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Why do we want to test gravity model-independently?

The standard ACDM model of our Universe successfully describes many observa-
tions, but cosmological tensions still remain. Therefore, a wide range of modified
gravity theories, deviating from the assumptions of General Relativity (GR), has
been proposed. Due to the large computational cost of cosmological data analy-
sis, testing each of them individually is not feasible. Therefore, we need to identify
model-independent observables.

Here, we present the first measurements of J, a model-independent observable from
gravitational lensing that captures the Weyl potential evolution. Moreover, we
have performed new measurements of the E; statistic, combining J with galaxy
velocities. In both cases, we find an interesting tension at redshift z = 0.47.

A model-independent observable from gravitational lensing

Gravitational lensing is often described as being directly sensitive to the distribu-
tion of matter. More precisely though, it is determined by the depth of gravitational
potentials, ® + ¥, along the line of sight.

Lights paths are deflected by the presence of gravitational potentials between source and observer.

Being sensitive to the Weyl potential, ¢y = ® + W, gravitational lensing is an ideal
probe for testing modified gravity:

» In GR, the Weyl potential ¥y, = 2& = 2W is directly linked to the growth D;(z) of
matter perturbations and the overall matter content €2,,(z),

Uy o Quiz)D1(z).

» In modified gravity, & and ¥ can be different, and their relation to the matter
content depends on the specific theory. To capture this, €,,(z)D(z) is replaced
by a generic function J(z),

\IJW X J(Z) .

Our observable: Using galaxy-galaxy lensing (correlation of galaxy position in the
foreground with galaxy shapes in the background), one can measure [1]:

J(z) = as(z)li((zz)) :

with og being the matter fluctuation amplitude.

Measurement of J from Year 3 Dark Energy Survey data

Using gravitational lensing to determine J, the evolution of the Weyl potential ¥y, is
already possible: In Ref. [2], we have performed its first measurement from the Year
3 data release of the Dark Energy Survey (DES).
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Measurement of J(z) compared to the ACDM prediction, at the effective redshifts of the four first
DES MagLim lens bins.

The figure shows the measured values of J, compared with the ACDM prediction.
Interestingly, the measured values in the first two redshift bins are significantly (at
2.30 and 3.10) below the prediction.

Combining lensing with galaxy velocities: The E; statistic

The E statistic has been recognised in literature as a powerful test of gravity, free
from the impact of galaxy bias. It is obtained by comparing galaxy-galaxy lensing
(i.e., density-lensing correlations) with correlations between densities and the galaxy

velocity field,
density — lensing

EG X : .
density — velocity

Conventional methods rely on a common galaxy sample with spectroscopic resolu-
tion to measure two types of correlations and cancel the impact of the galaxy bias.
On the contrary, our novel approach directly combines two model-independent ob-
servables [3].

/ﬁf\, UNIVERSITE
“.) DE GENEVE

f._i

LR
........
{ T .

European Research Council

FACULTE DES SCIENCES

Established by the European Commission

Combining J(z) and f(z): A novel approach to the E statistic

In Ref. [3], we combineA] (z) with another model-independent observable measured
from galaxy velocities: f = fog, where f Is the growth rate of structure. The ratio of
these two quantities allows us to reconstruct the Eg statistic,

J(z)

f(z)

As previous measurements of Eg have been inconclusive, this novel approach is vital
to assess the compatibility with GR.

E¢(z)

Are J(z) and f(z) perfectly balanced, leading to E¢(z) compatible with GR, or is there an incline
towards modified gravity? Our new measurements in Ref. [3] gives new insights.

New measurement of E;

We perform a measurement of the Eg statistic in two steps. First, we use 22 literature
values of f and apply spline interpolation to obtain values of f at the four effective
redshifts where measurements of J are available.
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Literature values of f (z) (blue), and our reconstruction at the DES MagLim effective redshifts (red).
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Our measurements of E¢(z) (red) compared to various literature values.

Then, from the ratio of J and f at equal redshifts, we obtain new measurements of
E, surpassing the precision of previous measurements. We find agreement with GR
in three bins, and a tension of 2.5¢ at z = 0.47, resulting from the tension in the J
measurement [3].

Conclusion

» DES data already gives us a first measurement of J with a precision of 4 — 9 %.
A mismatch to the ACDM prediction hints either at unknown systematics or a
modification of gravity in the first two bins.

» The combination with f allows a reconstruction of Eg with 6 — 11 % precision.
The tension in the second bin is visible as well in the E¢ statistic.

» Future surveys (e.g. Euclid and LSST) will measure J and E¢ with more precision
and provide refined redshift information, which will help us to better understand
these tensions.
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