Testing Gravity through the Distortion of Time
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Describing the Universe with four fields
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Deus ex machina: gravitational redshift

SC, Grimm and Bonvin (2022)
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Can we distinguish modified gravity from a fifth force?
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Forecasts for SKA2

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

Fit with both models

With o only, we have a
constraint on ,B12 + Xcﬁzz =P.6

Fiducial model

Expected ellipse

Gravitational redshift isolates one

Combination of the two modifications
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Forecasts for SKA2 in ACDM

SC, Mancarella, et al. (in preparation)

B No gravitational redshift

Gravity modifications Bl \With gravitational redshift

WEP breaking

Equation of state of DE
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Subscribe to our Youtube channel Cosmic Blueshift
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Two approaches to test modified gravity

Test the relations between the
four fields describing the
Universe

Constrain the parameters in a
specific model
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Impact on the growth of cosmic structures
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Two-point correlation function

Extract information through correlations:

= (A(n, 2)A(n’, 2))

Expansion in Legendre polynomials:




Relation with gravity modifications

Monopole

Quadrupole

Hexadecapole




Deus ex machina: relativistic effects

Standard terms Gravitational redshift

Doppler term




Extracting the signal from observations

Relativistic effects break the symmetry of &

Bonvin, Hui and Gaztanaga (2014)
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Symmetry breaking by gravitational redshift

Gravitational
potential

Line-of-sight O




Survey specifications

SDSS-IV  DESI SKA2
0., (restricted to WEP validity) 0.21 0.02 0.004

0o+, (No assumption on WEP)  6.05 0.42  0.068

SKA, phase 2:

DESI (Bright Galaxy Sample): " ,
e ~1 billion galaxies up to z=2.0.

e 10 million galaxies up to z=0.5.
e Galaxy bias: bggg(z) = by 6(0)/6(z) .
by=1.34 (fiducial value)

e Galaxy bias: boga(z) = by exp(b, 2) .
b, =0.554, b,=0.783 (fiducial value)

Fisher analysis:

* minimum separation d_.. = 20 Mpc/h.
e include shot noise, cosmic variance, cross-correlations between different multipoles
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Modified gravity vs dark sector interactions

Bonvin and Pogosian (2022)

Gravity modifications affecting Breaking of the WEP
all constituents (i, 1) for DM only (EPreak)
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Modified gravity vs dark sector interactions

Bonvin and Pogosian (2022)

Gravity modifications affecting Breaking of the WEP
all constituents (i, 1) for DM only (EPreak)
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Relations to 1, ®, 1
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EFT of IDE equations

Background

7 > Q, + (1 4+ wrp)Qne + 2
— T — — 1 \/ ~ —
o ) b VDE/=<DE 3

/] \
p = — 8 oy, — 3wppQpg — 2]
) S U _
QC - Qc [C“/M -3 lc 31 /DJ:?QDE Qr]
A ) 14 —_—
QF —_— QI” [1 + CCZ\// — 3//DEQDE QI"]

Sveva Castello

B No gravitational redshift
Bl With gravitational redshift

2 S5 QO L 9 9 Y D N O % O Q » O © 9% ©
Q707 Q7 NTANT AT QT QT TS Y Y AT NN O

QML O aB. ( Ve, 0 WDE



EFT of IDE equations

Perturbations
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