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ABSTRACT

The Complete Calibration of the Color–Redshift Relation survey (C3R2) is a spectroscopic programme designed to empirically calibrate the
galaxy color–redshift relation to the Euclid depth (IE = 24.5), a key ingredient for the success of Stage IV dark energy projects based on weak
lensing cosmology. A spectroscopic calibration sample as representative as possible of the galaxies in the Euclid weak lensing sample is being
collected, selecting galaxies from a self-organizing map (SOM) representation of the galaxy color space. Here, we present the results of a near-
infrared H- and K-bands spectroscopic campaign carried out using the LUCI instruments at the LBT. For a total of 251 galaxies, we present new
highly-reliable redshifts in the 1.3 ≤ z ≤ 1.7 and 2 ≤ z ≤ 2.7 ranges. The newly-determined redshifts populate 49 SOM cells which previously
contained no spectroscopic measurements and almost double the occupation numbers of an additional 153 SOM cells. A final optical ground-based
observational effort is needed to calibrate the missing cells in particular in the redshift range 1.7 ≤ z ≤ 2.7 that lack spectroscopic calibration. In
the end, Euclid itself will deliver telluric-free NIR spectra that can complete the calibration.

Key words. astronomical databases: catalogs - astronomical databases: surveys - cosmology: observations - galaxies: distances and redshifts
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1. Introduction

The Euclid satellite (Laureijs et al. 2011) is scheduled for launch
in 2023 and will observe galaxies to z > 2 over 15 000 deg2 us-
ing two instruments: VIS, an optical imager that will reach an
AB magnitude depth of 24.5 (for extended sources at 10−σ, see
also Euclid Collaboration: Scaramella et al. 2021) with a single
broad IE filter, and NISP, a combined near-infrared imager (in YE,
JE and HE, see Euclid Collaboration: Schirmer et al. 2022) and
slitless spectrograph. The optical imager will determine galaxy
shape distortions with unprecedented accuracy. When combined
with a precise determination of the true ensemble redshift dis-
tribution, this allows to measure the weak lensing effects caused
by the distribution of matter along the line of sight and finally, to
constrain cosmological parameters (Euclid Collaboration: Blan-
chard et al. 2020).

The estimated number of weak lensing source galaxies that
will be imaged from Euclid makes their systematic spectroscopic
follow-up unfeasible; this mission is thus critically dependent
upon the determination of accurate photometric redshifts (zphot).
Currently, the precision of photometric redshifts based on multi-
band optical surveys is to the order of σz/(1 + z) = 0.03 − 0.06,
and the fraction of catastrophic outliers – defined as objects
whose zphot differs from their spectroscopic redshift (zspec) by
more than 0.15(1 + z) is of the order of a few tens of percent
(Ma et al. 2006; Hildebrandt et al. 2010). We expect that the
combination of ground-based optical and Euclid near-infrared
photometry will delivered the slightly improved requirements of
the mission, i.e. σz/(1 + z) ≤ 0.05, and a fraction of catastrophic
outliers less than 10%, see Laureijs et al. (2011) and Euclid Col-
laboration: Desprez et al. (2020).

While small changes in zphot precision per source have a rel-
atively small impact on cosmological parameter estimates, small
systematic errors in zphot can dominate all other uncertainties for
these experiments. The C3R2 project (Masters et al. 2015, 2017,
2019; Euclid Collaboration: Guglielmo et al. 2020; Euclid Col-
laboration: Stanford et al. 2021) aims at calibrating photometric
redshifts by measuring accurate spectroscopic redshifts of se-
lected objects sampling a self-organizing map, hereafter SOM,
representation of the galaxy color space. The SOM projects
the high-dimensional galaxy color space into a 2D plane. Each
galaxy is assigned to a cell in this plane with given coordinates
(X,Y). If this plane is sampled with enough cells, the distribution
of photometric redshifts of all galaxies belonging to a cell is nar-
row and there is a well defined correspondence between the po-
sition occupied by a galaxy in the multi-color space and its red-
shift. One can define zphot,SOM as the average of the photometric
redshifts of all galaxies belonging to the cell. By measuring spec-
troscopic redshifts of galaxies in each cell it is possible to cali-
brate the mean of the photometric redshift distribution in an ef-
ficient and homogeneous way across the galaxy color space. Re-
gions in color space particularly difficult to calibrate because of
broad or bimodal photometric redshift distributions can be iden-
tified by comparing the measured spectroscopic redshifts with
zphot,SOM and looking for deviations larger than 0.15(1 + z). The

? The LBT is an international collaboration among institutions in the
United States, Italy and Germany. LBT Corporation partners are: LBT
Beteiligungsgesellschaft, Germany, representing the Max-Planck So-
ciety, the Astrophysical Institute Potsdam, and Heidelberg University;
The University of Arizona on behalf of the Arizona university system;
Istituto Nazionale di Astrofisica, Italy;The Ohio State University, and
The Research Corporation, on behalf of The University of Notre Dame,
University of Minnesota and University of Virginia.
?? e-mail: saglia@mpe.mpg.de

minimal calibration requirement is to populate each SOM cell
with at least one spectroscopic redshift; problematic cells might
require (much) more than this. Ultimately, galaxies belonging to
uncalibrated cells may be dropped from the Euclid weak lensing
sample; for a detailed discussion see Masters et al. (2015).

In this work, we continue this effort by presenting the red-
shift measurements of z > 1 galaxies collected at the Large
Binocular Telescope (LBT) in the COSMOS (Capak et al. 2007;
Scoville et al. 2007; Lilly et al. 2007) and VVDS (McCracken
et al. 2003; Le Fèvre et al. 2004; Jarvis et al. 2013) fields, using
the near-infrared LUCI spectrographs. Further data releases of
optical spectra acquired at the VLT and the GRANTECAN tele-
scopes are in preparation. The Euclid science working groups
are actively discussing how the final ground-based data set will
be merged with the spectroscopy information delivered by the
Euclid mission itself to perform the optimal calibration of the
photometric redshifts.

The paper is organized as follows: Sect. 2 describes the strat-
egy, target selection and mask preparation; in Sect. 3 we describe
the observations and data reduction; in Sect. 4, we discuss the
redshift determination and the attribution of a flagging scheme
consistent over the whole C3R2 survey; in Sect. 5, we present
the results of the redshift assignments, investigating the bias of
the photometric redshifts using in C3R2 and the origin of catas-
trophic SOM redshifts; moreover, we discuss our success rate
and SOM cell coverage; finally, we present our conclusions in
Sect. 6.

2. Strategy, target selection and mask preparation

The LBT consists of two 8 m mirrors mounted on a common
structure and pointing at the same position on the sky. The
LUCI1 and LUCI2 near-infrared spectrographs (Seifert et al.
2003) are mounted at the front Bent Gregorian f/15 focal sta-
tions of the LBT, and can be used in combination with masks
(Buschkamp et al. 2010), designed and cut well in advance of
the observations, that allow the simultaneous collection of mul-
tiple spectra. The field must be observed with identical pointing
and rotation angle, but potentially with different mask and instru-
mental setups on the two sides. The masks cover a 4× 4 arcmin2

field of view, but only a 2.8 arcmin wide central stripe, deliv-
ers optimally-focused spectra. Moreover, the wavelength range
covered depends on the distance of a slit from the middle of a
mask. At least three stars are needed to align the masks. Dedi-
cated holes (typically 4× 4 arcsec2 big) were required until June
2020 runs. Starting from July 2020 run, after a change in require-
ments from the observatory, only one hole was necessary.

2.1. Strategy

Given the characteristics of the LBT and of the LUCI spectro-
graphs described above, and following the strategy adopted by
Euclid Collaboration: Guglielmo et al. (2020), hereafter G2020,
we collected spectra in the H- and K-bands. In the H-band we
can measure spectroscopic redshifts of galaxies between 1.3 and
1.7 by detecting their Hα, [N ii] and [S ii] emission lines, or of
galaxies with redshifts between 2 and 2.7 by detecting their Hβ
and [O iii] lines. In the K-band we can measure spectroscopic
redshifts of galaxies between 2 and 2.7 by detecting their Hα,
[N ii] and [S ii] emission lines, or (in principle) of galaxies with
photometric redshifts less than 1.7 by detecting their Paschen
(hereafter Pa) lines. We used the N1.8 camera, which delivers
0.25 × 0.25 arcsec2 per pixels, and the G210 gratings, for which
1 arcsec-wide slits give a resolution of R = 2950 in the H-band

Article number, page 2 of 22



Saglia et al.: C3R2 LBT

Fig. 1: The mask COSMOS_M25H as designed with the lms tool. The white square shows the LUCI field of view (4×4 arcmin2), the
long-dashed vertical lines bracket the optimal field of view for spectroscopy (2.8 arcmin wide). The green circle at the center of the
field allows to move the mask. The red rectangle at the bottom left marks the region occupied by the ID-number cut into the mask.
The cyan circles identify the alignment stars. The yellow rectangles show the slits; slit number 25 is positioned on an acquisition
star to monitor seeing and transparency during the observations. The square slit number 26, positioned also on an acquisition star,
allows verification of the centering of the mask after alignment. At the lower end of the mask, a series of 6 small holes is present for
engineering purposes. Below these, the red rectangle marks the area occupied by the identification number cut into the mask.

and R = 2500 in the K-band. The nominal wavelength range
for a centered slit is 0.202 µm and 0.328 µm in the H− and K-
bands respectively. The central wavelength can be adjusted in the
range 1.55 to 1.75 µm for the H-band, and 2.06 to 2.40 µm for
the K-band. We optimized the central wavelength for each mask
separately, based on the photometric redshifts of the observed
galaxies, to maximize the likely return.

The typical angular size of the galaxies in the C3R2 cata-
logues is 1–2 arcsec in diameter. In order to achieve maximum
efficiency avoiding separate sky observations, we opted for an
on-slit nodding strategy, which sets the default slit length to
10 arcsec and forces all slits to be parallel. Taking into account
the minimum allowed distance between slits, and the necessity
of cutting holes for acquisition stars, the maximum number of
galaxies targeted per mask is ≈ 20. In reality, we never man-
aged to observe more than 18 per mask. We ranked the list of
positions and rotation angles according to the total number of
galaxies observable simultaneously in the H- and K-band. Given
the lower overall galaxy (and star) number density in the SXDF,
we decided to concentrate our efforts on VVDS in the Autumn
semester, and on COSMOS in the Spring semester, and keep-
ing EGS (Zavala et al. 2018) for possible future campaigns (see
Sect. 6). We ended up with a list of 13 pairs of (H + K) masks in
the VVDS field, and 28 pairs of (H + K) masks in the COSMOS
field, for which at least a total (H + K) 20 galaxies could be as-

signed, minimizing the number of repeated observations. As in
G2020, we aimed to observe each mask for 2 hours, split into
36 exposures of 200 s each, dithering the mask along the slits by
2 arcsec following an ABBA pattern. The actual number of expo-
sures collected for each mask varied according to observational
conditions and constraints; see Table A.1.

2.2. Target selection and mask preparation

The selection of galaxies to be observed started from the cata-
logues produced by Masters et al. (2019) and used by G2020,
excluding galaxies already observed with KMOS at the VLT.
The catalogues adopt the photometric redshifts provided by Il-
bert et al. (2006) and Laigle et al. (2016). We considered Priority
1 and Priority 2 galaxies (we call them hereafter primary galax-
ies) as in G2020, and mapped the number of galaxies assignable
to each mask as a function of the coordinates of the field centers
and rotation angles, taking into consideration several constraints.
At least one suitable guiding star had to be present in the al-
lowed patrol field and within the appropriate magnitude range;
at least three acquisition stars (preferably selected to have low
proper motions) within the appropriate magnitude range should
be present in the 4 × 4 arcmin2 field of view; at least three (or
just one from October 2020) 4× 4 arcsec2 holes were cut for this
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Fig. 2: The mask COSMOS_M25K; see caption of Fig. 1 for a description of the mask. Most of the slits are assigned to different
objects.

purpose; at least one 10 × 1 arcsec2 slit was assigned to a star,
to be able to reconstruct empirically the dithering pattern and
measure the seeing and the relative transparency during the ob-
servations; the galaxies were placed such that the expected Hα
line based on their photometric redshift fell into the wavelength
range computed based on the distance to the central stripe of the
field and the optimized central wavelength.

The actual design of the masks was performed with the lms
tool1. During this phase, further tweakings of the centers, posi-
tion angles and finally slit assignments were necessary. Guide
stars too near the border of the patrol field had to be changed,
acquisition stars and a number of slits had to be dropped or
changed in length (down to 7 arcsec) because of additional con-
straints (e.g., one end of the mask has a regular pattern of small
holes that must be avoided). Finally, the space available between
the slits was filled manually with secondary galaxies, when pos-
sible. These are galaxies where the [O iii] lines could possibly
appear in the H-band, or the Pa lines in the K-band. Once the list
of Priority 1 and 2 galaxies assigned to each mask was ready, the
optimal central wavelength was calculated as the average of the
Hα wavelengths, redshifted with the respective photometric red-
shifts. The gbr files detailing the masks for the cutting machine
were passed to the observatory, where the masks were produced
and inserted into the cryostatic dewar before each observing run.

An example of a pair of H + K masks is given in the Figs. 1
and 2. All the observed masks are listed in Table A.1, where the
coordinates of their centers and of their rotation angles, together

1 https://sites.google.com/a/lbto.org/luci/preparing-to-observe/mask-
preparation/lms-install

with the date of the observations are given. In the end (see Table
A.1), on average we extracted 12.3 galaxy spectra per mask, of
which on average 9.6 were primary.

3. Observations and data reduction

The scripts controlling the telescope and LUCI operations were
prepared using the LBTO OT software2. Except when one of the
two LUCI spectrographs were not available, the paired approach
was adopted, allowing simultaneous observation of the same
field in the H- and K-band. Monocular scripts were prepared for
the October 2019 run (when only LUCI1 was available) and for
the January 2020 run (when LUCI1 became unavailable during
the run). Monocular scripts were also prepared for the observa-
tions of telluric standards. Calibration scripts to obtain dark, flat
and arc observations were also prepared in paired mode and per-
formed during day time and/or night periods of bad weather.

The observations started in visitor mode (October 2019), and
continued in remote observing mode as the COVID19 emer-
gency made international traveling impossible. Staff members
from the LBT Observatory operated the instrument from Tucson
for all observing runs, with scientists from MPE (M. Fabricius,
S. de Nicola, R. Saglia, J. Snigula), and LSW (J. Heidt) mainly
supervising, but also directly controlling the procedures from
Germany. Overall, the VVDS field was observed under good me-
teorological conditions; in contrast, several nights during which

2 https://sites.google.com/a/lbto.org/observing-tool-
manual/observing-tool/ot-installation
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the COSMOS field was observed (in particular the March 2021
run), suffered from cirrus, high winds, and poor seeing.

The observation of a field follows four steps. 1) An image is
taken without the mask at each telescope, the acquisition stars
are identified and their positions are measured. 2) The best-
fitting field rotations and translations are determined separately
for the two images and applied, possibly culling the most deviant
acquisition stars. 3) A second pair of images is taken through the
mask to verify that acquisition and seeing-monitoring stars ap-
pear in the appropriate holes and slits. If necessary, a second
translation is determined and applied to optimize the centering
orthogonal to the slits. The achieved RMS precision of the align-
ment was typically between 0.1 and 0.3 arcsec. 4) The spectro-
scopic observations start.

After the observation of a field, or before the observation of
the next one, a telluric standard was observed separately for the
H- and K-band, putting the standard star sequentially in three
slits of each mask, selected to cover the whole probed wave-
length range. We observed a total of 88 masks (58 in the COS-
MOS field and 30 in the VVDS field), 47 in the H-band (30
in the COSMOS field and 17 in the VVDS field) and 41 in the
K-band (28 in the COSMOS field and 13 in the VVDS field).
As mentioned above, during the October 2019 run, LUCI2 was
unavailable, and during the January 2020 run LUCI1 stopped
working.

The data reduction was performed using the IDL Flame
pipeline developed by Belli et al. (2018). We used the config-
uration which relies on the science data for tracing, extraction
and wavelength calibration, exploiting the brightness of the sky
background. The steps follow the sequence described in Belli
et al. (2018). First, the position of the reference star on each
frame is searched for, and, if detected, flux, vertical position and
FWHM are measured. This allows the determination of the nod-
ding and dithering offsets of each A and B frame in the ABBA
sequences. However, for many of the K-band pointings, the ref-
erence star cannot be detected in single frames and appears vis-
ible only after the coaddition is performed. In these cases, the
list of the nominal shifts is used. After application of the bad
pixel and master pixel maps, a master slit flat is computed and
used to identify the slit positions and map their edges. Cutouts
of the slits are produced and, after a rough wavelength calibra-
tion, individual OH emission lines are identified and fitted with a
Gaussian. The relation between pixel position and wavelength is
determined as a second-order polynomial for each slit row. The
spatial illumination correction is determined from the detected
OH lines and applied. A model of the sky is constructed follow-
ing Kelson (2003) and subtracted. Finally, each sky-subtracted
slit frame is rectified and wavelength calibrated before all the
A and B frames are stacked together and the A-B and B-A re-
sults are produced. Their combination gives the final 2D spectra
shown in Figs. 3 and 4. One-dimensional spectra are extracted
after having identified the appropriate spatial window, either de-
termining the spatial extent of the emission lines or of the con-
tinuum. Examples are shown in the Figs. 3 and 4. Note that
wavelengths refer to the vacuum and do not take into account
the barycentric correction, which is applied a posteriori to the
measured redshift.

4. Redshift determination and flagging

Redshifts are measured on the 1D spectra, after having spot-
ted by eye the signatures of emission lines on the 2D spectra,
i.e. the presence of a sequence of a negative (black), a positive
(white), and a negative (black) blob; see Figs. 3 and 4. Based

on the alignment of the predicted positions of Hα, [N ii], [S ii],
Hβ, [O iii] or Pa lines with the peaks of the observed emission
lines, an estimate of the redshift of the galaxy is derived, together
with the appropriate flag. Following the scheme used in G2020,
a Flag = 4 is assigned to redshifts with multiple, good S/N line
detections; a Flag = 3.5 is given to very good S/N, single line
detections; a Flag = 3 is given to convincing single line detec-
tions. Lower Flag (1 and 2) spectra indicate redshifts that are not
secure enough for our purposes; Flag = −99 are non-detections
or failed reductions. Examples of Flag = 4, 3.5, 3 spectra and
redshifts are given in the Figs. 3 and 4.

In a number of slits, more than one object was detected, ei-
ther as a spatially separate object or on the same line of sight, but
with different redshifts. In these cases multiple 1D spectra were
extracted and analyses. The correct identification was attempted
by inspection of the relevant images.

The procedure described above was performed indepen-
dently by two of us (RPS and RZ); discrepant assessments were
discussed and resolved. We extracted 1119 spectra, of which 19
were not matched with an object from the photometric parent
catalogues. We matched 292 good (Flag ≥ 3) spectra, 163 in
the COSMOS field, 129 in the VVDS field. The complete statis-
tics are given in Table 1, where we list the numbers referring to
primary spectra (targeting the Hα line) and secondary spectra
(targeting the [O iii] or Pa lines).

Table A.1 (column Success Rate) gives the number of ex-
tracted identified spectra (a total of 1100) in each pointing, to-
gether with the number of good spectra (Flag ≥ 3) and the num-
ber of primary spectra collected. The mean success rate (defined
as the ratio of the number of identified, good spectra over the
total number of collected identified spectra) is 0.27 (0.22 in the
COSMOS field and 0.37 in the VVDS field; the lower success
rate in the COSMOS field stems from the suboptimal meteo-
rological conditions under which several COSMOS masks were
observed). It is higher in the H-band (0.32; 0.28 in the COSMOS
field and 0.40 in the VVDS field) than in the K-band (0.19; 0.13
in the COSMOS field and 0.33 in the VVDS field). The success
rates achieved by G2020 are better; this stems from the larger
field of view (that allowed an optimized choice of good candi-
dates), the fixed wavelength range and the IFU available with the
KMOS instrument. We investigate the properties of the galaxies
with unreliable (i.e.Flag < 3) spectra in Sect. 5.

The barycentric corrections zhelcorr = vhelcorr/c appropriate
to each mask are listed in Table A.1 together with the Julian
Date (JD) adopted for the computation. This corresponds to the
middle of the sequence of exposures. When two series of ex-
posures observed in different nights are summed together, the
JD refers to the first of the two. The barycentric corrections are
computed through the python routine pyals.helcorr from
PyAstronomy; we quote the (two) digits that affect the last
quoted digit of the redshifts. Using the relation 1 + zspec =
(1 + zmeas) (1 + zhelcorr), where zmeas are the measured redshifts
shown in Figs. 3 and 4, we compute the redshifts zspec given in
Table B.1 using the formula zspec = zmeas + (1 + zmeas) zhelcorr.
In addition, Table B.1 reports the object ID, its coordinates, the
Flag, the line or ensemble of lines used (Hα plus possibly [N ii]
and/or [S ii], [O iii] plus possibly Hβ, Pa) and the name of the
spectrum.

A number of objects were observed multiple times, enabling
an empirical determination of the errors on our redshifts and
to compare redshifts derived from K-band and H-band spec-
tra. Figure 5 shows that the RMS uncertainty on the redshifts
of objects at z < 1.8 with repeat observations is 0.0002, and
two times larger for objects with z > 1.8. One COSMOS object
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Table 1: Statistics of observed spectra.

Spectra All H-band K-band COSMOS H-band K-band VVDS H-band K-band
Extracted 1119 635 484 766 424 342 353 211 142
Good 305 212 93 174 127 47 131 85 46
Identified 1100 618 482 751 410 341 349 208 141
Good 292 200 92 163 117 46 129 83 46
Primary 851 446 405 597 316 281 254 130 124
Good 249 158 91 139 94 45 110 64 46
Secondary 249 172 77 154 94 60 95 78 17
Good 43 42 1 24 23 1 19 19 0
Unidentified 19 17 2 16 15 1 4 3 1
Good 13 12 1 11 10 1 2 2 0
Primary 14 12 2 11 10 1 3 2 1
Good 8 7 1 7 6 1 1 1 0
Secondary 5 5 0 4 4 0 1 1 0
Good 5 5 0 4 4 0 1 1 0

(ID = 481647) was observed by the previous C3R2 releases,
providing zspec = 1.501, identical to zspec = 1.501 obtained
here. A further COSMOS object (ID = 480046) was observed
by Euclid Collaboration: Stanford et al. (2021), who reported
zspec = 2.2705, while our measurement is zspec = 2.2702, in line
with the results discussed above. Following these findings, we
quote the measured redshifts to four decimal digits. The redshifts
determined from Hα and [O iii] lines agree within the errors, with
no appreciable bias.

A unique redshift 〈z〉 and flag were assigned to each object
with repeated observations by averaging the available measure-
ments; the resulting values are reported in Table 2 and used in
the following figures.

5. Results

We measured good (Flag ≥ 3) spectroscopic redshifts for 253
objects (two of which already known) - 71 with Flag = 4, 62 with
Flag = 3.5 and 120 with Flag = 3. Figure 6 compares these to the
photometric (left) and the SOM-based (right) redshifts. The pho-
tometric redshifts are from Ilbert et al. (2006) and Laigle et al.
(2016); the SOM-based redshifts are the averages of the photo-
metric redshifts of the galaxies belonging to the SOM cell. There
are no catastrophic failures with |zphot − zspec|/(1 + zspec) ≥ 0.15
and Flag ≥ 3. Seven objects have |zphot,SOM − zspec|/(1 + zspec) ≥
0.15; we examine the cells they belong to below. The values of
σNMAD = 1.48Median(|z−zspec|/(1+zspec)) and Bias = Mean((z−
zspec)/(1 + zspec))) are comparable to what achieved in previous
C3R2 releases; for example G2020 quote σNMAD = 0.03 and
Bias = −0.003 when considering z = zphot and σNMAD = 0.044
and Bias = 0.027 when considering z = zphot,SOM.

Figure 6 shows that the agreement between photometric and
spectroscopic redshifts for objects with zspec < 2 is excellent,
with a mean difference of −0.006 and RMS = 0.03. At higher
redshift, however, photometric redshifts appear systematically
larger, with 〈(zphot − zspec)/(1 + zspec)〉 = 0.02 and similar RMS.
We investigate this issue by examining the whole C3R2 dataset
published up to now in Fig. 7. When averaged in redshift bins
of width 0.1, the mean difference 〈(zphot − zspec)/(1 + zspec)〉 ap-
pears slightly negative (≈ −0.01 ± 0.0015) up to redshifts 1.7,
and slightly positive (≈ +0.01±0.003) at larger redshifts, consis-
tently in all datasets and for both Flag ≥ 3 or Flag = 4 redshifts.
Moreover in each bin up to redshift 1.7 the mean difference, or
bias, is well determined with a signal-to-noise ratio S/N between
3 and 8. This S/N is lower (between 2 and 6) at redshifts larger

than 2; the bias is unconstrained (with S/N less than 1) in be-
tween. The S/N improvement in each bin achieved by the new
redshifts released here is ≤ 0.5.

This shows that the C3R2 project is able to detect and correct
the residual small biases present in the most accurate available
photometric redshift samples, that can be used as reference in the
Euclid mission. Therefore the tight Euclid requirement that the
mean redshift in each tomographic bin must be constrained at the
level of 0.002(1 + z) is achieved up to redshift 1.7 thanks to the
calibration provided by the C3R2 dataset. It is almost achieved
for redshifts larger than 2, but remains problematic in between,
where the error on the possible residual bias is ≈ 0.005.

How the spectroscopic calibration of single SOM cells will
be implemented when building the lensing tomographic bins for
Euclid is still under investigation and goes beyond the scope of
this paper.

Figure 6, right shows that six galaxies have |zphot,SOM −

zspec|/(1 + zspec) > 0.15. A seventh galaxy at zphot,SOM = 0.8 (and
therefore not visible in the figure) has a similarly discrepant red-
shift. As noted G2020, they belong to cells with a large spread
in photometric redshifts, probing the second peak of the distri-
bution or its tail, see Fig. 8.

Figure 9 examines the success rate as a function of redshift.
As already discussed above, the success rate is lower in the K-
band and peaks when the redshifted Hα line is around the mid-
redshift of either band. This is expected, since the wavelength
coverage depends upon the position of the galaxies on the masks,
and we set the central wavelength of the spectrographs to the
average of the expected Hα positions. Moreover, the focus of
the spectrographs deteriorates for objects that are not within the
central 2.8 arcmin stripe of the field. Similarly, the [O iii] lines at
zphot ≤ 2.1 fall outside of the covered wavelength range in the
H-band if the objects are not in extreme positions on the masks.
Overall, the success rate achieved for zphot ≥ 2.0 objects tar-
geting the Hα in the K-band or the [O iii] lines in the H-band
is similar. In contrast, we managed to detect only once (with
Flag = 3) the Pa lines from the 77 targeted zphot ≤ 1.7 objects
in the K-band. But these objects were selected as fillers, when
space was available in the masks and no Hα targets were left.
Figure 10 examines the success rate as a function of the appar-
ent total H-band magnitude of the galaxies. This is not a strong
function of the H magnitude; it is approximately 35% down to
H magnitudes of 23, declining for fainter objects.

With the same motivation as in G2020, we now examine the
success rate in populating SOM cells with spectra. We targeted
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Fig. 3: One- and two-dimensional spectra with Flag = 4, 3.5, 3 of objects with zmeas < 2. The two-dimensional spectra are 10 arcsec
wide, with the vertical scale given in pixels, and show the whole wavelength range (in µm) observed. The one-dimensional spectra
show the wavelength range around the relevant emission lines; the black solid lines show the measured flux (in arbitrary units with
a 3 pixel smoothing), the dotted lines the flux without smoothing plus its errors, the red lines the sky (scaled down by a factor of
1000 and shifted by −0.2 flux units). The vertical dashed lines mark the emission lines (with vacuum rest-frame wavelengths in Å)
used (when visible) to measure the spectroscopic redshift (not yet corrected to the heliocentric system).

518 cells (388 in the COSMOS field, 194 in the VVDS field,
with overlap), obtaining reliable spectra (Flag ≥ 3) for 202 (127
in COSMOS, 94 in VVDS with overlap), translating to a suc-
cess rate of 39% (33% in COSMOS, 48% in VVDS). Of the 202
cells probed successfully here, 49 were empty before these ob-
servations; for the remaining 153 cells with at least one good
spectroscopic redshift from previous C3R2 campaigns, our ob-
servations increased the number of spectroscopic redshifts per
cell by on average 72%.

Fig. 11 shows the distribution of the SOM cells probed by the
current spectroscopic release, together with the cells still empty.
Summing up the contributions of all C3R2 releases, we find the
following. In the 839 cells with 1.3 < zphot,SOM < 1.7, there are
52491 galaxies (with I-band magnitude brighter than 24.5 in the
COSMOS and VVDS fields). In 683 of these cells (81%), where
45370 galaxies are found (or 86% of the total), we have collected

at least one good spectroscopic redshift. In the 895 cells with 2 <
zphot,SOM < 2.7, there are 40013 galaxies. In 683 of these cells
(74%), where 30981 galaxies are found (or 77% of the total), we
have collected at least one good spectroscopic redshift.

6. Discussion and Conclusions

We present the results of the LBT campaign to calibrate pho-
tometric redshifts in the redshift range 1.3 to 2.7 using the
LUCI near-infrared spectrographs in the framework of the C3R2
project. We observed 88 masks, 58 in the COSMOS field and
30 in the VVDS field, with an average of 12 objects per mask,
aiming to detect the Hα line for primary targets, and the [O iii] or
Pa lines for secondary objects. We extracted 1119 spectra, 1100
of which were identified as C3R2 galaxies. From 292 of these,
we were able to measure reliable spectroscopic redshifts. We as-
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Fig. 3: continued.

sessed their precision from repeated measurements to be in the
range ∆z ∼ 0.0002 to 0.0004. After averaging repeat measure-
ments, we end up with reliable spectroscopic redshifts for 253
galaxies, two of which with already known values.

Comparison with the C3R2 photometric redshifts shows that
none of these are catastrophic outliers. The values of σNMAD
and the Bias are comparable to the ones reported in the pre-
vious C3R2 releases. Analyzing the whole C3R2 spectroscopic
database published up to now, we detect a small systematic shift
〈(zphot − zspec)/(1 + zspec)〉 of the order of −0.01 ± 0.0015 in the
redshift range 1.3 < zphot < 1.8 and of +0.01±0.003 in the range
2 < zphot < 2.7. This is relevant for the calibration of the redshifts
of SOM cells in these redshift ranges, essentially matching the
Euclid requirement of knowing the mean redshift of each tomo-
grafic bin to 0.002(1+z). Our redshift determinations populate 49
SOM cells with no prior spectroscopic measurements, approxi-
mately doubling the occupation numbers of an additional 153
cells. Seven SOM cells have |zphot,SOM − zspec|/(1 + zspec) ≥ 0.15;
they have a large spread in photometric redshifts, and our objects
probe the second peak of the distribution or its tail.

In the redshift range 1.3 to 1.7 there are still 156 cells (19%)
without at least one good spectroscopic redshift; in these cells
that lack a spectroscopic calibration we find only 14% of the
galaxy population. In the redshift range 2 to 2.7 the number
of cells without at least one good spectroscopic redshift is 232
(26%); in these cells we find 23% of the galaxy population.
In between, i.e. in the redshift range 1.7 and 2, where telluric
absorption makes the direct observation of Hα impossible, the
number of cells without at least one good spectroscopic red-
shift is 126 (28%); in these cells we find 26% of the galaxy
population with redshift between 1.7 and 2. The redshift bias
〈(zphot − zspec)/(1 + zspec)〉 is not well constrained, with an error
(0.005) larger than the Euclid requirement.

Two questions arise. Is it worth attempting to calibrate the
missing cells in the H- and K-bands with LUCI at the LBT?
Probably not, since their density is too low for the field of view
available. Moreover, G2020 found that most of them have low
star-formation rates, making the detection of emission lines very
difficult, and the success rate (around 30%) of the present cam-
paign is not particularly encouraging.

Is it worth attempting the calibration of the cells missing
in the redshift range 1.7 to 2 with ground-based facilities? One
could aim at detecting the Hγ, Hβ, or [O iii] lines in the J-band
up to redshift 2, 1.9 and 1.8, respectively, with an increasing
probability of success. Whether the LBT with the LUCI spectro-
graphs should be used for such a campaign depends on the den-
sity on the sky of the objects needing spectra. However, the dif-
ficult remaining sources at these redshifts are primarily passive
galaxies, and so spectroscopic searches for Balmer and [O iii]
emission lines are unlikely to be efficient or successful. A costly
solution could be ground-based (optical) absorption-line spec-
troscopy. A release of optical spectra gathered at the VLT and the
GRANTECAN telescopes is in preparation. But in the end the
(possibly partial) natural solution will come from Euclid itself:
its spectroscopic Programme will deliver near-infrared spectra in
the relevant redshift range free of telluric absorption. The survey
is designed to detect emission lines down to 2×10−16ergs−1cm−2

at 3.5−σ in the wide configuration, and reach up to 2 mag fainter
levels in the deep fields (Euclid Collaboration: Scaramella et al.
2021), or 3 to 6 × 10−17ergs−1cm−2. Using the Hα fluxes mea-
sured by G2020, we estimate that 60 to 90% of the sources will
be detected within these limits in the deep fields. Therefore, the
mission itself will provide enough spectra to finish the photomet-
ric redshift calibration in the near-infrared range to the required
precision. In particular, a question that needs to be clarified is
whether in a given SOM cell the galaxies for which we are able
or unable to measure a spectroscopic redshift might have differ-
ent redshift distributions.
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Fig. 4: One- and two-dimensional spectra with Flag = 4 and 3 of objects with zmeas > 2. Lines as in Fig. 3.
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Table 2: Mean redshift and flag for objects with multiple spectra.

Field OBJ_ID 〈z〉 |∆z|/2 or RMS N 〈Flag〉 Lines
COSMOS 32961 1.4623 0.0003 2 3.75 Hα
COSMOS 38150 2.3945 0.0005 2 3.5 Hα+[O iii]
COSMOS 402635 2.1708 0.0005 2 3.5 Hα+[O iii]
COSMOS 462025 2.0875 0.0002 2 3 [O iii]
COSMOS 463893 2.3473 0 2 3.5 Hα+[O iii]
COSMOS 472716 1.7119 0.0001 2 3.25 Hα
COSMOS 479007 2.2725 0.0004 3 4 Hα+[O iii]
COSMOS 481315 2.4910 0.0003 2 4 [O iii]
COSMOS 481647 1.5010 0 2 4 Hα
COSMOS 484310 1.5879 0.0003 2 3.25 Hα
COSMOS 811438 2.3620 0.0003 2 3 Hα
VVDS 3324 1.5340 0.0001 2 4 Hα
VVDS 7941 1.5346 0 2 3.25 Hα
VVDS 22805 1.5333 0.0001 2 3.25 Hα
VVDS 24882 1.3763 0.0003 3 3.333 Hα
VVDS 24903 1.5781 0 2 3 Hα
VVDS 36412 1.5366 0 2 4 Hα
VVDS 37921 2.0007 0.0001 2 3.5 [O iii]
VVDS 140031 2.2141 0 2 3.5 Hα+[O iii]
VVDS 142226 1.5165 0 .0001 2 3.5 Hα
VVDS 144923 1.5600 0.0001 2 3.5 Hα
VVDS 160224 1.6061 0 3 3.667 Hα
VVDS 162982 2.2442 0.0007 2 4.0 Hα+[O iii]
VVDS 163515 1.5716 0.0001 3 3.5 Hα
VVDS 165659 2.1396 0.0001 2 3.5 Hα+[O iii]
VVDS 165940 2.2649 0.0002 2 3.5 Hα
VVDS 167263 2.2599 0.0002 2 3.5 Hα
VVDS 167264 2.2591 0.001 2 3 [O iii]
VVDS 168107 1.5599 0.0003 2 3 Hα
VVDS 168869 2.4433 0.0004 2 3.5 Hα+[O iii]
VVDS 171656 2.2376 0.0001 2 3 Hα+[O iii]
VVDS 179905 2.0605 0.0003 2 4 Hα
VVDS 179990 2.0356 0 2 3 Hα
VVDS 383107 2.1861 0 2 3 Hα+[O iii]
VVDS 515718 2.3259 0.0003 2 3 Hα+[O iii]

Technology, under a contract with NASA. We thank the staff of the LBT ob-
servatory for their support during the mask preparation and the execution of the
observations.
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Fig. 6: Left: comparison between zphot and zspec for high-quality (Flag ≥ 3) redshift galaxies observed during the LBT campaign.
Crosses show spectroscopic redshifts determined from the Hα line, circles with crosses from the [O iii] lines. The dotted lines define
the region outside which the zphot is considered a ‘catastrophic failure’, defined by a redshift error |zphot − zspec|/(1 + zspec) ≥ 0.15.
Right: same as the left panel but comparing zphot,SOM and zspec. The values of σNMAD = 1.48Median(|z − zspec|/(1 + zspec)) and
Bias = Mean((z − zspec)/(1 + zspec))) are also given, with z = zphot in the left and z = zphot,SOM in the right plot.

Fig. 7: Left: the mean differences differences in bins of (zphot − zspec)/(1 + zspec) of non-catastrophic failures as a function of zspec
for Flag ≥ 3 redshifts released by the C3R2 project: yellow from Masters et al. (2015, 2017, 2019); magenta from G2020; red from
Euclid Collaboration: Stanford et al. (2021); blue, this paper. The black line shows the average in bins of the whole sample, the
dotted lines the error range. Right: the same for Flag = 4 redshifts.
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Fig. 8: Histogram of zphot of galaxies populating each cell with |zphot,SOM − zspec|/(1 + zspec) > 0.15 (right panel of Fig. 6). The
distribution is normalized by dividing the number of galaxies in each zphot bin by the total number of zphot populating the considered
cell; the number is indicated with the letter N in the top left panel of the figures, and written at the same position in the others.
Similarly, the cell number (CellID) is also given inside each panel. The zphot,SOM is represented by the dashed line, whereas dotted
lines indicate zspec measured during our programme. The horizontal bar centered on the mean zphot is the RMS of the histogram.
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Fig. 9: Top: histogram of zphot of targeted galaxies (dashed), tar-
geting Hα (full lines) and the [O iii] or Pa lines (dotted). Bottom:
the success rate as a function of zphot considering all lines (Hα,
[O iii], Pa, full line), based on Hα only (dotted line), or on [O iii]
or Pa (dashed line).

Fig. 10: Top: histogram of the observed H total magnitudes for
all observed targets (dotted line), for secondary targets (long-
dashed line), and for those with high-quality spectroscopic red-
shifts (full line). Bottom: the success rate as a function of H total
magnitudes over the whole probed redshift range (full line), and
split according to band (dotted: H-band or 1.3 < zphot < 1.7;
dashed: K-band, or 2 < zphot < 2.7. The long-dashed line shows
the success rate targeting the [O iii] line.

Fig. 11: Filled squares show cells probed by the current spec-
troscopic release, empty squares cells still lacking spectroscopy.
Blue cells have 1.3 < zphot,SOM < 1.7, black cells have 1.7 <
zphot,SOM < 2.0, and red cells have 2.0 < zphot,SOM < 2.7. Open
circles mark the 49 cells without spectroscopy before this re-
lease. The circles without a centered square have zphot,SOM out-
side the probed range.
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Table A.1: List of the observed masks.

Field Mask ID RAcen Deccen Rot.Angle nExp UT Date JD zhelcorr Success Rate
(hms) (dms) (deg) (×200 s) (yyyy.mm.dd) (×105) (Flag ≥ 3/Prim/Obs)

VVDS M1H 022614.372 −045554.320 15 36 2019-10-03 2458759.83 3.6 6/12/14
VVDS M2H 022622.493 −045356.990 20 36 2019-10-03 2458759.95 3.5 7/8/12
VVDS M3H 022622.572 −045759.610 −16 36 2019-10-07 2458763.80 3.0 4/7/12
VVDS M4H 022606.238 −045557.250 0 36 2019-10-07 2458764.93 2.7 4/10/14
VVDS M5H 022630.656 −044152.010 75 36 2019-10-09 2458765.82 2.7 7/7/12
VVDS M9H 022550.162 −045358.310 50 22 2020-01-19 2458867.75 −9.7 6/9/13
VVDS M9K 022550.162 −045358.310 50 23 2020-01-19 2458867.75 −9.7 1/6/7
VVDS M12K 022437.840 −041546.890 145 26 2020-01-23 2458871.61 −9.7 0/6/7
COSMOS M1H 095839.234 +015608.340 160 36 2020-03-16 2458924.65 −3.9 6/13/16
COSMOS M1K 095839.234 +015608.340 160 36 2020-03-16 2458924.65 −3.9 2/11/13
COSMOS M2H 100024.224 +021252.150 −10 33 2020-03-16 2458924.85 −4.0 1/6/7
COSMOS M2K 100024.224 +021252.150 −10 33 2020-03-16 2458924.85 −4.0 0/4/7
COSMOS M3H 095856.377 +020807.150 135 36 2020-03-17 2458925.65 −4.0 6/12/14
COSMOS M3K 095856.377 +020807.150 135 36 2020-03-17 2458925.65 −4.0 1/8/12
VVDS M6H_1 022726.448 −045159.520 −105 25 2020-10-03 2459125.32 3.5 4/7/12
VVDS M6K_1 022726.448 −045159.520 −105 25 2020-10-03 2459125.32 3.5 2/10/11
VVDS M7H 022445.672 −040142.190 195 35 2020-10-03 2459125.46 3.6 4/3/12
VVDS M7K 022445.672 −040142.190 195 35 2020-10-03 2459125.46 3.6 4/14/15
VVDS M8H 022631.827 −043805.980 240 36 2020-10-04 2459126.30 3.3 4/6/11
VVDS M8K 022631.827 −043805.980 240 36 2020-10-04 2459126.30 3.3 4/6/9
VVDS M10H 022534.064 −040945.080 170 36 2020-10-04 2459126.45 3.4 4/11/14
VVDS M10K 022534.064 −040945.080 170 36 2020-10-04 2459126.45 3.4 3/8/13
VVDS M12H 022437.840 −041546.890 145 36 2020-10-05 2459127.46 3.2 5/6/12
VVDS M12K 022437.840 −041546.890 145 36 2020-10-06 2459127.46 3.2 6/11/11
VVDS M11H 022526.034 −043954.090 335 36 2020-10-05 2459127.59 3.3 5/7/12
VVDS M11K 022526.034 −043954.090 335 36 2020-10-05 2459127.59 3.3 5/11/11
VVDS M13H 022429.716 −044355.300 340 36 2020-10-06 2459128.38 3.0 5/8/11
VVDS M13K 022429.716 −044355.300 340 37 2020-10-06 2459128.38 3.0 5/10/10
VVDS M14H_1 022630.358 −043954.870 70 11 2020-10-06 2459128.50 3.1 5/5/9
VVDS M14K_1 022630.358 −043954.870 70 11 2020-10-06 2459128.50 3.1 8/11/11
VVDS M14H_2 022630.358 −043954.870 70 30 2020-10-07 2459128.50 3.1 summed to M14H_1
VVDS M14K_2 022630.358 −043954.870 70 27 2020-10-07 2459128.50 3.1 summed to M14K_1
VVDS M4H 022606.238 −045557.250 0 36 2020-10-07 2459129.44 3.0 4/10/14
VVDS M4K 022606.238 −045557.250 0 36 2020-10-07 2459129.44 3.0 2/9/13
VVDS M3H 022622.572 −045759.610 −16 36 2020-10-04 2459130.31 2.7 3/7/12
VVDS M3K 022622.572 −045759.610 −16 36 2020-10-04 2459130.31 2.7 1/10/11
VVDS M6H_0 022726.448 −045159.520 −105 3 2020-10-07 2459125.32 3.5 summed to M6H_1
VVDS M6K_0 022726.448 −045159.520 −105 3 2020-10-07 2459125.32 3.5 summed to M6K_1
VVDS M5H 022630.656 −044152.010 75 33 2020-10-08 2459130.46 2.8 6/7/12
VVDS M5K 022630.656 −044152.010 75 33 2020-10-08 2459130.46 2.8 5/12/12
COSMOS M7H 100016.331 +023959.780 145 36 2020-12-20 2459203.97 8.8 3/7/10
COSMOS M7K 100016.331 +023959.780 145 37 2020-12-20 2459203.97 8.8 0/7/8
COSMOS M6H 100200.465 +024022.660 180 36 2020-12-21 2459204.90 8.8 8/14/18
COSMOS M6K 100200.465 +024022.660 180 36 2020-12-21 2459204.90 8.8 2/10/17
COSMOS M8H 100057.749 +024042.990 55 30 2020-12-21 2459205.03 8.7 5/12/14
COSMOS M8K 100057.749 +024042.990 55 30 2020-12-21 2459205.03 8.7 0/9/10
COSMOS M10H 095928.310 +023020.540 70 28 2020-12-22 2459205.53 8.7 5/11/16
COSMOS M10K 095928.310 +023020.540 70 28 2020-12-22 2459205.53 8.7 2/4/7
COSMOS M9H 095936.806 +023227.230 230 35 2020-12-22 2459205.90 8.7 5/8/11
COSMOS M9K 095936.806 +023227.230 230 36 2020-12-22 2459205.90 8.7 6/10/12
COSMOS M11H 095953.706 +024016.910 145 36 2021-01-14 2459228.81 6.1 3/11/15
COSMOS M11K 095953.706 +024016.910 145 36 2021-01-14 2459228.81 6.1 2/8/13
COSMOS M12H 100144.876 +021013.710 175 36 2021-01-15 2459229.82 6.0 5/11/15
COSMOS M12K 100144.876 +021013.710 175 36 2021-01-15 2459229.82 6.0 0/5/7
COSMOS M13H 100112.552 +014557.890 85 36 2021-01-15 2459229.93 6.0 5/10/11
COSMOS M7H 100016.331 +023959.780 145 36 2021-01-16 2459230.83 5.8 3/7/10
COSMOS M7K 100016.331 +023959.780 145 36 2021-01-16 2459230.83 5.8 5/10/11
COSMOS M8H 100200.465 +024022.660 180 40 2021-01-16 2459269.20 5.7 4/10/14
COSMOS M8K 100200.465 +024022.660 180 40 2021-01-16 2459269.20 5.7 2/12/13
COSMOS M14H 100135.484 +022000.480 160 36 2021-02-20 2459265.25 0.2 2/11/14
COSMOS M14K 100135.484 +022000.480 160 37 2021-02-20 2459265.25 0.2 0/8/12
COSMOS M15H 100145.151 +024022.550 115 36 2021-02-23 2459268.38 −0.3 3/14/17
COSMOS M15K 100145.151 +024022.550 115 36 2021-02-23 2459268.38 −0.3 3/14/15
COSMOS M17H 100112.883 +022431.600 140 36 2021-02-23 2459268.23 −0.4 6/14/17
COSMOS M17K 100112.883 +022431.600 140 37 2021-02-23 2459268.23 −0.4 2/16/16
COSMOS M18H 100120.693 +022216.430 105 27 2021-02-23 2459269.20 −0.5 4/12/14
COSMOS M18K 100120.693 +022216.430 105 27 2021-02-24 2459269.20 −0.5 0/7/10
COSMOS M20H 100016.511 +014607.640 150 36 2021-02-24 2459269.30 −0.5 5/11/14
COSMOS M20K 100016.511 +014607.640 150 36 2021-02-24 2459269.30 −0.5 4/9/13
COSMOS M22H 095944.102 +022014.340 30 31 2021-02-24 2459269.41 −0.5 1/10/15
COSMOS M22K 095944.102 +022014.340 30 32 2021-02-24 2459269.41 −0.5 1/15/18
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Table A.1: continued.

Field Mask ID RAcen Deccen Rot.Angle nExp UT Date JD zhelcorr Success Rate
(hms) (dms) deg (×200 s) (yyy.mm.dd) (×105) (Flag ≥ 3/Prim/Observed)

COSMOS M23H 095912.153 +015008.170 90 23 2021-03-21 2459294.15 −4.6 3/11/15
COSMOS M23K 095912.153 +015008.170 90 23 2021-03-21 2459294.15 −4.6 1/8/12
COSMOS LAE3H 100025.092 +021627.160 0 19 2021-03-22 2459295.19 −4.7 0/6/6
COSMOS LAE3K 100025.092 +021627.160 0 19 2021-03-22 2459295.19 −4.7 0/4/5
COSMOS LAE4H 100041.352 +021239.210 −15 36 2021-03-23 2459296.18 −4.9 0/3/6
COSMOS LAE4K 100041.352 +021239.210 −15 36 2021-03-23 2459296.18 −4.9 3/6/10
COSMOS M24H 100153.446 +021613.970 100 15 2021-03-23 2459296.26 −4.8 0/9/15
COSMOS M24K 100153.446 +021613.970 100 15 2021-03-23 2459296.26 −4.8 corrupted
COSMOS M25H 095936.030 +020806.570 180 13 2021-03-27 2459301.35 −5.5 1/12/17
COSMOS M25K 095936.030 +020806.570 180 13 2021-03-27 2459301.35 −5.5 0/17/17
COSMOS M25H 095936.030 +020806.570 180 36 2021-04-20 2459324.24 −8.1 7/12/17
COSMOS M25K 095936.030 +020806.570 180 36 2021-04-20 2459324.24 −8.1 4/17/17
COSMOS M28H 095952.615 +015207.480 150 35 2021-04-24 2459328.19 −8.5 7/14/14
COSMOS M28K 095952.615 +015207.480 150 35 2021-04-24 2459328.19 −8.5 1/14/14
COSMOS M27H_1 095912.104 +022214.200 140 16 2021-04-22 2459328.28 −8.5 6/13/14
COSMOS M27H_2 095912.104 +022214.200 140 16 2021-04-23 2459328.28 −8.5 summed to M27H_1
COSMOS M27K_1 095912.104 +022214.200 140 16 2021-04-22 2459328.28 −8.5 corrupted
COSMOS M27K_2 095912.104 +022214.200 140 16 2021-04-23 2459328.28 −8.5 2/6/10
COSMOS M29H 095912.178 +021414.250 15 36 2021-04-25 2459329.20 −8.6 4/11/13
COSMOS M29K 095912.178 +021414.250 15 36 2021-04-25 2459329.20 −8.6 2/13/13
COSMOS M24H 100153.446 +021613.970 100 10 2021-04-25 2459329.28 −8.5 4/9/15
COSMOS M24K 100153.446 +021613.970 100 10 2021-04-25 2459329.28 −8.5 1/14/14
COSMOS M19H 100104.598 +014801.750 135 32 2021-05-19 2459328.28 −9.6 4/12/15
COSMOS M19K 100104.598 +014801.750 135 34 2021-05-19 2459328.28 −9.6 0/15/15

Appendix B: Table B.1
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Table B.1: The sample of galaxies with good spectroscopic redshifts. The explanation of the different columns is given in Sect. 4.

OBJ_ID RA Dec zspec Flag Line 1D-Spectrum
13275 150.3162252 1.7379527 2.4078 4.0 [O iii] COSMOS_LBT_JAN21_1d_13275_M13Hsky_S21
20825 150.0527463 1.7531398 1.6520 4.0 Hα COSMOS_LBT_FEB21_1d_20825_M20Hsky_S08
21075 150.2729757 1.7538638 1.5172 3.0 Hα COSMOS_LBT_JAN21_1d_21075_M13Hsky_S13
21964 150.0395616 1.7555454 2.5610 3.0 [O iii] COSMOS_LBT_FEB21_1d_21964_M20Hsky_S19
26585 150.079045 1.7650675 2.3980 4.0 Hα COSMOS_LBT_FEB21_1d_26585_M20Ksky_S16
28028 150.3115341 1.7680673 1.5573 3.5 Hα COSMOS_LBT_JAN21_1d_28028_M13Hsky_S17
31318 150.0632315 1.7735528 2.2090 3.0 Hα COSMOS_LBT_FEB21_1d_31318_M20Ksky_S11
31613 150.2616012 1.7747734 2.2790 4.0 [O iii] COSMOS_LBT_MAY21_1d_31613_M19Hsky_S17
32792 150.0340033 1.7783992 2.3520 3.0 Hα COSMOS_LBT_FEB21_1d_32792_M20Ksky_S14
32961 150.281817 1.778883 1.4621 4.0 Hα COSMOS_LBT_JAN21_1d_32961_M13Hsky_S14
32961 150.281817 1.778883 1.4626 3.5 Hα COSMOS_LBT_MAY21_1d_32961_M19Hsky_S08
33981 150.0619008 1.7806075 1.6460 4.0 Hα COSMOS_LBT_FEB21_1d_33981_M20Hsky_S17
34952 150.2745122 1.7830993 1.4406 3.0 Hα COSMOS_LBT_JAN21_1d_34952_M13Hsky_S12
35658 150.0938201 1.7841196 1.4990 4.0 Hα COSMOS_LBT_FEB21_1d_35658_M20Hsky_S12
38008 150.2506447 1.7882888 1.5028 3.0 Hα COSMOS_LBT_MAY21_1d_38008_M19Hsky_S18
38150 150.0593597 1.788839 2.3940 4.0 [O iii] COSMOS_LBT_FEB21_1d_38150_M20Hsky_S21
38150 150.0593597 1.788839 2.3950 3.0 Hα COSMOS_LBT_FEB21_1d_38150_M20Ksky_S13
51484 149.7970089 1.8136581 1.6334 3.5 Hα COSMOS_LBT_MAR21_1d_51484_M23Hsky_S15
53612 149.7731289 1.8199504 1.5079 3.0 Hα COSMOS_LBT_MAR21_1d_53612_M23Hsky_S13
55494 150.292338 1.8234505 1.3193 4.0 Hα COSMOS_LBT_MAY21_1d_55494_M19Hsky_S09
63116 149.9518298 1.8386457 1.6518 3.5 Hα COSMOS_LBT_APR21_1d_63116_M28Hsky_S21
63265 149.9568087 1.8382493 1.6498 4.0 Hα COSMOS_LBT_APR21_1d_63265_M28Hsky_S09
63462 149.9680223 1.8398813 1.6498 3.5 Hα COSMOS_LBT_APR21_1d_63462_M28Hsky_S10
63645 149.7895905 1.8398429 1.4849 3.0 Hα COSMOS_LBT_MAR21_1d_63645_M23Hsky_S14
71209 149.7748281 1.8565425 2.5118 3.0 Hα COSMOS_LBT_MAR21_1d_71209_M23Ksky_S13
72589 149.9614682 1.860202 1.5558 4.0 Hα COSMOS_LBT_APR21_1d_72589_M28Hsky_S20
72810 150.0038562 1.8537445 2.5107 3.0 Hα COSMOS_LBT_APR21_1d_72810_M28Ksky_S09
76300 149.9797066 1.8673859 1.4198 3.0 Hα COSMOS_LBT_APR21_1d_76300_M28Hsky_S08
76722 149.9897509 1.8677315 1.3573 3.0 Hα COSMOS_LBT_APR21_1d_76722_M28Hsky_S15
91047 149.9912965 1.8967987 1.4948 3.0 Hα COSMOS_LBT_APR21_1d_91047_M28Hsky_S16
100154 149.6682826 1.915744 1.4394 3.0 Hα COSMOS_LBT_MAR20_1d_100154_M1Hsky_S09
109400 149.6567535 1.9354134 1.6336 3.0 Hα COSMOS_LBT_MAR20_1d_109400_M1Hsky_S12
110669 149.6868649 1.9363752 1.6411 3.5 Hα COSMOS_LBT_MAR20_1d_110669_M1Hsky_S08
111064 149.6323822 1.9393212 1.6164 3.5 Hα COSMOS_LBT_MAR20_1d_111064_M1Hsky_S15
115146 149.6558387 1.9476929 2.5189 3.0 Hα COSMOS_LBT_MAR20_1d_115146_M1Ksky_S14
116202 149.6839698 1.9502112 1.5329 3.5 Hα COSMOS_LBT_MAR20_1d_116202_M1Hsky_S13
121050 149.6511528 1.961198 1.5708 3.0 Hα COSMOS_LBT_MAR20_1d_121050_M1Hsky_S16
121736 149.6605124 1.9621859 2.1603 3.0 Hα COSMOS_LBT_MAR20_1d_121736_M1Ksky_S17
193269 149.9183382 2.1055916 1.3605 3.0 Hα COSMOS_LBT_APR21_1d_193269_M25Hsky_S15
194648 149.7419169 2.1075764 1.5313 3.0 Hα COSMOS_LBT_MAR20_1d_194648_M3Hsky_S10
197419 149.9092285 2.1130251 1.4708 3.0 Hα COSMOS_LBT_APR21_1d_197419_M25Hsky_S08
199380 149.9150387 2.1170209 2.2631 4.0 Hα COSMOS_LBT_APR21_1d_199380_M25Ksky_S09
201260 149.8729828 2.1204449 2.3737 3.0 Hα COSMOS_LBT_APR21_1d_201260_M25Ksky_S08
202778 149.8772597 2.1237659 1.5083 3.5 Hα COSMOS_LBT_APR21_1d_202778_M25Hsky_S17
209194 149.7100321 2.136129 2.3874 3.0 [O iii] COSMOS_LBT_MAR20_1d_209194_M3Hsky_S22
209927 149.9253192 2.134973 1.6063 3.0 Hα COSMOS_LBT_APR21_1d_209927_M25Hsky_S22
210275 150.4068985 2.1383306 1.6417 3.0 Hα COSMOS_LBT_JAN21_1d_210275_M12Hsky_S11
211581 149.7091359 2.1392878 1.6414 3.5 Hα COSMOS_LBT_MAR20_1d_211581_M3Hsky_S14
211984 149.8673655 2.1410346 2.4487 4.0 [O iii] COSMOS_LBT_APR21_1d_211984_M25Hsky_S18
215091 149.9281427 2.1470197 2.3757 3.0 Hα COSMOS_LBT_APR21_1d_215091_M25Ksky_S21
217459 149.7618337 2.1518038 1.6168 3.0 Hα COSMOS_LBT_MAR20_1d_217459_M3Hsky_S08
218192 149.904775 2.15362 2.3852 4.0 Hα COSMOS_LBT_APR21_1d_218192_M25Ksky_S11
218228 149.717966 2.1530929 2.4342 3.5 [O iii] COSMOS_LBT_MAR20_1d_218228_M3Hsky_S21
218763 149.7468821 2.1537101 1.6377 3.0 Hα COSMOS_LBT_MAR20_1d_218763_M3Hsky_S17
219390 149.7583034 2.1559746 1.5267 3.0 Hα COSMOS_LBT_MAR20_1d_219390_M3Hsky_S18
220827 150.4434614 2.1586643 1.5392 4.0 Hα COSMOS_LBT_JAN21_1d_220827_M12Hsky_S10
221149 150.4139644 2.1591002 1.5572 4.0 Hα COSMOS_LBT_JAN21_1d_221149_M12Hsky_S09
223074 149.8970859 2.1622611 2.2388 3.0 [O iii] COSMOS_LBT_MAR21_1d_223074_M25Hsky_S20
224872 149.8749001 2.1660171 1.5268 3.0 Hα COSMOS_LBT_APR21_1d_224872_M25Hsky_S12
226236 149.7460689 2.1675662 2.4344 4.0 Hα COSMOS_LBT_MAR20_1d_226236_M3Ksky_S17
226249 150.4191533 2.1687531 1.5962 3.5 Hα COSMOS_LBT_JAN21_1d_226249_M12Hsky_S19
234751 150.4445932 2.1847414 1.5192 3.0 Hα COSMOS_LBT_JAN21_1d_234751_M12Hsky_S13
248229 150.1880526 2.2102579 2.4808 3.0 Hα COSMOS_LBT_MAR21_1d_248229_LAE4Ksky_S13
251341 149.7751888 2.216971 2.3177 4.0 Hα COSMOS_LBT_APR21_1d_251341_M29Ksky_S12
251539 149.825632 2.217383 2.4540 4.0 [O iii] COSMOS_LBT_APR21_1d_251539_M29Hsky_S20
253054 149.7693121 2.2208096 1.4158 4.0 Hα COSMOS_LBT_APR21_1d_253054_M29Hsky_S14
254879 150.0895379 2.2235747 1.3521 3.0 Hα COSMOS_LBT_MAR20_1d_254879_M2Hsky_S17
256237 149.8125082 2.2260419 1.5503 4.0 Hα COSMOS_LBT_APR21_1d_256237_M29Hsky_S16
261029 149.8140962 2.234968 1.6858 3.5 Hα COSMOS_LBT_APR21_1d_261029_M29Hsky_S17
261242 150.1912935 2.2358824 2.2798 4.0 Hα COSMOS_LBT_MAR21_1d_261242_LAE4Ksky_S21
263941 149.802669 2.2413337 2.2147 3.5 Hα COSMOS_LBT_APR21_1d_263941_M29Ksky_S08
272390 150.4427008 2.2577357 1.5845 4.0 Hα COSMOS_LBT_APR21_1d_272390_M24Hsky_S15
277689 150.4825951 2.2692277 1.5850 4.0 Hα COSMOS_LBT_APR21_1d_277689_M24Hsky_S10
281625 150.489104 2.2775923 1.6303 4.0 Hα COSMOS_LBT_APR21_1d_281625_M24Hsky_S11
305682 149.9338397 2.325281 1.6150 3.0 Hα COSMOS_LBT_FEB21_1d_305682_M22Hsky_S14

Article number, page 19 of 22



A&A proofs: manuscript no. lbt_revised3

Table B.1: continued.

OBJ_ID RA Dec zspec Flag Line 1D-Spectum
311645 149.7982448 2.3368401 1.6048 3.0 Hα COSMOS_LBT_APR21_1d_311645_M27Hsky_S15
315750 150.3914582 2.3435241 1.4790 3.0 Hα COSMOS_LBT_FEB21_1d_315750_M14Hsky_S09
320989 149.8092325 2.3544984 2.3707 3.0 [O iii] COSMOS_LBT_APR21_1d_320989_M27Hsky_S21
321846 150.3609407 2.3563503 1.5855 3.5 Hα COSMOS_LBT_FEB21_1d_321846_M18Hsky_S21
323850 149.9217085 2.3597902 2.1015 4.0 Hα COSMOS_LBT_FEB21_1d_323850_M22Ksky_S09
326545 150.3990555 2.3652568 1.4830 3.0 Hα COSMOS_LBT_FEB21_1d_326545_M14Hsky_S08
328061 150.3336896 2.3676283 1.6350 3.0 Hα COSMOS_LBT_FEB21_1d_328061_M18Hsky_S14
329209 150.338739 2.3703542 1.5800 3.0 Hα COSMOS_LBT_FEB21_1d_329209_M18Hsky_S09
330051 149.8129738 2.3717757 1.6053 3.0 Hα COSMOS_LBT_APR21_1d_330051_M27Hsky_S08
331551 149.804426 2.3743435 1.6261 3.5 Hα COSMOS_LBT_APR21_1d_331551_M27Hsky_S17
331974 149.791189 2.3754079 1.4323 3.0 Hα COSMOS_LBT_APR21_1d_331974_M27Hsky_S10
332036 149.7654438 2.3750567 1.5273 3.0 Hα COSMOS_LBT_APR21_1d_332036_M27Hsky_S13
334638 150.3069896 2.3796186 1.5800 4.0 Hα COSMOS_LBT_FEB21_1d_334638_M17Hsky_S19
336706 150.3182657 2.383641 1.3850 3.0 Hα COSMOS_LBT_FEB21_1d_336706_M17Hsky_S09
340178 150.3197125 2.3908843 2.5510 3.0 Hα COSMOS_LBT_FEB21_1d_340178_M17Ksky_S11
344560 150.3518992 2.4002879 1.4320 4.0 Hα COSMOS_LBT_FEB21_1d_344560_M18Hsky_S18
346399 150.2869306 2.4032503 1.4390 3.0 Hα COSMOS_LBT_FEB21_1d_346399_M17Hsky_S14
347369 150.2775421 2.4062789 1.5020 4.0 Hα COSMOS_LBT_FEB21_1d_347369_M17Hsky_S10
348742 150.3284294 2.4085777 1.4830 3.0 Hα COSMOS_LBT_FEB21_1d_348742_M17Hsky_S08
349330 150.3218736 2.4103132 2.4720 3.5 Hα COSMOS_LBT_FEB21_1d_349330_M17Ksky_S08
385760 149.8700627 2.4886839 1.5598 3.5 Hα COSMOS_LBT_DEC20_1d_385760_M10Hsky_S18
400371 149.8867628 2.5176858 1.5830 3.5 Hα COSMOS_LBT_DEC20_1d_400371_M9Hsky_S14
402003 149.8499016 2.5216286 1.6036 3.0 Hα COSMOS_LBT_DEC20_1d_402003_M10Hsky_S24
402635 149.8462499 2.5224695 2.1713 3.0 [O iii] COSMOS_LBT_DEC20_1d_402635_M10Hsky_S19
402635 149.8462499 2.5224695 2.1703 4.0 Hα COSMOS_LBT_DEC20_1d_402635_M10Ksky_S12
404898 149.9153074 2.5273345 2.2453 3.5 Hα COSMOS_LBT_DEC20_1d_404898_M9Ksky_S10
406056 149.9333663 2.5297759 2.4252 3.0 Hα COSMOS_LBT_DEC20_1d_406056_M9Ksky_S12
406594 149.8966304 2.5305503 2.2363 3.0 Hα COSMOS_LBT_DEC20_1d_406594_M9Ksky_S15
407529 149.8794106 2.5322392 1.5838 3.0 Hα COSMOS_LBT_DEC20_1d_407529_M10Hsky_S20
409697 149.9326151 2.5364134 2.2453 4.0 Hα COSMOS_LBT_DEC20_1d_409697_M9Ksky_S13
412341 149.8873947 2.5422249 2.2493 4.0 [O iii] COSMOS_LBT_DEC20_1d_412341_M10Hsky_S21
417124 149.9357984 2.5514111 2.1963 3.0 [O iii] COSMOS_LBT_DEC20_1d_417124_M9Hsky_S19
421534 149.919234 2.5604157 2.3243 4.0 Hα COSMOS_LBT_DEC20_1d_421534_M9Ksky_S14
423163 149.9075378 2.5636165 1.5572 3.0 Hα COSMOS_LBT_DEC20_1d_423163_M9Hsky_S22
426464 149.8888229 2.569995 1.6652 3.5 Hα COSMOS_LBT_DEC20_1d_426464_M9Hsky_S17
427350 149.9084958 2.5712201 1.6607 3.0 Hα COSMOS_LBT_DEC20_1d_427350_M9Hsky_S13
459855 150.0530532 2.6369884 1.4466 3.0 Hα COSMOS_LBT_JAN21_1d_459855_M7Hsky_S10
462025 150.0826055 2.6413449 2.0873 3.0 [O iii] COSMOS_LBT_DEC20_1d_462025_M7Hsky_S15
462025 150.0826055 2.6413449 2.0877 3.0 [O iii] COSMOS_LBT_JAN21_1d_462025_M7Hsky_S15
463893 150.4854222 2.6455409 2.3473 4.0 [O iii] COSMOS_LBT_DEC20_1d_463893_M6Hsky_S24
463893 150.4854222 2.6455409 2.3473 3.0 Hα COSMOS_LBT_DEC20_1d_463893_M6Ksky_S14
465574 150.4536772 2.6487302 2.4120 3.0 Hα COSMOS_LBT_FEB21_1d_465574_M15Ksky_S15
468350 150.48936 2.6544405 2.3955 3.0 Hα COSMOS_LBT_DEC20_1d_468350_M6Ksky_S13
472716 150.2653786 2.6627636 1.7120 3.5 Hα COSMOS_LBT_DEC20_1d_472716_M8Hsky_S16
472716 150.2653786 2.6627636 1.7122 3.0 Hα COSMOS_LBT_JAN21_1d_472716_M8Hsky_S16
474523 150.0922862 2.6656468 2.2117 3.5 Hα COSMOS_LBT_JAN21_1d_474523_M7Ksky_S09
475417 150.0911944 2.6683391 2.5042 3.0 Hα COSMOS_LBT_JAN21_1d_475417_M7Ksky_S18
475527 150.0591837 2.6685413 2.4372 4.0 Hα COSMOS_LBT_JAN21_1d_475527_M7Ksky_S11
476044 149.9910794 2.6692601 1.5645 4.0 Hα COSMOS_LBT_JAN21_1d_476044_M11Hsky_S15
476459 150.4419312 2.6701195 1.6134 3.5 Hα COSMOS_LBT_FEB21_1d_476459_M15Hsky_S20
476771 150.5134492 2.66873 1.5792 3.0 Hα COSMOS_LBT_DEC20_1d_476771_M6Hsky_S21
478878 150.4690208 2.675255 1.6122 3.0 Hα COSMOS_LBT_DEC20_1d_478878_M6Hsky_S25
479007 150.0857052 2.6747758 2.2723 4.0 [O iii] COSMOS_LBT_DEC20_1d_479007_M7Hsky_S16
479007 150.0857052 2.6747758 2.2722 4.0 [O iii] COSMOS_LBT_JAN21_1d_479007_M7Hsky_S16
479007 150.0857052 2.6747758 2.2730 4.0 Hα COSMOS_LBT_JAN21_1d_479007_M7Ksky_S08
480046 150.056362 2.6768332 2.2702 4.0 Hα COSMOS_LBT_JAN21_1d_480046_M7Ksky_S15
480239 150.2307456 2.6769689 1.5994 3.0 Hα COSMOS_LBT_DEC20_1d_480239_M8Hsky_S09
480640 150.5207857 2.6781376 1.5732 3.5 Hα COSMOS_LBT_DEC20_1d_480640_M6Hsky_S13
481315 150.2668853 2.67968 2.4913 4.0 [O iii] COSMOS_LBT_DEC20_1d_481315_M8Hsky_S19
481315 150.2668853 2.67968 2.4907 4.0 [O iii] COSMOS_LBT_JAN21_1d_481315_M8Hsky_S19
481317 150.4749598 2.6794807 1.5390 3.0 Hα COSMOS_LBT_FEB21_1d_481317_M15Hsky_S12
481647 150.2672757 2.6799633 1.5010 4.0 Hα COSMOS_LBT_DEC20_1d_481647_M8Hsky_S19
481647 150.2672757 2.6799633 1.5010 4.0 Hα COSMOS_LBT_JAN21_1d_481647_M8Hsky_S19
482104 150.4218192 2.681305 2.1450 3.0 [O iii] COSMOS_LBT_FEB21_1d_482104_M15Hsky_S18
483394 150.5219636 2.6838403 2.2158 4.0 [O iii] COSMOS_LBT_DEC20_1d_483394_M6Hsky_S20
483647 150.2127732 2.6836628 2.2242 3.0 Hα COSMOS_LBT_JAN21_1d_483647_M8Ksky_S17
484275 149.9975234 2.6859328 2.0482 3.0 [O iii] COSMOS_LBT_JAN21_1d_484275_M11Hsky_S19
484310 150.2587791 2.6852644 1.5882 3.5 Hα COSMOS_LBT_DEC20_1d_484310_M8Hsky_S22
484310 150.2587791 2.6852644 1.5876 3.0 Hα COSMOS_LBT_JAN21_1d_484310_M8Hsky_S22
484662 150.0656512 2.6864807 1.4061 3.0 Hα COSMOS_LBT_DEC20_1d_484662_M7Hsky_S11
486496 150.5087376 2.7042991 1.5354 3.5 Hα COSMOS_LBT_DEC20_1d_486496_M6Hsky_S15
486866 149.967041 2.6964446 1.4401 3.5 Hα COSMOS_LBT_JAN21_1d_486866_M11Hsky_S14
489100 150.4748461 2.6867608 1.6377 4.0 Hα COSMOS_LBT_DEC20_1d_489100_M6Hsky_S17
489314 149.9812037 2.6941987 2.2162 3.0 Hα COSMOS_LBT_JAN21_1d_489314_M11Ksky_S19
490030 149.9783643 2.7028003 2.3922 4.0 Hα COSMOS_LBT_JAN21_1d_490030_M11Ksky_S12
492453 150.2442763 2.7067051 2.4702 3.0 Hα COSMOS_LBT_JAN21_1d_492453_M8Ksky_S20
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Table B.1: continued.

OBJ_ID RA Dec zspec Flag Line 1D-Spectum
494350 150.4846551 2.6939799 1.6412 3.0 Hα COSMOS_LBT_DEC20_1d_494350_M6Hsky_S14
549854 149.907150209 2.137621434 1.4802 3.0 Hα COSMOS_LBT_APR21_1d_549854_M25Hsky_S10
603116 150.197082912 2.21687046 2.4638 4.0 Hα COSMOS_LBT_MAR21_1d_603116_LAE4Ksky_S19
621780 150.471209414 2.2446394 2.4847 4.0 Hα COSMOS_LBT_APR21_1d_621780_M24Ksky_S08
646613 150.468731703 2.281641135 1.4908 3.0 Hα COSMOS_LBT_APR21_1d_646613_M24Hsky_S12
703468 149.78839164 2.36554692 2.3277 3.0 Hα COSMOS_LBT_APR21_1d_703468_M27Ksky_S09
720513 149.803548302 2.391162136 2.2512 4.0 Hα COSMOS_LBT_APR21_1d_720513_M27Ksky_S13
732820 150.302551814 2.411721348 1.6495 3.0 Hα COSMOS_LBT_FEB21_1d_732820_M17Hsky_S13
811438 149.876631272 2.530976324 2.3623 3.0 Hα COSMOS_LBT_DEC20_1d_811438_M9Ksky_S18
811438 149.876631272 2.530976324 2.3618 3.0 Hα COSMOS_LBT_DEC20_1d_811438_M10Ksky_S15
911024 150.434047436 2.68423913 2.2965 3.0 Hα COSMOS_LBT_FEB21_1d_911024_M15Ksky_S18
914020 150.445804162 2.685678498 1.5730 3.0 Pa COSMOS_LBT_FEB21_1d_914020_M15Ksky_S24
3324 36.6244607 −4.9884302 1.5340 4.0 Hα VVDS_LBT_OCT20_1d_3324_M3Hsky_S16
3324 36.6244607 −4.9884302 1.5339 4.0 Hα VVDS_LBT_OCT19_1d_3324_M3Hsky_S16
6892 36.5680458 −4.9803015 2.2071 3.0 [O iii] VVDS_LBT_OCT19_1d_6892_M3Hsky_S21
7941 36.6288502 −4.9780309 1.5346 3.0 Hα VVDS_LBT_OCT20_1d_7941_M3Hsky_S17
7941 36.6288502 −4.9780309 1.5346 3.5 Hα VVDS_LBT_OCT19_1d_7941_M3Hsky_S17
15031 36.509626 −4.9637322 2.0701 3.0 [O iii] VVDS_LBT_OCT20_1d_15031_M4Hsky_S23
19965 36.5629042 −4.9542579 1.5200 3.5 Hα VVDS_LBT_OCT19_1d_19965_M1Hsky_S17
21178 36.5418393 −4.9519901 1.5304 3.0 Hα VVDS_LBT_OCT19_1d_21178_M1Hsky_S16
21370 36.5334932 −4.9518214 2.3841 3.0 Hα VVDS_LBT_OCT20_1d_21370_M4Ksky_S13
22805 36.528381 −4.9487815 1.5334 3.0 Hα VVDS_LBT_OCT20_1d_22805_M4Hsky_S16
22805 36.528381 −4.9487815 1.5331 3.5 Hα VVDS_LBT_OCT19_1d_22805_M4Hsky_S16
24882 36.5648159 −4.94453 1.3761 4.0 Hα VVDS_LBT_OCT20_1d_24882_M3Hsky_S11
24882 36.5648159 −4.94453 1.3761 3.0 Hα VVDS_LBT_OCT19_1d_24882_M1Hsky_S18
24882 36.5648159 −4.94453 1.3766 3.0 Hα VVDS_LBT_OCT19_1d_24882_M3Hsky_S11
24903 36.5064947 −4.9450216 1.5781 3.0 Hα VVDS_LBT_OCT20_1d_24903_M4Hsky_S21
24903 36.5064947 −4.9450216 1.5781 3.0 Hα VVDS_LBT_OCT19_1d_24903_M4Hsky_S21
29861 36.59385 −4.9345849 2.0941 3.5 Hα VVDS_LBT_OCT20_1d_29861_M3Ksky_S20
30293 36.582892 −4.9341326 1.5335 4.0 Hα VVDS_LBT_OCT19_1d_30293_M1Hsky_S11
34978 36.6069178 −4.9249799 1.5624 4.0 Hα VVDS_LBT_OCT19_1d_34978_M2Hsky_S16
36412 36.587422 −4.922475 1.5366 4.0 Hα VVDS_LBT_OCT19_1d_36412_M1Hsky_S20
36412 36.587422 −4.922475 1.5366 4.0 Hα VVDS_LBT_OCT19_1d_36412_M2Hsky_S15
37921 36.493333 −4.9206908 2.0007 3.0 [O iii] VVDS_LBT_OCT20_1d_37921_M4Hsky_S24
37921 36.493333 −4.9206908 2.0006 4.0 [O iii] VVDS_LBT_OCT19_1d_37921_M4Hsky_S24
38524 36.6009144 −4.9185782 1.5464 3.0 Hα VVDS_LBT_OCT19_1d_38524_M2Hsky_S13
39192 36.5348629 −4.9172989 2.0604 4.0 [O iii] VVDS_LBT_OCT19_1d_39192_M1Hsky_S22
40659 36.4435417 −4.9146046 1.6057 4.0 Hα VVDS_LBT_JAN20_1d_40659_M9Hsky_S14
44310 36.5107537 −4.9075348 1.3711 3.5 Hα VVDS_LBT_OCT19_1d_44310_M4Hsky_S12
45642 36.517377 −4.9061548 2.0616 4.0 Hα VVDS_LBT_OCT20_1d_45642_M4Ksky_S20
47083 36.4888123 −4.9021975 1.6245 4.0 Hα VVDS_LBT_JAN20_1d_47083_M9Hsky_S17
49143 36.4810046 −4.8989504 2.4147 4.0 [O iii] VVDS_LBT_JAN20_1d_49143_M9Hsky_S11
50696 36.5757347 −4.8950953 1.5200 3.5 Hα VVDS_LBT_OCT19_1d_50696_M2Hsky_S17
51100 36.4519719 −4.8943098 1.5836 3.0 Hα VVDS_LBT_JAN20_1d_51100_M9Hsky_S12
52018 36.6037449 −4.8923901 1.6183 3.5 Hα VVDS_LBT_OCT19_1d_52018_M2Hsky_S18
54789 36.8943492 −4.8870347 1.4426 3.0 Hα VVDS_LBT_OCT20_1d_54789_M6Hsky_S14
55141 36.4425414 −4.8865782 2.2326 3.0 Hα VVDS_LBT_JAN20_1d_55141_M9Ksky_S17
56255 36.6051263 −4.8844258 1.5303 4.0 Hα VVDS_LBT_OCT19_1d_56255_M2Hsky_S12
56891 36.5720134 −4.884359 2.2711 3.0 [O iii] VVDS_LBT_OCT19_1d_56891_M2Hsky_S19
57263 36.8684341 −4.882315 2.2801 3.0 Hα VVDS_LBT_OCT20_1d_57263_M6Ksky_S11
64030 36.8392892 −4.8692322 2.3328 3.0 Hα VVDS_LBT_OCT20_1d_64030_M6Ksky_S17
66084 36.8538979 −4.8654714 2.2856 4.0 [O iii] VVDS_LBT_OCT20_1d_66084_M6Hsky_S21
68382 36.8625965 −4.863006 1.5341 3.5 Hα VVDS_LBT_OCT20_1d_68382_M6Hsky_S17
68592 36.4582577 −4.8616541 1.5203 3.0 Hα VVDS_LBT_JAN20_1d_68592_M9Hsky_S18
68635 36.4673469 −4.8614609 2.2052 4.0 [O iii] VVDS_LBT_JAN20_1d_68635_M9Hsky_S24
77168 36.8614225 −4.8455261 1.5259 3.5 Hα VVDS_LBT_OCT20_1d_77168_M6Hsky_S13
125460 36.118401 −4.7518593 1.4856 4.0 Hα VVDS_LBT_OCT20_1d_125460_M13Hsky_S16
125920 36.1522153 −4.7512865 1.7006 3.0 Hα VVDS_LBT_OCT20_1d_125920_M13Hsky_S15
127119 36.1466843 −4.7480526 2.1141 3.0 Hα VVDS_LBT_OCT20_1d_127119_M13Ksky_S16
128166 36.1172243 −4.7457655 2.0408 3.0 Hα VVDS_LBT_OCT20_1d_128166_M13Ksky_S11
135766 36.0902942 −4.7310129 2.2975 4.0 Hα VVDS_LBT_OCT20_1d_135766_M13Ksky_S14
137799 36.1486107 −4.7260611 2.2142 3.0 Hα VVDS_LBT_OCT20_1d_137799_M13Ksky_S15
138587 36.1042005 −4.7247136 1.6776 3.0 Hα VVDS_LBT_OCT20_1d_138587_M13Hsky_S12
138945 36.5706378 −4.7236601 2.2062 3.0 Hα VVDS_LBT_OCT20_1d_138945_M5Ksky_S17
140031 36.0898178 −4.7212704 2.2141 4.0 [O iii] VVDS_LBT_OCT20_1d_140031_M13Hsky_S19
140031 36.0898178 −4.7212704 2.2141 3.0 Hα VVDS_LBT_OCT20_1d_140031_M13Ksky_S18
140527 36.635215 −4.7209197 2.1296 3.0 Hα VVDS_LBT_OCT20_1d_140527_M5Ksky_S21
142226 36.6331479 −4.7173309 1.5164 3.0 Hα VVDS_LBT_OCT20_1d_142226_M5Hsky_S15
142226 36.6331479 −4.7173309 1.5166 4.0 Hα VVDS_LBT_OCT19_1d_142226_M5Hsky_S15
144923 36.2271709 −4.7120479 1.5601 3.0 Hα VVDS_LBT_OCT20_1d_144923_M5Hsky_S14
144923 36.2271709 −4.7120479 1.5600 4.0 Hα VVDS_LBT_OCT19_1d_144923_M5Hsky_S14
147228 36.1020614 −4.7087143 1.5386 3.0 Hα VVDS_LBT_OCT20_1d_147228_M13Hsky_S13
154912 36.34384 −4.6933544 2.1396 4.0 Hα VVDS_LBT_OCT20_1d_154912_M11Ksky_S14
158984 36.3422744 −4.6854868 2.1911 3.5 Hα VVDS_LBT_OCT20_1d_158984_M11Ksky_S12
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Table B.1: continued.

OBJ_ID RA Dec zspec Flag Line 1D-Spectum
160224 36.6517582 −4.6828961 1.6061 3.0 Hα VVDS_LBT_OCT20_1d_160224_M5Hsky_S11
160224 36.6517582 −4.6828961 1.6061 4.0 Hα VVDS_LBT_OCT20_1d_160224_M14Hsky_S12
160224 36.6517582 −4.6828961 1.6061 4.0 Hα VVDS_LBT_OCT19_1d_160224_M5Hsky_S11
162982 36.6420709 −4.6787762 2.2448 4.0 Hα VVDS_LBT_OCT20_1d_162982_M5Ksky_S12
162982 36.6420709 −4.6787762 2.2435 4.0 [O iii] VVDS_LBT_OCT19_1d_162982_M5Hsky_S20
163515 36.6101764 −4.6765857 1.5716 4.0 Hα VVDS_LBT_OCT20_1d_163515_M5Hsky_S16
163515 36.6101764 −4.6765857 1.5716 3.0 Hα VVDS_LBT_OCT20_1d_163515_M14Hsky_S15
163515 36.6101764 −4.6765857 1.5717 3.5 Hα VVDS_LBT_OCT19_1d_163515_M5Hsky_S16
165659 36.3549882 −4.6723701 2.1395 3.0 [O iii] VVDS_LBT_OCT20_1d_165659_M11Hsky_S19
165659 36.3549882 −4.6723701 2.1396 4.0 Hα VVDS_LBT_OCT20_1d_165659_M11Ksky_S11
165940 36.6296705 −4.671717 2.2646 4.0 Hα VVDS_LBT_OCT20_1d_165940_M5Ksky_S20
165940 36.6296705 −4.671717 2.2651 3.0 Hα VVDS_LBT_OCT20_1d_165940_M14Ksky_S19
166946 36.3469914 −4.669578 2.2211 3.5 Hα VVDS_LBT_OCT20_1d_166946_M11Ksky_S15
167263 36.6519619 −4.6694611 2.2601 3.0 Hα VVDS_LBT_OCT20_1d_167263_M5Ksky_S13
167263 36.6519619 −4.6694611 2.2596 4.0 Hα VVDS_LBT_OCT20_1d_167263_M14Ksky_S13
167264 36.6445147 −4.6690833 2.2581 3.0 [O iii] VVDS_LBT_OCT20_1d_167264_M5Hsky_S19
167264 36.6445147 −4.6690833 2.2601 3.0 [O iii] VVDS_LBT_OCT19_1d_167264_M5Hsky_S19
168107 36.650895 −4.668188 1.5596 3.0 Hα VVDS_LBT_OCT20_1d_168107_M5Hsky_S13
168107 36.650895 −4.668188 1.5601 3.0 Hα VVDS_LBT_OCT19_1d_168107_M5Hsky_S13
168869 36.6114714 −4.6661429 2.4436 4.0 [O iii] VVDS_LBT_OCT20_1d_168869_M14Hsky_S21
168869 36.6114714 −4.6661429 2.4429 3.0 Hα VVDS_LBT_OCT20_1d_168869_M14Ksky_S15
170223 36.3308287 −4.6636302 2.2088 3.0 [O iii] VVDS_LBT_OCT20_1d_170223_M11Hsky_S17
171656 36.638702 −4.6610195 2.2376 3.0 [O iii] VVDS_LBT_OCT20_1d_171656_M14Hsky_S19
171656 36.638702 −4.6610195 2.2375 3.0 Hα VVDS_LBT_OCT20_1d_171656_M14Ksky_S21
171798 36.6554476 −4.6607726 2.2481 3.0 Hα VVDS_LBT_OCT20_1d_171798_M14Ksky_S20
172082 36.6448409 −4.660273 1.5301 3.0 Hα VVDS_LBT_OCT20_1d_172082_M8Hsky_S16
172693 36.6565846 −4.659415 1.4361 4.0 Hα VVDS_LBT_OCT20_1d_172693_M8Hsky_S13
174768 36.6440171 −4.654438 1.6161 3.5 Hα VVDS_LBT_OCT20_1d_174768_M14Hsky_S13
176272 36.319106 −4.6532566 1.5617 3.5 Hα VVDS_LBT_OCT20_1d_176272_M11Hsky_S14
178570 36.6703436 −4.6478391 1.4899 3.5 Hα VVDS_LBT_OCT20_1d_178570_M8Hsky_S11
178934 36.3514434 −4.6468935 1.5924 3.0 Hα VVDS_LBT_OCT20_1d_178934_M11Hsky_S15
179071 36.3389785 −4.6466188 2.1121 4.0 Hα VVDS_LBT_OCT20_1d_179071_M11Ksky_S18
179905 36.6104572 −4.6444695 2.0608 4.0 Hα VVDS_LBT_OCT20_1d_179905_M8Ksky_S17
179905 36.6104572 −4.6444695 2.0601 4.0 Hα VVDS_LBT_OCT20_1d_179905_M14Ksky_S11
179990 36.6410461 −4.6449848 2.0356 3.0 Hα VVDS_LBT_OCT20_1d_179990_M8Ksky_S15
179990 36.6410461 −4.6449848 2.0356 3.0 Hα VVDS_LBT_OCT20_1d_179990_M14Ksky_S14
180446 36.3482592 −4.6438773 1.5936 4.0 Hα VVDS_LBT_OCT20_1d_180446_M11Hsky_S13
181261 36.6620577 −4.6416814 2.1613 3.0 Hα VVDS_LBT_OCT20_1d_181261_M8Ksky_S12
182940 36.6496611 −4.6387972 1.4648 3.0 Hα VVDS_LBT_OCT20_1d_182940_M8Hsky_S12
185040 36.6119311 −4.6349522 2.2231 4.0 Hα VVDS_LBT_OCT20_1d_185040_M8Ksky_S16
185523 36.6239302 −4.6337579 2.0396 4.0 Hα VVDS_LBT_OCT20_1d_185523_M14Ksky_S12
364094 36.1562797 −4.3005582 1.6041 3.0 Hα VVDS_LBT_OCT20_1d_364094_M12Hsky_S12
365897 36.1601525 −4.2975043 2.2641 3.5 Hα VVDS_LBT_OCT20_1d_365897_M12Ksky_S13
369449 36.1630987 −4.2916442 2.1381 3.5 Hα VVDS_LBT_OCT20_1d_369449_M12Ksky_S12
370077 36.1404797 −4.2901132 2.2831 3.0 Hα VVDS_LBT_OCT20_1d_370077_M12Ksky_S14
373735 36.1359352 −4.2834295 2.3121 3.0 Hα VVDS_LBT_OCT20_1d_373735_M12Ksky_S20
383107 36.1552194 −4.265314 2.1861 3.0 [O iii] VVDS_LBT_OCT20_1d_383107_M12Hsky_S19
383107 36.1552194 −4.265314 2.1861 3.0 Hα VVDS_LBT_OCT20_1d_383107_M12Ksky_S19
384395 36.1729741 −4.2637323 1.5656 3.0 Hα VVDS_LBT_OCT20_1d_384395_M12Hsky_S16
385771 36.1347704 −4.25996 1.5660 4.0 Hα VVDS_LBT_OCT20_1d_385771_M12Hsky_S15
390991 36.134847 −4.2505199 1.7036 3.5 Hα VVDS_LBT_OCT20_1d_390991_M12Hsky_S14
395770 36.1589829 −4.2421372 2.0961 3.0 Hα VVDS_LBT_OCT20_1d_395770_M12Ksky_S16
433842 36.3966135 −4.1783018 2.1341 3.5 Hα VVDS_LBT_OCT20_1d_433842_M10Ksky_S18
434177 36.378452 −4.1779649 1.6138 3.0 Hα VVDS_LBT_OCT20_1d_434177_M10Hsky_S11
437678 36.4035061 −4.1727462 2.2566 4.0 Hα VVDS_LBT_OCT20_1d_437678_M10Ksky_S17
439294 36.3874695 −4.1691679 1.6311 3.0 Hα VVDS_LBT_OCT20_1d_439294_M10Hsky_S12
444135 36.3733867 −4.1615026 2.1692 3.5 Hα VVDS_LBT_OCT20_1d_444135_M10Ksky_S16
446244 36.4085951 −4.1577974 1.5561 4.0 Hα VVDS_LBT_OCT20_1d_446244_M10Hsky_S13
447002 36.4085929 −4.1569321 1.5541 3.0 Hα VVDS_LBT_OCT20_1d_447002_M10Hsky_S13
511951 36.2024782 −4.0510283 1.4936 4.0 Hα VVDS_LBT_OCT20_1d_511951_M7Hsky_S14
513770 36.1631932 −4.0473276 2.1621 3.5 Hα VVDS_LBT_OCT20_1d_513770_M7Ksky_S15
515718 36.1910121 −4.043192 2.3256 3.0 [O iii] VVDS_LBT_OCT20_1d_515718_M7Hsky_S23
515718 36.1910121 −4.043192 2.3261 3.0 Hα VVDS_LBT_OCT20_1d_515718_M7Ksky_S16
523367 36.2055719 −4.0311235 1.6041 3.5 Hα VVDS_LBT_OCT20_1d_523367_M7Hsky_S15
527425 36.1997576 −4.0239239 2.2281 3.0 Hα VVDS_LBT_OCT20_1d_527425_M7Ksky_S13
540741 36.1744902 −4.0002201 2.2516 4.0 Hα VVDS_LBT_OCT20_1d_540741_M7Ksky_S23
542094 36.1703008 −4.0064452 1.6061 4.0 Hα VVDS_LBT_OCT20_1d_542094_M7Hsky_S11
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