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ABSTRACT

The paper presents the analysis of GAMA spectroscopic groups and clusters detected and undetected in the SRG/eROSITA
X-ray map of the eFEDS (eROSITA Final Equatorial Depth Survey) area, in the halo mass range 10'* — 5x10" Mg and at
z < 0.2. We compare the X-ray surface brightness profiles of the eROSITA detected groups with the mean stacked profile of
the undetected low-mass halos. Overall, we find that the undetected groups exhibit less concentrated X-ray surface brightness,
dark matter, and galaxy distributions with respect to the X-ray detected halos. Consistently with the low mass concentration,
the magnitude gap indicates that these are younger systems. The later assembly time is confirmed by the bluer average color of
the BCG and of the galaxy population with respect to the detected systems. They reside with a higher probability in filaments
while X-ray detected low-mass halos favor the nodes of the Cosmic Web. Because of the suppressed X-ray central emission, the
undetected systems tend to be X-ray under-luminous at fixed halo mass, and to lie below the Ly — My, relation. Interestingly,
the X-ray detected systems inhabiting the nodes scatter the less around the relation, while those in filaments tend to lie below it.



[ pynnbl ranaktnk B 063ope GAMA

—a5 ™ - #
- DAMA group sarmple s
selectzd GAMA groups
1.04 u et al. (2021) eFED5 detections 2.5
- T ™ .. fang et al. {2007 5055 grous sample s
-~ e y : - " Py — a
" 15— ~ 2 ap
s ’ T
S V
g2 & ¥ Vo1s
= e ar
o E ‘-_-—'E
Ex, 2. x o 10
= = =
=2 =10 — ‘E;I . 5
8 2 i S s R — " S
- & s —. ey |
154 - S
e o ) Fae & & L R R WY 3 'y
&
A0 T i - 24 E v y ' : ' : : '
120 12.5 13.0 133 140 14,3 150 155 12.0 12.5 130 13,5 140 1435 130 13.! 12.0 11.3 13.4 135 140 145 15.0 15.5
log(Mpa1,/Mg) l0g{Mhain/Mg) log{Mhaie/Me)

Figure 1. Optical properties of the GAMA undetected and the eFEDS detected systems. We compare the two samples with the SDSS group sample of Yang
et al. (2007) in a similar redshift range and with the sample of Wang et al. (2014), who provide the ROSAT detections of the optically selected groups. Left
panel: ratio of the central galaxy stellar mass over the halo mass versus the halo mass. We use Moy for all samples, by correcting for the different cosmology
when needed. The same halo mass is used in all panels. The purple-shaded region indicates the density distribution of all GAMA groups in the diagram. The
blue points indicate the GAMA undetected groups considered in this work. The red points indicate the eFEDS-detected systems. The green triangles show
the Yang et al. (2007) systems while the orange triangles indicate the subsample with a SN R > 5 ROSAT detections in Wang et al. (2014). The same color
coding is applied to all panels. Central panel: Total stellar mass of the groups versus halo mass based on the GAMA velocity dispersion. The total stellar mass
is estimated by considering all system members brighter than 7,,,,, = —20. Right panel: System richness versus halo mass. The richness is estimated as the
number of system members brighter than rpae. = =20,
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Figure 2. Halo mass distribution in the Millennium XXL sample, averaged
over ten volumes as large as the one sampled by the overlap of the eFEDS
and GAMA area in the redshift range 0 < z < 0.2 (orange histogram).
The red histogram indicates the X-ray detected e FEDS sample in the overlap
region of the GAMA and eFEDS area. The blue histogram shows the optically
selected GAMA group sample in the same area. The cut in richness = 5 of
galaxy members is applied to all samples for consistency. We also indicate the
percentage of halos obtained after the cutinrichness with respect to the parent
sample in the Millennium XXL sample. Orange, blue, and red histograms are
in the same halo mass bins but are displaced along the x-axis for the sake of

clarity.
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The selection procedure described above leads to a sample of
189 systems at z < 0.2, with = 5 spectroscopic members, and
Moy = 10" M, of which 32 detected in X-ray and 157 undetected.
In Fig. 3 we show the comparison between the M5 estimates ob-
tained from the X-ray data analysis Liu et al. (2022a, see for details),
M5y x . that are available for 26 out of the 32 detected systems,
and the corresponding estimates obtained from the system velocity
dispersion, M5y . Apart from an obvious outlier, the two mass es-
timates agree very well, with amedian ratio M5y x [ Msgg, o = 0.96.
The outlier in the relation is due to a different redshift assignment
of the redMapper algorithm applied by (Klein et al. 2022) and the
optical group counterpart in the GAMA group sample.
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Figure 4, The 1wo upper panels and the bowom left panel show the mean X-ray surface brightness of detected and undetected sources in three bins of halo muss,
derived from the GAMA velocity dispersion. The bottom right panel shows the same comparison between the detected sample and & mass-matched sub-sample
of the undetected systems over the whole available halo mass range. The blue line shows the best fit of the stacked undetected GAMA systems. while the
blue-shaded region shows the error of the corresponding observed mean profile. The magenta line shows the best fit of the stacked detected eFEDS systems,
and the corresponding shaded region shows the error of the observed mean profile. For comparison, the conrected red points show the mean profile obtained by
averaging the Xray surface brighmess profile of Liv et al. (2022a) of the same systems,
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Figure 6. Cumulative distribution of the kurtosis of the velocity distributions Figure 8. Concentration of the distribution of mass, ¢,,, vs. the concentration
of X-ray detected (red) and undetected (blue) groups. of the distribution of group galaxies, ¢ for X-ray detected groups (red dotand

solid 1-¢r error bars), and undetected groups (blue square and dashed |-
error bars). Filled symbols indicate the results of the MAMPOS St analysis.
Open symbols and dotted lines indicate predictions from numerical simu-
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Figure 7. Projected-phase-space distributions of the stacked samples of X-ray
detected (top panel) and undetected (bottom panel) groups. The dotted line
indicates the radial range used in the MAMPOSST analysis.
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Figure 10. Comparison of the mean properties of the detected systems (red line in all panels) and the mean properties of 10000 halo mass-matched samples
randomly extracted from the undetected system sample. Each panel shows the corresponding mean value (cyan line) and the distribution in the 10000 random
extractions (green histogram). The upper panels from left to right show the comparison of i) the fraction of systems localized in the nodes of the Cosmic web
it} the mean magnitude gap between the first and the second brightest galaxies in the r band, and ##7) the mean u — r rest frame color of the galaxy populatior
per group. The bottom panels from left to right show: iv) the mean u — r rest frame color of the BCG, v) the mean fraction of optical AGN hosts per group anc
vi) the probability that the BCG host a radio AGN.
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Figure 12. The panel shows the mean X-ray surface brightness of the detected
systems provided by Liu et al. (2022a) in three Cosmic Web components:
voids and sheets (magenta profile), filaments (orange profile), and nodes
(red profiles). The blue line region shows the mean stacked profile of the
undetected systems with a similar halo mass distribution as for the detected

Figure 13. Detection probability of halos above 2x 10'* M, per Cosmic Web

systems. The shaded regions for all profiles represent the | o error retrieved component in the eROSITA soft band at the eFEDS depth. The probability is
from the bootstrapping analysis. The histogram in the inner panel shows estimated as the fraction of eFEDS detection over the number of the underlying
the mass distribution of the detected systems divided by the Cosmic Web halo population per Cosmic Web component, represented by our sub-sample

component. The histograms are artificially displaced from one another for
clarity. The median of the mass distribution is the same for all components.

of optically selected GAMA systems.



