
Lecture 2 . Structures at large 
scales:

Clusters/Superclusters- filaments 
and beyond
Diego Garcia Lambas, IATE - 
Observatorio Astrónomico. Córdoba Argentina.

Espirito Santo, September 2022



● The largest scales structures are manifest in the 
CMB fluctuations.  



Inhomogeneous universe 

● Initial conditions imprinted in the CMB
● WMAP, Planck, + new experiments on the way



Observed temperature spectrum → 
primordial fluctuations + global 

effects (transfer function) 



CMB studies can also shed light on 
astrohpysics of the intergalactic 
medium and lensing by structure

CMB-structures interaction provide  
probes of the distribution of mater. 

                 Cosmological tests.



Direct observation of dark matter not 
observed, yet

● For this reason every constrain from galaxies 
and structure is of crucial mportance.



Clusters, cross-roads in structure



Anisotropy modelling, for WL cluster 
halos E. Gonzalez et al. 20,21,22

● In both simulations and data



Shapes, alignment wrt BCG, galaxies and ICL

Simulations show that galaxies are more elongated than DM.
ICL, (galaxies) and DM well aligned within 5 (10) deg. 



Results for redMaPPer clusters



Robust results for e ~ 0.2



Clusters of galaxies as cosmic 
probes

● Cluster abundance
● Cluster charateristics and dynamics



Phase space of clusters under 
different models of self interacting 

dark matter

● Benarjee et al. 

2020



Cluster dynamical state and mass 
function

Seppi et al. 2021.



BCG and cluster alignment, a  
primordial or an evolutionary effect?

● Structure coherence →alignments



Raggone et al. 
2020





Our neibourhood: Lainakea Supercluster



Superstructures in the universe FVS  

In LCDM, a spherical shell enclosing at 
least 7.88 of the present-day mean mass 
density will evolve into a virialized 
structure in the distant future, Dunner et al. 
2012.



FVS provide a natural definition 
of superstructures in the universe

Luparello et 
al.2013-2014



-->

r-band luminosity overdensity 
= 5.5

Calibration with LCDM 
simulations



Application of the 
FVS scenario to 
the real universe.

Adopting a mass-
to-luminosity 
conversion



The majority of 
massive clusters 
 reside in FVS.

In the distant future some well known 
superstructures survive, others merge, 
and others disperse.





Simulations at large scales 

At resolution of few Mpc, gas dynamics and 
stelar feedback process may be ignored:

● Dark matter only
● Semianalytic model 

- Constrained to reproduce main statistical 
properties



Can we simulate our local Universe ?
   

Not just in the statistical sense, but with 
specific initial conditions that can 
reproduce observations

Sibelius Dark, Mac. Alpine et al. 2022 





● Simulating accurately the local volume can lead to more 
stringent constraints on the cosmological model

● Very reasonable agreement with the observations 
although:

There are 4 clusters with log(M) >15, instead of 1 
according to LCDM

Overall scale underdensity of ~5%

 



Obrigado ! 

El Gordo cluster, HST image
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