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Standard cosmological model

DES Y1 NASA/WMAP



Modeling small scales in WL

• DM-only N-body

• 240/h Mpc box

• 5123 particles (mass 

resolution ~1010 Msun)

• No SSC

• Multi-plane algorithm

• Full ray-tracing (no Born)

• 80/h Mpc planes

• Flat-sky

• 3.5 x 3.5 deg2

• Past light-cone recycling

• Smoothing and noise 

added in post-processing



Upcoming WL surveys



Extracting information from WL maps
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Extracting information from WL maps
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DES Y1 

Extracting information from WL maps

1 Transform the field to make it 
look more Gaussian, then use 2-
point function / power spectrum

Neyrinck et al. 2009, Seo et al. 
2011, Carron & Szapudi 2013,14, 
Shirasaki 2017



DES Y1 

Extracting information from WL maps

1 Transform the field to make it 
look more Gaussian, then use 2-
point function / power spectrum

Lagrangian reconstruction, 
sample ICs from with forward 
model, optimize ICs with forward 
model, ML… 

2 “Reconstruct” the field’s initial 
conditions, when it was almost 
Gaussian, then use 2-point 
function/ power spectrum



DES Y1 

1 Transform the field to make it 
look more Gaussian, then use 2-
point function / power spectrum

2 “Reconstruct” the field’s initial 
conditions, when it was almost 
Gaussian, then use 2-point 
function/ power spectrum

3 Use higher-order statistics, either 
n-point functions or topological 
observables 

Extracting information from WL maps
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Extracting information from WL maps

p(✓|x,M) =
p(x|✓,M)p(✓,M)

p(x,M)

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

⌦m
<latexit sha1_base64="dTUb6NO5nWdo+ZX714iKIOcBwIg=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68WYF+yFtKJvtpF26uwm7G6GU/govHhTx6s/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDZozGPVDolGziQ2DDMc24lCIkKOrXB0k/mtJ1SaxfLBjBMMBBlIFjFKjJUeu3cCB6Qnir1S2at4M7jLxM9JGXLUe6Wvbj+mqUBpKCdad3wvMcGEKMMox2mxm2pMCB2RAXYslUSgDiazg6fuqVX6bhQrW9K4M/X3xIQIrccitJ2CmKFe9DLxP6+TmugqmDCZpAYlnS+KUu6a2M2+d/tMITV8bAmhitlbXTokilBjM8pC8BdfXibNasU/r1TvL8q16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AG7+P8w==</latexit>

�8
<latexit sha1_base64="eT3qqxKNpPjfUpuTxN9aQfVw97c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBXssevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWys9DjQbCzwsFEalitu1V0ArRMvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUSC6r9dHHwHF1YZYTCSNmSBi3U3xMpFlrPRGA7BTYTvepl4n9ePzFhw0+ZjBNDJVkuChOOTISy79GIKUoMn1mCiWL2VkQmWGFibEZZCN7qy+ukU6t6V9Xafb3SvMnjKMIZnMMleHANTbiDFrSBgIBneIU3RzkvzrvzsWwtOPnMKfyB8/kDCNyP5g==</latexit>

M
<latexit sha1_base64="HtBd6pAK2XINnBe25rUDBukMPNQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kWoYj+gDWWznbRLN5uwuxFK6T/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbjK/9YRK81g+mnGCfkQHkoecUWOlh7tir1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02MP6HKcCZwWuymGhPKRnSAHUsljVD7k9mlU3JqlT4JY2VLGjJTf09MaKT1OApsZ0TNUC96mfif10lNeOVPuExSg5LNF4WpICYm2dukzxUyI8aWUKa4vZWwIVWUGRtOFoK3+PIyaVYr3nmlen9Rrl3ncRTgGE7gDDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH9q0jOk=</latexit>
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Extracting information from WL maps

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

M
<latexit sha1_base64="HtBd6pAK2XINnBe25rUDBukMPNQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kWoYj+gDWWznbRLN5uwuxFK6T/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbjK/9YRK81g+mnGCfkQHkoecUWOlh7tir1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02MP6HKcCZwWuymGhPKRnSAHUsljVD7k9mlU3JqlT4JY2VLGjJTf09MaKT1OApsZ0TNUC96mfif10lNeOVPuExSg5LNF4WpICYm2dukzxUyI8aWUKa4vZWwIVWUGRtOFoK3+PIyaVYr3nmlen9Rrl3ncRTgGE7gDDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH9q0jOk=</latexit>

⌦m
<latexit sha1_base64="XBVX0gqEeTx9eVTO9lgLV9BVtxI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04s0K9gPaUDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZuq3nlBpHkcPZpygL+kg4iFn1Fip3b2TOKA92SuV3Yo7A1kmXk7KkKPeK311+zFLJUaGCap1x3MT42dUGc4ETordVGNC2YgOsGNpRCVqP5vdOyGnVumTMFa2IkNm6u+JjEqtxzKwnZKaoV70puJ/Xic14ZWf8ShJDUZsvihMBTExmT5P+lwhM2JsCWWK21sJG1JFmbERFW0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aAADAc/wCm/Oo/PivDsf89YVJ585gj9wPn8A5IWP3w==</latexit>

�8
<latexit sha1_base64="+rg9TXHqhCLTHfSKpWsVBcm9JlY=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q2GPRi8cK9gPapWTTbBuaZNckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bJk41ZU0ai1h3QmKY4Io1LbeCdRLNiAwFa4fj25nffmLa8Fg92EnCAkmGikecEuukTs/woST9Wr9U9ireHHiV+DkpQ45Gv/TVG8Q0lUxZKogxXd9LbJARbTkVbFrspYYlhI7JkHUdVUQyE2Tze6f43CkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG9WCjKsktUzRxaIoFdjGePY8HnDNqBUTRwjV3N2K6YhoQq2LqOhC8JdfXiWtasW/rFTvr8r1mzyOApzCGVyAD9dQhztoQBMoCHiGV3hDj+gFvaOPResaymdO4A/Q5w/Rr4/S</latexit>

Charnock et al. 2018
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Extracting information from WL maps

⌦m
<latexit sha1_base64="XBVX0gqEeTx9eVTO9lgLV9BVtxI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04s0K9gPaUDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZuq3nlBpHkcPZpygL+kg4iFn1Fip3b2TOKA92SuV3Yo7A1kmXk7KkKPeK311+zFLJUaGCap1x3MT42dUGc4ETordVGNC2YgOsGNpRCVqP5vdOyGnVumTMFa2IkNm6u+JjEqtxzKwnZKaoV70puJ/Xic14ZWf8ShJDUZsvihMBTExmT5P+lwhM2JsCWWK21sJG1JFmbERFW0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aAADAc/wCm/Oo/PivDsf89YVJ585gj9wPn8A5IWP3w==</latexit>

�8
<latexit sha1_base64="+rg9TXHqhCLTHfSKpWsVBcm9JlY=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q2GPRi8cK9gPapWTTbBuaZNckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bJk41ZU0ai1h3QmKY4Io1LbeCdRLNiAwFa4fj25nffmLa8Fg92EnCAkmGikecEuukTs/woST9Wr9U9ireHHiV+DkpQ45Gv/TVG8Q0lUxZKogxXd9LbJARbTkVbFrspYYlhI7JkHUdVUQyE2Tze6f43CkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG9WCjKsktUzRxaIoFdjGePY8HnDNqBUTRwjV3N2K6YhoQq2LqOhC8JdfXiWtasW/rFTvr8r1mzyOApzCGVyAD9dQhztoQBMoCHiGV3hDj+gFvaOPResaymdO4A/Q5w/Rr4/S</latexit>

x|M
<latexit sha1_base64="nthJmqdm6oxs8kRNvY8slD3J840=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRixehgv2AdinZNNvGZpMlyYpl7X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut7O0vLK6tl7YKG5ube/slvb2m1omitAGkVyqdoA15UzQhmGG03asKI4CTlvB6CrzWw9UaSbFnRnH1I/wQLCQEWys1HxET+im2CuV3Yo7BVokXk7KkKPeK311+5IkERWGcKx1x3Nj46dYGUY4nRS7iaYxJiM8oB1LBY6o9tPptRN0bJU+CqWyJQyaqr8nUhxpPY4C2xlhM9TzXib+53USE174KRNxYqggs0VhwpGRKHsd9ZmixPCxJZgoZm9FZIgVJsYGlIXgzb+8SJrVindaqd6elWuXeRwFOIQjOAEPzqEG11CHBhC4h2d4hTdHOi/Ou/Mxa11y8pkD+APn8wdF4Y5F</latexit>



Neural networks

x0
<latexit sha1_base64="R135vjpnIa7C4FCMWzv6Aw3hypQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKLI2f</latexit><latexit sha1_base64="R135vjpnIa7C4FCMWzv6Aw3hypQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKLI2f</latexit><latexit sha1_base64="R135vjpnIa7C4FCMWzv6Aw3hypQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKLI2f</latexit><latexit sha1_base64="R135vjpnIa7C4FCMWzv6Aw3hypQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKLI2f</latexit>

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

xN
<latexit sha1_base64="mp3dPyX+QxkTaLqAui5gdzn2ZQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T/1bnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx83pI29</latexit><latexit sha1_base64="mp3dPyX+QxkTaLqAui5gdzn2ZQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T/1bnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx83pI29</latexit><latexit sha1_base64="mp3dPyX+QxkTaLqAui5gdzn2ZQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T/1bnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx83pI29</latexit><latexit sha1_base64="mp3dPyX+QxkTaLqAui5gdzn2ZQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVA44T7kd0oEQoGEUr3T/1bnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx83pI29</latexit>
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z0
<latexit sha1_base64="SpkCOggXHS5K8x6R7DstAipbS14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwANOI2h</latexit><latexit sha1_base64="SpkCOggXHS5K8x6R7DstAipbS14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwANOI2h</latexit><latexit sha1_base64="SpkCOggXHS5K8x6R7DstAipbS14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwANOI2h</latexit><latexit sha1_base64="SpkCOggXHS5K8x6R7DstAipbS14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwANOI2h</latexit>

z1
<latexit sha1_base64="zElJyC6c4QlJtweiNQWdZDmKeGc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAOvI2i</latexit><latexit sha1_base64="zElJyC6c4QlJtweiNQWdZDmKeGc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAOvI2i</latexit><latexit sha1_base64="zElJyC6c4QlJtweiNQWdZDmKeGc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAOvI2i</latexit><latexit sha1_base64="zElJyC6c4QlJtweiNQWdZDmKeGc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAOvI2i</latexit>

w0j
<latexit sha1_base64="h/kDFoBekDdrDEEVxkj8DQ7VvJk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TZtNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD4+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4dua3Hpk2XMkHO0lYEJOB5BGnxDqp+dTL8GjaK1dwFc+BVomfkwrkqPfKX92+omnMpKWCGNPxcWKDjGjLqWDTUjc1LCF0TAas46gkMTNBNr92is6c0keR0q6kRXP190RGYmMmceg6Y2KHZtmbif95ndRG10HGZZJaJuliUZQKZBWavY76XDNqxcQRQjV3tyI6JJpQ6wIquRD85ZdXSfOi6uOqf39Zqd3kcRThBE7hHHy4ghrcQR0aQGEEz/AKb57yXrx372PRWvDymWP4A+/zB5THjx4=</latexit><latexit sha1_base64="h/kDFoBekDdrDEEVxkj8DQ7VvJk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TZtNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD4+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4dua3Hpk2XMkHO0lYEJOB5BGnxDqp+dTL8GjaK1dwFc+BVomfkwrkqPfKX92+omnMpKWCGNPxcWKDjGjLqWDTUjc1LCF0TAas46gkMTNBNr92is6c0keR0q6kRXP190RGYmMmceg6Y2KHZtmbif95ndRG10HGZZJaJuliUZQKZBWavY76XDNqxcQRQjV3tyI6JJpQ6wIquRD85ZdXSfOi6uOqf39Zqd3kcRThBE7hHHy4ghrcQR0aQGEEz/AKb57yXrx372PRWvDymWP4A+/zB5THjx4=</latexit><latexit sha1_base64="h/kDFoBekDdrDEEVxkj8DQ7VvJk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TZtNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD4+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4dua3Hpk2XMkHO0lYEJOB5BGnxDqp+dTL8GjaK1dwFc+BVomfkwrkqPfKX92+omnMpKWCGNPxcWKDjGjLqWDTUjc1LCF0TAas46gkMTNBNr92is6c0keR0q6kRXP190RGYmMmceg6Y2KHZtmbif95ndRG10HGZZJaJuliUZQKZBWavY76XDNqxcQRQjV3tyI6JJpQ6wIquRD85ZdXSfOi6uOqf39Zqd3kcRThBE7hHHy4ghrcQR0aQGEEz/AKb57yXrx372PRWvDymWP4A+/zB5THjx4=</latexit><latexit sha1_base64="h/kDFoBekDdrDEEVxkj8DQ7VvJk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TZtNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD4+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4dua3Hpk2XMkHO0lYEJOB5BGnxDqp+dTL8GjaK1dwFc+BVomfkwrkqPfKX92+omnMpKWCGNPxcWKDjGjLqWDTUjc1LCF0TAas46gkMTNBNr92is6c0keR0q6kRXP190RGYmMmceg6Y2KHZtmbif95ndRG10HGZZJaJuliUZQKZBWavY76XDNqxcQRQjV3tyI6JJpQ6wIquRD85ZdXSfOi6uOqf39Zqd3kcRThBE7hHHy4ghrcQR0aQGEEz/AKb57yXrx372PRWvDymWP4A+/zB5THjx4=</latexit>

wij
<latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit>

wNj
<latexit sha1_base64="YJxrhYp9aeMU7Xa2PiJ1u8ciLXY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kkimAckS5idzCaTzGOZmVXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jEo1oXWiuNKtCBvKmaR1yyynrURTLCJOm9HoZuo3H6k2TMkHO05oKHBfspgRbJ3UeOpmd8NJt1T2K/4MaJkEOSlDjlq39NXpKZIKKi3h2Jh24Cc2zLC2jHA6KXZSQxNMRrhP245KLKgJs9m1E3TqlB6KlXYlLZqpvycyLIwZi8h1CmwHZtGbiv957dTGV2HGZJJaKsl8UZxyZBWavo56TFNi+dgRTDRztyIywBoT6wIquhCCxZeXSeO8EviV4P6iXL3O4yjAMZzAGQRwCVW4hRrUgcAQnuEV3jzlvXjv3se8dcXLZ47gD7zPH8J7jzw=</latexit><latexit sha1_base64="YJxrhYp9aeMU7Xa2PiJ1u8ciLXY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kkimAckS5idzCaTzGOZmVXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jEo1oXWiuNKtCBvKmaR1yyynrURTLCJOm9HoZuo3H6k2TMkHO05oKHBfspgRbJ3UeOpmd8NJt1T2K/4MaJkEOSlDjlq39NXpKZIKKi3h2Jh24Cc2zLC2jHA6KXZSQxNMRrhP245KLKgJs9m1E3TqlB6KlXYlLZqpvycyLIwZi8h1CmwHZtGbiv957dTGV2HGZJJaKsl8UZxyZBWavo56TFNi+dgRTDRztyIywBoT6wIquhCCxZeXSeO8EviV4P6iXL3O4yjAMZzAGQRwCVW4hRrUgcAQnuEV3jzlvXjv3se8dcXLZ47gD7zPH8J7jzw=</latexit><latexit sha1_base64="YJxrhYp9aeMU7Xa2PiJ1u8ciLXY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kkimAckS5idzCaTzGOZmVXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jEo1oXWiuNKtCBvKmaR1yyynrURTLCJOm9HoZuo3H6k2TMkHO05oKHBfspgRbJ3UeOpmd8NJt1T2K/4MaJkEOSlDjlq39NXpKZIKKi3h2Jh24Cc2zLC2jHA6KXZSQxNMRrhP245KLKgJs9m1E3TqlB6KlXYlLZqpvycyLIwZi8h1CmwHZtGbiv957dTGV2HGZJJaKsl8UZxyZBWavo56TFNi+dgRTDRztyIywBoT6wIquhCCxZeXSeO8EviV4P6iXL3O4yjAMZzAGQRwCVW4hRrUgcAQnuEV3jzlvXjv3se8dcXLZ47gD7zPH8J7jzw=</latexit><latexit sha1_base64="YJxrhYp9aeMU7Xa2PiJ1u8ciLXY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kkimAckS5idzCaTzGOZmVXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jEo1oXWiuNKtCBvKmaR1yyynrURTLCJOm9HoZuo3H6k2TMkHO05oKHBfspgRbJ3UeOpmd8NJt1T2K/4MaJkEOSlDjlq39NXpKZIKKi3h2Jh24Cc2zLC2jHA6KXZSQxNMRrhP245KLKgJs9m1E3TqlB6KlXYlLZqpvycyLIwZi8h1CmwHZtGbiv957dTGV2HGZJJaKsl8UZxyZBWavo56TFNi+dgRTDRztyIywBoT6wIquhCCxZeXSeO8EviV4P6iXL3O4yjAMZzAGQRwCVW4hRrUgcAQnuEV3jzlvXjv3se8dcXLZ47gD7zPH8J7jzw=</latexit>

yj = f(
X

i

wij + bj)
<latexit sha1_base64="xiPNimtTeg8TAP0t1BG/zKV8ceE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNCNUHTjsoJ9QBvCZDppp52ZhJmJEkLd+CtuXCji1r9w5984bbPQ6oELh3Pu5d57gphRpR3nyyosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW3dEKhqJW53GxOOoL2hIMdJG8u291B9ehJWuSrhP4b2f0eH4OPCHR75ddqrOFPAvcXNSBjnqvv3Z7UU44URozJBSHdeJtZchqSlmZFzqJorECI9Qn3QMFYgT5WXTD8bw0Cg9GEbSlNBwqv6cyBBXKuWB6eRID9S8NxH/8zqJDs+9jIo40UTg2aIwYVBHcBIH7FFJsGapIQhLam6FeIAkwtqEVjIhuPMv/yXNk6rrVN2b03LtMo+jCPbBAagAF5yBGrgGddAAGDyAJ/ACXq1H69l6s95nrQUrn9kFv2B9fAOvapZh</latexit><latexit sha1_base64="xiPNimtTeg8TAP0t1BG/zKV8ceE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNCNUHTjsoJ9QBvCZDppp52ZhJmJEkLd+CtuXCji1r9w5984bbPQ6oELh3Pu5d57gphRpR3nyyosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW3dEKhqJW53GxOOoL2hIMdJG8u291B9ehJWuSrhP4b2f0eH4OPCHR75ddqrOFPAvcXNSBjnqvv3Z7UU44URozJBSHdeJtZchqSlmZFzqJorECI9Qn3QMFYgT5WXTD8bw0Cg9GEbSlNBwqv6cyBBXKuWB6eRID9S8NxH/8zqJDs+9jIo40UTg2aIwYVBHcBIH7FFJsGapIQhLam6FeIAkwtqEVjIhuPMv/yXNk6rrVN2b03LtMo+jCPbBAagAF5yBGrgGddAAGDyAJ/ACXq1H69l6s95nrQUrn9kFv2B9fAOvapZh</latexit><latexit sha1_base64="xiPNimtTeg8TAP0t1BG/zKV8ceE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNCNUHTjsoJ9QBvCZDppp52ZhJmJEkLd+CtuXCji1r9w5984bbPQ6oELh3Pu5d57gphRpR3nyyosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW3dEKhqJW53GxOOoL2hIMdJG8u291B9ehJWuSrhP4b2f0eH4OPCHR75ddqrOFPAvcXNSBjnqvv3Z7UU44URozJBSHdeJtZchqSlmZFzqJorECI9Qn3QMFYgT5WXTD8bw0Cg9GEbSlNBwqv6cyBBXKuWB6eRID9S8NxH/8zqJDs+9jIo40UTg2aIwYVBHcBIH7FFJsGapIQhLam6FeIAkwtqEVjIhuPMv/yXNk6rrVN2b03LtMo+jCPbBAagAF5yBGrgGddAAGDyAJ/ACXq1H69l6s95nrQUrn9kFv2B9fAOvapZh</latexit><latexit sha1_base64="xiPNimtTeg8TAP0t1BG/zKV8ceE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNCNUHTjsoJ9QBvCZDppp52ZhJmJEkLd+CtuXCji1r9w5984bbPQ6oELh3Pu5d57gphRpR3nyyosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW3dEKhqJW53GxOOoL2hIMdJG8u291B9ehJWuSrhP4b2f0eH4OPCHR75ddqrOFPAvcXNSBjnqvv3Z7UU44URozJBSHdeJtZchqSlmZFzqJorECI9Qn3QMFYgT5WXTD8bw0Cg9GEbSlNBwqv6cyBBXKuWB6eRID9S8NxH/8zqJDs+9jIo40UTg2aIwYVBHcBIH7FFJsGapIQhLam6FeIAkwtqEVjIhuPMv/yXNk6rrVN2b03LtMo+jCPbBAagAF5yBGrgGddAAGDyAJ/ACXq1H69l6s95nrQUrn9kFv2B9fAOvapZh</latexit>

L(zi)
<latexit sha1_base64="j0y7PuOhvINEjRPNMmku4/ldj4Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGwuLCOYSSI6wt9lL1uztHrt7QjzyH2wsFLH1/9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D3wtU0Vok0guVTvEmnImaNMww2k7URTHIaetcHQ99VuPVGkmxb0ZJzSI8UCwiBFsrOTfVp967LRXrrg1dwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10GWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+Gc1z615d+eV+lUeRxGO4Biq4MEF1OEGGtAEAg/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AMO7jpU=</latexit><latexit sha1_base64="j0y7PuOhvINEjRPNMmku4/ldj4Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGwuLCOYSSI6wt9lL1uztHrt7QjzyH2wsFLH1/9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D3wtU0Vok0guVTvEmnImaNMww2k7URTHIaetcHQ99VuPVGkmxb0ZJzSI8UCwiBFsrOTfVp967LRXrrg1dwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10GWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+Gc1z615d+eV+lUeRxGO4Biq4MEF1OEGGtAEAg/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AMO7jpU=</latexit><latexit sha1_base64="j0y7PuOhvINEjRPNMmku4/ldj4Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGwuLCOYSSI6wt9lL1uztHrt7QjzyH2wsFLH1/9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D3wtU0Vok0guVTvEmnImaNMww2k7URTHIaetcHQ99VuPVGkmxb0ZJzSI8UCwiBFsrOTfVp967LRXrrg1dwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10GWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+Gc1z615d+eV+lUeRxGO4Biq4MEF1OEGGtAEAg/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AMO7jpU=</latexit><latexit sha1_base64="j0y7PuOhvINEjRPNMmku4/ldj4Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGwuLCOYSSI6wt9lL1uztHrt7QjzyH2wsFLH1/9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D3wtU0Vok0guVTvEmnImaNMww2k7URTHIaetcHQ99VuPVGkmxb0ZJzSI8UCwiBFsrOTfVp967LRXrrg1dwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10GWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+Gc1z615d+eV+lUeRxGO4Biq4MEF1OEGGtAEAg/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AMO7jpU=</latexit>

Loss 
function

Back-propagation



Convolutional neural networks
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Architecture
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Performance on simulated, noiseless 
convergence maps
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Performance on simulated, noiseless 
convergence maps
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Predictions on noisy data
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Predictions on noisy data
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Constraints from noisy data



21

Robustness of the network: 
interpolation
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Robustness of the network: initial seed
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Interpreting the network
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Limitation on small scales: baryonic effects 

Huang et al. 2019 Weiss et al. 2019



Standard cosmological model

DES Y1 NASA/WMAP



Standard cosmological model

DES Y1 NASA/WMAP
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rkSZ model: signal 

Following Maller & Bullock 2004
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rkSZ model: signal 

Based on Oppenheimer 2018
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rkSZ model: signal 
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rkSZ model: noise 
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rkSZ model: filtering 
Aperture filter

RL Ferraro & Hensley 2015

Matched filter
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rkSZ model: detection requirements 
MaNGA

SAMI
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rkSZ model: detection requirements 
MaNGA

SAMI
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rkSZ model: detection requirements 
MaNGA

SAMI
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Stacking MaNGA galaxies 

https://dr15.sdss.org/marvin

https://dr15.sdss.org/marvin
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Stacking MaNGA galaxies 
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Stacking MaNGA galaxies 
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Stacking MaNGA galaxies 
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Stacking MaNGA galaxies 
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Dust as angular momentum tracer 



Summary
• To fully realize the potential of upcoming WL experiments, we need to push the scales 

used for inference well into the non-linear regime.


• Extracting small-scale, non-linear information requires efficient statistics and accurate 
models.


• Convolutional neural networks can be used as an efficient way to extract non-
Gaussian information from WL datasets, and inspecting their inner workings may 
help us design new statistics to be used in a Bayesian framework.


• Baryonic effects are a significant limitation to our ability to extract small -scale 
information, due to the lack of agreement between available hydro simulations.


• We need more observations of baryonic properties to constrain current 
simulations, ideally properties the simulations were not designed upon. Angular 
momentum is such a property and could be used in combination with others.


• In the future, the rkSZ effect can be used to probe angular momentum. Other 
tracers, such as dust may be easier to detect.


