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Abstract 
This document describes the second public data release (DR2) of the X-Shooter ESO 
Large Program 1104.B-0370, “INvestigating Stellar Population In Relics (INSPIRE), 
which is firstly introduced in the INSPIRE pilot project (Spiniello et al., 2021a, A&A, 
646, A28, hereafter S21a).  
 
The first data release, published in March 2021, and described in the accompanying 
paper Spiniello et al. 2021b (A&A, 654, A136 hereafter S21b), comprised of 19 ultra-
compact massive galaxies for which integrated stellar velocity dispersion, as well as 
mass-weighted age and metallicity and light-weighted [Mg/Fe] had been precisely 
measured.  In this DR2 we release one-dimensional (1D) spectra in the UVB and VIS 
and NIR arms, of 21 additional systems, for which ESO observation have been com-
pleted before March 2022. Also in this case, we accompanied the DR with a scientific 
paper (D’Ago et al., 2022, arXiv:2302.05453.) that focusses on measuring the veloci-
ty dispersion from 1D spectra and assessing the systematics on it.  In addition, we re-
lease again the spectra for the 19 objects described in DR1 and S21b, adding this time 
also the NIR arm.  
 
 
 
 

E
S

O
 

S
c

i
e

n
c

e
 

A
r

c
h

i
v

e
 

F
a

c
i

l
i

t
y

 
-

 
P

h
a

s
e

 
3

 
D

a
t

a
 

R
e

l
e

a
s

e
 

D
e

s
c

r
i

p
t

i
o

n

E
S

O
  p

ro
gr

am
m

e 
IN

ve
st

ig
at

in
g 

S
te

lla
r 

P
op

ul
at

io
ns

 a
nd

 IM
F

 in
 R

E
lic

s 
- 

11
04

.B
-0

37
0,

 D
at

a 
R

el
ea

se
 D

R
2

pr
ov

id
ed

 b
y 

C
hi

ar
a 

S
pi

ni
el

lo
, s

ub
m

itt
ed

 o
n 

20
23

-0
1-

27
, p

ub
lis

he
d 

on
 2

02
3-

02
-1

3
re

le
as

e 
de

sc
rip

tio
n 

do
cu

m
en

t r
ev

is
ed

 o
n 

20
23

-0
2-

14



 

 2 
 

Scientific Context   
The first generation of extremely massive Early-Type Galaxies (ETGs) is already in 
place at  (Guo et al., 2013); their number density dramatically increases between 
3 < z < 1 (Trujillo et al. 2007) and then only mildly evolves at z < 1 (Bell et al. 2003).  
Interestingly, at higher redshift, massive red objects are found to have 3–5 times 
smaller sizes than in the local Universe, and thus they are 30–100 times denser (van 
Dokkum et al., 2008).  
To reconcile these observations, a two-phase formation scenario (Oser et al., 2010) 
has been proposed to explain the mass assembly and evolution across cosmic time of 
very massive galaxies. A first intense and fast dissipative series of processes form 
their central “bulk” mass (at z>2) generating, after star formation quenches, a mas-
sive, passive and very compact galaxy with size a factor of ~4 smaller than local mas-
sive galaxies (the so-called “red nuggets”, Daddi et al. 2005). Then a second, more 
time-extended phase, dominated by mergers and gas inflows, is responsible for the 
dramatic structural evolution and size growth from z~1 to today (Buitrago et al., 
2008). Unfortunately, this “accreted” material overlaps, along the line-of-sight, with 
the spatial and orbital distributions of the “in-situ” light, that encodes the information 
about high-z baryonic processes, irreversibly limiting our resolving power. Luckily, 
since merging is believed to be stochastic, a small fraction of red nuggets survives 
intact until the local Universe, without experiencing any further interaction: Relic 
Galaxies. Relics are the perfect local “laboratories” to study the processes that 
shaped the mass assembly of massive galaxies in the high-z Universe and disentangle 
between possible formation scenarios for massive galaxies. 
In the local Universe, only three relics have been confirmed and studied in great de-
tails (Trujillo et al. 2014, Ferré-Mateu et al., 2017, hereafter F17).  They have large 
rotation velocities (~200-300 km/s) and high central stellar velocity dispersions (>300 
km/s). From a stellar population point of view, these three objects have a single stellar 
population with super-solar metallicities and old ages out to several effective radii. 
Their stars are also characterized by a large [Mg/Fe] over-abundance, which is con-
sistent with early and short star formation episodes (within timescales < 1 Gyr, 
Thomas et al. 2005). Finally, the three relics also have a bottom-heavy stellar initial 
mass function (IMF), with the fraction of low-mass stars being at least a factor of 2 
larger than that found in the Milky Way (F17).  
The goal of INSPIRE is to build the first catalogue of spectroscopically confirmed 
relics at 0.1<z<0.5, bridging the gap between the three local confirmed relics and the 
high-z red nuggets, to understand the discrepancy between the observational results 
and to put a stringent constraint on the predictions from simulations. A more detailed 
descriptions of the scientific aims and goal of INSPIRE is provided in S21a and S21b, 
where we also present results obtained using data released here. 
According to the definition given in Tortora et al. (2016), a galaxy is defined as 
UCMG if it has an effective radius Reff < 1.5 kpc and a stellar mass M*>8 x 1010 Msun.  
However, since different studies have adopted different thresholds for size and mass-
es, and since we aim at finding a large number of relics, we slightly relax these crite-
ria and consider as confirmed UCMGs all objects with Reff < 2kpc and stellar masses 
M*>6 x 1010 Msun. .  
 

z ≥ 3
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Overview on INSPIRE 
INSPIRE is based on data obtained as part of the ESO Large Programme ID: 1104.B-
0370, PI: C. Spiniello, which has been awarded 154 hrs of observations on X-Shooter 
to spectroscopically follow up 52 UCMGs with redshift 0.1<z<0.5, which are part of 
a dedicated KiDS project (Tortora et al. 2018, Scognamiglio et al. 2020). Details on 
the target selections, observation strategy for the whole INSPIRE Programme were 
already given in the release description of the first DR. We summarise the most im-
portant ones here below.  
Selection of the targets 
The targets have been selected from multi-band imaging from the Kilo Degree Survey 
(KiDS) project, thanks to a project specifically dedicated to the search for Ultra-
Compact Massive Galaxies (UCMGs) at redshift z<0.5 (T16, Tortora et al. 2018, 
Scognamiglio et al. 2020, hereafter T18 and S20).  
About 100 of the photometrically selected candidates were also spectroscopically con-
firmed. Among these, INSPIRE targets the 52 objects with g-i broad band colour 
compatible with that of a stellar population with integrated age larger than 8 Gyrs, 
considering a solar, super-solar and a sub-solar metallicity (Fig. 1, in S21b).  
Each galaxy has structural parameters computed from gri KiDS images (Roy et al. 
2018) and stellar masses retrieved from T18/S20.  
 
Observation Strategy and current status 
The observation strategy has been optimized to capitalize on relatively sub-standard 
observing conditions (seeing up to 1.2, CLR nights, grey lunar phase with Moon 
FLI<0.5), allowing for an easy schedulability of the objects into the observation 
queue. Moreover, the selected targets span a very wide range in right ascension (RA) 
and declination (DEC), as can be seen from the histograms below, with an optimum 
observing time spread over the full year. This makes service mode observations, un-
der a LP highly efficient. We note also that we have many systems with declination <-
30, perfect as "fillers" in nights with strong wind coming from the North.  
The slit widths is always 1.6 arcsec in the UVB and 1.5 in VIS and NIR to ensure 
minimal slit loss.  A dithering scheme (NODDING MODE) with multiple frames 
where the galaxy is offset by a small amount from the center of the slit is used to fa-
cilitate a proper sky subtraction. Finally, we also implement a sigma clipping routine 
to further clean the 2D spectra from cosmic ray and sky residuals. Similarly to DR1, 
the seeing during the observations ranged between 0.85 to 1.2 arcsec, with a median 
value of ~1”. We note that the spectra are fully seeing-dominated, as the effective ra-
dii of all objects in arcseconds (apparent sizes, on average Reff~0.3-0.4”) are much 
smaller than the median seeing of the observations. 
The final integration time on target has been driven by the high SNR ratio we need to 
reach to precisely constrain the stellar population parameters (SNR >15 per Ang-
strom). More details are given in S21b.  
The UVB and VIS spectra of 19 systems, these with observations completed by 2020, 
were released as part of the Data Release 1. In this Data Release 2, we add the UVB, 
VIS and NIR spectra on additional 21 new systems and the NIR spectra of the 19 gal-
axies released in DR1. In order to make the DR2 collection complete and self-
consistent, we include here also the UVB and VIS spectra already released in DR1. 
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INSPIRE Data Release 2 
The 21 new targets, along with their coordinates, r-band magnitudes (MAG_AUTO) 
and surface brightness are listed in Table 1. We list in the same table also the total ex-
posure time, the Position Angle (P.A.) of the slit, the magnitude in r-band and the sur-
face brightness profile in r-band, which have been used to determine the number of 
OBs for each system.  Finally, we give the effective radii in arcsecond and kpc, com-
puted as median of the quantities obtained from g,r,i-bands, and the stellar masses 
from SED fitting.  

 
 
In addition to the UVB, VIS and NIR spectra of these 21 new systems, we release as 
part of this DR2, the UVB, VIS and NIR spectra of the objects already publicly avail-
able from INSPIRE DR1. We remind the reader that in the previous DR, we only pro-
vided UVB and VIS, which were the arms used to constrain kinematics and stellar 
population parameters. Table 2 lists the DR1 objects, their coordinates and photomet-
ric and observative quantities.  
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Data Reduction and 1D Extraction 
As already explained in the INSPIRE DR1, we need to perform an ad-hoc extraction 
of the one 1D spectra, to take into account the fact that these galaxies are not spatially 
resolved and the spectra are seeing-dominated, as the effective radii of all objects on 
the sky are much smaller than the median seeing of the observations.  
Hence, we have reduced the data using the ESO XSH pipeline (v3.5.3) under the ESO 
Reflex Workflow (Freudling et al., 13, version 2.11.3 only up to the creation of the 2-
dimentional (2D) spectral frames (one for each arm). Subsequently we used our own 
Python routines, developed for S21a and already used in S21b.  We cannot use ESO 
Internal Data Products (IDPs), as they only comprise the already extracted 1D spectra. 
Finally, for the VIS and NIR arms, we corrected all the spectra from telluric absorp-
tion lines using the code ‘molecfit’ (Smette et al. 2015, version 4.2) run with its inter-
active ESO Reflex workflow.  The telluric correction has been performed with the 
recipe “molecfit_model” that fits telluric absorption features on telluric standard ob-
served the same night and with the same instrument set-up of the galaxies. Once we 
determined the column densities of the various molecules in the spectrum, we con-
structed the telluric correction considering the difference in airmass between the ob-
servations of the telluric standard and the galaxy. For this purpose, we use the recipe 
“molecfit_calctrans”. 
In the previous INSPIRE release (DR1), we have extracted and released spectra with 
two different approaches. On one hand, we collapsed the whole slit, but weighting 
more the pixels containing more flux (following the optimal extraction approach de-
scribed in Naylor, 1998). On the other hand, as second approach, we also extracted 
the spectra of each galaxy from an aperture that contained more or less the same frac-
tion of light for the different objects (R50, containing ~50% of the total light, but a 
mix from inside and outside the real effective radius). In S21b, however, we conclud-
ed that for the “relic confirmation”, the two apertures were practically equivalent. 
However, we note that the R50 approach is the best if we aim at comparing the IN-
SPIRE sample with other galaxy samples from the literature, as this is the most com-
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parable aperture, at least in terms of light fraction, to that extracted at one effective 
radius (Reff) for normal-size galaxies. Therefore, in this DR2, we extract spectra only 
following the R50 approach. The format of the spectra is described in the next Sec-
tion. 
 
Release Content 
We release in this INSPIRE DR2 a total of 120 spectra on 40 galaxies (21 newly ob-
served and 19 already given in DR1) in the UVB, VIS and NIR.  
Each spectrum, in each arm and for each galaxy, is the sum of different products at 
the Observation Block (OB) level (from 1 to 4 OBs per system) and is released as a 
binary table in the FITS standard data format.  
The spectra are all given at the restframed wavelength, and the redshift used is report-
ed in the corresponding headers.  
We do not join together the spectra from different arm of the same system since these 
have different resolution (R~3200 in UVB, R~5000 in VIS, R~4300 in NIR). Howev-
er, we note that the kinematics and/or stellar population results presented in S21b and 
D’Ago et al. 2022 are obtained from a joint spectrum which was brought to the final 
resolution of FWHM = 2.52 Å, that of the single stellar population models (MIUS-
CAT, Vazdekis et al. 2015) used to perform the full-spectral fitting and to derive the 
stellar population parameters. More details on the joining procedure and the spectro-
scopic analysis are given in the accompanying papers. The combined and restframed 
version of the spectra are attached to each corresponding final science product as an-
cillary file, as explained below.   
 
Data Format   
1D Spectra 
The spectra are stored in a FITS table which is made of a primary header (NAXIS=0) 
and one single extension.  They all have PRODCATG=SCIENCE.SPECTRUM and 
are phase3 and VO compliant, they are expressed in unit of wavelength in Angstrom 
and Flux in erg cm-2 s-1 Å-1. The wavelength is always measured in air for both the 
UVB and VIS case.  
Naming convention 
The names of the files all follow the same convention. They are all in the format: 
  

“INSPIRE_<id-galaxy>_<xsh-arm>_<extraction-method>.fits” 
 
where the id-galaxy is the one given in Table 1, but without the KiDS suffix, the xsh-
arm is equal to UVB or VIS, depending on the spectrograph arm and the extraction-
method is equal to R50 in this DR. 

1D Ancillary spectra 
To constrain the stellar population parameters with via full-spectral fitting it is desira-
ble to a wavelength range that is large enough to break the age-metallicity Worthey et 
al. 1994). This is also necessary to carefully assess whether the stellar velocity disper-
sion measurements depend on the resolution and wavelength coverage of the spec-
trum used to constrain it (D’Ago et al. 2022). Thus, we first restframed and logarith-
mically rebinned the UVB, VIS and NIR original spectra of each object and then 
combined them together, also degrading their final resolution to that of the SSP mod-
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els that we use in the stellar population analysis (with fix full width half maximum, 
FWHM = 2.52 Å). To perform the convolution, we use a Gaussian function with a 
variable sigma (following the prescription of Cappellari et al. 2017). More details on 
the procedure can be found in the papers.    
The ancillary files are given as single FITS files; their naming convention is very sim-
ilar to that of the main science files: 
 “INSPIRE_<id-galaxy>_<xsh-arm>_<resolution>_<extraction-method>.fits” 
where the xsh-arm is equal to “UVB+VIS+NIR” and the resolution is “FWHM2.52”.  
Each ancillary spectrum is connected to three main products (the spectra of each arm, 
for the corresponding galaxy), via the keyword “ASSON1” present in the primary 
header of each single arm spectrum.  
Here below we show a typical case (J0844+0148) where we highlight the regions 
where the arms have been joined with yellow vertical shaded boxes, the three regions 
between the NIR bands with cyan boxes and the regions at the edges of the detector 
with orange boxes. A large value has been artificially attributed to these pixels to 
highlight that the data there is not trustable.  
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