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 LCDM: concordance model 

• Unknown nature of the dark components 

• Increasing tensions for some parameters 

 Beyond LCDM: 

• Theory: Test each proposed model one at a time (infeasible)  

• Theory: Horndeski theories (hard to break degeneracies with current data) 

• Phenomenology: Parametrization of deviations from GR 
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 Beyond LCDM: 

• Phenomenology: Parametrization of deviations from GR 

• Currently constrained combining gravitational lensing and galaxy 

clustering measurements 
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 Caveats: 

• Constraints on     and     at a given redshift    depend on the evolution of 

the function at all redshifts above 

• Need to assume a time dependence 

• Need to reconstruct the time dependence for a set of nodes 

• Validity of Euler’s equation for dark matter 

•     cannot be constrained from RSD — fully degenerate with changes 

in Euler’s equation (Bonvin & Pogosian 2023) 
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 Beyond LCDM: 

• Phenomenology: Parametrization of deviations from GR 

• Assuming a time dependence 
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[DES Collaboration 2023]



I. Tutusaus 

Introduction

7

 Beyond LCDM: 

• Phenomenology: 

Parametrization of deviations 

from GR 

• Reconstruction 
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[Pogosian et al. 2022]
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 What can we really directly measure in a model-independent way? 

• Approach used for RSD:  

• Can be compared with GR predictions 

• Can be used to constrain parameters of MG models 

 Goal: Use a similar approach for the first time with real gravitational 

lensing observations 

• First direct and model-independent measurement of the evolution 

of the perturbed geometry of our Universe                 

10th June 2024
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 Gravitational lensing is directly sensitive to the Weyl potential:            

 Weyl transfer function: 

• In GR, proportional to                      . Hence, same information with 

the evolution of    or 

• In MG, Einstein’s equations are modified => different         evolution

10th June 2024
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 Our parametrization: 

•        well in the matter-dominated area 

•        Hubble parameter in conformal time 

•        Boost factor for the nonlinear evolution of matter density perturbations 

•        Free function that encodes any deviation in the Weyl potential 

evolution (similar to L in Amendola et al. 2013, 2014) 

 Measuring           we can reconstruct the Weyl potential evolution and 

compare against GR or MG predictions
10th June 2024
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 Observable: galaxy-galaxy lensing angular power spectrum (Limber 

approximation) 

 It depends on: 

•  density fluctuations at       (GR is recovered) 

•  evolution of background quantities     and    (LCDM background) 

•  the functions     and     :

10th June 2024
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 Observable: galaxy-galaxy lensing (GGL) angular power spectrum 

(Limber approximation) 

 Since    and      vary slowly with redshift, we can take them out of the 

integral and evaluate them at the mean redshift of the bin 

• GGL measurements at a given redshift provide direct 

measurements of    and  

• Model-independent measurement: no theory of gravity assumed, 

nor a redshift evolution for 
10th June 2024

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

b̂i

<latexit sha1_base64="lCDuJikaz18cHhxAo1zxbKn+upk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj70RxSyY9kW/XHGr7hxklXg5qUCORr/81RvELFU8QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSyOquPGz+cFTcmaVAQljbStCMld/T2RUGTNRge1UFEdm2ZuJ/3ndFMNrPxNRkiKP2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDEMuQlw==</latexit>

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

b̂i

<latexit sha1_base64="lCDuJikaz18cHhxAo1zxbKn+upk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj70RxSyY9kW/XHGr7hxklXg5qUCORr/81RvELFU8QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSyOquPGz+cFTcmaVAQljbStCMld/T2RUGTNRge1UFEdm2ZuJ/3ndFMNrPxNRkiKP2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDEMuQlw==</latexit>

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>
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 Caveat:    and      are fully degenerate 

 Additional observable: galaxy clustering (Limber approximation) 

 Additional observable: galaxy clustering (Beyond Limber)

10th June 2024

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

b̂i

<latexit sha1_base64="lCDuJikaz18cHhxAo1zxbKn+upk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj70RxSyY9kW/XHGr7hxklXg5qUCORr/81RvELFU8QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSyOquPGz+cFTcmaVAQljbStCMld/T2RUGTNRge1UFEdm2ZuJ/3ndFMNrPxNRkiKP2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDEMuQlw==</latexit>

exact Limber
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 2x2pt analysis: galaxy clustering and galaxy-galaxy lensing 

 MagLim (lenses) and Metacalibration (sources) 

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

• Configuration space 

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

• Intrinsic alignments (NLA model in GR) 

• Magnification effects for the lenses (GR) 

• RSD (GR) 

• Linear galaxy bias 

• Shear multiplicative bias 

• Point-mass marginalization for the tangential shear 

• No information from shear ratios 

• Two sets of scale cuts 
10th June 2024
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10th June 2024

 Galaxy clustering

8 Mpc/h
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10th June 2024

 Galaxy-galaxy lensing

6 Mpc/h

21 Mpc/h
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First measurement of the Weyl potential

17
10th June 2024
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10th June 2024

 Precise model-independent 

measurement of    (4-9%) 

 2.3   and 3.1   below the LCDM 

prediction in the first 2 bins 

 3    Planck priors on early-time 

cosmological parameters

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

�

<latexit sha1_base64="HRIQLMFYOCGIGwB9UAGNEgDm9D0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnvePKw==</latexit>

�

<latexit sha1_base64="HRIQLMFYOCGIGwB9UAGNEgDm9D0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnvePKw==</latexit>

�

<latexit sha1_base64="HRIQLMFYOCGIGwB9UAGNEgDm9D0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnvePKw==</latexit>

First measurement of the Weyl potential
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10th June 2024

 No Planck priors 

 Uncertainties increase only by 20% 

 Slightly larger tension between the 

measurements and LCDM 

 Preference for higher amplitude 

of perturbations at high redshift 

and slower growth of the Weyl 

potential at low redshifts

First measurement of the Weyl potential



I. Tutusaus 

First measurement of the Weyl potential

20
10th June 2024

Baseline

Scale cut



I. Tutusaus 

First measurement of the Weyl potential

21
10th June 2024

Scale cut

 Uncertainties increase by a factor of 2. Mean values not affected 

 Uncertainties on the LCDM prediction increase by 30% 

 Less tension because of the uncertainties, but still below the prediction



I. Tutusaus 

First measurement of the Weyl potential

22
10th June 2024

 Once we have measured   . What can we do? 

• We can infer                    assuming LCDM: 

•  much lower value                         compared to the one derived 

from the early-time parameters 

•  We can pinpoint the       tension to behavior of the Weyl 

potential in the first 2 redshift bins 

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

�8(z = 0)

<latexit sha1_base64="ifTQGdGmZnyeP509xszK8VKJmp0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquVOxFKHrxWMF+QLuUbJptQ5PsmmQLtfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUHMmTau++1k1tY3Nrey27md3b39g/zhUUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg785sjqjSL5IMZx9QXuC9ZyAg2VvI7mvUF7laKT9fueTdfcEvuHGiVeCkpQIpaN//V6UUkEVQawrHWbc+NjT/ByjDC6TTXSTSNMRniPm1bKrGg2p/Mj56iM6v0UBgpW9Kgufp7YoKF1mMR2E6BzUAvezPxP6+dmLDiT5iME0MlWSwKE45MhGYJoB5TlBg+tgQTxeytiAywwsTYnHI2BG/55VXSuCh55dLlfblQvUnjyMIJnEIRPLiCKtxBDepA4BGe4RXenJHz4rw7H4vWjJPOHMMfOJ8/dqCRQA==</latexit>

�8

<latexit sha1_base64="fJDD4Kcpo/u6PzCVI0B2mejwtAc=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYo9FLx4r2A9ol5JNs21okl2TrFCW/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJnZ7hQ0n6tX654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm907xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNqoFGVdJapmii0VRKrCN8ex5POCaUSsmjhCqubsV0xHRhFoXUcmF4C+/vEpaF1X/snp1f1mp3+RxFOEETuEcfLiGOtxBA5pAQcAzvMIbekQv6B19LFoLKJ85hj9Anz/S+Y/W</latexit>
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10th June 2024

 Once we have measured   . What can we do? 

• Look at MG: 

• Note: Dependency on    through the evolution of  

• We fix             and test 3 different choices of time evolution for  

     with

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

µ

<latexit sha1_base64="VcocTnj16BNQzs21sCszgk0ZXnI=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfVr1cv7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBf9o3e</latexit>

D1(z)

<latexit sha1_base64="jIi1gWhHf3L9ba5NtcK2UgElcGk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY1IPHCvYD2qVk02wbm02WJCvUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqtx6p0kyKezOOqR/hgWAhI9hYqXnT88pPp71iya24M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBJ1bpo1AqW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7xOYsJLP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy8ukeVbxqpXzu2qpdpXFkYcjOIYyeHABNbiFOjSAwAM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fZM+OXQ==</latexit>

⌃

<latexit sha1_base64="EsRMwNhhMPc+9WAgz+1lJ8u/Tus=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNzqsXd+eV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AG33jws=</latexit>

µ = 1

<latexit sha1_base64="GdBvmmdencl4g8SC3oOEUn4s16E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh6MVjBdMW2lA22027dHcTdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3czv/NElWaxfDRZQgOBR5JFjGBjJb8v0htvUK25dXcOtEq8gtSgQGtQ/eoPY5IKKg3hWOue5yYmyLEyjHA6rfRTTRNMJnhEe5ZKLKgO8vmxU3RmlSGKYmVLGjRXf0/kWGididB2CmzGetmbif95vdRE10HOZJIaKsliUZRyZGI0+xwNmaLE8MwSTBSztyIyxgoTY/Op2BC85ZdXSfui7jXqlw+NWvO2iKMMJ3AK5+DBFTThHlrgAwEGz/AKb450Xpx352PRWnKKmWP4A+fzB1NIjmA=</latexit>
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10th June 2024

 Once we have measured   . What can we do? 

• Data are still not able to discriminate between different time 

evolutions

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>
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 Powerful way of testing deviations from GR: comparison of the 

distortion of space-time and galaxy velocities 

         statistic (Zhang et al. 2007): 

•   

•  Ratio of GGL and galaxy clustering angular power spectra 

•  Need to use the exact same galaxy sample for spectroscopy 

and photometry
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Combining with spectroscopic data
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 We can use     — analogous of 

 No need to consider the same sample for the two quantities 

 We interpolate the available     measurements at the MagLim redshifts       

Ĵ

<latexit sha1_base64="r0ybmJZbYeqvf9RhOAWWkiHs3VM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWavdGFLP7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHq16uVDrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9s7o+j</latexit>

f̂

<latexit sha1_base64="zLU6yk88PILOaWJFaW0UeijylP0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYhbOBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny3OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/HcyFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk/ZV1atV6w+1SuM2j6MIZ3AOl+DBNTTgHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCXeo+/</latexit>
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 New         measurements:       
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Next?
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 Stage-IV surveys will provide more resolution in redshift (more bins 

for the lenses) 

 LSST: Sub-percent constraints in ~10 different redshifts:
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Conclusions
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 First measurement of the Weyl potential from galaxy-galaxy lensing 

 Mild tension with LCDM at low redshift 

 No use of information from matter density fluctuations 

 Weyl potential directly measured (no redshift evolution assumed) 

 Efficient tests of different MG models (no need to re-analyze the data) 

 Combining with spectroscopic data, we can test both the growth rate 

of structures and the growth of the geometry distortions 

 Sub-percent measurements in the near future!

10th June 2024


