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1) The Universe can expand at different rates

2) The gravitational force law is modified.

Not a constant !

Key to this talk: lensing potential 
is directly modified !
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Lower expansion rate, 
compared to LCDM.

Hubble expansion rate

For same cosmological parameters

Fits CMB temperature, CMB lensing and BAO !

Tensions with sign of the ISW effect !

Observational constraints

Nice !

Not Nice !

Galileon as a working case

Barreira et al (2014); arXiv:1406.0485



  

Outline

1) Lensing by clusters

2) Lensing by voids

Barreira et al ;  arXiv:1505.03468

Barreira et al ;  arXiv:1505.05809
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and c200 on the assumed theory of gravity ?
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1) Careful about LCDM angular diameter distances 
in the data analysis.

2) Careful about using GR in parametrized mass 
modelling!

CLASH analysis being used here is 
nonparametric, so we're good !

Careful about model-dependent analysis !!

If working with modified gravity remember: 
photons do not trace mass, they trace potentials !

Tractable by scaling these distances, 
but need to do it !
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Cluster lensing masses
Lensing profiles for 4 CLASH clusters

c-M contours for 4 CLASH clusters.

Mass/concentration estimates 
virtually the same in the 2 
theories of gravity !
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Cluster lensing profiles

Lensing Convergence Force

Screening is very 
efficient at R < R200 
→ lensing masses 
unchanged !

For R > R200, infall 
galaxy dynamics should 
be affected as well: Lam 
et al(2012), Zu et al(2013)

Large effects at R > R200, 
potentially probed with galaxy-
galaxy lensing: Wyman(2011), 
Park&Wyman(2014).
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Line of reasoning

Enhanced gravity

1) Emptier voids 
and denser ridges.

2) Stronger impact on 
photon trajectories.

Enhanced lensing signal

modified dynamics modified lensing
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Void abundances

Force with screening

Force with screening 
artificially suppressed

GR

Larger number of large voids.

Full and Linear predictions are 
very similar: screening is weak 
when it comes to voids !

Li et al(2012) Platen et al(2007)
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Void density profiles
DM density of halo field voids

Watershed void profiles well fit by

Will use it to compute lensing 
analytically.

Voids emptier inside/denser at 
ridge – few % effect only !

Screening effects are weak.

Rel. diff. to QCDM

Similar to f(R) gravity

Cai et al. (2014) arXiv:1410.1510
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Lensing signal gets 
enhanced by ~ factor of 2, 
compared to GR.

(Clampitt&Jain, 2014) with SDSS galaxies

The strength of the signal opens 
good prospects to use voids to 
test gravity. 

Some data exists already:
[1] - Melchior et al, 2014 using SDSS
[2] - Clampitt&Jain, 2014 using SDSS
[3] - Gruen et al. 2015 using DES

   

1) Void/source redshift distribution

3) Void characterization

→ Void finder (watershed, sph. und., troughs), 
sizes, tracer bias, abundance … 

→ Specially given intrinsically low S/N

→ Substructure may induce some screening 
effects.

2) Quantify importance of substructure 
and intervening matter

Before rigorously comparing to 
observations:

→ Time evolution of the fifth force.
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Force profiles

Although weak, there is still some 
screening by haloes near the edge of 
the voids !



  

Void density profiles
DM as void tracers Haloes as void tracers
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