Testing Gravity through the Distortion of Time
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Describing the Universe with four fields
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Two scenarios

Gravity modifications Dark sector interactions
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Galaxy clustering

Fluctuations in galaxy number counts
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Impact of the modifications

Gravity modifications Dark sector interactions
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Precision with SDSS data

SC, Grimm and Bonvin (2022)
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Precision with SDSS data

SC, Grimm and Bonvin (2022)
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Yoo et al. (2010)

What we rea"y Observe Bonvin and Durrer (2011)

Challinor and Lewis (2011)

|
A(n,z) = bopy —%a,,(v - 1)

+ relativistic corrections

Homogeneous Universe Inhomogeneous Universe




Deus ex machina: gravitational redshift

SC, Grimm and Bonvin (2022)




Deus ex machina: gravitational redshift

SC, Grimm and Bonvin (2022)

Square Kilometre Array
(phase 2): ~10” galaxies
up to z=2.0
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Effective theory of interacting dark energy

SC, Mancarella et al. (2024)

B No gravitational redshift
Bl \With gravitational redshift
Gravity modifications

EF-TIGRE package

WEP breaking
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Two example models

Bonvin & Pogosian (2022)
5C, Wang, Dam, Bonvin, Pogosian (2024)

Gravity modifications affecting Breaking of the WEP
all constituents for DM only
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FO recaStS for SKA2 5C, Wang, Dam, Bonvin, Pogosian (2024)

Generate mock data with one type of modification (e.g. /; =0, f, = 1)

Fit with both models (galaxy clustering + CMB + weak lensing)

Bl Standard analysis
Bl \ith gravitational redshift

give a constraint on

B+ Xpr=X,

Isolates one
of the two modifications
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FO recaStS for SKA2 5C, Wang, Dam, Bonvin, Pogosian (2024)

Generate mock data with one type of modification (e.g. /; =0, f, = 1)

Fit with both models (galaxy clustering + CMB + weak lensing)

Bl Standard analysis
Bl \ith gravitational redshift

What is the threshold for gravitational >
redshift to help? |

| B, = 0.7 form = 0.1 Mpc™!
§' B, = 0.4 form = 0.01 Mpc™!
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Some physical intuition

Modified gravity Dark interactions




Some ongoing work...

Small scales: Gravitational
redshift from galaxy clusters

Cross-correlation: luminosity
distance fluctuations

With C. Bonvin, @. Christiansen, E. Di Dio, D. Mota, H. Winther With L. Amendola, C. Bonvin, Z. Zheng




Take-home message

Gravitational redshift can break the
degeneracy between modified
gravity and a dark fifth force!
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