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What is the underlying theory of gravity?
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• We still need

• Dark matter 

• Dark energy 

• Barckground evolution of ΛCDM
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𝑓(𝑅) Modified Gravity

• 𝑓(𝑅) leads to scale/enviroment-dependent structure growth. 

• Affects the distribution of massive galaxy clusters in mass and redshift.

• New (scale dependent) halo mass function (HMF).
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What changes for collapsing structures?

• Mass dependent spherical collapse

• mass dependent critical overdensity δc 

• We use a semi-analytical model (Lombriser+13) for δc

• Use δc for a modified Sheth-Tormen HMF
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What Kind of Cosmological Surveys?

• Cluster abundance survey: number of clusters in mass and 

redshift

• Use tSZ selected clusters from the South Pole Telescope (SPT) 

observable: tSZ significance ξ 

• follow-up richness 𝜆 from optical confirmation

• Need a robust mass measurement (tSZ significance ξ  gives no 

good cluster mass)

• Weak-lensing data from the Dark Energy Survey (DES) 

and the Hubble Space Telescope (HST).
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https://science.nasa.gov/mission/hubble/observatory/

Image Credit: Reidar Hahn, Fermilab
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• Galaxy surveys are seclected by tSZ significance 

and richness rather than mass.

Bocquet+24a, Bocquet+24b
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• Galaxy surveys are seclected by tSZ significance 

and richness rather than mass.

• Halo mass is needed to obtain cosmological 

constraints from cluster counts.

• Relate observables 𝜉 and 𝜆 to halo mass 𝑀200c by

ln obs = ln 𝐴obs + 𝐵obs ln
𝑀200c

𝑀piv
+ 𝐶obs𝑔(𝑧) 
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• 𝑀WL measured from the tangential shear profiles

• 𝑀WL biased estimator of 𝑀200c 

• Relation calibrated by (ΛCDM) simulations

DES (z < 0.9)

• Shear profiles and 𝑀WL 
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HST (0.6 < z < 1.7)

• Target observations
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95% upper bound constraints

Semi-analytical HMF:  log10|𝑓𝑅0|< -5.46

FORGE informed HMF: log10|𝑓𝑅0| < -5.32 



Comparison to Other Results
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What else can we do with SPT clusters?

𝚲CDM, wCDM, 𝝂𝚲CDM (Sebastian Bocquet)

• Key cosmological project (Bocquxet+24b)

Interacting Dark Matter (Asmaa Mazoun)

• Beyond CDM model with self-interacting 

DM component

• Mazoun+24 (arXiv:2411.19911)

TMEX 2025 19

• Combination with DES 3x2pt (Bocquet+24c)
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𝑓(𝑅)-gravity: scale dependent growth HMF calibrated to FORGE simulations Apply to SPT clusters with DES/HST WL

Strong constraints from 

clustersxWL+CMB 

(Vogt+24b)
Future work:
Apply this to 

nDGP gravity
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