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Observations tickled the theoretical mind

The use of (mainly)
2-point statistics

           and

Connecting it to 
theories of structure
formation.

Mainly used for galaxies
(the DESI connection)



Observations tickled the theoretical mind

The use of (mainly)
1-point statistics, i.e
 just counts

           and

Connecting it to 
theories of structure
formation.

Mainly used for galaxy
clusters.
(the eROSITA connection)



Observations tickled the theoretical mind 
(and later the simulators):
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The other big connection: 
CMB anisotropies to Large Scale Structures
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Growth of structures……And, those spots become cosmic structures….

From the Millenium Simulations
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Growth of structures……And, those spots become cosmic structures….

Count the collapsed objects
Look at the statistical distribution of objects
Study bending of light by these matter
….and many more things.

From the Millenium Simulations



The start of modern galaxy surveys…
(CfA1 1978-1982,  CfA2 1985 -1995, 18000 objects with redshift)

The COSMIC WEB from observations can now be compared to simulations 



The next generation of surveys were planned
(1995 – 2005)..



A spectacular map of the Universe (2000)



Large Scale structure starts to complement CMB 
to build the full picture (2000+) -2020s.



Features and scales in Pk
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• Plane-waves interfere 
with each other

• Phases frozen at 
recombination

• Gravity+hydro on small 
scale evolves 
perturbations

• Small-scale silk damping

The big story today is not just about statistics. 
Its about a special feature called BAO



The BAO physics



Pinging the Cosmic Drum…
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Random phases reduce signal in the real space correlation signal.
The scale is frozen in the Fourier Transform, i.e P(k)



Spectacular detection of BAO in SDSS & 2dF  (2005)



…and very soon in the 6dF survey 

Notice the 
cosmological 
dependence in the 
Pk bump



… to be followed by WiggleZ (2010s)

Measuring the BAO scale at diff redshifts --- eyeing dark energy
        Start of precision cosmology with BAO



By 2010+ BAO starts becoming competitive to SNe



The 2010 – 2020 decade:
BOSS,  eBOSS, DES   and precision cosmology



The 2010 – 2020 decade:
BOSS,  eBOSS, DES   and precision cosmology



And that brings us to DESI and its promises…



Lets not for get the long way…started like this



BAO to Cluster counts : DESI to eROSITA
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Growth of structures……Clusters are large bright blobs in this picture
  and we want to count their numbers ….

We need more numbers:  
1. Bigger volume and deeper redshifts
2.  Smaller masses, i.e fainter clusters



Cluster numbers are “exponentially” sensitive to 
cosmology

Detect clusters +  z



Cluster numbers are “exponentially” sensitive to 
mass systematics

Detect clusters +  z

Typically needs additional surveys, like 
weak lensing, to measure mass

or 

Rely on self-calibration techniques



The first ever cluster count cosmology
The Red-Sequence Survey 1 (RCS1) - 2006….

72 deg on the sky, 1100 rich clusters, z=0.2-0.9
No mass followup. Self calibrated



The crucial importance of scatter: an example



The first aim for a mega cluster survey (2005)

The NASA DUET survey



Clusters and Cluster Surveys – 30+ years

eROSITA 



The first aim for a mega cluster survey (2012+)



The aim of eROSITA ….



This is where I hand over to DESI and eROSITA

Thank you!




