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LHC

Dynamical simulations of high-energy collisions are beyond classical computing



How does energy turn into new particles in real time?
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Quantum computers can simulate this. First step: prepare the particles
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Outline

• Long and short-range entanglement in single-particle states


• Preparing wavepackets in Ising field theory


• Simulating particle production using 𝚒𝚋𝚖_𝚖𝚊𝚛𝚛𝚊𝚔𝚎𝚜𝚑



A single particle

Momentum  plane wave: equal probability to be found everywherek
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0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="CCenS6HHH+voyYTlLFUaNvwzn4Y=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vml6/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4KUjMM=</latexit>

1
<latexit sha1_base64="KZyIydGLgLs2QA7nzZsFkKyhhbU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwkWcPspJMMmdldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ch5i3XAjsBUrpDIQ2AxGN1O/+YRK8yi8N+MYfUkHIe9zRo2VHs46BB9TPpp0iyW37M5AlomXkRJkqHWLX51exBKJoWGCat323Nj4KVWGM4GTQifRGFM2ogNsWxpSidpPZwdPyIlVeqQfKVuhITP190RKpdZjGdhOSc1QL3pT8T+vnZj+lZ/yME4Mhmy+qJ8IYiIy/Z70uEJmxNgSyhS3txI2pIoyYzMq2BC8xZeXSeO87FXKlbuLUvU6iyMPR3AMp+DBJVThFmpQBwYSnuEV3hzlvDjvzse8NedkM4fwB87nD0QwkBU=</latexit>

+ eik
<latexit sha1_base64="hPCSaWb0t2tMMJJMgCCnPl+kFUU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIewGiR6DXjxGMA9M1jA76SRDZmeXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uIBZcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSTvzThGP6QDyfucUWOlh/MOwce0zEeTbqHoltwZyDLxMlKEDLVu4avTi1gSojRMUK3bnhsbP6XKcCZwku8kGmPKRnSAbUslDVH76eziCTm1So/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIeRuCt/jyMmmUS16lVLm7KFavszhycAwncAYeXEIVbqEGdWAg4Rle4c3Rzovz7nzMW1ecbOYI/sD5/AG3Z5BR</latexit>

+ e2ik
<latexit sha1_base64="S0yHyGAvy+cumOBcLId05nn38gE=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5KIVC9C0YvHCvYDmlA22027dLMJuxuxxP4VLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq2V1bX1jc3CVnF7Z3dv3z4otVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuBSsVica/HCfUjPBAsZARrI/Xs0lO7Mjr1JBYDTpGHrpDXs8tO1ZkBLRM3J2XI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU4nRS9VNMFkhAe0a6jAEVV+Nrt9gk6M0kdhLE0JjWbq74kMR0qNo8B0RlgP1aI3Ff/zuqkOL/2MiSTVVJD5ojDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraEJwF19eJq2zqlur1u7Oy/XrPI4CHMExVMCFC6jDLTSgCQQe4Rle4c2aWC/Wu/Uxb12x8plD+APr8wcBrpMj</latexit>

|W (k)→ =

<latexit sha1_base64="HAUD/ikNF9tO7XLPxlOqio6AL9o="></latexit>

=
1→
N

(
|10000 . . .↑ + eik|01000 . . .↑ + e2ik |00100 . . .↑ + . . .

)

Related to the widely studied W state* in QIS

<latexit sha1_base64="QNGH8l0Jm8LsPOqyamG1Qj3ZAmI=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoRgl48RsgLsmuYnXSSIbOzy8ysENb9Cy/+ihcPinjVm3/j5HGIiQUNRVU33V1+xJnStv1jZVZW19Y3spu5re2d3b38/kFDhbGkUKchD2XLJwo4E1DXTHNoRRJI4HNo+sObsd98AKlYKGp6FIEXkL5gPUaJNlInX3IHRCe19LFZHJ66kog+B+ziK1MY7hM2TPG81ckX7JI9AV4mzowU0AzVTv7b7YY0DkBoyolSbceOtJcQqRnlkObcWEFE6JD0oW2oIAEoL5n8leITo3RxL5SmhMYTdX4iIYFSo8A3nQHRA7XojcX/vHase5dewkQUaxB0uqgXc6xDPA4Jd5kEqvnIEEIlM7diOiCSUG2izJkQnMWXl0njrOSUS+W780LlehZHFh2hY1REDrpAFXSLqqiOKHpCL+gNvVvP1qv1YX1OWzPWbOYQ/YH19QvI6Z5z</latexit>

T̂ |W (k)→ = eik|W (k)→

*Dur et. al PRA 62 (2000) 



 has long-range entanglement|W(k)⟩

Information about site  changes state on site i j

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="CCenS6HHH+voyYTlLFUaNvwzn4Y=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vml6/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4KUjMM=</latexit>

1
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="6raLD02u/AlJn9YvMKElN0ZXxDE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNJpvcgl48JmAekCxhdjKbjJl9MDMrhCVf4MWDIl79JG/+jZNNBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8XfveeCsmi8FbNYuoGeBwynxGstNSyhsWSZdbrZcepI01qlYtKRjSqDrJNK0MJVmgOi++DUUSSgIaKcCxl37Zi5aZYKEY4nRcGiaQxJlM8pn1NQxxQ6abZoXN0ppUR8iOhK1QoU79PpDiQchZ4ujPAaiJ/ewvxL6+fKL/mpiyME0VDslzkJxypCC2+RiMmKFF8pgkmgulbEZlggYnS2RR0CF+fov9Jp2zaVbPauiw1rlZx5OEETuEcbHCgATfQhDYQoPAAT/Bs3BmPxovxumzNGauZY/gB4+0TOiuNQg==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0



*Cruz et. al Adv.Quantum Technol. 2019 
**Piroli et al. PRL 133 (2024), Farrell et al. Nat. Phys (2026)

Shorter circuits  faster and less noisy on a quantum computer→

 depthO(N)

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

1D connectivity*
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6
<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7
<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8
<latexit sha1_base64="QxbklJp5hXu0N2VcsvvtRUjyHS0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4pPjMg=</latexit>

9

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6
<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7
<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8
<latexit sha1_base64="QxbklJp5hXu0N2VcsvvtRUjyHS0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4pPjMg=</latexit>

9

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

<latexit sha1_base64="L5uWqjD4yh23D/uz5Y+CvmyVpQU=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoxWOFfkEbyma7aZduNmF3Yg2xP8WLB0W8+ku8+W/ctjlo64OBx3szzMzzY8E1OM63tba+sbm1Xdgp7u7tHxzapaOWjhJFWZNGIlIdn2gmuGRN4CBYJ1aMhL5gbX98O/PbD0xpHskGpDHzQjKUPOCUgJH6dqkH7BGyxkhFE0wmJJ327bJTcebAq8TNSRnlqPftr94goknIJFBBtO66TgxeRhRwKti02Es0iwkdkyHrGipJyLSXzU+f4jOjDHAQKVMS8Fz9PZGRUOs09E1nSGCkl72Z+J/XTSC49jIu4wSYpItFQSIwRHiWAx5wxSiI1BBCFTe3YjoiilAwaRVNCO7yy6ukdVFxq5Xq/WW5dpPHUUAn6BSdIxddoRq6Q3XURBRN0DN6RW/Wk/VivVsfi9Y1K585Rn9gff4AzkeUXw==</latexit> T
h
ro
w

aw
ay

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="eX3lFhWkShIWuccA47a1/bVib7o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObud+94kqzaR4MNOEBjEeCRYxgo2VOn7mef5sUK25dTcHWiVeQWpQoDWofvlDSdKYCkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KBY6qDLL92hs6sMkSRVLaEQbn6eyLDsdbTOLSdMTZjvezNxf+8fmqi6yBjIkkNFWSxKEo5MhLNX0dDpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR9xr1xv1lrXlTxFGGEziFc/DgCppwBy1oA4FHeIZXeHOk8+K8Ox+L1pJTzBzDHzifPxUAjtM=</latexit>

{11}

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit> =

<latexit sha1_base64="e6fF+YmYB9LpN9XfpUBZWNdjgkw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJIVqR6LXjxWsB/SXUo2TdvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelAhuLMbf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdjohhgivWsNwK1k40IzISrBWNbqd+64lpw2P1YMcJCyUZKN7nlFgnPQYZxufYDybdUhlX8Axomfg5KUOOerf0FfRimkqmLBXEmI6PExtmRFtOBZsUg9SwhNARGbCOo4pIZsJsdvAEnTqlh/qxdqUsmqm/JzIijRnLyHVKYodm0ZuK/3md1Pavw4yrJLVM0fmifiqQjdH0e9TjmlErxo4Qqrm7FdEh0YRal1HRheAvvrxMmhcVv1qp3l+Wazd5HAU4hhM4Ax+uoAZ3UIcGUJDwDK/w5mnvxXv3PuatK14+cwR/4H3+AFvNj3w=</latexit>

{00, 01}

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit> =

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="JyWixxIbvIaiaoPzSXOKrl/XjnI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2FpoQthsJ+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/sH9uFRTyWZpNClCU9kPyQKOBPQ1Uxz6KcSSBxyeAgnNzP/4RGkYom413kKfkxGgkWMEm2kwK57xtXYSxULHE8SMeIQ2A2n6cyBV4lbkgYq0QnsL2+Y0CwGoSknSg1cJ9V+QaRmlMO05mUKUkInZAQDQwWJQfnF/PgpPjXKEEeJNCU0nqu/JwoSK5XHoemMiR6rZW8m/ucNMh1d+QUTaaZB0MWiKONYJ3iWBB4yCVTz3BBCJTO3YjomklBt8qqZENzll1dJ77zptpqtu4tG+7qMo4qO0Qk6Qy66RG10izqoiyjK0TN6RW/Wk/VivVsfi9aKVc7U0R9Ynz+SEZS9</latexit>

|ω0→
<latexit sha1_base64="677O2S5ymmCWWQVOw8bCHAB5e0I=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2FpoQthsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/sH9uFRTyWZJLRLEp7IfogV5UzQrmaa034qKY5DTh/Cyc3Mf3ikUrFE3Os8pX6MR4JFjGBtpMCue8bVyEsVC1xPYjHiNLAbTtOZA60StyQNKNEJ7C9vmJAspkITjpUauE6q/QJLzQin05qXKZpiMsEjOjBU4Jgqv5gfP0WnRhmiKJGmhEZz9fdEgWOl8jg0nTHWY7XszcT/vEGmoyu/YCLNNBVksSjKONIJmiWBhkxSonluCCaSmVsRGWOJiTZ51UwI7vLLq6R33nRbzdbdRaN9XcZRhWM4gTNw4RLacAsd6AKBHJ7hFd6sJ+vFerc+Fq0Vq5ypwx9Ynz+TnJS+</latexit>

|ω1→
<latexit sha1_base64="6mHHK4OvpNk2QESHZwpBPXerasc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5IUqR6LXjxWsB/QhLDZbtulm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTropTSWiHxDyW/RArypmgHc00p/1EUhyFnPbC6e3c7z1SqVgsHnSWUD/CY8FGjGBtpMCuesbVyEsUCxqexGLMaWDXnLqzAFonbkFqUKAd2F/eMCZpRIUmHCs1cJ1E+zmWmhFOZxUvVTTBZIrHdGCowBFVfr44fobOjTJEo1iaEhot1N8TOY6UyqLQdEZYT9SqNxf/8wapHl37ORNJqqkgy0WjlCMdo3kSaMgkJZpnhmAimbkVkQmWmGiTV8WE4K6+vE66jbrbrDfvL2utmyKOMpzCGVyAC1fQgjtoQwcIZPAMr/BmPVkv1rv1sWwtWcVMFf7A+vwBlSeUvw==</latexit>

|ω2→

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mqy0RXK30FvfXpLsx14LtLwNGCI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0QM97pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDypnjSM=</latexit>

a)
<latexit sha1_base64="EdTZAOQk8x8CioQ4t//xIEZAX20=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilh+C8Vyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezSCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbThFG4K3+PIyaV5UvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHyvsjSQ=</latexit>

b)
<latexit sha1_base64="aKF2Utr9MWkaDZcislaSuFOxR0A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0wM57pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDy1xjSU=</latexit>

c)All-to-all connectivity*

 depthO(log N)

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H
<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i <latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H

1D connectivity +  
mid-circuit measurement  
& feedforward (MCM-FF)**

 depthO(1)

<latexit sha1_base64="WdhQVai7zkHTjeDP76luke71pvE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSxJkepGKLpxJRXsA9sYJpNJO3QyCTMToYTgxl9x40IRt36FO//GaZuFVg9cOJxzL/fe48WMSmVZX0Zhbn5hcam4XFpZXVvfMDe3WjJKBCZNHLFIdDwkCaOcNBVVjHRiQVDoMdL2hhdjv31PhKQRv1GjmDgh6nMaUIyUllxzpxeLyHdTfmZld+nVkZ3dummVH9qZa5atijUB/EvsnJRBjoZrfvb8CCch4QozJGXXtmLlpEgoihnJSr1EkhjhIeqTrqYchUQ66eSFDO5rxYdBJHRxBSfqz4kUhVKOQk93hkgN5Kw3Fv/zuokKTp2U8jhRhOPpoiBhUEVwnAf0qSBYsZEmCAuqb4V4gATCSqdW0iHYsy//Ja1qxa5VatfH5fp5HkcR7II9cABscALq4BI0QBNg8ACewAt4NR6NZ+PNeJ+2Fox8Zhv8gvHxDSUJlqI=</latexit>

N→1∏

n=0

Z2n+1

Prepare  
|W(k)⟩

<latexit sha1_base64="njfx65I2Rf9sJhMlStbJ4Id50mE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4vTjMk=</latexit>:

Single particle preparation circuits

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ



Particles in many-body systems
<latexit sha1_base64="32oxboM8s0V47DcjNOCk0eDNdeQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZx/jNQ=</latexit>

E

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω<latexit sha1_base64="1AWJgvoaGsDOcIQjMszoL52CG4o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dNFP2KBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBhZRjhdFbpp5ommEzwiPYslVhQHWTzW2fozCpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7EheMsvr5L2Zd1r1BsPV7XmbRFHGU7gFM7Bg2towj20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz+88o4P</latexit>→ω

<latexit sha1_base64="hnAxxpjW6fx3v/9tky8yTh/mwb4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkmR6rHoxWMF+wFtKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZq9hJ+We2Xym7FnYOsEi8nZcjR6Je+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/Nj52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMw+JwOukBkxsYQyxe2thI2ooszYfIo2BG/55VXSqla8WqX2cFWu3+ZxFOAUzuACPLiGOtxDA5rAgMMzvMKbI50X5935WLSuOfnMCfyB8/kDMs2OTQ==</latexit>

ω/2
<latexit sha1_base64="UzLQykjYT0qYuBhH7AGbCL0PmHc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi3W3lOqx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz209UaSbFg5nE1I/wULCQEWys1Lroxeyy0i+W3LI7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz2UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpalbJXK9fuq6X6TRZHHk7gFM7Bgyuowx00oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4AnM6OhA==</latexit>

→ω/2

<latexit sha1_base64="I0kcnT0WBWxr0U9vaiVSKg7b0Cg=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZkeqy6MZlBfuAdiiZNG1Dk8yQ3BHLUPBX3LhQxK3f4c6/MW1H0NYDFw7n3Jvce8JYcAOe9+XklpZXVtfy64WNza3tHXd3r26iRFNWo5GIdDMkhgmuWA04CNaMNSMyFKwRDq8nfuOeacMjdQejmAWS9BXvcUrASh33oA3sAVKZCOCnMdHAqWDjjlv0St4UeJH4GSmiDNWO+9nuRjSRTAEVxJiW78UQpD/vFdqJYTGhQ9JnLUsVkcwE6XT9MT62Shf3Im1LAZ6qvydSIo0ZydB2SgIDM+9NxP+8VgK9yyDlKk6AKTr7qJcIDBGeZIG7XDMKYmQJoZrbXTEdEE0o2MQKNgR//uRFUj8r+eVS+fa8WLnK4sijQ3SETpCPLlAF3aAqqiGKUvSEXtCr8+g8O2/O+6w152Qz++gPnI9vM0+WTQ==</latexit>

multi-particle
<latexit sha1_base64="9w0Bdg2pGpEKyOrGRM/FNACMuAk=">AAAB+XicbVDLSgNBEJyNrxhfqx69LAbBU9gViR6DXjxGMDGQLGF2MkmGzGOZ6QmGJX/ixYMiXv0Tb/6Nk2QPmljQUFR1092VpJwZCMNvr7C2vrG5Vdwu7ezu7R/4h0dNo6wmtEEUV7qVYEM5k7QBDDhtpZpikXD6mIxuZ/7jmGrDlHyASUpjgQeS9RnB4KSu73eAPkFGlAQmrRXTrl8OK+EcwSqJclJGOepd/6vTU8QKKoFwbEw7ClOIM6yBEU6npY41NMVkhAe07ajEgpo4m18+Dc6c0gv6SruSEMzV3xMZFsZMROI6BYahWfZm4n9e20L/Os6YTC1QSRaL+pYHoIJZDEGPaUqATxzBRDN3a0CGWGMCLqySCyFafnmVNC8qUbVSvb8s127yOIroBJ2icxShK1RDd6iOGoigMXpGr+jNy7wX7937WLQWvHzmGP2B9/kDnouUUQ==</latexit>

continuum

<latexit sha1_base64="bV5x2RWUo5csrfR739Z+diJ46uw=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gViR6DXjxGMA9IljA76SRDZmeXmV5xWeKvePGgiFc/xJt/4+Rx0MSChqKqm+6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjC+mfqtB9BGROoe0xj8kA2VGAjO0Eq9YqmL8IjZUEeJ6lODDGHSK5bdijsDXSXegpTJAvVe8avbj3gSgkIumTEdz43Rz5hGwSVMCt3EQMz4mA2hY6liIRg/mx0/oadW6dNBpG0ppDP190TGQmPSMLCdIcORWfam4n9eJ8HBlZ8JFScIis8XDRJJMaLTJGhfaOAoU0sY18LeSvmIacbR5lWwIXjLL6+S5nnFq1aqdxfl2vUijjw5JifkjHjkktTILamTBuEkJc/klbw5T86L8+58zFtzzmKmRP7A+fwBiw6VXQ==</latexit>

ground state

<latexit sha1_base64="oAbwkzxyLQHl1GjDMOnC759xwfE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7xukelCtuXV3AfKXeAWpQYHWoPrZHyYsi7lCJqkxPc9NMcipRsEkn1X6meEpZRM64j1LFY25CfLFsTNyZpUhiRJtSyFZqD8nchobM41D2xlTHJtVby7+5/UyjK6DXKg0Q67YclGUSYIJmX9OhkJzhnJqCWVa2FsJG1NNGdp8KjYEb/Xlv6R9Ufca9cb9Za15U8RRhhM4hXPw4AqacAct8IGBgCd4gVdHOc/Om/O+bC05xcwx/ILz8Q31Ho7N</latexit>ω <latexit sha1_base64="hVwfcIA1lX2C4hiPpOqYKJC+4ko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYD+gCWGz3bRLN5uwuxFq7C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo5JMEtomCU9kL8SKciZoWzPNaS+VFMchp91wfDPzuw9UKpaIez1JqR/joWARI1gbKbCrT16qWDBGnsRiyGlg15y6MwdaJW5BalCgFdhf3iAhWUyFJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvqMAxVX4+P3yKTo0yQFEiTQmN5urviRzHSk3i0HTGWI/UsjcT//P6mY6u/JyJNNNUkMWiKONIJ2iWAhowSYnmE0MwkczcisgIS0y0yapiQnCXX14lnfO626g37i5qzesijjIcwwmcgQuX0IRbaEEbCGTwDK/wZj1aL9a79bFoLVnFzBH8gfX5A8c3ky8=</latexit>

|ωk→

Particles are excitations on top of |g.s.⟩

Local operator

<latexit sha1_base64="+OcjqR66ntgwvvUD9a2TI2YJ9ZE="></latexit>

|ωk→ =
∑

n

e
ikn

Ôn|g.s.→
<latexit sha1_base64="tqrYfKp4DbhqxyfNnwXIdPw/gdg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OLNCrZV2qVk07QNTbJLkhXK0l/hxYMiXv053vw3pu2CWn0w8Hhvhpl5YcyZNp736eSWlldW1/LrhY3Nre2d4u5eU0eJIrRBIh6puxBrypmkDcMMp3exoliEnLbC0eXUbz1QpVkkb804poHAA8n6jGBjpfvOEJv0etKV3WLJc8uV6mn1DHmuN8M38TNSggz1bvGj04tIIqg0hGOt274XmyDFyjDC6aTQSTSNMRnhAW1bKrGgOkhnB0/QkVV6qB8pW9KgmfpzIsVC67EIbafAZqgXvan4n9dOTL8apEzGiaGSzBf1E45MhKbfox5TlBg+tgQTxeytiAyxwsTYjAo2BH/x5b+keeL6FbdyUy7VLrI48nAAh3AMPpxDDa6gDg0gIOARnuHFUc6T8+q8zVtzTjazD7/gvH8BLriQrg==</latexit>

Ôn

Exponentially good approximation*:

*Haegeman et. al PRL 111 (2013)



Local perturbation of the ground 
state. Short-range entanglement

<latexit sha1_base64="xBNSLMiBPpm4IzDx0OWVRrc38sc="></latexit>

|ωk→ =
∑

n

e
ikn

Ôn|g.s.→

Long-range entanglement that is 
present in all momentum eigenstates*. 
W-state entanglement is universal**

*Gioia and Wang PRX 12 (2022)

**Farrell, in preparation

Particles in many-body systems

Use this structure to design an efficient state preparation algorithm



State preparation via energy minimization
<latexit sha1_base64="32oxboM8s0V47DcjNOCk0eDNdeQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZx/jNQ=</latexit>

E

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω<latexit sha1_base64="1AWJgvoaGsDOcIQjMszoL52CG4o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dNFP2KBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBhZRjhdFbpp5ommEzwiPYslVhQHWTzW2fozCpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7EheMsvr5L2Zd1r1BsPV7XmbRFHGU7gFM7Bg2towj20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz+88o4P</latexit>→ω

<latexit sha1_base64="hnAxxpjW6fx3v/9tky8yTh/mwb4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkmR6rHoxWMF+wFtKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZq9hJ+We2Xym7FnYOsEi8nZcjR6Je+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/Nj52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMw+JwOukBkxsYQyxe2thI2ooszYfIo2BG/55VXSqla8WqX2cFWu3+ZxFOAUzuACPLiGOtxDA5rAgMMzvMKbI50X5935WLSuOfnMCfyB8/kDMs2OTQ==</latexit>

ω/2
<latexit sha1_base64="UzLQykjYT0qYuBhH7AGbCL0PmHc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi3W3lOqx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz209UaSbFg5nE1I/wULCQEWys1Lroxeyy0i+W3LI7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz2UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpalbJXK9fuq6X6TRZHHk7gFM7Bgyuowx00oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4AnM6OhA==</latexit>

→ω/2

<latexit sha1_base64="I0kcnT0WBWxr0U9vaiVSKg7b0Cg=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZkeqy6MZlBfuAdiiZNG1Dk8yQ3BHLUPBX3LhQxK3f4c6/MW1H0NYDFw7n3Jvce8JYcAOe9+XklpZXVtfy64WNza3tHXd3r26iRFNWo5GIdDMkhgmuWA04CNaMNSMyFKwRDq8nfuOeacMjdQejmAWS9BXvcUrASh33oA3sAVKZCOCnMdHAqWDjjlv0St4UeJH4GSmiDNWO+9nuRjSRTAEVxJiW78UQpD/vFdqJYTGhQ9JnLUsVkcwE6XT9MT62Shf3Im1LAZ6qvydSIo0ZydB2SgIDM+9NxP+8VgK9yyDlKk6AKTr7qJcIDBGeZIG7XDMKYmQJoZrbXTEdEE0o2MQKNgR//uRFUj8r+eVS+fa8WLnK4sijQ3SETpCPLlAF3aAqqiGKUvSEXtCr8+g8O2/O+6w152Qz++gPnI9vM0+WTQ==</latexit>

multi-particle
<latexit sha1_base64="9w0Bdg2pGpEKyOrGRM/FNACMuAk=">AAAB+XicbVDLSgNBEJyNrxhfqx69LAbBU9gViR6DXjxGMDGQLGF2MkmGzGOZ6QmGJX/ixYMiXv0Tb/6Nk2QPmljQUFR1092VpJwZCMNvr7C2vrG5Vdwu7ezu7R/4h0dNo6wmtEEUV7qVYEM5k7QBDDhtpZpikXD6mIxuZ/7jmGrDlHyASUpjgQeS9RnB4KSu73eAPkFGlAQmrRXTrl8OK+EcwSqJclJGOepd/6vTU8QKKoFwbEw7ClOIM6yBEU6npY41NMVkhAe07ajEgpo4m18+Dc6c0gv6SruSEMzV3xMZFsZMROI6BYahWfZm4n9e20L/Os6YTC1QSRaL+pYHoIJZDEGPaUqATxzBRDN3a0CGWGMCLqySCyFafnmVNC8qUbVSvb8s127yOIroBJ2icxShK1RDd6iOGoigMXpGr+jNy7wX7937WLQWvHzmGP2B9/kDnouUUQ==</latexit>

continuum

<latexit sha1_base64="bV5x2RWUo5csrfR739Z+diJ46uw=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gViR6DXjxGMA9IljA76SRDZmeXmV5xWeKvePGgiFc/xJt/4+Rx0MSChqKqm+6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjC+mfqtB9BGROoe0xj8kA2VGAjO0Eq9YqmL8IjZUEeJ6lODDGHSK5bdijsDXSXegpTJAvVe8avbj3gSgkIumTEdz43Rz5hGwSVMCt3EQMz4mA2hY6liIRg/mx0/oadW6dNBpG0ppDP190TGQmPSMLCdIcORWfam4n9eJ8HBlZ8JFScIis8XDRJJMaLTJGhfaOAoU0sY18LeSvmIacbR5lWwIXjLL6+S5nnFq1aqdxfl2vUijjw5JifkjHjkktTILamTBuEkJc/klbw5T86L8+58zFtzzmKmRP7A+fwBiw6VXQ==</latexit>

ground state

<latexit sha1_base64="oAbwkzxyLQHl1GjDMOnC759xwfE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7xukelCtuXV3AfKXeAWpQYHWoPrZHyYsi7lCJqkxPc9NMcipRsEkn1X6meEpZRM64j1LFY25CfLFsTNyZpUhiRJtSyFZqD8nchobM41D2xlTHJtVby7+5/UyjK6DXKg0Q67YclGUSYIJmX9OhkJzhnJqCWVa2FsJG1NNGdp8KjYEb/Xlv6R9Ufca9cb9Za15U8RRhhM4hXPw4AqacAct8IGBgCd4gVdHOc/Om/O+bC05xcwx/ILz8Q31Ho7N</latexit>ω <latexit sha1_base64="hVwfcIA1lX2C4hiPpOqYKJC+4ko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYD+gCWGz3bRLN5uwuxFq7C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo5JMEtomCU9kL8SKciZoWzPNaS+VFMchp91wfDPzuw9UKpaIez1JqR/joWARI1gbKbCrT16qWDBGnsRiyGlg15y6MwdaJW5BalCgFdhf3iAhWUyFJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvqMAxVX4+P3yKTo0yQFEiTQmN5urviRzHSk3i0HTGWI/UsjcT//P6mY6u/JyJNNNUkMWiKONIJ2iWAhowSYnmE0MwkczcisgIS0y0yapiQnCXX14lnfO626g37i5qzesijjIcwwmcgQuX0IRbaEEbCGTwDK/wZj1aL9a79bFoLVnFzBH8gfX5A8c3ky8=</latexit>

|ωk→

 is the lowest energy  
state with momentum 
|ψk⟩

k

1. Initialize a state  with momentum 


2. Apply a parameterized circuit  that 
preserves momentum


3. Find the optimized  that minimizes the 
energy

|W(k)⟩ k

U( ⃗θ)

⃗θ⋆

Quantum algorithm

<latexit sha1_base64="JO32a4lxRIQMp7aVQ/ewRC3gtsg="></latexit>

|ωk→ ↑ U(εϑω)|W (k)→



State preparation via energy minimization

θ0

θ0

θ0

θ0

θ0

<latexit sha1_base64="DMF4vlnQSw7S0PaCjpK7A27/Svg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolK9Vj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqp3cUhR9q76JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fja7d0JOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm0+dJX2jOUI4toUwLeythQ6opQxtR0YbgLb68TJrnFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wfUAY/Z</latexit>

ω3

θ1

θ1

θ1

θ1

θ1

Prepare  
|W(k)⟩

1. Initialize  with momentum 


2. Apply a circuit layer                  and 
optimize  to minimize the energy


3. Repeat step 2 until converged* 

|W(k)⟩ k

⃗θ

Quantum algorithm

<latexit sha1_base64="EbWi4D0Tj2rCmXf6Gvn002l7/Sc=">AAACBnicbVBNS8NAEN34WetX1aMIi0XwVBKR6rHoxZsVrApNDJvttF3cbMLuRCghJy/+FS8eFPHqb/Dmv3H7cVDrg4HHezPMzItSKQy67pczMzs3v7BYWiovr6yurVc2Nq9MkmkOLZ7IRN9EzIAUClooUMJNqoHFkYTr6O506F/fgzYiUZc4SCGIWU+JruAMrRRWduA2Fz72ARn1TRaHykchO5CfF6EqwkrVrbkj0GniTUiVTNAMK59+J+FZDAq5ZMa0PTfFIGcaBZdQlP3MQMr4HetB21LFYjBBPnqjoHtW6dBuom0ppCP150TOYmMGcWQ7Y4Z989cbiv957Qy7x0EuVJohKD5e1M0kxYQOM6EdoYGjHFjCuBb2Vsr7TDOONrmyDcH7+/I0uTqoefVa/eKw2jiZxFEi22SX7BOPHJEGOSNN0iKcPJAn8kJenUfn2Xlz3setM85kZov8gvPxDRvpmY4=</latexit>

eiω
∑

n Õn

<latexit sha1_base64="xBNSLMiBPpm4IzDx0OWVRrc38sc="></latexit>

|ωk→ =
∑

n

e
ikn

Ôn|g.s.→

*ADAPT-VQE: Grimsely et. al Nat. Commun. (2019)




*ADAPT-VQE: Grimsely et. al Nat. Commun. (2019)

**Chen et. Al PRL 2026, Chai et al. Quantum 2025, Davoudi et al. 
Quantum 2024, Jordan et al. Science 2012

State preparation via energy minimization

θ0

θ0

θ0

θ0

θ0
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Prepare  
|W(k)⟩

1. Initialize  with momentum 


2. Apply a circuit layer                  and 
optimize  to minimize the energy


3. Repeat step 2 until converged* 

|W(k)⟩ k

⃗θ

Quantum algorithm
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|ωk→ =
∑

n

e
ikn

Ôn|g.s.→

With MCM-FF, circuit depth is  + 


• Previous methods require  depth**

O(1) O(corr. length)

poly(N)



Outline

• Long and short-range entanglement in single-particle states


• Preparing wavepackets in Ising field theory


• Simulating particle production using 𝚒𝚋𝚖_𝚖𝚊𝚛𝚛𝚊𝚔𝚎𝚜𝚑
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p |ωk→
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→ 1/ωp
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Saturates ΔxΔp ≥ ℏ/2

Initial state in scattering is a wavepacket

Need to prepare a superposition of |ψk⟩



Only one change:  
|W(k)⟩ → |W(k0)⟩

|W(k0)⟩ = c0 |100…⟩ + c1 |010…⟩ + c2 |001…⟩ + …
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Prepare  
|W(k0)⟩
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|ωWP→ ↑

From single-particle states to wavepackets
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ẐnẐn+1 + gxX̂n + gzẐn

)
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n
er
gy

Work with  where there are two stable particlesgx = 1.25, gz = 0.15

Study collisions that take  
light + light → light + heavy

Light and heavy particles in Ising field theory



Wavepacket preparation on 100+ qubits

Circuits that minimize the energy and prepare wavepackets 


are determined on large lattices using a MPS circuit simulator 
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lattice site
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lattice site

Wavepacket preparation on 100+ qubits

Circuits that minimize the energy and prepare wavepackets 


are determined using MPS and deployed on a quantum computer



Outline

• Long and short-range entanglement in single-particle states


• Preparing wavepackets in Ising field theory


• Simulating particle production using 𝚒𝚋𝚖_𝚖𝚊𝚛𝚛𝚊𝚔𝚎𝚜𝚑



0 128 256

80

60

40

20

0

t

Etot
Ethr

= 0.91

0 128 256
n

Etot
Ethr

= 0.95

0 128 256

Etot
Ethr

= 1.28

0.00

0.01

0.02

0.03

0.04

0.05

E
n

<latexit sha1_base64="lTcnNorMPXggz3oBp+Z9ZlltY1s=">AAACEXicjVDLSsNAFJ3UV62vqEs3g0XoKiQiVRdCQQTdVbAPaEOYTCft0MmDmRuxhPyCG3/FjQtF3Lpz5984fYAPFDxw4cw593LnHj8RXIFtvxuFufmFxaXicmlldW19w9zcaqo4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlD0/HfuuaScXj6ApGCXND0o94wCkBLXlmpRtIQrMzrwvsBjKIIc8/XwOZ5/gE29ax45llx7InwH+TMpqh7plv3V5M05BFQAVRquPYCbgZkcCpYHmpmyqWEDokfdbRNCIhU242uSjHe1rp4SCWuiLAE/XrREZCpUahrztDAgP10xuLv3mdFIIjN+NRkgKL6HRRkAoMMR7Hg3tcMgpipAmhkuu/YjogOiLQIZb+F0Jz33KqVvXyoFy7mMVRRDtoF1WQgw5RDZ2jOmogim7RPXpET8ad8WA8Gy/T1oIxm9lG32C8fgDKlp2c</latexit>

Etot

Ethr
= 0.91

<latexit sha1_base64="f+d/ko9leuUB/QC6aLLoQODEJks=">AAACEXicjVDLSsNAFJ34rPUVdelmsAhdhaRI7UYoiKC7CvYBbQiT6aQdOnkwcyOWkF9w46+4caGIW3fu/BunD/CBggcunDnnXu7c4yeCK7Dtd2NhcWl5ZbWwVlzf2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7o9OJ375mUvE4uoJxwtyQDCIecEpAS55Z7gWS0OzM6wG7gQxiyPPP11DmOT7BjlWpeWbJsewp8N+khOZoeOZbrx/TNGQRUEGU6jp2Am5GJHAqWF7spYolhI7IgHU1jUjIlJtNL8rxoVb6OIilrgjwVP06kZFQqXHo686QwFD99Cbib143haDmZjxKUmARnS0KUoEhxpN4cJ9LRkGMNSFUcv1XTIdERwQ6xOL/QmhVLKdqVS+PSvWLeRwFtI8OUBk56BjV0TlqoCai6Bbdo0f0ZNwZD8az8TJrXTDmM3voG4zXD8wWnZ0=</latexit>

Etot

Ethr
= 1.28

<latexit sha1_base64="mPdUJsZhdTPVSZpcbTpTPaDBWu4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMxQRTPvlilt156CrxMtJheRo9MtfvUHM0wgUcsmM6Xpugn7GNAouYVrqpQYSxsdsCF1LFYvA+Nn85Ck9s8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophtd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tSyYbgLb+8SloXVa9Wrd1fVuo3eRxFckJOyTnxyBWpkzvSIE3CSUyeySt5c9B5cd6dj0VrwclnjskfOJ8//EqRuw==</latexit> ti
m
e

<latexit sha1_base64="y3qaIzJx1FmBJRo9OAZhCP/tVN8=">AAAB/nicbVDLSgNBEJz1GeMrKp68DAbBU9gViR6DIniMYB6QLGF2tpMMmZ1dZnrFsAT8FS8eFPHqd3jzb5w8DppY0FBUddPdFSRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102cag41HstYNwNmQAoFNRQooZloYFEgoREMrsd+4wG0EbG6x2ECfsR6SnQFZ2ilTuGwjfCI2Y0C3RvSEJQROBx1CkW35E5AF4k3I0UyQ7VT+GqHMU8jUMglM6bluQn6GdMouIRRvp0aSBgfsB60LFUsAuNnk/NH9MQqIe3G2pZCOlF/T2QsMmYYBbYzYtg3895Y/M9rpdi99DOhkhRB8emibiopxnScBQ2FBo7S/i0Y18LeSnmfacbRJpa3IXjzLy+S+lnJK5fKd+fFytUsjhw5IsfklHjkglTILamSGuEkI8/klbw5T86L8+58TFuXnNnMAfkD5/MH/OKWKw==</latexit> E
n
er
gy

d
en

si
ty

Wavepackets are prepared and evolved with Trotterized time evolution

Inelastic scattering
MPS simulations

<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site
<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site



<latexit sha1_base64="dIgg00Q3T7fAAXa83haqMpusuEo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPfbP++WKW3XnIH+Jl5MK5Gj0y5+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiUnVhmQMNa2FJK5+nMio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll/+S1pnVa9Wrd1dVOrXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnWfnzXlftBacfOYQfsH5+AYL5Y2o</latexit>

t3

<latexit sha1_base64="lmeeqzxhLejaQLK4qwkDTU16qXQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8WqV2v1luX6Tx1GAUziDC/DgCupwBw1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwphjac=</latexit>

t2

<latexit sha1_base64="b2dvvGUEN1YH3RZJN9y14HL9GsA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwjdjaY=</latexit>

t1

<latexit sha1_base64="CSc2+nB1+oEEHGgZxnZZ4YZMad8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwdZjaU=</latexit>
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<latexit sha1_base64="y3qaIzJx1FmBJRo9OAZhCP/tVN8=">AAAB/nicbVDLSgNBEJz1GeMrKp68DAbBU9gViR6DIniMYB6QLGF2tpMMmZ1dZnrFsAT8FS8eFPHqd3jzb5w8DppY0FBUddPdFSRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102cag41HstYNwNmQAoFNRQooZloYFEgoREMrsd+4wG0EbG6x2ECfsR6SnQFZ2ilTuGwjfCI2Y0C3RvSEJQROBx1CkW35E5AF4k3I0UyQ7VT+GqHMU8jUMglM6bluQn6GdMouIRRvp0aSBgfsB60LFUsAuNnk/NH9MQqIe3G2pZCOlF/T2QsMmYYBbYzYtg3895Y/M9rpdi99DOhkhRB8emibiopxnScBQ2FBo7S/i0Y18LeSnmfacbRJpa3IXjzLy+S+lnJK5fKd+fFytUsjhw5IsfklHjkglTILamSGuEkI8/klbw5T86L8+58TFuXnNnMAfkD5/MH/OKWKw==</latexit> E
n
er
gy

d
en

si
ty

<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site
<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site

<latexit sha1_base64="mPdUJsZhdTPVSZpcbTpTPaDBWu4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMxQRTPvlilt156CrxMtJheRo9MtfvUHM0wgUcsmM6Xpugn7GNAouYVrqpQYSxsdsCF1LFYvA+Nn85Ck9s8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophtd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tSyYbgLb+8SloXVa9Wrd1fVuo3eRxFckJOyTnxyBWpkzvSIE3CSUyeySt5c9B5cd6dj0VrwclnjskfOJ8//EqRuw==</latexit> ti
m
e

Results from 𝚒𝚋𝚖_𝚖𝚊𝚛𝚛𝚊𝚔𝚎𝚜𝚑 Used unitary  preparation 
(MCM-FF was noisier) 

|W(k0)⟩

Hardware tracks MPS through the collision point in circuits with up to 5,589 2q gates on 104 qubits 

<latexit sha1_base64="YSDPb5rx64ET+jSN+FA/dy2tccw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVJdFNy4r2Ac0IUymk3boTBJmboQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5gKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8Fj1gIOgnVTxYgMBeuEo5up33lgSvMkvodxynxJBjGPOCVgpMA+yj0AzEPpBZIoRUZMDyeBXXVqzgx4mbgFqaICzcD+8voJzSSLgQqidc91UvBzooBTwSYVL9MsJXREBqxnaEwk034+u36CT43Sx1GiTMWAZ+rviZxIrccyNJ2SwFAvelPxP6+XQXTl5zxOM2AxnS+KMoEhwdMocJ8rRkGMDSFUcXMrpkOiCAUTWMWE4C6+vEza5zW3XqvfXVQb10UcZXSMTtAZctElaqBb1EQtRNEjekav6M16sl6sd+tj3lqyiplD9AfW5w/pspWL</latexit>

ibm marrakesh
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<latexit sha1_base64="dIgg00Q3T7fAAXa83haqMpusuEo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPfbP++WKW3XnIH+Jl5MK5Gj0y5+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiUnVhmQMNa2FJK5+nMio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll/+S1pnVa9Wrd1dVOrXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnWfnzXlftBacfOYQfsH5+AYL5Y2o</latexit>

t3

<latexit sha1_base64="lmeeqzxhLejaQLK4qwkDTU16qXQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8WqV2v1luX6Tx1GAUziDC/DgCupwBw1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwphjac=</latexit>

t2

<latexit sha1_base64="b2dvvGUEN1YH3RZJN9y14HL9GsA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwjdjaY=</latexit>

t1

<latexit sha1_base64="CSc2+nB1+oEEHGgZxnZZ4YZMad8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwdZjaU=</latexit>

t0

<latexit sha1_base64="bzyDo7a6wZM9ghMsyt7Q2rW+99o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+xf9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gANaY2p</latexit>

t4

Goal
<latexit sha1_base64="XPEWcw7BTeBqjNy5RMn0WdtaqJM=">AAACNHicfVDLSgMxFM3UV62vqks3qUVwIWVGpLosuhHcVLAP6AzlTpq2oZnMmGSUMvaj3PghbkRwoYhbv8H0saiteEPCyTnnktzjR5wpbduvVmphcWl5Jb2aWVvf2NzKbu9UVRhLQisk5KGs+6AoZ4JWNNOc1iNJIfA5rfm9i6Feu6NSsVDc6H5EvQA6grUZAW2oZvbqwb2NoTV1HJklQXQ4dXNuDruSdboapAzvR/d//M1s3i7Yo8LzwJmAPJpUuZl9dlshiQMqNOGgVMOxI+0lIDUjnA4ybqxoBKQHHdowUEBAlZeMhh7gA8O0cDuUZguNR+x0RwKBUv3AN84AdFfNakPyL60R6/aZlzARxZoKMn6oHXOsQzxMELeYpETzvgFAJDN/xaQLEog2OWdMCM7syPOgelxwioXi9Um+dD6JI4320D46RA46RSV0icqoggh6RC/oHX1YT9ab9Wl9ja0pa9Kzi36V9f0DlwGraQ==</latexit>

| i!| i

<latexit sha1_base64="y3qaIzJx1FmBJRo9OAZhCP/tVN8=">AAAB/nicbVDLSgNBEJz1GeMrKp68DAbBU9gViR6DIniMYB6QLGF2tpMMmZ1dZnrFsAT8FS8eFPHqd3jzb5w8DppY0FBUddPdFSRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102cag41HstYNwNmQAoFNRQooZloYFEgoREMrsd+4wG0EbG6x2ECfsR6SnQFZ2ilTuGwjfCI2Y0C3RvSEJQROBx1CkW35E5AF4k3I0UyQ7VT+GqHMU8jUMglM6bluQn6GdMouIRRvp0aSBgfsB60LFUsAuNnk/NH9MQqIe3G2pZCOlF/T2QsMmYYBbYzYtg3895Y/M9rpdi99DOhkhRB8emibiopxnScBQ2FBo7S/i0Y18LeSnmfacbRJpa3IXjzLy+S+lnJK5fKd+fFytUsjhw5IsfklHjkglTILamSGuEkI8/klbw5T86L8+58TFuXnNnMAfkD5/MH/OKWKw==</latexit> E
n
er
gy

d
en
si
ty

<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site

<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site

<latexit sha1_base64="mPdUJsZhdTPVSZpcbTpTPaDBWu4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMxQRTPvlilt156CrxMtJheRo9MtfvUHM0wgUcsmM6Xpugn7GNAouYVrqpQYSxsdsCF1LFYvA+Nn85Ck9s8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophtd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tSyYbgLb+8SloXVa9Wrd1fVuo3eRxFckJOyTnxyBWpkzvSIE3CSUyeySt5c9B5cd6dj0VrwclnjskfOJ8//EqRuw==</latexit> ti
m
e



Results: skewness

Particle productions detected  by 

the skewness  of the outgoing 

energy density!
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<latexit sha1_base64="XPEWcw7BTeBqjNy5RMn0WdtaqJM=">AAACNHicfVDLSgMxFM3UV62vqks3qUVwIWVGpLosuhHcVLAP6AzlTpq2oZnMmGSUMvaj3PghbkRwoYhbv8H0saiteEPCyTnnktzjR5wpbduvVmphcWl5Jb2aWVvf2NzKbu9UVRhLQisk5KGs+6AoZ4JWNNOc1iNJIfA5rfm9i6Feu6NSsVDc6H5EvQA6grUZAW2oZvbqwb2NoTV1HJklQXQ4dXNuDruSdboapAzvR/d//M1s3i7Yo8LzwJmAPJpUuZl9dlshiQMqNOGgVMOxI+0lIDUjnA4ybqxoBKQHHdowUEBAlZeMhh7gA8O0cDuUZguNR+x0RwKBUv3AN84AdFfNakPyL60R6/aZlzARxZoKMn6oHXOsQzxMELeYpETzvgFAJDN/xaQLEog2OWdMCM7syPOgelxwioXi9Um+dD6JI4320D46RA46RSV0icqoggh6RC/oHX1YT9ab9Wl9ja0pa9Kzi36V9f0DlwGraQ==</latexit>

| i!| i
<latexit sha1_base64="rsivLSnIpjDhyEO6s2sS8zAvmp0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI7NDAyO7uZmTUhK1/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLFS/alXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3RKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ16TPFTIjJpZQpri9lbARVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AO/bjQs=</latexit>

|
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

→ <latexit sha1_base64="f/FwAK/02jKqYAj9ncDewf6bfmA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2J7jeI=</latexit>→
<latexit sha1_base64="rsivLSnIpjDhyEO6s2sS8zAvmp0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI7NDAyO7uZmTUhK1/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLFS/alXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3RKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ16TPFTIjJpZQpri9lbARVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AO/bjQs=</latexit>

|
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

→

<latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>ω

<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site
<latexit sha1_base64="Dfwz4DDfX6Ec7Au63Ze6lPV6Ajw=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3v6BfXjU0lGiODR5JCPV8ZkGKUJookAJnVgBC3wJbX9yM/PbD6C0iMJ7TGPwAjYKxVBwhkbq2+UewiNmkiEKDlQLhGnfrjhVZw66StycVEiORt/+6g0ingQQIpdM667rxOhlTJk3JUxLvURDzPiEjaBraMgC0F42X35KT40yoMNImQqRztXfExkLtE4D33QGDMd62ZuJ/3ndBIdXXibCOEEI+eKjYSIpRnSWBB0IBRxlagjjSphdKR8zxTiavEomBHf55FXSOq+6tWrt7qJSv87jKJJjckLOiEsuSZ3ckgZpEk5S8kxeyZv1ZL1Y79bHorVg5TNl8gfW5w9qyJVI</latexit>

lattice site

<latexit sha1_base64="y3qaIzJx1FmBJRo9OAZhCP/tVN8=">AAAB/nicbVDLSgNBEJz1GeMrKp68DAbBU9gViR6DIniMYB6QLGF2tpMMmZ1dZnrFsAT8FS8eFPHqd3jzb5w8DppY0FBUddPdFSRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102cag41HstYNwNmQAoFNRQooZloYFEgoREMrsd+4wG0EbG6x2ECfsR6SnQFZ2ilTuGwjfCI2Y0C3RvSEJQROBx1CkW35E5AF4k3I0UyQ7VT+GqHMU8jUMglM6bluQn6GdMouIRRvp0aSBgfsB60LFUsAuNnk/NH9MQqIe3G2pZCOlF/T2QsMmYYBbYzYtg3895Y/M9rpdi99DOhkhRB8emibiopxnScBQ2FBo7S/i0Y18LeSnmfacbRJpa3IXjzLy+S+lnJK5fKd+fFytUsjhw5IsfklHjkglTILamSGuEkI8/klbw5T86L8+58TFuXnNnMAfkD5/MH/OKWKw==</latexit> E
n
er
gy

d
en
si
ty



Summary
1 Particle excitations in many-body systems have the long-range 

entanglement of a W state

2 This structure motivated a constant circuit depth preparation protocol 
using MCM-FF

3 Efficient state preparation enabled inelastic particle production to be 
simulated for the first time on a quantum computer



Outlook

<latexit sha1_base64="sAqozNq0PzVvcT0/eNbAAyBrvMc=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiUj0W9eCxgv2ANpTNdtMu3WzC7qQYYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wM8+PBdfgON/W0vLK6tp6YaO4ubW9s2vv7Td0lCjK6jQSkWr5RDPBJasDB8FasWIk9AVr+sPrid8cMaV5JO8hjZkXkr7kAacEjNS1DzvAHiBzbzCNpGQU+IhDOu7aJafsTIEXiZuTEspR69pfnV5Ek5BJoIJo3XadGLyMKOBUsHGxk2gWEzokfdY2VJKQaS+b3j/GJ0bp4SBSpiTgqfp7IiOh1mnom86QwEDPexPxP6+dQHDpZVzGCTBJZ4uCRGCI8CQM3OPKvCxSQwhV3NyK6YAoQsFEVjQhuPMvL5LGWdmtlCt356XqVR5HAR2hY3SKXHSBqugW1VAdUfSIntErerOerBfr3fqYtS5Z+cwB+gPr8wdlU5Zf</latexit>

1D connectivity
<latexit sha1_base64="7tZOrTXDVmR6Uwma0twzgHtG2E4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSItVjUQ8eK9gPaEPZbDft0s0m7E6KJfbgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/P8WHANjvNt5VZW19Y38puFre2d3T17/6Cho0RRVqeRiFTLJ5oJLlkdOAjWihUjoS9Y0x9eT/3miCnNI3kP45h5IelLHnBKwEhd+6gD7AHS8g2mkZSMAh9xGE+6dtEpOTPgZeJmpIgy1Lr2V6cX0SRkEqggWrddJwYvJQo4FWxS6CSaxYQOSZ+1DZUkZNpLZ/dP8KlRejiIlCkJeKb+nkhJqPU49E1nSGCgF72p+J/XTiC49FIu4wSYpPNFQSIwRHgaBu5xZV4WY0MIVdzciumAKELBRFYwIbiLLy+TRrnkVkqVu/Ni9SqLI4+O0Qk6Qy66QFV0i2qojih6RM/oFb1ZT9aL9W59zFtzVjZziP7A+vwBZuaWYA==</latexit>

2D connectivity

• Next, 2D: particles with spin, angular momentum, phase 
transitions. Much harder for classical computing

For TN simulations of 2D scattering see Pavesic et. al Nat. Comm. (2026)



Nikita Zemlevskiy John Preskill

Thank you for listening!

Marc Illa

<latexit sha1_base64="+l5bm8gypohZH/WlMZZAkOhsW8k=">AAAB8HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkgbymYzbZfubsLuRCyhv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8ENet63s7K6tr6xWdgqbu/s7u2XDg6bJk41gwaLRazbITUguIIGchTQTjRQGQpohaObqd96BG14rO5xnEAg6UDxPmcUrfTQRXjCzI8mvVLZq3gzuMvEz0mZ5Kj3Sl/dKGapBIVMUGM6vpdgkFGNnAmYFLupgYSyER1Ax1JFJZggmx08cU+tErn9WNtS6M7U3xMZlcaMZWg7JcWhWfSm4n9eJ8X+VZBxlaQIis0X9VPhYuxOv3cjroGhGFtCmeb2VpcNqaYMbUZFG4K/+PIyaZ5X/GqlendRrl3ncRTIMTkhZ8Qnl6RGbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7A+fwB/h6QjQ==</latexit>

1d
<latexit sha1_base64="iaCPMpuJGvFMTmfCajaX88XcpoE=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqewWqR6LXjxWsB/SLiWbzbahSXZJZsWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobeJUU9aisYh1NyCGCa5YCzgI1k00IzIQrBOMb2Z+55Fpw2N1D5OE+ZIMFY84JWClhz6wJ8hq4XRQrrhVdw68SrycVFCO5qD81Q9jmkqmgApiTM9zE/AzooFTwaalfmpYQuiYDFnPUkUkM342P3iKz6wS4ijWthTgufp7IiPSmIkMbKckMDLL3kz8z+ulEF35GVdJCkzRxaIoFRhiPPseh1wzCmJiCaGa21sxHRFNKNiMSjYEb/nlVdKuVb16tX53UWlc53EU0Qk6RefIQ5eogW5RE7UQRRI9o1f05mjnxXl3PhatBSefOUZ/4Hz+AP+kkI4=</latexit>

2d

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

<latexit sha1_base64="Pt2VBvY3gT2Tsw9FvvB6PwNcwFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOzTjQk=</latexit>z

<latexit sha1_base64="I4rjadLAeNsYTIapK3L8KMOXDC0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyqVI9FLx4r2A9pl5LNZtvQJLsks2JZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExDDBFesCRwE6ySaERkI1g5GN1O//ci04bG6h3HCfEkGikecErDSQw/YE2Tn4aRfrrhVdwa8TLycVFCORr/81QtjmkqmgApiTNdzE/AzooFTwSalXmpYQuiIDFjXUkUkM342O3iCT6wS4ijWthTgmfp7IiPSmLEMbKckMDSL3lT8z+umEF35GVdJCkzR+aIoFRhiPP0eh1wzCmJsCaGa21sxHRJNKNiMSjYEb/HlZdI6q3q1au3uolK/zuMooiN0jE6Rhy5RHd2iBmoiiiR6Rq/ozdHOi/PufMxbC04+c4j+wPn8AQE5kI8=</latexit>
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