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Modified Gravity

Modified Einstein-Hilbert Action
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- Departure from GR as source of cosmic acceleration

* Reproduces observed cosmic expansion

* Observationally viable

: . Chameleon Khoury & Weltman (2004)
- Screenlng mechanism recovers

GR at small scales —— = Symmetron Hinterbichler & Khoury (2010)

_ _ Vainshtein  Vainshtein (1972)
- Imprints on Cosmic Structures -

* Growth linear scales

e Screening effects & non-linear regime



Screening Mechanism

Einstein Frame
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N-body Simulations

Modified Poisson Equation (Jordan Frame)
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Numerical Simulation Codes
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* Based on Gadget modification Winther et al. (2015)



Unscreened Effects in Massive Halos

Scalar Fifth Force vs Newtonian Force
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Halo Density Profiles

NFW Profile
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halo concentration

f(R) vs GR sims (L,,,= 768, 1536 Mpc/h,
N,=20483)

Unscreened halos are more
concentrated

Pitfalls & Challenges

Baryonic processes in the inner halo
region €& Gnedin et al. (2004); Duffy et
al. (2010); De Boni et al. (2013)

Selection Effects and Observational

Model Assumptions
e.g. Oguri et al. (2005); Corless, King & Clowe
(2009), Sereno et al. (2013)

Goodness-of-fit of NFW to MG
halos?
Perturbed profiles
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The Core

Balmes, Rasera, Corasaniti, Alimi (2014)
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Halo Sparsity

A <A,

Mass Ratio  sp p, =

Sparsity of NFW Halos

« A, 2100 (preserve halo individuality)
« A, <2000 (avoid baryon dominated region)
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Cosmological Proxy

Halo SparSity Properties Balmes et al. (2014); Corasaniti et al. (2018); Corasaniti & Rasera (2019)

« Nearly constant with mass (<10% variation across 2 orders in mass)

* Intrinsic scatter bounded to ~20% RayGalGroupSims/LCDM-WMAP?
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Halo Sparsity of f(R) models

Dustgrain-Pathfinder Halo Catalogs
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Screening Effects on Sparsity Evolution

Ensemble Average Sparsity

* |f,] =10%: halos > 103 M., /h 1.55 8 " '
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- Linear Growth Enhanced than LCDM _~_ 8 ~
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- Bulk of halos forming at z<1 are p . .
unscreened in the inner region with [fol =10°: halos ~ 10*°— 10" My,

enhanced halo profile (more screened
concentrated -> less sparse) Sparsity evolution similar to LCDM



Observational Constraints
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Uncertainty dominated by cluster mass errors

Assuming N~1000 clusters with e,,= 30%, 5%,
~1% (Euclid-like)

Systematics ~“2% from radial dependent mass
bias due to baryonic process (in LCDM)

Dynamical Masses vs Lensing Masses
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Conclusions

Unscreened scalar fifth force alters halo
dynamical properties and mass distribution

Depending on MG models enhanced
velocity dispersion profile in group and
cluster-like halos

Modification in the halo mass distribution

leads to testable predictions on the
average halo sparsity evolution

Needs of accurate cluster masses



Systematic Effects

Radial Dependent Mass Bias

Baryonic Processes Altering Halo
Mass Distribution (AGN feedback)

Velliscig et al. (2014)

Hydrostatic Mass Bias
Biffi et al. (2016)

Tangential Shear Profile
Becker & Kravtsov (2011)
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