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Model-independent observable for gravitational lensing?

Lensing is sensitive to the perturbed geometry of the Universe:

Lensing « Y, =(@+%¥)/)2 —— Weyl potential

Weyl potential in General Relativity:
Yy o« Di(2)Q (2)

/N

Growth of matter Matter content in the
perturbations Universe
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Model-independent observable for gravitational lensing?

Lensing is sensitive to the perturbed geometry of the Universe:

Lensing « Y, =(@+%¥)/)2 —— Weyl potential

Weyl potential in Cenerai-Reiativitys
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. Tutusaus, D. Sobral-

Blanco & C. Bonvin

/ \ | (2022), arXiv:2209.08987

Growth of matter Matter content in the
perturbations Universe
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Galaxy-galaxy lensing angular power spectrum

, 3 o Pos (keze) [ 2@) = x(@
C,/ﬂA (2, 2) = 2 JdZ ()% *(2) b(2)J(2) B (kf, 4 ) W JdZ ni(z )W
f(z) = J(lz))dé(;) (Weyl evolution), l;i(z) = b(z2)0g(2) .
1

Galaxy clustering: Depends on l;i(z)lgj(z)
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Galaxy-galaxy lensing angular power spectrum

Pélén (kf, Z>x<)

05(2+)

X' () — x(2)

3 ppsnr.
C?K(Zl‘, Z]) — 5 J'dz ni(z)%z(z) bl(Z)J(Z) B (kf’ )() ){(Z))(/(Z/)

J dz ’nj(z )

lens bin source bin

A J(Z)US(Z)
J
o D (z)

(Weyl evolution),  biz) = bi(z)oy(2).

Galaxy clustering: Depends on l;i(z)lgj(z)

| Combining galaxy-galaxy |
Z lensing and galaxy clustering

Measurement of J(z)
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Measurement of J(z) from Dark Energy Survey data

— ACDM - |. Tutusaus, C. Bonvin & NG, |
 DES, with prior | arXiv:2312.06434
| (accepted for publication in |
- Nature Communications) |

Measurement in 4 bins of the MagLim sample, with 30 Planck priors
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oy(z = 0) = 0.85+0.03 |

+ 20 & 2.80 + ' o3(z=0) =0.74 £0.04
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Can we combine J with other model-independent observables?

Weak gravitational Redshift-space
lensing distortions
J(2) f(z) = foy
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Can we combine J with other model-independent observables?

Weak gravitational Redshift-space
lensing distortions

A\

J(2)

-

L statistic
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The E statistic

Theoretically described in Zhang et al. (2007):

Galaxy-galaxy lensing

[
20 ™~ Galaxy-velocity
correlations

In practise: Ceo(D)
(J/b) - Coo(D)

Measured from RSD
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The E statistic

Theoretically described in Zhang et al. (2007):

Galaxy-galaxy lensing Whv is it useful?
o Ce® « y oo
E-(]) = i - Galaxy bias b cancels
3H; C, (! t.
o Corll) ~— Galaxy-velocity ot

Measurements of £ ;

can be compared to &

- their ACDM prediction, |

In practise: Co(]) W Eelr_ ¢ /f?Zr)e iction, |
G~ “*“m,0 -

(f1b) - Cye(l)

correlations

Measured from RSD
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The L statistic: Past measurements

GR prediction Y Alam et al.
Reyes et al. ¥ Pullen et al.

Blake et al. Y Wenzl et al.
Amon et al.

Universite de Geneve

Some literature values |
show mild tensions (up to
2.60) with GR. ‘*

A limitation:

All these measurements

need one common

spectroscopic data set to
- cancel out galaxy bias.

9/14



The £ statistic: A new method

E can be written as the ratio of model-independent observables:

2 i
H(z) 1 J(2)

E(2) = r

4 ( Hy ) I+2 f(z)

- f(z) and f(z) can come from different data

sets.
- f(z) and f(z) need to be obtained at the same
7.
SN : . NG, C. Bonvin and |.
- J(2) is currently available at only 4 redshifts. Tutusaus. arXiv:2403.13709
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A\

f(2) data

—— GR prediction ¢ Measured data Data:

- 22 measurements of f between
z=0.001 and z = 1.944.

- Based on the Gold-2017
compilation (Nesseris et al. 2017),
with updated data from SDSS-|V.

— Robust and independent data set!
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Interpolation Method:
— GR prediction Measured data - Cubic spline interpolation
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Interpolation Method:
— GR prediction Measured data - Cubic spline interpolation

- We set the nodes to the 4 values
z=0.29,0.47,0.63,0.77.

- The associated values f, /5, 3, /4
are free parameters.

. 1. 1.25 1. 1.75 2. e .
0]>010.15 1.0 > 150 > 200 — I\/I|n|m|ze)(2 between interpolated

values and data points.
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Spline interpolation of f(z) data

—— GR prediction ¢ Measured data

Interpolation ¢ MagLim z ReSUIt:

We obtain measurements

of f(z) at the 4 MagLim
- effective redshifts, with
- 4-5% precision.

NG, C. Bonvin and |l. Tutusaus,
arXiv:2403.13709
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New L measurement

GR prediction Amon et al.
This work Alam et al.
Reyes et al. Pullen et al.

Blake et al. Wenzl et al. - We can measure £ with 6—11%
precision (compared to 13 - 30% |
for previous measurements.)

Agreement with GR (1.60
deviation in the second bin)

NG, C. Bonvin and |. Tutusaus,
arXiv:2403.13709
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Conclusion & Outlook

Measurement of J:
- Achieved with 5-10% precision from DES Y3 data.

-  Mild tension of 2.6 at z = 0.47.
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Conclusion & Outlook

Measurement of f .
- Achieved with 5-10% pre
-  Mild tension of 2.60 at 7

The £ statistic:

- has been used in the pas
independent test of gravi

- But some modifications

Upcoming work: N _ _

Alternative ways of combining Investigate the improvement Investigate alternative
f and J e.g. for a test of i expected from upcoming survey| interpolation methods, In

Euler’s equation. ( data (DESI, LSST, Euclid)

Nastassia Grimm Universite de Geneve


https://arxiv.org/abs/2404.05670

Backup
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f(z) measurements and x4 — 2 parameterisation
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J(2) measurements: some technical details

2x2pt analysis: galaxy clustering and galaxy-galaxy lensing
MagLim (lenses) and Metacalibration (sources)

Similar configuration compared to the official analysis (Porredon et al. 2022):
e Configuration space

e Nuisance parameters for the width and position of the lenses and positions of
the sources

e Intrinsic alignments (NLA model in GR)

 Magnification effects for the lenses (GR)

e RSD (GR)

e Linear galaxy bias

e Shear multiplicative bias
e Point-mass marginalization for the tangential shear
e No information from shear ratios

e Two sets of scale cuts

|. Tutusaus 9th July 2024
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Table I. List of f(z) measurements used in this work.

Dataset Z

2MTF 0.001
6dFGS+SNIa 0.02
IRAS+SNIa 0.02

2MASS 0.02

2dFGRS 0.17

GAMA 0.18

GAMA 0.38

SDSS-IV (MGS) 0.15
SDSS-IV (BOSS Galaxy) 0.38
SDSS-IV (BOSS Galaxy) 0.51
SDSS-IV (eBOSS LRG) 0.70
SDSS-IV (eBOSS ELG) 0.85
WiggleZ 0.44
WiggleZ 0.60
WiggleZ 0.73

Vipers PDR-2 0.60
Vipers PDR-2 0.86
FastSound 1.40
SDSS-IV (eBOSS Quasar) 0.978
SDSS-IV (eBOSS Quasar) 1.230
SDSS-IV (eBOSS Quasar) 1.526
SDSS-IV (eBOSS Quasar) 1.944

Nastassia Grimm

f(2)
0.505 = 0.085

0.4280 £ 0.0465

0.398 £ 0.065

0.314 £ 0.048
0.510 £ 0.060
0.360 = 0.090
0.440 = 0.060
0.53 = 0.16
0.497 £ 0.045

0.459 = 0.038
0.473 £ 0.041
0.315 £ 0.095
0.413 £ 0.080
0.390 = 0.063
0.437 = 0.072
0.550 = 0.120
0.400 &= 0.110
0.482 1 0.116

0.379 = 0.176
0.385 £ 0.099

0.342 = 0.070
0.364 = 0.106
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