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Motivation
• Over two decades after its major discovery, the 

acceleration of the Universe remains one of the 
deepest mysteries of cosmology

• Cosmological constant fits most data, but Dark 
Energy and Modified Gravity are widely studied 
alternatives

• Modified gravity has a rich behavior: transition 
from GR on small to acceleration at large scales

• Constrain MoG on kiloparsec scales: strong lensing



conformal newtonian metric (choices and assumptions):
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�
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slip parameter

for General Relativity (for standard matter components) in general
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<latexit sha1_base64="/Nz8Wj8aItO8Yer09E3ER8UXxlk=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO6KblxWsA/olHInzbShSWZIMkIp/Qg3Im4U/Bl/wb8xbWfT1gOBwzkn3HtulApurO//eoWNza3tneJuaW//4PCofHzSNEmmKWvQRCS6HaFhgivWsNwK1k41QxkJ1opGDzO/9cK04Yl6tuOUdSUOFI85ReukMByglEhCxUjQK1f8qj8HWSdBTiqQo94r/4T9hGaSKUsFGtMJ/NR2J6gtp4JNS2FmWIp0hAM2mW86JRdO6pM40e4pS+bqUg6lMWMZuaREOzSr3kz8z+tkNr7tTrhKM8sUXQyKM0FsQma1SZ9rRq0YO4JUc7choUPUSK07TslVD1aLrpPmVTW4rt49XVdq9/kRinAG53AJAdxADR6hDg2gkMIbfMKXN/JevXfvYxEtePmfU1iC9/0Hwv+MqA==</latexit>

compatible with GR

GR ruled out

(see poster/video by D. Rodrigues and J. Toniato)



conformal newtonian metric (choices and assumptions):

geodesics

Jean’s equation

lensing

kinematics: deflection angle:�
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<latexit sha1_base64="ym++p5giiTUIAMDfOqh0n/Tv2vc=">AAAB9nicbVDLSgMxFL1TX7W+Rl24cBMsgiCUGRF0WXTjsoJ9QKeUTJppQzMPkjtiGeZX3Ii4UfAz/AX/xrSdTVsPhBzOOSH3Hj+RQqPj/FqltfWNza3ydmVnd2//wD48auk4VYw3WSxj1fGp5lJEvIkCJe8kitPQl7ztj++nfvuZKy3i6AknCe+FdBiJQDCKRurbJ5nnByTzBBKvMRLk0lxa5Hnfrjo1ZwayStyCVKFAo2//eIOYpSGPkEmqddd1EuxlVKFgkucVL9U8oWxMhzybjZ2TcyMNSBArcyIkM3UhR0OtJ6FvkiHFkV72puJ/XjfF4LaXiShJkUds/lGQSoIxmXZABkJxhnJiCGVKmAkJG1FFGZqmKmZ1d3nRVdK6qrlOzX28rtbvihLKcApncAEu3EAdHqABTWCQwxt8wpf1Yr1a79bHPFqyijfHsADr+w/yTJE5</latexit><latexit sha1_base64="ym++p5giiTUIAMDfOqh0n/Tv2vc=">AAAB9nicbVDLSgMxFL1TX7W+Rl24cBMsgiCUGRF0WXTjsoJ9QKeUTJppQzMPkjtiGeZX3Ii4UfAz/AX/xrSdTVsPhBzOOSH3Hj+RQqPj/FqltfWNza3ydmVnd2//wD48auk4VYw3WSxj1fGp5lJEvIkCJe8kitPQl7ztj++nfvuZKy3i6AknCe+FdBiJQDCKRurbJ5nnByTzBBKvMRLk0lxa5Hnfrjo1ZwayStyCVKFAo2//eIOYpSGPkEmqddd1EuxlVKFgkucVL9U8oWxMhzybjZ2TcyMNSBArcyIkM3UhR0OtJ6FvkiHFkV72puJ/XjfF4LaXiShJkUds/lGQSoIxmXZABkJxhnJiCGVKmAkJG1FFGZqmKmZ1d3nRVdK6qrlOzX28rtbvihLKcApncAEu3EAdHqABTWCQwxt8wpf1Yr1a79bHPFqyijfHsADr+w/yTJE5</latexit><latexit sha1_base64="ym++p5giiTUIAMDfOqh0n/Tv2vc=">AAAB9nicbVDLSgMxFL1TX7W+Rl24cBMsgiCUGRF0WXTjsoJ9QKeUTJppQzMPkjtiGeZX3Ii4UfAz/AX/xrSdTVsPhBzOOSH3Hj+RQqPj/FqltfWNza3ydmVnd2//wD48auk4VYw3WSxj1fGp5lJEvIkCJe8kitPQl7ztj++nfvuZKy3i6AknCe+FdBiJQDCKRurbJ5nnByTzBBKvMRLk0lxa5Hnfrjo1ZwayStyCVKFAo2//eIOYpSGPkEmqddd1EuxlVKFgkucVL9U8oWxMhzybjZ2TcyMNSBArcyIkM3UhR0OtJ6FvkiHFkV72puJ/XjfF4LaXiShJkUds/lGQSoIxmXZABkJxhnJiCGVKmAkJG1FFGZqmKmZ1d3nRVdK6qrlOzX28rtbvihLKcApncAEu3EAdHqABTWCQwxt8wpf1Yr1a79bHPFqyijfHsADr+w/yTJE5</latexit><latexit sha1_base64="ym++p5giiTUIAMDfOqh0n/Tv2vc=">AAAB9nicbVDLSgMxFL1TX7W+Rl24cBMsgiCUGRF0WXTjsoJ9QKeUTJppQzMPkjtiGeZX3Ii4UfAz/AX/xrSdTVsPhBzOOSH3Hj+RQqPj/FqltfWNza3ydmVnd2//wD48auk4VYw3WSxj1fGp5lJEvIkCJe8kitPQl7ztj++nfvuZKy3i6AknCe+FdBiJQDCKRurbJ5nnByTzBBKvMRLk0lxa5Hnfrjo1ZwayStyCVKFAo2//eIOYpSGPkEmqddd1EuxlVKFgkucVL9U8oWxMhzybjZ2TcyMNSBArcyIkM3UhR0OtJ6FvkiHFkV72puJ/XjfF4LaXiShJkUds/lGQSoIxmXZABkJxhnJiCGVKmAkJG1FFGZqmKmZ1d3nRVdK6qrlOzX28rtbvihLKcApncAEu3EAdHqABTWCQwxt8wpf1Yr1a79bHPFqyijfHsADr+w/yTJE5</latexit>

from galaxy 
velocity dispersion from strong lensing

on ~ 100 kph
galaxy scales



Basic picture
Singular Isothermal Sphere profile: ⇢(r) = �2

v
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<latexit sha1_base64="1lkd2k/p8yftREEgvhnqJUJnmhU=">AAACHnicbVDLSgMxFL3js9bXqEs3wSK0mzLTjW7EoqAuK9gHdGrJpJk2NDMZkkyhDP0XN/6KCCJuFHTnp5g+Nm09EDg551ySc/2YM6Ud58daWV1b39jMbGW3d3b39u2Dw5oSiSS0SgQXsuFjRTmLaFUzzWkjlhSHPqd1v3899usDKhUT0YMexrQV4m7EAkawNlLbvvRkT+Rl4QJ5gcQk9RTrhrg9eCyN0hLyYoZukTQXQ6WItUCznDtKJ3LbzjlFZwK0TNwZyZULzs0vAFTa9qvXESQJaaQJx0o1XSfWrRRLzQino6yXKBpj0sddmk7qjdCpkTooENKcSKOJOpfDoVLD0DfJEOueWvTG4n9eM9HBeStlUZxoGpHpQ0HCkak53hXqMEmJ5kNDMJHM/BCRHjb1tdlo1lR3F4suk1qp6DpF997Nla9gigwcwwnkwYUzKMMdVKAKBJ7hDT7hy3qyXqx362MaXbFmM0cwB+v7D1YxorI=</latexit><latexit sha1_base64="CVZ+33Cli4MRsBtjlh6V+QSRoLs="></latexit><latexit sha1_base64="CVZ+33Cli4MRsBtjlh6V+QSRoLs="></latexit><latexit sha1_base64="XoMbRrzZlG5qS2FGw8N56TbDkOc=">AAACHnicbVBLSwMxGMzWV62vVY9egkWol7Lbi17Eogc9VrAP6NaSTbNtaHYTkmyhLPtfvPhXRBDxoqD/xnS7l7YOBCbzzUcy4wtGlXacX6uwtr6xuVXcLu3s7u0f2IdHLcVjiUkTc8Zlx0eKMBqRpqaakY6QBIU+I21/fDubtydEKsqjRz0VpBeiYUQDipE2Ut++9uSIV+T5FfQCiXDiKToMUX/yVEuTGvQEhXdQmouhkgvNYe5z0yST+3bZqToZ4Cpxc1IGORp9+80bcByHJNKYIaW6riN0L0FSU8xIWvJiRQTCYzQkSRYvhWdGGsCAS3MiDTN1wYdCpaahb5wh0iO1PJuJ/826sQ4uewmNRKxJhOcPBTGDJuasKzigkmDNpoYgLKn5IcQjZOJr02jJRHeXg66SVq3qOlX3wS3Xb/ISiuAEnIIKcMEFqIN70ABNgMELeAdf4Nt6tl6tD+tzbi1Y+c4xWID18wcMwKDz</latexit>
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 <latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit>

slip parameter

�

<latexit sha1_base64="NNsjLd05OjCVdKsPREVABSj7IzU=">AAAB53icbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3bisYB/YKSWTZtrQTGZI7ghl6De4EXGj4N/4C/6NaTubth4IHM454d5zg0QKg6776xQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp/57ReujYjVE04S3ovoUIlQMIpWes58gcRvjMS0X664VXcOsk68nFQgR6Nf/vEHMUsjrpBJakzXcxPsZVSjYJJPS35qeELZmA55Nt9zSi6sNCBhrO1TSObqUo5GxkyiwCYjiiOz6s3E/7xuiuFNLxMqSZErthgUppJgTGalyUBozlBOLKFMC7shYSOqKUN7mpKt7q0WXSetq6pXq94+1ir1u/wIRTiDc7gED66hDg/QgCYwUPAGn/DlCOfVeXc+FtGCk/85hSU4338pfoxj</latexit>

Observed stellar velocity dispersion         probes�
obs

<latexit sha1_base64="MU1o9iMWnncY95bsU41JuDDq+mU=">AAAB73icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQd0V3bisYB/QKUMmzbShyWRMMoUy9DvciLhR8E/8Bf/GtJ1NWw8EDueccO+5UcqZNp7365Q2Nre2d8q7lb39g8Mj9/ikpWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2NHmZ+e0yVZjJ5NpOU9gQeJCxmBBsrha4baDYQOMwDJZCM9DR0q17NmwOtE78gVSjQCN2foC9JJmhiCMdad30vNb0cK8MIp9NKkGmaYjLCA5rP952iCyv1USyVfYlBc3Uph4XWExHZpMBmqFe9mfif181MfNvLWZJmhiZkMSjOODISzcqjPlOUGD6xBBPF7IaIDLHCxNgTVWx1f7XoOmld1fzr2t3TdbV+XxyhDGdwDpfgww3U4REa0AQCY3iDT/hyXpxX5935WERLTvHnFJbgfP8BbOCPZQ==</latexit>

Measure velocity dispersion + rings ! Limit on gravity

Einstein radius ✓E = 4⇡�2

obs

✓
1 + �

2

◆
DLS

DS
<latexit sha1_base64="OmpxtSbhfCIQqiB+4aDn7ycBjbo="></latexit><latexit sha1_base64="OmpxtSbhfCIQqiB+4aDn7ycBjbo="></latexit><latexit sha1_base64="OmpxtSbhfCIQqiB+4aDn7ycBjbo="></latexit><latexit sha1_base64="OmpxtSbhfCIQqiB+4aDn7ycBjbo="></latexit>

(need zL and zS ,which is hard to obtain!)

Real life:  
Non isothermal elliptical models
Anisotropic velocity dispersion (assumptions)
Seeing and aperture corrections

�2

lens

=

✓
1 + �

2

◆
�2

obs

<latexit sha1_base64="JtCP7gAwH4p0WFpJfXYBBdWkrU8=">AAACJ3icbVDLSgMxFM34rPVVdekmWARFKDOloC6EopsuK9gHdGrJpJlpaDIzJHeEMswHufE73LkR0YWCf2L6WNjqgcDhnHu5OceLBddg2x/W0vLK6tp6biO/ubW9s1vY22/qKFGUNWgkItX2iGaCh6wBHARrx4oR6QnW8oY3Y7/1wJTmUXgHo5h1JQlC7nNKwEi9Qs3VPJCkl7pKYsFCnd2X8RV2BfPhxPUVoalz5gZESpKl5cxVPBjAKf69FXnjpV6haJfsCfBf4sxIEc1Q7xWe3X5EE8lCoIJo3XHsGLopUcCpYFneTTSLCR2SgKWTnBk+NlIf+5EyLwQ8UefmiNR6JD0zKQkM9KI3Fv/zOgn4F92Uh3ECLKTTQ34iMER4XBruc8UoiJEhhCpufojpgJhywFSbN9GdxaB/SbNcciqly9tKsXo9KyGHDtEROkEOOkdVVEN11EAUPaFX9Im+rEfrxXqz3qejS9Zs5wDNwfr+Ae1Lpco=</latexit>

✓E = 4⇡�2
lens

DLS

DS

<latexit sha1_base64="BzVvYLhei7ouLt5XXC9DbVmP2JY=">AAACF3icbVDLSgMxFM34rPU16tJNsAiuykwpWBdC8QEuXFS0D+jUIZNm2tDMg+SOUIb5EDf+ihuRbhRc+jemj01bD4R7OOeG5BwvFlyBZf0aK6tr6xubua389s7u3r55cNhQUSIpq9NIRLLlEcUED1kdOAjWiiUjgSdY0xtcj/3mC5OKR+ETDGPWCUgv5D6nBLTkmhUH+gyIe4svcdmJOXYU7wXETR0ZYMFClT2XsONLQtMbN71/zLLx1MM1C1bRmgAvE3tGCmiGmmuOnG5Ek4CFQAVRqm1bMXRSIoFTwbK8kygWEzogPZZOcmX4VEtd7EdSnxDwRJ3bI4FSw8DTmwGBvlr0xuJ/XjsBv9JJeRgnwEI6fchPBIYIj0vCXS4ZBTHUhFDJ9Q8x7RNdAugq8zq6vRh0mTRKRbtcvHgoF6pXsxJy6BidoDNko3NURXeohuqIojf0gb7Qt/FqvBufxmi6umLM7hyhORg/f0yenz8=</latexit>

Lensing yields        from             :� + 

<latexit sha1_base64="qL+z/k+oZHehqkr/x6wnIRLyF5I=">AAAB8HicbVDLSgMxFL1TX7W+prp0EyyCIJQZKai7ohuXFewDOqVk0kwbmnmQ3FHK0P9wI+JGwS/xF/wb03Y2bT0QcjjnhNxz/UQKjY7zaxU2Nre2d4q7pb39g8Mju3zc0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf38/89jNXWsTRE04S3gvpMBKBYBSN1LfLmSeQeI2RIJfm0mLatytO1ZmDrBM3JxXI0ejbP94gZmnII2SSat11nQR7GVUomOTTkpdqnlA2pkOezQeeknMjDUgQK3MiJHN1KUdDrSehb5IhxZFe9Wbif143xeCml4koSZFHbPFRkEqCMZm1JwOhOEM5MYQyJcyEhI2oogzNjkqmurtadJ20rqpurXr7WKvU7/IlFOEUzuACXLiGOjxAA5rA4AXe4BO+LGW9Wu/WxyJasPI3J7AE6/sPoUuOzQ==</latexit>

�2

lens

=

✓
1 + �

2

◆
�2

obs

<latexit sha1_base64="JtCP7gAwH4p0WFpJfXYBBdWkrU8=">AAACJ3icbVDLSgMxFM34rPVVdekmWARFKDOloC6EopsuK9gHdGrJpJlpaDIzJHeEMswHufE73LkR0YWCf2L6WNjqgcDhnHu5OceLBddg2x/W0vLK6tp6biO/ubW9s1vY22/qKFGUNWgkItX2iGaCh6wBHARrx4oR6QnW8oY3Y7/1wJTmUXgHo5h1JQlC7nNKwEi9Qs3VPJCkl7pKYsFCnd2X8RV2BfPhxPUVoalz5gZESpKl5cxVPBjAKf69FXnjpV6haJfsCfBf4sxIEc1Q7xWe3X5EE8lCoIJo3XHsGLopUcCpYFneTTSLCR2SgKWTnBk+NlIf+5EyLwQ8UefmiNR6JD0zKQkM9KI3Fv/zOgn4F92Uh3ECLKTTQ34iMER4XBruc8UoiJEhhCpufojpgJhywFSbN9GdxaB/SbNcciqly9tKsXo9KyGHDtEROkEOOkdVVEN11EAUPaFX9Im+rEfrxXqz3qejS9Zs5wDNwfr+Ae1Lpco=</latexit>



State-of-the-art@2021
Combining dynamics and lensing

Einstein Ring ESO 325-G004

Detailed kinematical analysis: MUSE@VLT 

Detailed strong lensing modelling: HST imaging
HST+ MUSE

A single system 
at low redshift! 

(z ~ 0.04)

Collet et al, 2018, Science



State-of-the-art@2021

HST+ MUSE

A single system 
at low redshift! 

(zL ~ 0.04)

A (heterogeneous) 
collection of ~ 100 systems

(zL ~ 0.05 - 1)

Collet et al, 2018, Science

Single value of velocity 
dispersion

Averaged within the fiber/slit 
Luminosity and velocity 
dispersion profiles

Cao et al. 2017
� = 0.995+0.037

�0.047

<latexit sha1_base64="Qo9+cTY35Va1r1y7AEqty63q0Xk=">AAACAHicdVDLSgMxAMz6rPW16tFLtAiCuGRra7sHoejFYwX7gLaWbJq2odkHSVYoSy9e/BUvIl4U/AJ/wb8x266Hig4EhpkJyYwbciYVQl/GwuLS8spqZi27vrG5tW3u7NZlEAlCayTggWi6WFLOfFpTTHHaDAXFnstpwx1dJX7jngrJAv9WjUPa8fDAZ31GsNJS1zxoD7DnYXgBkeU4xbv4RBN0Vpp041NNCpqYOWQVke2c24k1hSb5InLKCNqpkgMpql3zs90LSORRXxGOpWzZKFSdGAvFCKeTbDuSNMRkhAc0nhaYwCMt9WA/EPr4Ck7VuRz2pBx7rk56WA3lby8R//JakeqXOzHzw0hRn8we6kccqgAma8AeE5QoPtYEE8H0DyEZYoGJ0ptldfWffvB/Us9bdsFybgq5ymU6Qgbsg0NwDGxQAhVwDaqgBgh4BM/gDbwbD8aT8WK8zqILRnpnD8zB+PgGWSWS0Q==</latexit>

� = 0.97± 0.09

<latexit sha1_base64="AVU9sqtU6AIFF/gW0cJmj3LDMEI=">AAAB9HicdVDLSgMxFM3UV62vUXHlJlgEVyVTWttZCEU3LivYB3RKyaRpG5rMDEmmUIb+iRsRNwp+h7/g35hpx0VFD4ScnHsuuff4EWdKI/Rl5TY2t7Z38ruFvf2DwyP7+KStwlgS2iIhD2XXx4pyFtCWZprTbiQpFj6nHX96l9Y7MyoVC4NHPY9oX+BxwEaMYG2kgX3mjbEQGN5AVHJrXiTMjdyBXUSlKnLcayd9L2FIuYrcOoJOphRBhubA/vSGIYkFDTThWKmegyLdT7DUjHC6KHixohEmUzymyXLoBbw00hCOQmlOoOFSXfNhodRc+MYpsJ6o37VU/KvWi/Wo3k9YEMWaBmT10SjmUIcwTQAOmaRE87khmEhmJoRkgiUm2uRUMKv/7Af/J+1yyamU3IdKsXGbhZAH5+ACXAEH1EAD3IMmaAECEvAM3sC7NbOerBfrdWXNWVnPKViD9fENlYmPLA==</latexit>

25% systematics!!



Archival Data

Run “machinery” (as in Schwab+2010, Cao+2017)

� = 1� �2
t /�

2
r

<latexit sha1_base64="YUp0y+tIk+d8nTB9m7Yokb2yrN8=">AAACAHicbVC7SgNBFL0bXzG+Vi1txgRBEONuGm2EoI1lBPOAbLLMTmaTIbMPZu4KIaSx8TcsbURsFPwCf8G/cfNoknjgwuGcc5k514ul0GhZv0ZmZXVtfSO7mdva3tndM/cPajpKFONVFslINTyquRQhr6JAyRux4jTwJK97/duxX3/kSosofMBBzFsB7YbCF4xiKrnmseNxpOSa2OScOFp0A+piu3Qxo6pdcs2CVbQmIMvEnpFCOe+cvQBAxTV/nE7EkoCHyCTVumlbMbaGVKFgko9yTqJ5TFmfdvlwUmBETlKpQ/xIpRMimahzORpoPQi8NBlQ7OlFbyz+5zUT9K9aQxHGCfKQTR/yE0kwIuNrkI5QnKEcpIQyJdIfEtajijJMb5ZLq9uLRZdJrVS0raJ9bxfKNzBFFo4gD6dgwyWU4Q4qUAUGz/AGn/BlPBmvxrvxMY1mjNnOIczB+P4D+bmWBg==</latexit><latexit sha1_base64="QAkZmvWdsQgw9T6uKVSPiltPk4g=">AAACAHicbVDLSgMxFM34rPU16tJNbBEEsU660Y0w6MZlBfuATjtk0kwbmnmQ3BGG0o0bf8CPcCPiRsEv8Bf6N04fm7YeuHA451ySc71YCg2WNTJWVtfWNzZzW/ntnd29ffPgsKajRDFeZZGMVMOjmksR8ioIkLwRK04DT/K6178b+/UnrrSIwkdIY94KaDcUvmAUMsk1TxyPA8U3mOAL7GjRDagL7fLljKp22TWLVsmaAC8TMiNFu+Ccv47stOKav04nYknAQ2CSat0kVgytAVUgmOTDvJNoHlPWp10+mBQY4tNM6mA/UtmEgCfqXI4GWqeBlyUDCj296I3F/7xmAv51ayDCOAEesulDfiIxRHh8DdwRijOQaUYoUyL7IWY9qiiD7Gb5rDpZLLpMauUSsUrkgRTtWzRFDh2jAjpDBF0hG92jCqoihl7QO/pC38az8WZ8GJ/T6Iox2zlCczB+/gDz55eM</latexit><latexit sha1_base64="QAkZmvWdsQgw9T6uKVSPiltPk4g=">AAACAHicbVDLSgMxFM34rPU16tJNbBEEsU660Y0w6MZlBfuATjtk0kwbmnmQ3BGG0o0bf8CPcCPiRsEv8Bf6N04fm7YeuHA451ySc71YCg2WNTJWVtfWNzZzW/ntnd29ffPgsKajRDFeZZGMVMOjmksR8ioIkLwRK04DT/K6178b+/UnrrSIwkdIY94KaDcUvmAUMsk1TxyPA8U3mOAL7GjRDagL7fLljKp22TWLVsmaAC8TMiNFu+Ccv47stOKav04nYknAQ2CSat0kVgytAVUgmOTDvJNoHlPWp10+mBQY4tNM6mA/UtmEgCfqXI4GWqeBlyUDCj296I3F/7xmAv51ayDCOAEesulDfiIxRHh8DdwRijOQaUYoUyL7IWY9qiiD7Gb5rDpZLLpMauUSsUrkgRTtWzRFDh2jAjpDBF0hG92jCqoihl7QO/pC38az8WZ8GJ/T6Iox2zlCczB+/gDz55eM</latexit><latexit sha1_base64="HsbCz8/06Hmbqd29u2Rh/USf2jE=">AAACAHicbVBLSwMxGPy2vmp9rXr0Ei2CF+umF70IRS8eK9gHdNuSTbNtMPsg+VYopRcv/hUvIl4U/AX+Bf+N23YvbR0IDDMTkhkvVtKg4/xauZXVtfWN/GZha3tnd8/eP6ibKNFc1HikIt30mBFKhqKGEpVoxlqwwFOi4T3eTvzGk9BGRuEDDmPRDlg/lL7kDFOpax+7nkBGrgkl58Q1sh+wLnbKFxnVnXLXLjolZwqyTGhGipCh2rV/3F7Ek0CEyBUzpkWdGNsjplFyJcYFNzEiZvyR9cVoWmBMTlOpR/xIpydEMlXnciwwZhh4aTJgODCL3kT8z2sl6F+1RzKMExQhnz3kJ4pgRCZrkJ7UgqMapoRxLdMfEj5gmnFMNyuk1eli0WVSL5eoU6L3tFi5yUbIwxGcwBlQuIQK3EEVasDhBd7gE76sZ+vVerc+ZtGcld05hDlY33/2lJR9</latexit>

Includes: 
Anisotropic velocity dispersion 

Light profiles, seeing and fiber/slit 
aperture effects 
Power law density profile ⇢(r) / r�↵

<latexit sha1_base64="QrbOle+Ukl4oZIqhMy14hZwBMBM=">AAAB+nicbVDLSgMxFL1TX7W+Rl12EyxCXVhmRNBl0Y3LCvYBnVoyadoJzUxCkhHK2IW/4kbEjYIf4S/4N6aPTVsPBA7nnHDvuaHkTBvP+3Vya+sbm1v57cLO7t7+gXt41NAiVYTWieBCtUKsKWcJrRtmOG1JRXEcctoMh7cTv/lElWYieTAjSTsxHiSszwg2Vuq6xUBFoqzOUCCVkEYg9ZidB5jLCI+7bsmreFOgVeLPSQnmqHXdn6AnSBrTxBCOtW77njSdDCvDCKfjQpBqKjEZ4gHNpquP0amVeqgvlH2JQVN1IYdjrUdxaJMxNpFe9ibif147Nf3rTsYSmRqakNmgfsqRrTi5A+oxRYnhI0swUcxuiEiEFSbGXqtgq/vLRVdJ46LiexX//rJUvZkfIQ9FOIEy+HAFVbiDGtSBwAu8wSd8Oc/Oq/PufMyiOWf+5xgW4Hz/AaQdk2M=</latexit><latexit sha1_base64="QrbOle+Ukl4oZIqhMy14hZwBMBM=">AAAB+nicbVDLSgMxFL1TX7W+Rl12EyxCXVhmRNBl0Y3LCvYBnVoyadoJzUxCkhHK2IW/4kbEjYIf4S/4N6aPTVsPBA7nnHDvuaHkTBvP+3Vya+sbm1v57cLO7t7+gXt41NAiVYTWieBCtUKsKWcJrRtmOG1JRXEcctoMh7cTv/lElWYieTAjSTsxHiSszwg2Vuq6xUBFoqzOUCCVkEYg9ZidB5jLCI+7bsmreFOgVeLPSQnmqHXdn6AnSBrTxBCOtW77njSdDCvDCKfjQpBqKjEZ4gHNpquP0amVeqgvlH2JQVN1IYdjrUdxaJMxNpFe9ibif147Nf3rTsYSmRqakNmgfsqRrTi5A+oxRYnhI0swUcxuiEiEFSbGXqtgq/vLRVdJ46LiexX//rJUvZkfIQ9FOIEy+HAFVbiDGtSBwAu8wSd8Oc/Oq/PufMyiOWf+5xgW4Hz/AaQdk2M=</latexit><latexit sha1_base64="QrbOle+Ukl4oZIqhMy14hZwBMBM=">AAAB+nicbVDLSgMxFL1TX7W+Rl12EyxCXVhmRNBl0Y3LCvYBnVoyadoJzUxCkhHK2IW/4kbEjYIf4S/4N6aPTVsPBA7nnHDvuaHkTBvP+3Vya+sbm1v57cLO7t7+gXt41NAiVYTWieBCtUKsKWcJrRtmOG1JRXEcctoMh7cTv/lElWYieTAjSTsxHiSszwg2Vuq6xUBFoqzOUCCVkEYg9ZidB5jLCI+7bsmreFOgVeLPSQnmqHXdn6AnSBrTxBCOtW77njSdDCvDCKfjQpBqKjEZ4gHNpquP0amVeqgvlH2JQVN1IYdjrUdxaJMxNpFe9ibif147Nf3rTsYSmRqakNmgfsqRrTi5A+oxRYnhI0swUcxuiEiEFSbGXqtgq/vLRVdJ46LiexX//rJUvZkfIQ9FOIEy+HAFVbiDGtSBwAu8wSd8Oc/Oq/PufMyiOWf+5xgW4Hz/AaQdk2M=</latexit><latexit sha1_base64="QrbOle+Ukl4oZIqhMy14hZwBMBM=">AAAB+nicbVDLSgMxFL1TX7W+Rl12EyxCXVhmRNBl0Y3LCvYBnVoyadoJzUxCkhHK2IW/4kbEjYIf4S/4N6aPTVsPBA7nnHDvuaHkTBvP+3Vya+sbm1v57cLO7t7+gXt41NAiVYTWieBCtUKsKWcJrRtmOG1JRXEcctoMh7cTv/lElWYieTAjSTsxHiSszwg2Vuq6xUBFoqzOUCCVkEYg9ZidB5jLCI+7bsmreFOgVeLPSQnmqHXdn6AnSBrTxBCOtW77njSdDCvDCKfjQpBqKjEZ4gHNpquP0amVeqgvlH2JQVN1IYdjrUdxaJMxNpFe9ibif147Nf3rTsYSmRqakNmgfsqRrTi5A+oxRYnhI0swUcxuiEiEFSbGXqtgq/vLRVdJ46LiexX//rJUvZkfIQ9FOIEy+HAFVbiDGtSBwAu8wSd8Oc/Oq/PufMyiOWf+5xgW4Hz/AaQdk2M=</latexit>

Crisnejo et al.

↵ = 1.995+0.009
�0.009

<latexit sha1_base64="zE3d/glny/2x8JO7mRUvvLk2JvA=">AAAB/3icbVDLSsNAFL2pr1pfUZduBosgiCERRbsQim5cVrAPaGuZTCft0MmDmYlQQhZu/BU3Im4U/AN/wb9x0mbT1gMDh3POcO89bsSZVLb9axSWlldW14rrpY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu6Dbzm09USBYGD2oc0a6PBwHzGMFKSz0TdTCPhhhdI8eqVC4ekxPbsu1K2ktOc2KWM5IBLRInJ2XIUeuZP51+SGKfBopwLGXbsSPVTbBQjHCaljqxpBEmIzygyWT/FB1pqY+8UOgXKDRRZ3LYl3LsuzrpYzWU814m/ue1Y+VddRMWRLGiAZkO8mKOVIiyMlCfCUoUH2uCiWB6Q0SGWGCidGUlfbozf+giaZxZjm059+fl6k1eQhEO4BCOwYFLqMId1KAOBF7gDT7hy3g2Xo1342MaLRj5n32YgfH9B7shkm4=</latexit><latexit sha1_base64="zE3d/glny/2x8JO7mRUvvLk2JvA=">AAAB/3icbVDLSsNAFL2pr1pfUZduBosgiCERRbsQim5cVrAPaGuZTCft0MmDmYlQQhZu/BU3Im4U/AN/wb9x0mbT1gMDh3POcO89bsSZVLb9axSWlldW14rrpY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu6Dbzm09USBYGD2oc0a6PBwHzGMFKSz0TdTCPhhhdI8eqVC4ekxPbsu1K2ktOc2KWM5IBLRInJ2XIUeuZP51+SGKfBopwLGXbsSPVTbBQjHCaljqxpBEmIzygyWT/FB1pqY+8UOgXKDRRZ3LYl3LsuzrpYzWU814m/ue1Y+VddRMWRLGiAZkO8mKOVIiyMlCfCUoUH2uCiWB6Q0SGWGCidGUlfbozf+giaZxZjm059+fl6k1eQhEO4BCOwYFLqMId1KAOBF7gDT7hy3g2Xo1342MaLRj5n32YgfH9B7shkm4=</latexit><latexit sha1_base64="zE3d/glny/2x8JO7mRUvvLk2JvA=">AAAB/3icbVDLSsNAFL2pr1pfUZduBosgiCERRbsQim5cVrAPaGuZTCft0MmDmYlQQhZu/BU3Im4U/AN/wb9x0mbT1gMDh3POcO89bsSZVLb9axSWlldW14rrpY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu6Dbzm09USBYGD2oc0a6PBwHzGMFKSz0TdTCPhhhdI8eqVC4ekxPbsu1K2ktOc2KWM5IBLRInJ2XIUeuZP51+SGKfBopwLGXbsSPVTbBQjHCaljqxpBEmIzygyWT/FB1pqY+8UOgXKDRRZ3LYl3LsuzrpYzWU814m/ue1Y+VddRMWRLGiAZkO8mKOVIiyMlCfCUoUH2uCiWB6Q0SGWGCidGUlfbozf+giaZxZjm059+fl6k1eQhEO4BCOwYFLqMId1KAOBF7gDT7hy3g2Xo1342MaLRj5n32YgfH9B7shkm4=</latexit><latexit sha1_base64="zE3d/glny/2x8JO7mRUvvLk2JvA=">AAAB/3icbVDLSsNAFL2pr1pfUZduBosgiCERRbsQim5cVrAPaGuZTCft0MmDmYlQQhZu/BU3Im4U/AN/wb9x0mbT1gMDh3POcO89bsSZVLb9axSWlldW14rrpY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu6Dbzm09USBYGD2oc0a6PBwHzGMFKSz0TdTCPhhhdI8eqVC4ekxPbsu1K2ktOc2KWM5IBLRInJ2XIUeuZP51+SGKfBopwLGXbsSPVTbBQjHCaljqxpBEmIzygyWT/FB1pqY+8UOgXKDRRZ3LYl3LsuzrpYzWU814m/ue1Y+VddRMWRLGiAZkO8mKOVIiyMlCfCUoUH2uCiWB6Q0SGWGCidGUlfbozf+giaZxZjm059+fl6k1eQhEO4BCOwYFLqMId1KAOBF7gDT7hy3g2Xo1342MaLRj5n32YgfH9B7shkm4=</latexit>

� = 0.180+0.014
�0.014
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• Totally “blind analysis” 

• Power and danger of “gamma-machine”! 

• Prone to confirmation bias 

• Revisit every single step, from 
modelling to data, to test for 
systematics

From (beta, public) “masterlens” catalog of 8577 SL systems 
Galaxy-Galaxy systems, with known zL, zS ,       and lens modelling 
Restrict to systems with zS < 1.5 : total of 110 systems

�v
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Slip parameter
� = 1.001+0.022

�0.023
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Improving statistics:  finding new systems

Found ~ 40 excellent systems, some in SuGOHI sample 

Have zL, zS , and the coarse     .  “Only” needs SL modelling (+galaxy subtraction)�v
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Catalog from Spectroscopic Identification of Lensing Objects (Talbot et al. 2020)
+ Inspection on Hyper Suprime Cam images (+ DES, DECaLS, SDSS)
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Expected error bar in    from this sample alone: 0.07 
Advantages: 
• homogeneous selection

• narrower redshift interval 

• totally independent sample and analysis

�
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Catalog from Spectroscopic Identification of Lensing Objects (Talbot et al. 2020)
+ Inspection on Hyper Suprime Cam images (+ DES, DECaLS, SDSS)



Improving statistics:  finding new systems

Proposal for CASLEO (2022A):  
found ~ 30 excellent systems from their morphology

Seeking to obtain zS from emission lines

�
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Seeking confirmation of Strong Lensing Systems identified in the wide-field 
imaging surveys (HSC, DES, DECaLS, KiDS, +) [compilation by Alves et al.]

If successful, go to large telescope (e.g. SOAR, Gemini), to obtain �v
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• More typical system for this analysis:  
lens redshift and Einstein radius x galaxy size

• Pilot program:  
Diffraction limited IFU spectroscopy  
in the IR with NIFS + ALTAIR LGS  
@Gemini (GN2021B-010)

• System SDSS J0747+4448

• zL ~ 0.4, zS ~ 0.9

• from BELLS

• HST imaging

• Expected 0.1" FWHM

• Resolve ~ 40 pc at the source!

Improving systematics: resolved kinematics

“the cursed proposal”… 



A new regime
• Obtain spatially resolved spectral observations 

for higher redshift systems

• few arcsec: natural seeing allows for a coarse 
angular and radial measurement of the velocity 
dispersion

• disentangle and improve S/N of source

• high S/N spectrum of the lens

• address the systematics on the kinematics 

• improve the strong lensing modelling 

• Many objects are perfect for the Gemini  
GMOS/IFU fov!

• pilot program for Gemini for 2021B: 3 systems
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A new regime
• Obtain spatially resolved spectral observations 

for higher redshift systems

• few arcsec: natural seeing allows for a coarse 
angular and radial measurement of the velocity 
dispersion

• disantangle and improve S/N of source

• high S/N spectrum of the lens

• address the systematics on the kinematics 

• improve the strong lensing modelling 

• Expected statistical uncertainty in     from the 3 
systems with the standard analysis: ~ 0.1
• Most important: study of systematics

�
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Pilot program of the pilot program: in the queue for this month (FT)!



Gravitational Lens Finding Challenge 2

• Euclid-like simulations  

• Many many tests:

• architectures (CMU, ResNet, efficientNet, etc.) and configurations 
(metrics, optimizers, etc.)

• data sets (visual and IR bands, different resolution)

• processing (subtract rotated images, filters, etc.)

• Submitted 4 classification entries and 

2 regression entries  

(measuring Einstein radius)

Future surveys (Rubin/Roman/Euclid): need 
automated identification and modelling



Best result, 4 entries 
out of the 6/7 best
Good regression results

Gravitational Lens Finding Challenge 2

• Euclid-like simulations  

• Submitted 4 classification and 2 regression entries (measuring Einstein radius)

• Hardware effort (GPU farms @ CBPF)

• Large team working over the (Brazilian)

 summer (vacation)

Future surveys (Rubin/Roman/Euclid): need 
automated identification and modelling



Recover simultaneously zL, zS , and �v
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Which parameters can we recover with ML?

Bom et al., 2019, arXiv:1911.06341

• Only photometry (3 bands)

• Lenspop (Collet 2015) simulations

• SIE, instrument (DES conditions)

• ~1860 mock DES-observable 
systems

• Inception Neural Network



Can we measure the slip from systems 
modelled using Machine Learning?

• Only photometry (3 bands)

• Lenspop (Collet 2015) simulations

• SIE, instrument (DES conditions)

• run in ~ 1860 mock            
DES-observable systems

• Inception Neural Network

Simulated velocity dispersion sample:

• Assumes 

• From true redshifts and Einstein 
radii generates (fake) velocity 
dispersion using previous modelling 
and assuming a Gaussian distribution  

• Run for the sample of ~ 1500 
simulated arcs with

• Analyse parameters recovered from 
the ML (     , zL and zS) and the 
simulated velocity dispersions as 
data

� = 1
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0.800 < ✓E < 2.000
<latexit sha1_base64="k7X8F1gWHYjMdgpWnKswy316xUo=">AAAB93icdVDLSgMxFM3UV62vUTeCm2CRuhoyxUcFF0URXFawD2hLyaRpG5p5kNwRhlJ/xY2IGwX/wl/wb0zbEazogcDhnBPuvceLpNBAyKeVWVhcWl7JrubW1jc2t+ztnZoOY8V4lYUyVA2Pai5FwKsgQPJGpDj1Pcnr3vBq4tfvudIiDO4giXjbp/1A9ASjYKSOvUecUqGAL3ALBhxo59rQokMKhY6dJw6ZAv8gJ8Q9P3Wxmyp5lKLSsT9a3ZDFPg+ASap10yURtEdUgWCSj3OtWPOIsiHt89F07zE+NFIX90JlXgB4qs7lqK914nsm6VMY6N/eRPzLa8bQK7VHIohi4AGbDerFEkOIJyXgrlCcgUwMoUwJsyFmA6ooA1NVzpz+fR/+n9SKjksc9/Y4X75MS8iifXSAjpCLzlAZ3aAKqiKGHtATekVvVmI9Ws/WyyyasdI/u2gO1vsX6w+PLA==</latexit><latexit sha1_base64="k7X8F1gWHYjMdgpWnKswy316xUo=">AAAB93icdVDLSgMxFM3UV62vUTeCm2CRuhoyxUcFF0URXFawD2hLyaRpG5p5kNwRhlJ/xY2IGwX/wl/wb0zbEazogcDhnBPuvceLpNBAyKeVWVhcWl7JrubW1jc2t+ztnZoOY8V4lYUyVA2Pai5FwKsgQPJGpDj1Pcnr3vBq4tfvudIiDO4giXjbp/1A9ASjYKSOvUecUqGAL3ALBhxo59rQokMKhY6dJw6ZAv8gJ8Q9P3Wxmyp5lKLSsT9a3ZDFPg+ASap10yURtEdUgWCSj3OtWPOIsiHt89F07zE+NFIX90JlXgB4qs7lqK914nsm6VMY6N/eRPzLa8bQK7VHIohi4AGbDerFEkOIJyXgrlCcgUwMoUwJsyFmA6ooA1NVzpz+fR/+n9SKjksc9/Y4X75MS8iifXSAjpCLzlAZ3aAKqiKGHtATekVvVmI9Ws/WyyyasdI/u2gO1vsX6w+PLA==</latexit><latexit sha1_base64="k7X8F1gWHYjMdgpWnKswy316xUo=">AAAB93icdVDLSgMxFM3UV62vUTeCm2CRuhoyxUcFF0URXFawD2hLyaRpG5p5kNwRhlJ/xY2IGwX/wl/wb0zbEazogcDhnBPuvceLpNBAyKeVWVhcWl7JrubW1jc2t+ztnZoOY8V4lYUyVA2Pai5FwKsgQPJGpDj1Pcnr3vBq4tfvudIiDO4giXjbp/1A9ASjYKSOvUecUqGAL3ALBhxo59rQokMKhY6dJw6ZAv8gJ8Q9P3Wxmyp5lKLSsT9a3ZDFPg+ASap10yURtEdUgWCSj3OtWPOIsiHt89F07zE+NFIX90JlXgB4qs7lqK914nsm6VMY6N/eRPzLa8bQK7VHIohi4AGbDerFEkOIJyXgrlCcgUwMoUwJsyFmA6ooA1NVzpz+fR/+n9SKjksc9/Y4X75MS8iifXSAjpCLzlAZ3aAKqiKGHtATekVvVmI9Ws/WyyyasdI/u2gO1vsX6w+PLA==</latexit><latexit sha1_base64="k7X8F1gWHYjMdgpWnKswy316xUo=">AAAB93icdVDLSgMxFM3UV62vUTeCm2CRuhoyxUcFF0URXFawD2hLyaRpG5p5kNwRhlJ/xY2IGwX/wl/wb0zbEazogcDhnBPuvceLpNBAyKeVWVhcWl7JrubW1jc2t+ztnZoOY8V4lYUyVA2Pai5FwKsgQPJGpDj1Pcnr3vBq4tfvudIiDO4giXjbp/1A9ASjYKSOvUecUqGAL3ALBhxo59rQokMKhY6dJw6ZAv8gJ8Q9P3Wxmyp5lKLSsT9a3ZDFPg+ASap10yURtEdUgWCSj3OtWPOIsiHt89F07zE+NFIX90JlXgB4qs7lqK914nsm6VMY6N/eRPzLa8bQK7VHIohi4AGbDerFEkOIJyXgrlCcgUwMoUwJsyFmA6ooA1NVzpz+fR/+n9SKjksc9/Y4X75MS8iifXSAjpCLzlAZ3aAKqiKGHtATekVvVmI9Ws/WyyyasdI/u2gO1vsX6w+PLA==</latexit>

✓E
<latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit>

Bom et al., 20190.6 < ✓E < 3.1
<latexit sha1_base64="2x/bOjgoZuJG43CEoFHxDtVO3Mc=">AAAB83icbVDJSgNBFHzjGuM2LjcvjUHwNMyoqAcPQRE8RjALJGHo6fQkTXoWut8IMeRLvIh4UfA//AX/xk4ylyQWNBRV1bz3Kkil0Oi6v9bS8srq2npho7i5tb2za+/t13SSKcarLJGJagRUcyliXkWBkjdSxWkUSF4P+ndjv/7MlRZJ/ISDlLcj2o1FKBhFI/n2oetckhvSwh5H6t8beu54vl1yHXcCski8nJQgR8W3f1qdhGURj5FJqnXTc1NsD6lCwSQfFVuZ5illfdrlw8nOI3JipA4JE2VejGSizuRopPUgCkwyotjT895Y/M9rZhhet4ciTjPkMZsOCjNJMCHjAkhHKM5QDgyhTAmzIWE9qihDU1PRnO7NH7pIameO5zre40WpfJuXUIAjOIZT8OAKyvAAFagCgxd4g0/4sjLr1Xq3PqbRJSv/cwAzsL7/AEAijlI=</latexit><latexit sha1_base64="2x/bOjgoZuJG43CEoFHxDtVO3Mc=">AAAB83icbVDJSgNBFHzjGuM2LjcvjUHwNMyoqAcPQRE8RjALJGHo6fQkTXoWut8IMeRLvIh4UfA//AX/xk4ylyQWNBRV1bz3Kkil0Oi6v9bS8srq2npho7i5tb2za+/t13SSKcarLJGJagRUcyliXkWBkjdSxWkUSF4P+ndjv/7MlRZJ/ISDlLcj2o1FKBhFI/n2oetckhvSwh5H6t8beu54vl1yHXcCski8nJQgR8W3f1qdhGURj5FJqnXTc1NsD6lCwSQfFVuZ5illfdrlw8nOI3JipA4JE2VejGSizuRopPUgCkwyotjT895Y/M9rZhhet4ciTjPkMZsOCjNJMCHjAkhHKM5QDgyhTAmzIWE9qihDU1PRnO7NH7pIameO5zre40WpfJuXUIAjOIZT8OAKyvAAFagCgxd4g0/4sjLr1Xq3PqbRJSv/cwAzsL7/AEAijlI=</latexit><latexit sha1_base64="2x/bOjgoZuJG43CEoFHxDtVO3Mc=">AAAB83icbVDJSgNBFHzjGuM2LjcvjUHwNMyoqAcPQRE8RjALJGHo6fQkTXoWut8IMeRLvIh4UfA//AX/xk4ylyQWNBRV1bz3Kkil0Oi6v9bS8srq2npho7i5tb2za+/t13SSKcarLJGJagRUcyliXkWBkjdSxWkUSF4P+ndjv/7MlRZJ/ISDlLcj2o1FKBhFI/n2oetckhvSwh5H6t8beu54vl1yHXcCski8nJQgR8W3f1qdhGURj5FJqnXTc1NsD6lCwSQfFVuZ5illfdrlw8nOI3JipA4JE2VejGSizuRopPUgCkwyotjT895Y/M9rZhhet4ciTjPkMZsOCjNJMCHjAkhHKM5QDgyhTAmzIWE9qihDU1PRnO7NH7pIameO5zre40WpfJuXUIAjOIZT8OAKyvAAFagCgxd4g0/4sjLr1Xq3PqbRJSv/cwAzsL7/AEAijlI=</latexit><latexit sha1_base64="2x/bOjgoZuJG43CEoFHxDtVO3Mc=">AAAB83icbVDJSgNBFHzjGuM2LjcvjUHwNMyoqAcPQRE8RjALJGHo6fQkTXoWut8IMeRLvIh4UfA//AX/xk4ylyQWNBRV1bz3Kkil0Oi6v9bS8srq2npho7i5tb2za+/t13SSKcarLJGJagRUcyliXkWBkjdSxWkUSF4P+ndjv/7MlRZJ/ISDlLcj2o1FKBhFI/n2oetckhvSwh5H6t8beu54vl1yHXcCski8nJQgR8W3f1qdhGURj5FJqnXTc1NsD6lCwSQfFVuZ5illfdrlw8nOI3JipA4JE2VejGSizuRopPUgCkwyotjT895Y/M9rZhhet4ciTjPkMZsOCjNJMCHjAkhHKM5QDgyhTAmzIWE9qihDU1PRnO7NH7pIameO5zre40WpfJuXUIAjOIZT8OAKyvAAFagCgxd4g0/4sjLr1Xq3PqbRJSv/cwAzsL7/AEAijlI=</latexit>



Strong lensing systems with parameters recovered
from the inception neural network

Results

Same bayesian analysis as with the real data
100 realizations of the simulated sample

Crisnejo, MM, Bom, in prep.

Mean slip parameter
� = 1.003± 0.019

<latexit sha1_base64="3Q3DHO3/RqxkTYCjPCyxefSWKw4=">AAAB93icdVDNSgMxGMzWv1r/Vr0IXoJF8LRkq9X2IBS9eKxga6FbSjbNtqHJ7pJkhaXUV/Ei4kXBt/AVfBuz23qo6EBgmJnwfd/4MWdKI/RlFZaWV1bXiuuljc2t7R17d6+tokQS2iIRj2THx4pyFtKWZprTTiwpFj6n9/74OvPvH6hULArvdBrTnsDDkAWMYG2kvn3gDbEQGF5C10HoFHqxgMhBbr1vl5FTNeTczYQchlSqqF5DeThDGczR7Nuf3iAiiaChJhwr1XVRrHsTLDUjnE5LXqJojMkYD+kk33sKj400gEEkzQs1zNWFHBZKpcI3SYH1SP32MvEvr5vooNabsDBONA3JbFCQcKgjmJUAB0xSonlqCCaSmQ0hGWGJiTZVlczpP/fB/0m74rjIcW/Pyo2reQlFcAiOwAlwwQVogBvQBC1AwCN4Bm/g3UqtJ+vFep1FC9b8zz5YgPXxDb1sj7M=</latexit><latexit sha1_base64="3Q3DHO3/RqxkTYCjPCyxefSWKw4=">AAAB93icdVDNSgMxGMzWv1r/Vr0IXoJF8LRkq9X2IBS9eKxga6FbSjbNtqHJ7pJkhaXUV/Ei4kXBt/AVfBuz23qo6EBgmJnwfd/4MWdKI/RlFZaWV1bXiuuljc2t7R17d6+tokQS2iIRj2THx4pyFtKWZprTTiwpFj6n9/74OvPvH6hULArvdBrTnsDDkAWMYG2kvn3gDbEQGF5C10HoFHqxgMhBbr1vl5FTNeTczYQchlSqqF5DeThDGczR7Nuf3iAiiaChJhwr1XVRrHsTLDUjnE5LXqJojMkYD+kk33sKj400gEEkzQs1zNWFHBZKpcI3SYH1SP32MvEvr5vooNabsDBONA3JbFCQcKgjmJUAB0xSonlqCCaSmQ0hGWGJiTZVlczpP/fB/0m74rjIcW/Pyo2reQlFcAiOwAlwwQVogBvQBC1AwCN4Bm/g3UqtJ+vFep1FC9b8zz5YgPXxDb1sj7M=</latexit><latexit sha1_base64="3Q3DHO3/RqxkTYCjPCyxefSWKw4=">AAAB93icdVDNSgMxGMzWv1r/Vr0IXoJF8LRkq9X2IBS9eKxga6FbSjbNtqHJ7pJkhaXUV/Ei4kXBt/AVfBuz23qo6EBgmJnwfd/4MWdKI/RlFZaWV1bXiuuljc2t7R17d6+tokQS2iIRj2THx4pyFtKWZprTTiwpFj6n9/74OvPvH6hULArvdBrTnsDDkAWMYG2kvn3gDbEQGF5C10HoFHqxgMhBbr1vl5FTNeTczYQchlSqqF5DeThDGczR7Nuf3iAiiaChJhwr1XVRrHsTLDUjnE5LXqJojMkYD+kk33sKj400gEEkzQs1zNWFHBZKpcI3SYH1SP32MvEvr5vooNabsDBONA3JbFCQcKgjmJUAB0xSonlqCCaSmQ0hGWGJiTZVlczpP/fB/0m74rjIcW/Pyo2reQlFcAiOwAlwwQVogBvQBC1AwCN4Bm/g3UqtJ+vFep1FC9b8zz5YgPXxDb1sj7M=</latexit><latexit sha1_base64="3Q3DHO3/RqxkTYCjPCyxefSWKw4=">AAAB93icdVDNSgMxGMzWv1r/Vr0IXoJF8LRkq9X2IBS9eKxga6FbSjbNtqHJ7pJkhaXUV/Ei4kXBt/AVfBuz23qo6EBgmJnwfd/4MWdKI/RlFZaWV1bXiuuljc2t7R17d6+tokQS2iIRj2THx4pyFtKWZprTTiwpFj6n9/74OvPvH6hULArvdBrTnsDDkAWMYG2kvn3gDbEQGF5C10HoFHqxgMhBbr1vl5FTNeTczYQchlSqqF5DeThDGczR7Nuf3iAiiaChJhwr1XVRrHsTLDUjnE5LXqJojMkYD+kk33sKj400gEEkzQs1zNWFHBZKpcI3SYH1SP32MvEvr5vooNabsDBONA3JbFCQcKgjmJUAB0xSonlqCCaSmQ0hGWGJiTZVlczpP/fB/0m74rjIcW/Pyo2reQlFcAiOwAlwwQVogBvQBC1AwCN4Bm/g3UqtJ+vFep1FC9b8zz5YgPXxDb1sj7M=</latexit>

No bias despite using (     , zL and zS) 
directly from the ML!

✓E
<latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit><latexit sha1_base64="+HG9A8VMt7tWsQOOwMGufpICsHw=">AAAB5XicdVDbSkJBFN3HbmY3q8dehiTo6TBHsvRNiqBHg7yAiswZRx2cc2Fmn0DET+glopeCfqdf6G8a9fRg1IKBxVpr2HttP1bSIKVfTmZtfWNzK7ud29nd2z/IHx41TJRoLuo8UpFu+cwIJUNRR4lKtGItWOAr0fTHN3O/+Si0kVH4gJNYdAM2DOVAcoZWanVwJJD1bnv5AnVL1KtceoS6dAFLiiVaKVPipUoBUtR6+c9OP+JJIELkihnT9miM3SnTKLkSs1wnMSJmfMyGYrrYckbOrNQng0jbFyJZqCs5FhgzCXybDBiOzG9vLv7ltRMclLtTGcYJipAvBw0SRTAi88qkL7XgqCaWMK6l3ZDwEdOMoz1Mzlb/6Uf+J42i61HXu78oVK/TI2ThBE7hHDy4gircQQ3qwEHBM7zBuzN0npwX53UZzTjpn2NYgfPxDQcNi7k=</latexit>

• Constraints on modified 
gravity from an (almost) 
end-to-end analysis using 
Machine Learning

• Towards a fully automated 
modified gravity test!

• No need of zS (?!)



Take aways

• Galaxy-galaxy SL + stellar kinematics: testing MoG at ~ 100 kpc

• Measure the slip parameter in 3 regimes:

• Coarse: systems with a single measurement of velocity dispersion

• Archival data agrees with current estimates and GR [OK]

• New confirmed systems [modelling in progress]

• Compilation of known systems + wide field surveys [observing for zS]

• Rubin/Roman/Euclid O(104): use DL to find and model the systems  
(+ massive spectroscopy) [promising]

• Natural seeing IFU data [2022B?]

• possible for O(102) systems

• better handling of kinematics systematics

• separation lens/source of spectra

• IFU + AO, possible for O(10) systems, pathfinder in IR [2021B]

• Towards precise and robust measurements of slip with strong lenses

• Testing other aspects of MoG? Modifications of Jeans equation…

� =
�

 <latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit><latexit sha1_base64="YbWJw1yZuRG4/7QygEWlT3/LQ9s=">AAACAXicbVBLSwMxGPzWZ62vVY9eQovgqeyKoBeh6MVjBfuAbinZNNuGZh8k3wpl2ZMX/4oXES8K/gH/gv/GtN1LWwcCw8yEZMZPpNDoOL/W2vrG5tZ2aae8u7d/cGgfHbd0nCrGmyyWser4VHMpIt5EgZJ3EsVp6Eve9sd3U7/9xJUWcfSIk4T3QjqMRCAYRSP17Yo3pGFIyQ3xAkVZ5gkkXmMk8oJpkfftqlNzZiCrxC1IFQo0+vaPN4hZGvIImaRad10nwV5GFQomeV72Us0TysZ0yLNZg5ycGWlAgliZEyGZqQs5Gmo9CX2TDCmO9LI3Ff/zuikG171MREmKPGLzh4JUEozJdA4yEIozlBNDKFPC/JCwETVLoBmtbKq7y0VXSeui5jo19+GyWr8tRijBKVTgHFy4gjrcQwOawOAF3uATvqxn69V6tz7m0TWruHMCC7C+/wCed5Yl</latexit>

slip parameter
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Thank you



Galaxy kinematics




