of the galaxy as
the spaxel that best compromises the peak of the H� emission
with the centre of the galaxy signal/velocity map (if present),
and we corrected the inputzspec and the relative velocity of ev-
ery spaxel accordingly. Furthermore, a successfulKUBEVIZ�t of
low-quality spectroscopic candidates (those that were assigned a
Q = 2 �ag at the redshift assignment stage) allows their spec-
troscopic con�rmation by promoting the quality �ag of thezspec
measurement, and thus their inclusion in the calibration sam-
ple. Finally, theKUBEVIZoutputs constitute the groundwork for
measuring the total H� �ux of the sources, which is described in
detail in Sect. 7.2.

5.3. Collecting multi-band photometry

We collected all available multi-wavelength photometry for the
galaxy sample observed during the KMOS programme from
public data releases in the three �elds4.

5.3.1. COSMOS

We start from the COSMOS2015 catalogue released in Laigle
et al. (2016), which contains precise PSF-matched photome-
try for more than half a million sources in the COSMOS �eld.
Among the wide collection of photometric bands available in the
data release, we selected CFHTu0 and SubaruB;V;R; i+ ; z+ and
z++ optical aperture magnitudes (300), YJHKsnear-infrared aper-
ture magnitudes (300) from the UltraVISTA-DR2 survey, mid-
infrared data from theSpitzerLarge Area Survey with Hyper-
Suprime-Cam (SPLASH) legacy programme (IRAC ch1, ch2,
ch3, ch4 total magnitudes), and GALEXNUV total magnitudes.

We computed total magnitudes in the optical and near-
infrared domain starting from the aperture magnitudes and the
correction factors given in the released catalogue using Eq. (9)

4 The multicolour photometry used here is optimised to measured
physical parameters of galaxies of known spectroscopic redshift; other
choices might be preferable when computing photometric redshifts (see
Masters et al. 2015).
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