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Background: Cluster of Galaxies:

Galaxy cluster is the final state of the hierarchical structure formation.

Typically a few Mpc across, contain ∼ 100 - 1000 luminous galaxies and many more
dwarfs, masses & 1014.5M�.
Dark matter: ∼ 85%, gas: ∼ 13%, star: ∼ 1− 2%.
It provides information for baryonic processes, galaxy formation and cosmology models.
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Background: Cluster of Galaxies:

Galaxy cluster is the final state of the hierarchical structure formation.
Typically a few Mpc across, contain ∼ 100 - 1000 luminous galaxies and many more
dwarfs, masses & 1014.5M�.
Dark matter: ∼ 85%, gas: ∼ 13%, star: ∼ 1− 2%.
It provides information for baryonic processes, galaxy formation and cosmology models.

Figure: The 300 cluster.
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Background: Cluster of Galaxies:
To understand these observational results and how they are formed, we need simulations.

WeiguangCui
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One simulated galaxy cluster
from the 300 project
Movie credit: Gustavo Yepes.



The motivation of the Three Hundred: A successor of the nIFTy project

The nIFTy galaxy cluster comparison project3

11 different (in both algorithms and baryon models) simulation codes are used to simulate the same galaxy cluster.

3Ref: Sembolini et al. 2016a,b; Elahi et al. 2016; Cui et al. 2016; Arthur et al. 2017
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The motivation of the Three Hundred: A successor of the nIFTy project

What did we find? I
The modern SPH codes produce correct entropy profiles as AMR, moving mesh.
The baryon models have larger effects than the fluid simulating techniques by mixing the entropy profiles.
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Entropy profile.
Ref: Sembolini et al.
2016a,b.



The motivation of the Three Hundred: A successor of the nIFTy project

What did we find? II
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E.g. Baryon effects on density
profile.
Ref: Cui et al. 2016



The motivation of the Three Hundred: A successor of the nIFTy project

What’s next?

Aim: to understand the formation and evolution of galaxy clusters.
Comparisons between models to understand the theoretical predictions.
Comparisons between models and observations to constrain the models.
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The motivation of the Three Hundred: A successor of the nIFTy project

What’s next?

Aim: to understand the formation and evolution of galaxy clusters.
Comparisons between models to understand the theoretical predictions.
Comparisons between models and observations to constrain the models.

A large cluster sample!
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Simulated galaxy cluster projects

Table: Cluster projects. Note that only the zoomed-in cluster simulations are listed here, many
cosmological hydrodynamic simulations are not included here.

Name N mass range resolution (MDM)
MUSIC3, Sembolini et al. 2013 500 1014 < Mv < 2× 1015 h−1 M� 1.03× 109 h−1 M�
Dianoga, Planelles et al 2013 29 M500 > 2× 1014 h−1 M� 8.5× 108 h−1 M�
Rhapsody-G, Hahn et al. 2017 10 Mv ∼ 1015 h−1 M� 8.3× 108 h−1 M�
MACSIS, Barnes et al. 2017a 390 MFoF > 1015 h−1 M� 4.4× 109 h−1 M�
C-EAGLE, Barnes et al. 2017b 30 1014 < M200 < 2.5× 1015 h−1 M� 107 h−1 M�
Hydrangea4, Bahe et al. 2017 24 1014 < M200 < 2× 1015 h−1 M� 107 h−1 M�
FABLE, Henden et al. 2018 6 ∼ 1013 < Mhalo <∼ 1015 h−1 M� ∼ 5.5× 107 h−1 M�

3No AGN
4Slightly different to EAGLE in AGN feedback
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The advantage of the Three Hundred: Basic information

The most massive 324 clusters are selected from the MultiDark simulation (MDPL2) 5.
The zoomed-in ICs have a radius of 15 (40) h−1 Mpc for from the cluster (void) center.

Table: Cosmological Parameters
Parameter Value Description
ΩM 0.307 Total Matter density parameter
ΩB 0.048 Baryon density parameter
ΩΛ 0.693 Cosmological Constant density parameter
h 0.678 Hubble constant in units of 100 km/s/Mpc
σ8 0.823 Normalization of Power spectrum
ns 0.96 Power index
zinit 120 Initial redshift of the simulations
εphys 6.5 Plummer equivalent softening in h−1 kpc
Particle mass 2.36 (12.7) gas (dark matter) particle mass in [108 h−1 M�]

5https://www.cosmosim.org
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The Three Hundred: the catalogues
Halos and subhalos in hydrodynamic simulations are identified with AHF 6.
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Figure: Cumulative halo mass functions.
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The Three Hundred: the catalogues

Halos and subhalos in hydrodynamic simulations are identified with AHF 6.

Table: The mass-complete sample of the Three Hundred cluster catalogues at different redshifts.

redshift M200c N200c M500c N500c
[1014 h−1 M�] MUSIC/X/GIZMO [1014 h−1 M�] MUSIC/X/GIZMO

0.0 6.41 324 / 327 / 306 4.75 254 / 261 / 228
0.5 4.93 109 / 116 / 113 3.71 88 / 96 / 84
1.0 3.62 38 / 27 / 27 2.58 37 / 31 / 30
2.3 1.10 3 / 3 / 3 0.82 3 / 3 / 3
4.0 0.27 3 / 2 / 3 0.21 2 / 1 / 2

6Knollmann & Knebe 2009
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The advantage of the Three Hundred

hydrodynamical simulations with baryonic
models:
Gadget-MUSIC (Sembolini et al. 2013):
classic SPH method. Radiative cooling, star
formation with both thermal and kinetic
Supernove (SN) feedback.
Gadget-X (Murante et al. 2010): modern
SPH with the Wendland C4 kernel. Gas
cooling with metal contributions, star
formation with chemical enrichment, SN
feedback with AGB phase, and AGN feedback.
GIZMO-Simba: (Dave, et al 2019): New
baryon model. Advanced BH/AGN model,
’calibrated’.

SAMs from MultiDark-Galaxies:
Three different models Galacticus, SAG
and SAGE (see Knebe et al. 2018 for
details) are applied on the cosmological
MultiDark simulation.
Galacticus (Benson 2012): no calibration.
only orphan galaxy.
SAG (Cora et al. 2018): calibrated to
observation. orphan galaxy + ICL.
SAGE (Croton et al. 2016): no calibration.
no orphan galaxy, only ICL.
Notes: We select these catalogues from the
same regions as the hydrodynamical
simulations.
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The advantage of Three Hundred

WeiguangCui WeiguangCui WeiguangCui

Figure: Mock multi-wavelength observations. From left to right, Gadget-MUSIC, Gadget-X, and
GIZMO-SIMBA. Galaxies are shown by combining sdss u, g, r band images; X-ray is presented in
colour map and SZ-y signal is highlight in contours.

Email: weiguang.cui@ed.ac.uk 11 / 45



The advantage of the Three Hundred: theoretical models

A mass-complete sample for M200 & 6.4× 1014 h−1 M� for cosmology.
Very large re-simulation regions, 15 (40) h−1 Mpc in radius for clusters (voids), for
environmental studies, such as filaments around galaxy clusters.
Multiple hydro-simulation codes with additional SAM catalogues for galaxy formation.
Different halo/subhalo catalogues, merger trees and multi-wavelength mock observation
images: optical, X-ray, SZ and lensing maps.
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The 300 Project
General cluster properties Cui et al. 2018
The GIZMO-Simba run Cui et al. in prep. Preliminary results!
the cluster radial properties Mostoghiu et al. 2019, Li et al. 2020, Mostoghiu et al. 2021, Li et al.

2021 in prep.
The cluster dynamical state Capalbo et al. 2021, De Luca et al. 2021, Zhang et al. and

Contreras-Santos et al. in prep.
Filamentary structures around clusters Kuchner et al. 2019, Rost et al. 2021, Kuchner et al. 2021
The cluster mass Ansarifard et al. 2020, Li et al. 2021, Gianfagna et al. 2021 in prep.
Back-splash galaxies Hagger et al. 2020, Knebe et al. 2020

Many other works that not listed here can be found
https://ui.adsabs.harvard.edu/user/libraries/j5Ck2ByeTHSsSvUjO8dpGw.
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The introduction paper
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General Properties: Baryon effects on halo mass

Figure: halo mass difference respected to the DM run.
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General Properties: the dynamical state
Classifying the cluster’s dynamical state into relaxed and un-relaxed: the virial ratio
η = (2T − Es)/|W | with 0.85 < η < 1.15, center-of-mass offset ∆r = |Rcm − Rc |/R200c
<0.04 and subhalo mass fraction fs =

∑
Msub/M200c <0.1. Cui et al. 2017
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Figure: The relations between the three parameters.Email: weiguang.cui@ed.ac.uk 16 / 45



General Properties: the dynamical state

Classifying the cluster’s dynamical state into relaxed and un-relaxed: the virial ratio
η = (2T − Es)/|W | with 0.85 < η < 1.15, center-of-mass offset ∆r = |Rcm − Rc |/R200c
<0.04 and subhalo mass fraction fs =

∑
Msub/M200c <0.1. Cui et al. 2017

Table: The fractions of relaxed clusters with different
combinations of criteria.

M200c η, ∆r & fs ∆r & fs fs
1014 h−1 M� MUSIC/X MUSIC/X MUSIC/X
0.10 − 0.50 0.44 / 0.36 0.56 / 0.48 0.70 / 0.65
0.50 − 1.00 0.36 / 0.34 0.45 / 0.46 0.56 / 0.57
1.00 − 6.41 0.27 / 0.29 0.30 / 0.35 0.43 / 0.48
> 6.42 0.15 / 0.17 0.16 / 0.21 0.17 / 0.23

Table: The Cool Core cluster fraction (two
methods: Rosetti et al. 2011 and central
entropy) in the complete sample: fCC = NCC

Ntotal
,

the CC fraction in dynamically relaxed clusters
fCC/dr = NCC,relaxed

Nrelaxed
and the relaxation fraction in

CC fdr/CC = NCC,relaxed
NCC

.

Simulation fCC fCC/dr fdr/CC
MUSIC 0.09 0.04 0.07
X 0.26 0.33 0.21
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General Properties: the baryon fractions
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Figure: The baryon fractions.
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General Properties: the halo - central galaxy mass relation

Kravtsov et al. 2018
Rodriguez-Puebla et al. 2017
Moster et al. 2013
Behroozi et al. 2013
Yang et al. 2009
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Figure: The halo mass - central galaxy mass relation.
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Optical relations

The complete sample is used here.

Figure: The optical relations.
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Optical relations: the satellite stellar mass function
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Figure: The satellite stellar mass function.
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Gas scaling relations

Vikhlinin et al. 2006
Vikhlinin et al. 2009
Lovisari et al. 2015
Lovisari et al. 2015, scaled by 1.14
GADGET-MUSIC: A=0.69, B=0.63
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Conclusion

The baryons have a negligible impact on the halo mass for both M200 and M500 at the
most massive end, but slight increase the halo mass (several percent) at towards smaller
cluster mass.
∼ 20% of the complete sample is relaxed clusters, 26% (9%) of the sample is CC for
GadgetX (MUSIC).
Compare with observations (Agreement): The baryon fractions for cluster mass range,
optical relations and gas scaling relations are generally in agreement with the observations.
Compare with observations (Disagreement): stellar-halo mass relation (the problem of
ICL), galaxy color in clusters seems a little blue.

jump to the last slide jump to the list
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The new GIZMO-Simba run
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The GIZMO-Simba run of the 300 clusters: basic information

This GIZMO-Simba version of the 300 cluster is based on the success of the Simba
simulation (Dave et al. 2019).
The simulation code is based on GIZMO (Hopkins 2015, 2017), MUFASA model (Dave et
al. 2016) with a new advanced BH model (Angles-Alcazar et al. 2017) and a dust model
(Li et al. 2019). See next slide for details.
Other input physics: GRACKLE-3 for gas radiative cooling and photoionization
heating, Haardt & Madau (2012) ionizing background with self-shielding, an H2-based
star formation rate, 11 elements are tracked with chemical enrichment from Type II
supernovae (SNe), Type Ia SNe, and Asymptotic Giant Branch (AGB) stars, stellar
feedback with mass loading factor follows Angles-Alcazar et al. (2017b).
This GIZMO-Simba clusters are ”re-calibrated” mainly with stellar properties: 1) baryonic
contents within R500; 2) satellite stellar mass function; 3) BCG-halo mass relation.
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The Simba simulation (Dave et al. 2019): the advanced BH model

Email: weiguang.cui@ed.ac.uk 25 / 45

Two types of BH accretion:
the torque-limited accretion model for
cold gas (T<105 K, Angles-Alcazar et
al. 2015, 2017)
Bondi-Hoyle-Lyttleton accretion model
for hot gas (T>105 K)

Three BH feedback models:
’Radiative feedback’ in high Eddington
ratios fEdd & 0.02 with a wind speed
of 1000 km/s.
Jet feedback (kinetic) in low
fEdd . 0.02 ejects the hot gas in
collimated jets with a wind speed
15000 km/s (about 2 times higher
than the original Simba setup).
X-ray feedback for galaxies in
jet-mode with gas fraction fgas <0.2.



The Simba simulation (Dave et al. 2019): the dust model

Dust is passively advocated following the gas particles.
It has the same physical properties with a fixed radius a =0.1 µm.
Dust is produced by condensation of metals from eject of SNe and AGB stars.
Once dust grains are produced, they can grow by accreting gas phase metals.
Dust will be destroyed instantaneously in the process of hot winds (for example AGN
X-ray heating or jets) and star formation, with all dust mass and metals being returned to
the gaseous phase.
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The ”calibrated” baryon fractions
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Figure: @z = 0. The stellar fraction at the massive end are still slightly higher than observations.
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The evolution of the baryon fractions
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Figure: The gas and stellar fractions evolution at different halo mass range.
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The evolution of the baryon fractions
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Figure: The gas and stellar fractions and masses evolution by tracking the central clusters separated
into 3 mass bins.
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The ”calibrated” satellite stellar mass function
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The satellite stellar mass
function – stellar mass function
but only for satellite galaxies
within clusters.
The agreement for
GIZMO-SIMBA is shown for
both high and low stellar mass
galaxies.
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The color-magnitude diagram for satellite galaxies in the central clusters

The satellite galaxy
colour-magnitude diagram at
rest frame.
SDSS satellite galaxy
distribution is shown in the
colour map. The same
percentiles (16th-50th-84th) are
used for GIZMO-SIMBA and
Gadget-X contours. The same
stellar mass cut M∗ > 1010M� is
applied.
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The ”calibrated” BCG-halo mass relation
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Figure: The halo mass M500 VS. BCG stellar mass calculated within 30, 50 and 0.1R500 (3D from
simulation) from left to right panels.
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The BCG colour-magnitude diagram

The BCG colour-magnitude
diagram at rest frame.
Everything is the same as the
colour-magnitude diagram for
satellite galaxies, but shown the
BCG instead here. Note that the
Bernardi et al. 2011 results show
the massive red sequence
galaxies.
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The BH-galaxy-halo relations
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Figure: The M• - M∗ (left), M• - σ∗ (middle) and M• - Mhalo (right) relations. GIZMO-SIMBA is in
good agreement with observational results at lower masses. It predicts a slight deviation from the
interpolations: A higher (∼ 2 times) BH mass in M∗ & 1012M�; A flatter trend in M• - σ∗ (middle)
and M• - Mhalo (right) relations.
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The Gas properties
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]
GADGET-MUSIC: A=0.66, B=0.66
GADGET-X: A=0.67, B=0.65
GIZMO-SIMBA: A=0.70, B=0.62
Vikhlinin et al. 2006
Vikhlinin et al. 2009
Lovisari et al. 2015
Lovisari et al. 2015, scaled by 1.14
GADGET-MUSIC
GADGET-X
GIZMO-SIMBA

The mass-weighted
temperature - halo mass
relation.
GIZMO-SIMBA seems to
have slightly higher temperature
compared to Gadget-X,
especially at lower halo mass
range.
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The Gas properties

Planck, 2014: A=-4.19, B=1.79
Nagarajan et al. 2018, A=-4.16, B=1.51
GADGET-MUSIC: A=-4.26, B=1.62
GADGET-X: A=-4.07, B=1.55
GIZMO-SIMBA: A=-4.19, B=1.63
GADGET-MUSIC
GADGET-X
GIZMO-SIMBA

1013 1014 1015

M500 [M ]

10 7

10 6
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d2 A
Y 5

00
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pc
2 ] The Y500 - M500 relation.

Note, mass-weighted fitting
based on their completeness
fraction is adopted for all three
simulation models.
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Conclusion

The new GIZMO-SIMBA run which is completely different baryon model (also
hydrodynamics), by designed, have a different constrains (mostly focusing on galaxy/stellar
properties) to highlight the agreement/disagreement between these models.

I hope that I have convinced you that GIZMO-SIMBA provide a more realistic
galaxy/stellar properties.
There is clear much more differences between GIZMO-SIMBA and Gadget-X at high
redshift.
The gas scaling relations are generally in line with each other and with observations at
z=0.
GIZMO-SIMBA also predicts that the BH scaling relations can be different at the most
massive objects.

jump to the last slide jump to the list
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The radial profiles

1 The self-similarity of galaxy cluster density profiles
2 The galaxy cluster physical profiles
3 The evolution of the galaxy cluster profiles
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The self-similarity of galaxy cluster density profiles

The self-similarity of galaxy cluster density profiles
Mostoghiu et al. 2019, MNRAS, 483, 3390

Email: weiguang.cui@ed.ac.uk 37 / 45
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The self-similarity of galaxy cluster density profiles
The motivation:

Email: weiguang.cui@ed.ac.uk 37 / 45

Density profiles. Le Brun et
al. 2018



The self-similarity of galaxy cluster density profiles

Figure: Galaxy cluster density profiles are separated into relaxed and un-relaxed sample. Mostoghiu et
al. 2018
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The self-similarity of galaxy cluster density profiles

Figure: Formation time of relaxed and un-relaxed galaxies. Mostoghiu et al. 2018Email: weiguang.cui@ed.ac.uk 37 / 45



The self-similarity of galaxy cluster density profiles

Figure: Galaxy cluster density profiles are separated by formation time. Mostoghiu et al. 2018Email: weiguang.cui@ed.ac.uk 37 / 45



The self-similarity of galaxy cluster density profiles

Figure: Gas density profiles. Mostoghiu et al. 2018

Email: weiguang.cui@ed.ac.uk 37 / 45



The self-similarity of galaxy cluster density profiles

Conclusion

Agree with LeBrun et al 2018, the density profile shows self-similarity up to z = 2.5.
However, separating the relax clusters from the un-relax ones, we found the density peaks
from the relax clusters show redshift evolution.
This redshift evolution of the density peak, is due to their earlier formation time.
The gas density profiles agree with the total density profiles beside the redshift z=2.5,
which could due to mergers and/or star formation.

jump to the last slide jump to the list jump to the subsection
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The galaxy cluster physical profiles

The galaxy cluster physical profiles
Li et al. 2020, MNRAS, 495, 2930

some slides need update!!
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The galaxy cluster physical profiles

Figure: The stellar density profile.
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The galaxy cluster physical profiles

Figure: The stellar density profile.
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The galaxy cluster physical profiles

Figure: The stellar age profile.
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The galaxy cluster physical profiles

Figure: The gas temperature profile.
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The galaxy cluster physical profiles

Conclusion

Stay tuning...
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The evolution of the galaxy cluster profiles

The evolution of the galaxy cluster profiles with GIZMO-SIMBA!
Li et al. 2021, in prep. Preliminary results!!!

Email: weiguang.cui@ed.ac.uk 39 / 45



The evolution of the galaxy cluster profiles

The motivation:
The physical profiles will give structure information for comparisons.
It connects with many important quantities of the clusters, such as concentration.
Its evolution will reveal galaxy cluster formation in detail.

Email: weiguang.cui@ed.ac.uk 39 / 45



The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles

Figure:
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The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles
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The evolution of the galaxy cluster profiles

Conclusion

Agreed to previous finding, GIZMO-SIMBA tends to have larger redshift evolution
compared to Gadget-X, especially for metallicity and gas density profiles.
The evolution is basically in the same direction, but radial dependent: larger in the inner
region than outer region.
Additional checks and even high redshift results are needed. To be continued.

jump to the last slide jump to the list jump to the subsection
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correcting for the hydrostatic-equilibrium mass bias in X-ray and SZ
surveys
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Backsplash galaxies in simulations of clusters
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The 300 organization and policy

An open organization > 100 members from over 30 institutes in 13 different countries.
a fair-play policy Every member will need to read and agree to the 300 policy document.
All data is accessible for the members. Contributions of each authors to the paper will be
clearly showing in the paper (same as nature paper).
Well-defined project with education opportunities7 See next page for the projects.
We hold a workshop each year for the collaborators to meet and discuss any questions or
problems, and to work on the projects.

7especially for students who want to know numerical simulation
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The 300 organization and policy

The routine to join the 300 project7:
1. A very brief proposal to state what you are going to do with these simulated clusters.

Meantime, you will get our policy document to read.
2. In case of no conflicts and you agree to the 300 policy. You will be added to the member

list.
3. We open the pbwork page (for projects) and the data server accesses (for simulation

data/catalogue) for you.
4. In case of conflict of interests to on-going works, we will especially reply with detailed

information. For project ideas (proposed, but no one is working on that), we will
coordinate with the project leader for transferring or collaborating on this project.

7For students who are interested to learn or do some simulation-related work without knowing what to do,
please get in touch! We have a lot of projects without a leader!
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Planned/proposed simulations

High-resolution (HD) runs, 8X more high-resolution particles with MDM ∼ 107 h−1 M�.
30 (10%) selected clusters with ultra-high resolution.
Protocluster runs focusing on the protocluster regions with extra-high resolution at high
redshift.
Alternative cosmology/DM model runs.
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Project lists
My PBworks 
 Workspaces  thethreehundred weiguang account log out help

Wiki Pages & Files

VIEW EDIT

Page history

Search this workspace

If you are citizen of an European Union member nation, you may not use this service unless you are at least 16 years old.

Finally, you can manage your Google Docs, uploads, and email attachments (plus Dropbox and Slack files) in one convenient place. Claim a free account, and in less than 2 minutes, Dokkio (from the makers of PBworks) can automatically organize your content for you.

 
Projects

last edited
by qingyli@sjtu.edu.cn 14 hours ago

Science Projects:
 
Feel free to add/remove your name to projects and edit the titles to be more accurate. 
 
  Project  Lead  Participants  Comments Infrastructure  Data By-

Product
Status 

papers already published       

1 The Three Hundred project  Weiguang Cui all Published doi: 10.1093/mnras/sty2111     published

2 Evolution of cluster density profiles  Robert Mostoghiu Alexander Knebe, Weiguang Cui Published doi:10.1093/mnras/sty3306
     published

3 Influence of environment  Yang Wang Frazer Pearce, Alexander Knebe Published doi:10.3847/1538-4357/aae52e
     published 

4 Phase space Jake Arthur Frazer Pearce, Meghan Gray Published doi: 10.1093/mnras/stz212     published

5 The Three Hundred Project:
correcting for the hydrostatic-
equilibrium mass bias in X-ray and
SZ surveys

Elena Rasia Ansarifard; Biffi; Borgani; Cui; De
Petris; Dolag; Ettori; Movahed; Murante; Yepes

https://doi.org/10.1051/0004-6361/201936742
2020, A&A, 634, A113 
 

     

6  Backsplash Roan Haggar Frazer Pearce, Meghan Gray, 
Alexander Knebe

Published doi: 10.1093/mnras/staa273     published
 

7 Filaments in cluster outskirts
(supporting WEAVE survey
preparation 1)

Ulrike Kuchner Alfonso Aragón-Salamanca, Frazer Pearce, Meghan
Gray

Published DOI: 10.1093/mnras/staa1083     published
 

8 shapes & alignment Alexander Knebe Kai Hoffmann, Matias Gamez, Marco De Petris how do the shapes of the halo and stellar component correlate with orbital and other properties     published 

9 Metallicity/age/temperature/SFR
profiles

Qingyang Li Weiguang Cui, Frazer Pearce, Alexander Knebe,
Gustavo Yepes
Stefano Borgani

To understand the baryonic processes/different baryonic models through these profiles
Published doi: 10.1093/mnras/staa1385

    published 

10
 
 
 
 

Hydro vs DM re-runs Roan Haggar Frazer Pearce, Meghan Gray, Alexander Knebe,
Gustavo Yepes, Chris Power

Comparing structure and dynamics in original cluster runs and DM-only re-runs. Looking at infalling galaxy groups.
Published doi: 10.1093/mnras/stab064
arXiv:2101.03178 

    published 

11 Clusters morphology by Zernike
polynomials

Valentina Capalbo Marco De Petris, Federico De Luca, Weiguang
Cui, Gustavo Yepes, Alexander Knebe, Elena Rasia 

Morphology of clusters y-maps is recovered by applying Zernike Polynomials. An usual approach in adaptive optics to model wavefront distortions applied for the first time in clusters science. Comparison with more
common morphology parameters. From z=0 until z=1 with different spatial resolutions. Published doi: 
https://doi.org/10.1093/mnras/staa3900

    published

12
 Evolution of gas since infall Robert Mostoghiu Jake Arthur, Frazer Pearce, Alexander Knebe,
Charlotte Welker, Sofia Cora

       

13 Dynamical state from multi-
wavelength maps

Federico De Luca Gustavo Yepes, Weiguang Cui, Marco De Petris,
Alexander Knebe, Elena Rasia 
 

Dynamical state inferred from morphology parameters (combined parameter and BCG, peaks and centrids offsets) applied in X-ray and y-maps. Dynamical state redshift evolution.      published
ArXiv link


14 filament properties  Agustin Rost  Frazer Pearce, Meghan Gray, Ulli Kuchner, Federico
Stasyszyn


Quantifying the properties of stacked filaments identified with DisPerse     published

15 Filaments in cluster outskirts
(supporting WEAVE survey
preparations Paper II)

Ulrike Kuchner Alfonso Aragón-Salamanca, Frazer Pearce, Meghan
Gray

follow-up paper that discusses finding filaments in observed redshift space     published

16  Dynamical modelling of cluster
haloes 

Qingyang Li  Jiaxin Han, Wenting Wang, Weiguang Cui,
Zhaozhou Li, Xiaohu Yang 

Study how well the underlying gravitational potential of a galaxy cluster can be modelled dynamically with different types of tracers. 
Published doi: https://doi.org/10.1093/mnras/stab1633

    published 

               

               

               

               

papers submitted       

1
 Evolution of stellar angular
momentum

Robert Mostoghiu Alexander Knebe,
Chris Power, Sofia Cora, Claudia Lagos, Weiguang
Cui, Frazer Pearce, Elena Rasia

 
     overleaf link
submittted

 
        
      
 

 
              

               


papers in draft form

1 Evolution of baryon content Elena Rasia Camille Avestruz, Roberta Tripodi, Veronica Biffi,
Susanna Planelles, Gustavo Yepes, Weiguang Cui,
Stefano Ettori,
Marco De Petris,  Max Gaspari,
Stefano Borgani

  GadgetX 300 clusters    In writing phase 

2
 Quenching in the cosmic web Sachin Kotecha,
Charlotte Welker

  Relate satellite alignments to the way gas is funnelled into the clusters through cold streams correlated with the larger scale cosmic filaments and walls. From this we want to determine whether galaxies' location and
orientation wrt to walls and filaments can have an effect on the quenching. Disentangle processes that might be involved from purely environmental (shocks when walls and filaments branch to clusters for instance) to
correlated on smaller scale (AGN interaction with filamentary flows for instance).

 
 

    in progress, scheduled
to submit end of Feb

3
 The importance of groups in filaments
surrounding galaxy clusters

Ulrike Kuchner Alfonso Aragón-Salamanca, Frazer Pearce, Meghan
Gray, Chris Power

Are filaments feeding clusters dominated by distinct infalling groups or are they largely coherent streams of individual galaxies? Does the fraction of filament galaxies/group galaxies vary with the dynamical state/mass
of the cluster? Does it depend on distance? Can we detect them in observations?

    writing

4 The GIZMO run  Weiguang Cui SC and FoF The introduction paper of the new GIZMO run of the 300 project AHF and Caesar catalogues
Mock images of different bands

  writing

open projects   

1 Mock observations (optical) Robert Mostoghiu Meghan, Lyndsay, Weiguang,
Alexander, Romeel

using ProFound (https://arxiv.org/pdf/1802.00937.pdf) to observe optical maps generated by Weiguang.   galaxy
catalogues
from mock
images

working, but not really
leading to scientific
break-throughs...
 

2 HI and large scale structure  Katarina Kraljic Sofia Cora
Romeel Dave
Charlotte Welker

Make predictions from 300 on HI and sSFR as a function of their location within the cosmic web (from Disperse) and distance to main cluster.
     Ongoing, Simba paper
in progress. Not
applied to 300 data
yet.


3 Environmental quenching timescale.
Role of mass.
 
Quenching of star formation

Tomas Hough
 
Sofia Cora

 Max Gaspari (SMBH-hot halo correlations), Roan
Haggar


Hydro vs SAM:
We are making progress on this topic using the whole MDPL simulation. 
We plan to deepen the analysis using the 300 clusters.

    We plan to start
working on this before
the end of this year. 

4 Strong Lensing Jesus Vega Gustavo,
Marco de Petris

Possible applications: lensing efficiency  in clusters, comparison with HFF, Magnification of z>8 galaxies... 
Strong lensing mass models: deflection field, lensing potential and magnification.
Comparison of mass estimates from Lensing and X-ray, SZ

     

5  Machine Learning applications  Gustavo Yepes Daniel De Andres, Weiguang Cui, Marco de Petris,
Federico de Luca, Giulia Gianfagna,  Francisco
Robledo, Gonzalo Martinez, Stefano Ettori

a) Use of ML methods to  learn from SZ and Xray maps from 300th and apply them to clusters size halos in Large scale DM only sims..Project almost finished.. We have full light cone predictions for gas fractions,
stellar masses, Yx Ysz, Tras,  for MDPL2 1Gpc  halos down to logM  ~13.6 Msun/h. from z=0 to z=0.5..  Application to UNIT simulations  to populate dark matter cluster size  halos with observational properties.
 
b)   Deep learning methods to predict dynamical masses, dynamical state and other global properties from dark matter halos using Convolutional Neural Networks trained from 300th Xray and Sz mock maps.
 
c) Applications of Deep Learning trained from simulated maps  to SZ observations from NIKA2 collaboration.
 
 
 

    almost done...

6 Supporting WEAVE survey
preparation - paper 2

Ulrike Kuchner Meghan Gray,
Alexander Knebe,
Alfonso Aragon-Salamanca, Frazer Pearce

Plan/test/refine the targetting strategy for the WEAVE cluster infall spectroscopic survey
Create a "truth table" for galaxy environments and create observational galaxy quantities tuned to the JPLUS photometric survey

    ongoing
 

7 star formation main sequence 
 Yang Wang
 Yu Luo, Xi Kang,
Stefano Borgani, 
Elena Rasia,
Daniel Ceverino

To tracing the evolution of galaxies on the main sequence, ie, those standing on the SFR-M* relation, to see why they have strong star formation, and what's their evolution history. The main idea is to explore the
trajectory of every single main sequence galaxies on the SFR-M* plane, as well as the movement trends of whole populations. 


    ongoing

8 Scatter in BCG mass Weiguang Cui Ying Zu, Elena Rasia, Jesse Golden-Marx
  Connect the BCG mass scatter with magnitude gap and halo formation time.
     ongoing

10
 Diffuse radio emission from galaxy
clusters - Shock-finding schemes 

Sebastián Nuza  Matthias Hoeft, Gustavo, Chris Power
 
 

Extension of Nuza+17. Models for generation of diffuse emission during galaxy cluster mergers in realistic environments. Mach numbers now available for most clusters and snapshots. Open for collaboration with
related projects. 

    ongoing

11 Weak Lensing Carlo Giocoli Stefano Borgani, Elena Rasia, Massimo Meneghetti Convergence maps, Derivation of M_WL, Study of biases,
weak lensing mass calibration for Euclid

    starting

12 ICL Rodrigo Canas Pascal, Romeel, Weiguang, Chris Power, Stefano
Borgani, Gustavo Yepes, Alexander Knebe


ICL mass fraction of Gadget-X and Gizmo-Simba runs. Understand differences arisen from different subgrid models. Add statistics to previous studies findings.      ongoing
overleaf link

13 Backsplash galaxies for DES Eric Baxter Weiguang, Jesus, DES people Observationally quantify the backsplash galaxies within DES     ongoing

14
 Correlation between local galaxy and
ICM properties 

Chris Power, Stas
Shabala


  Study relationship between local stellar/galaxy density and underlying gas density. Some evidence from Radio Galaxy Zoo that there is a correlation between local galaxy and ICM densities as inferred from
asymmetries in radio jets (Rodman et al. 2019). Look at (1) these correlations and check what can enhance the predictive power of the simulations (e.g. electron density, smooth stellar component, likely local cooling
rate from X-rays, etc…); (2) phase space properties of radio galaxies that could produce wide-angle tails.
 
 

 
    

15 
 The complex environments of cluster
cores


Chris Power, Stas
Shabala


Max Gaspari  Construct a sample of the complex environments (i.e. 3D gridded) of cluster cores as input to a study of the propagation of jets with an AMR code (PLUTO)      

16 Cold Flows Charlotte Welker Pascal, Chris, Meghan, Jenny Sorce
 Flow of cold gas onto halo environment.
Think of gas accretion, angular momentum build-up, alignment to satellites. Several possible papers. 
 
 

Galaxy/Halo Catalogue, Raw Particle Data, Shocks
Catalogue, Disperse, Tracking (orbit)

   

17 The dispersion of the halo occupation
distribution.

Sergio Contreras Angie, Cristian, Doris, Katy Proctor
 Aim: To measure the dispersion on the satellite contribution of the HOD using semi-analytical models (SAMs) and Hydrodynamic simulations. We aim to understand if the dispersion in this relation is model dependent
and if it can be parameterised so it can be implemented on HOD models for the creation of mock galaxy catalogues.

 

Galaxy/Halo Catalogue, SAMs, cross catalogues 
   Ongoing

18 XCOP: XMM Cluster outskirts project Elena Rasia,
Stefano Ettori

Biffi, Planelles,
Borgani,  Max Gaspari

The idea is to compare the simulated profiles of the clusters which are similar (mass-selected and dynamical selected) to the XCOP sample (Eckert et al.)    
 Ongoing
pre-processing almost
finished

20 Lensing arc identification with
machine learning

Nan Li Weiguang Using the 300 cluster mock optical images to train the machine for identifying the strong lensing arcs.     starting

21 Determine Prior for H_0 derivation  Arpine
Kozmanyan 

Elena Rasia, Pasquale Mazzotta Theoretical (numerical) paper on the validation of the method to derive H_0 (Kozmanyan, et al. 2019, A&A)     Ongoing
Writing

22 Cluster Fundamental plane Luis Diaz Garcia Elena Rasia, Keiichi Umetsu Exploring properties of Fundamental Plane (Fujita et al. 2018, ApJ)     in writing phase

24 The formation/evolution of the
(non)cool-core clusters

Need new hands Weiguang, Max Gaspari, Stefano Borgani, Elena
Rasia, Stefano Ettori


1. identify CC and NCC clusters with different methods
2. study their evolution, focusing on: a) the time lasting in their stage; b) the cause for their changes.

    starting

25 Improving the tSZ map for CMB and
cross-correlation studies

Yuuki Omori Eric Baxter Replacing the ymap based on analytic profiles with hydro-based profile      Starting

26 Infalling groups Roan Haggar Meghan Gray, Frazer Pearce, Alexander Knebe,
Chris Power

Velocities and orbital parameters of galaxies in infalling groups, before and after infall to the cluster. Stripping of halo material and galaxies from groups, and subsequent evolution of stripped material. Relation of
infalling groups to large scale structure and pre/post-processing.

    Starting

27 SPA criteria, gas depletion/c-M Adam Mantz, Anja
von der Linden,
Elena Rasia

Stefano Ettori , S. Borgani Based on Gadget-X - test SPA criteria; impact of SPA cluster on the gas depletion and c-M relation     in writing phase

28 Modeling Luminosity Function (LF)
and galaxies spatial distribution.

Alejandro Jimenez
Munoz, Juan
Macias-Perez

Gustavo Y, Marco DP, Antonio Ferragamo Study the 3D galaxy density distribution and the luminosity function to obtain analytical models to produce realistic projected mock galaxy clusters.
The latter can be used to study the selection function in cluster samples.

    starting

29 Backsplash galaxies in filaments Roan Haggar,
Ulrike Kuchner

Weiguang Cui, Meghan Gray, Frazer Pearce,
Alexander Knebe (would like to participate), Chris
Power

Relation of backsplash galaxies to filaments; are backsplash galaxies preferentially inside/outside/opposite filaments? Are galaxies that fall through filaments more likely to become backsplash? Do their second infalls
occur within filaments? Potential to also look at observable properties of backsplash galaxies (gas/stellar mass fraction, luminosity, etc).

    ongoing 


30 Merger Histories of BCGs Ana Contreras Alexander Knebe, Chris Power, Roan Haggar, Frazer
Pearce

We aim at studying the impact on merger on the colours of the BCG: We would start with a first quantification of mergers in the GadgetX data set and then check how they affect primarily the colours (maybe also other
cluster properties).

    starting

31 Scaling Relation vs. internal
properties of halos 

Elena Rasia
Arya Farahi

Stefano Ettori, M. De Petris (evolution of one of the project ideas listed below). The scatter and evolution of the standard scaling relation between Mtot-Mgas, Mtot-T, and Mtot-Y will be connected to the internal properties of the DM first halo term,
such as ellipsoidal shape, concentration, formation time (this will be an evolution of 2001.05639) 

    starting

32 Pressure Profile Elena Rasia
Jack Sayers
Adam Mantz

Stefano Ettori, M. De Petris, S. Borgani Compare Pressure Profile w. observations, study evolution and mass dependence       

33 Calibration of optical scaling relation. Antonio
Ferragamo

Gustavo Yepes, M. De Petris, A. Jimenez, J Macias-
Perez

Study the correlation of both the 3D and line-of-sight galaxy velocity dispersions with cluster mass. Investigate haw the scaling relation parameters change in terms of the cluster dynamical state and as a function of
redshift. 

     

34 BCG alignment-cluster
correspondence for cluster mass
proxies based on WL

Ricardo
Herbonnet, Adrian
Crawford
 
 

Elena Rasia,
Camille Avestruz,
Massimo Meneghetti, Carlo Giocoli, S. Borgani

We investigate the alignment of the Brightest Cluster Galaxy and the cluster halo, whose unknown line-of-sight orientation in observations leads to scatter and/or biases in observational cluster mass proxies.     in writing phase

35 Filaments investigation by SZ
observations

Marco De Petris Gustavo Yepes, Weiguang Cui, Ulrike Kuchner,
Stefano Ettori

Filaments connecting clusters (short bridges or long ones) and feeding them with gas are challenging targets with SZ observations. The y-filaments are mainly tracers of (the pressure of) WHIM.
Among the goals of this project we plan to study: 1) the signal statistics of y-filaments based on some local properties, such as their length, thickness and gas/star components and mass and dynamical state of the
clusters/nodes, 2) the spatial correlation of y-filaments with optical filaments (identified mainly by haloes/mock-galaxies) and X-ray filaments, 3) the impact of y-filaments on clusters conditions, such as their dynamical
state, non-thermal pressure component, gas fraction, ..., 4) the possibility of constraining the best observational conditions and/or targets for SZ observations.
The y-filaments should be identified applying DisPerse on y-maps.

     

36 Hydrostatic mass bias estimate on
the The Three Hundred clusters

Giulia Gianfagna Marco De Petris, Gustavo Yepes, Weiguang Cui,
Elena Rasia, Stefano Ettori, S. Borgani

Estimation of the HE mass bias at different redshifts and with different simulations.     in writing phase

37 CHEX-MATE match and
morphological study in various
energy band maps

Giulia Campitiello Stefano Ettori, Lorenzo Lovisari, Elena Rasia, Marco
De Petris

(most likely not a project by itself but a just an extraction of parameters to be compared with observations)      

38 Identifying backsplash galaxies with
Machine Learning

Roan Haggar Meghan Gray, Frazer Pearce, Ulrike Kuchner Observationally identifying individual backsplash galaxies using ML. Can we build an uncontaminated sample of infalling/backsplash galaxies based on observable properties?       

39 Studying Chameleon screening using
the 300 Project data

Andrius
Tamosiunas

Clare Burrage, Chad Briddon, Adam Moss Numerically studying the fifth force effects produced by the 300 Project NFW halos. More specifically, investigating the fifth force dependence on the NFW parameters and the shapes of the most massive halos.  The catalogue of the central/most massive halos.   Data analysis

40 THE 300th-NIKA2 LPSZ project Marco de Petris
and Gustavo
Yepes

E. Artis, F.X. Desert,  A. Ferragamo, F. Keruzore, J.F.
Macas-Perez, F. Mayet, M. Munoz-Echeverra, A
Paliwal, L. Perotto, F. Ruppin, D. Deandres.

This project aims at constructing twin samples of the NIKA2 Large

program Sunyaev-Zeldovich efect (LPSZ) cluster sample. The primary

goal is to compare dierent cluster mass proxies from synthetic X-ray

emission, Sunayev-Zeldovich efect and optical maps (by galaxy members velocity dispersion and lensing maps). We will verify the impact that a limited sample could have on the nal results. Scaling laws will be cross-
correlated to reduce the scatter on the inferred mass and the mass bias will be related to various physical parameters.

Halo Catalogues and mock  y-maps, X.ray and lensing for
the NIKA2  twin sample of the 300th clusters

  Selection of the NIKA2
twin candidates from
300th database

41 Cluster X-ray morphology by Zernike
polynomials

Antonio
Ferragamo

Marco De Petris, Valentina Capalbo, Federico De
Luca, Weiguang Cui, Gustavo Yepes, Alexander
Knebe, Elena Rasia 

The aim of the project is to extend the analysis  the cluster morphology withZernike polynomials to x-ray maps.
Comparison with more common morphology parameters. From z=0 until z=1 with different spatial resolutions.

     

42 M_sub-V_max relation Yicheng, Wang Weiguang, Massimo Meneghetti, Alexander Knebe, The aim is to repeat the analysis has been done by Bahe: https://ui.adsabs.harvard.edu/abs/2021arXiv210112112B/abstract, who claims that the crisis (tension with LCDM on the substructure mass-v_max relation)      
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