
Marin Bukov

Engineering Hierarchical

Symmetries

work in progress

Zhanpeng Fu 
(Shanghai Jiao Tong U)

MAX PLANCK INSTITUTE 
FOR THE PHYSICS OF COMPLEX SYSTEMS

MPI-PKS (Dresden)

Hongzheng Zhao

(U Beijing)

Roderich Moessner

(MPI-PKS)



• Emergent symmetries out of equilibrium
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• Applications

MPI-PKS (Dresden)

nonequilibrium order: discrete time crystals: 

higher-order topological insulators:

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Engineering Hierarchical

Symmetries

• Engineering Hierarchical Symmetries

abelian & non-abelian symmetry ladder:
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E



• Emergent symmetries out of equilibrium

Outline

Marin Bukov

• Applications

MPI-PKS (Dresden)

• Engineering Hierarchical Symmetries

abelian & non-abelian symmetry ladder:

nonequilibrium order: discrete time crystals: 

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
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Symmetries in Physics

Marin Bukov MPI-PKS (Dresden)

• why care about symmetries in physics?

determine invariance of physical laws

Michelson Morley experiment
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Marin Bukov

• why care about symmetries in physics?

conservation laws, integrability, phases & phase transitions

determine invariance of physical laws

conservation of 

angular momentum

image: Wikipedia image: Agaoglou et al.

integrability

Greiner et al., Nature 415 (2002)

phase transitions

image: BYJU’S

Milky way phase space tori Mott insulator to superfluid transition
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Marin Bukov MPI-PKS (Dresden)

• why care about symmetries in physics?

conservation laws, integrability, phases & phase transitions

build minimal models: Standard model, Landau-Ginzburg theory, etc.

determine invariance of physical laws

image: CERN

The Standard Model

image: Wikipedia

Landau-Ginzburg theory
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Greiner et al., Nature 415 (2002)
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Marin Bukov MPI-PKS (Dresden)

• why care about symmetries in physics?

want to simulate symmetries and study their breaking

conservation laws, integrability, phases & phase transitions

build minimal models: Standard model, Landau-Ginzburg theory, etc.

determine invariance of physical laws
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Greiner et al., Nature 415 (2002)
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Marin Bukov MPI-PKS (Dresden)

• why care about symmetries in physics?

• when are symmetries exact in real-world many-body systems?

want to simulate symmetries and study their breaking

conservation laws, integrability, phases & phase transitions

build minimal models: Standard model, Landau-Ginzburg theory, etc.

(almost) never: we’re forced to deal with approximate symmetries

determine invariance of physical laws
image: BYJU’S

Greiner et al., Nature 415 (2002)
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Marin Bukov MPI-PKS (Dresden)

• why care about symmetries in physics?

• when are symmetries exact in real-world many-body systems?

want to simulate symmetries and study their breaking

conservation laws, integrability, phases & phase transitions

build minimal models: Standard model, Landau-Ginzburg theory, etc.

(almost) never: we’re forced to deal with approximate symmetries

determine invariance of physical laws

still: approx. symmetries prove useful to determine hierarchy of phenomena

image: BYJU’S

Greiner et al., Nature 415 (2002)

image: Wikipedia

Symmetries in Physics



Emergent Symmetries in Nonequilibrium Drives

Marin Bukov MPI-PKS (Dresden)
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Emergent Symmetries in Nonequilibrium Drives

Marin Bukov MPI-PKS (Dresden)
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Marin Bukov MPI-PKS (Dresden)

• periodic, quasi-periodic, & random multipolar drives

approximate effective Hamiltonian
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Emergent Symmetries in Nonequilibrium Drives

Marin Bukov MPI-PKS (Dresden)

• periodic, quasi-periodic, & random multipolar drives

• prethermal metastable states

approximate effective Hamiltonian

approximate (emergent) symmetry
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Emergent Symmetries in Nonequilibrium Drives

Marin Bukov

• periodic, quasi-periodic, & random multipolar drives

• prethermal metastable states

approximate effective Hamiltonian

• examples of emergent symmetries:

approximate (emergent) symmetry
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Emergent Symmetries in Nonequilibrium Drives

Marin Bukov

• periodic, quasi-periodic, & random multipolar drives

• prethermal metastable states

approximate effective Hamiltonian

• examples of emergent symmetries:

approximate (emergent) symmetry

<latexit sha1_base64="SUFZTWSOJwxO0k0JXjg8lt0hKzQ="></latexit>

Q ⇡ Q(0) +Q(1) +Q(2) + · · ·

<latexit sha1_base64="ddmvmopahdKL1Z8/PNjaVzadpKg="></latexit>

Q(m) / Tm

. . .( (

xy

∝ δθ
0

C

NV
13C

t

Polarization Readout

B ∝1/r3

Distance from NV (r)

    Time t

A

rc

rc

E!
ec

tiv
e 

po
te

nt
ia

l ϕ
 (r

)
Si

gn
al

 [a
u]

Prethermal

Readout

NV
Fr

oz
en

 c
or

e

NV

B

Shell-like domain boundary

0

S0

π/2 θ
>1M

tp

t

<latexit sha1_base64="TPNWHEXLLfNslmoFQdLXG/NArCE="></latexit> h
O
(t
)i

Haldane model: time-reversal breaking

<latexit sha1_base64="+QvM3MNFQtIIcmiOr72pbFozpL8="></latexit>

Q(0) : T
<latexit sha1_base64="koQEB2r2Qrp3VhSuMcwp2jS0zcs="></latexit>

Q(1) : T

time-rev’sal breaking

MPI-PKS (Dresden)
Jotzu et al, Nature 515 (2014)
Kitagawa et al, PRB (2011)
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Marin Bukov

• periodic, quasi-periodic, & random multipolar drives

• prethermal metastable states

approximate effective Hamiltonian

• examples of emergent symmetries:

approximate (emergent) symmetry

<latexit sha1_base64="SUFZTWSOJwxO0k0JXjg8lt0hKzQ="></latexit>

Q ⇡ Q(0) +Q(1) +Q(2) + · · ·

<latexit sha1_base64="ddmvmopahdKL1Z8/PNjaVzadpKg="></latexit>

Q(m) / Tm

. . .( (

xy

∝ δθ
0

C

NV
13C

t

Polarization Readout

B ∝1/r3

Distance from NV (r)

    Time t

A

rc

rc

E!
ec

tiv
e 

po
te

nt
ia

l ϕ
 (r

)
Si

gn
al

 [a
u]

Prethermal

Readout

NV
Fr

oz
en

 c
or

e

NV

B

Shell-like domain boundary

0

S0

π/2 θ
>1M

tp

t

<latexit sha1_base64="TPNWHEXLLfNslmoFQdLXG/NArCE="></latexit> h
O
(t
)i

Haldane model: time-reversal breaking

Kitagawa et al, PRB (2011)

approximate nonconservation of energy and the approxi-
mate nonconservation of Sztot, respectively.
Second, note that the second line of Eq. (3) implies that

hT1 is only defined modulo 2π, and hence cannot be made
arbitrarily large for this drive: there is no simple high-field
limit. We will show that the dynamics in this system can be
explained via an approximate long-lived conservation of
Sztot. However, the approximate conservation of Sztot—the
central emergent feature—is not due to a large field h.
Instead, it is the smallness of the detuning ϵ of the global spin
rotation, which controls both the strength of driving and the
strength of the Sztot violation. We emphasize that while a
large magnetic field is used in the NMR setup to obtain an
interaction Hamiltonian Hc that conserves Sztot within the
secular approximation, the periodic drive as a whole
comprises both the interaction Hamiltonian (with the field)
and the global spin rotation—and there is no simple large
field limit to obtain Sztot conservation for UðTÞ as a whole.
Third, in the low-frequency regime when ω ¼ 2π=T1 ≪

fJ; hg, the experiment finds that the envelope of MðnTÞ
decays exponentially in time so there is no long-lived
signal. In this regime, there is no quasiconservation of
energy and jMðtÞj ∼ e−t=td , with a decay time td ∼ 1=ϵ2.
This is the “dephasing regime” [36]. The basic picture is
that the operator Sztot gets “rotated away” from the z axis by
an angle ϵ every drive cycle under the action of Px

ϵ . The
component of the polarization in the XY plane gets
dephased under the action of Hc, while the component
parallel to z remains conserved while Hc acts. This gives a

decay MðnÞ ∼ cosðϵÞn, consistent with the observed expo-
nential decay upon expanding in small ϵ. In the next
section, we will work instead in the high-frequency limit
which allows us to enter a prethermal regime.

III. REGIMES OF THERMALIZATION

In this section, we discuss various regimes of thermal-
ization for the model drive in Eq. (3) in the high-frequency
regime ω ≫ fJ; hg. The demonstration of a long-lived
U(1)-stabilized DTC signal proceeds in several steps. Our
starting point is an analysis of the NMR experiment with its
period-doubled response [Case 1, Fig. 1(a)]. We then
demonstrate how to extend its lifetime dramatically into
a bona fide prethermal signal by adjusting the drive
parameters. This proceeds in two steps. We first arrange
for the appearance of a prethermal regime by adjusting the
drive [Case 2, Fig. 1(b)] to yield an effective Hamiltonian
with emergent approximate U(1) conservation, but no
period doubling. The second step [Case 3, Fig. 1(c)]
recreates the period-doubled DTC response, now with a
parametrically longer lifetime, by adjusting the applied
Zeeman field. The resulting dramatic increase in lifetime is
a consequence of the effective Hamiltonian, at leading
order, being perfectly U(1) symmetric.
As discussed previously, the high-frequency regime

ω ≫ fJ; h; θg allows one to define a quasilocal time-
independent effective Hamiltonian associated with the
quasiconservation of energy [26–29]. The dynamics are
well approximated by Heff up to the “heating time”

FIG. 1. Survival of the total magnetization CtotðnTÞ [defined in Eq. (6)], stroboscopically observed, in a chain of length L ¼ 20 under
the NMR Floquet drive for different driving frequencies ω ¼ 2π=T1 (3). The detuning of the spin rotation is ϵ ¼ 0.1. (a) Without a field
(h ¼ 0) and with an approximate global flip Px

θ, θ ¼ π þ ϵ, corresponding to the presumptive parameters of the NMR experiment, the
magnetization dies off quickly with little dependence on the driving frequency. (b) At half the maximum field, h ¼ π=ð2T1Þ, and with
θ ¼ 0þ ϵ, the survival of the magnetization is enhanced. Dashed lines show the evolution with the time-averaged leading-order
effective Hamiltonian. (c) With the maximal field h ¼ π=T1 and with an approximate global spin flip θ ¼ π þ ϵ, we observe a
prethermal time-crystalline signal with dramatically enhanced lifetime, by more than 100× compared to (a). The lifetime shows an
exponential dependence on driving frequency (Fig. 2), a hallmark of prethermalization.
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Haldane model: time-reversal breaking

approximate nonconservation of energy and the approxi-
mate nonconservation of Sztot, respectively.
Second, note that the second line of Eq. (3) implies that

hT1 is only defined modulo 2π, and hence cannot be made
arbitrarily large for this drive: there is no simple high-field
limit. We will show that the dynamics in this system can be
explained via an approximate long-lived conservation of
Sztot. However, the approximate conservation of Sztot—the
central emergent feature—is not due to a large field h.
Instead, it is the smallness of the detuning ϵ of the global spin
rotation, which controls both the strength of driving and the
strength of the Sztot violation. We emphasize that while a
large magnetic field is used in the NMR setup to obtain an
interaction Hamiltonian Hc that conserves Sztot within the
secular approximation, the periodic drive as a whole
comprises both the interaction Hamiltonian (with the field)
and the global spin rotation—and there is no simple large
field limit to obtain Sztot conservation for UðTÞ as a whole.
Third, in the low-frequency regime when ω ¼ 2π=T1 ≪

fJ; hg, the experiment finds that the envelope of MðnTÞ
decays exponentially in time so there is no long-lived
signal. In this regime, there is no quasiconservation of
energy and jMðtÞj ∼ e−t=td , with a decay time td ∼ 1=ϵ2.
This is the “dephasing regime” [36]. The basic picture is
that the operator Sztot gets “rotated away” from the z axis by
an angle ϵ every drive cycle under the action of Px

ϵ . The
component of the polarization in the XY plane gets
dephased under the action of Hc, while the component
parallel to z remains conserved while Hc acts. This gives a

decay MðnÞ ∼ cosðϵÞn, consistent with the observed expo-
nential decay upon expanding in small ϵ. In the next
section, we will work instead in the high-frequency limit
which allows us to enter a prethermal regime.

III. REGIMES OF THERMALIZATION

In this section, we discuss various regimes of thermal-
ization for the model drive in Eq. (3) in the high-frequency
regime ω ≫ fJ; hg. The demonstration of a long-lived
U(1)-stabilized DTC signal proceeds in several steps. Our
starting point is an analysis of the NMR experiment with its
period-doubled response [Case 1, Fig. 1(a)]. We then
demonstrate how to extend its lifetime dramatically into
a bona fide prethermal signal by adjusting the drive
parameters. This proceeds in two steps. We first arrange
for the appearance of a prethermal regime by adjusting the
drive [Case 2, Fig. 1(b)] to yield an effective Hamiltonian
with emergent approximate U(1) conservation, but no
period doubling. The second step [Case 3, Fig. 1(c)]
recreates the period-doubled DTC response, now with a
parametrically longer lifetime, by adjusting the applied
Zeeman field. The resulting dramatic increase in lifetime is
a consequence of the effective Hamiltonian, at leading
order, being perfectly U(1) symmetric.
As discussed previously, the high-frequency regime

ω ≫ fJ; h; θg allows one to define a quasilocal time-
independent effective Hamiltonian associated with the
quasiconservation of energy [26–29]. The dynamics are
well approximated by Heff up to the “heating time”

FIG. 1. Survival of the total magnetization CtotðnTÞ [defined in Eq. (6)], stroboscopically observed, in a chain of length L ¼ 20 under
the NMR Floquet drive for different driving frequencies ω ¼ 2π=T1 (3). The detuning of the spin rotation is ϵ ¼ 0.1. (a) Without a field
(h ¼ 0) and with an approximate global flip Px

θ, θ ¼ π þ ϵ, corresponding to the presumptive parameters of the NMR experiment, the
magnetization dies off quickly with little dependence on the driving frequency. (b) At half the maximum field, h ¼ π=ð2T1Þ, and with
θ ¼ 0þ ϵ, the survival of the magnetization is enhanced. Dashed lines show the evolution with the time-averaged leading-order
effective Hamiltonian. (c) With the maximal field h ¼ π=T1 and with an approximate global spin flip θ ¼ π þ ϵ, we observe a
prethermal time-crystalline signal with dramatically enhanced lifetime, by more than 100× compared to (a). The lifetime shows an
exponential dependence on driving frequency (Fig. 2), a hallmark of prethermalization.
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<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

higher-order topological insulators:
<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• Engineering Hierarchical Symmetries

abelian & non-abelian symmetry ladder:
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E



Engineering Hierarchical Symmetries

Marin Bukov MPI-PKS (Dresden)

• objective:

given ladder of symmetry groups 
<latexit sha1_base64="Qym6JVJho139zah6rjR9PuwzgO0="></latexit>

Gn�Gn�1�· · ·�G0

construct drive s.t.: 



Marin Bukov MPI-PKS (Dresden)

• objective:

given ladder of symmetry groups 
<latexit sha1_base64="Qym6JVJho139zah6rjR9PuwzgO0="></latexit>

Gn�Gn�1�· · ·�G0

construct drive s.t.: 

has symmetry

breaks        to 

breaks            to 

breaks        to 

<latexit sha1_base64="R0IhGv1BomjzOu/6SXBmJjwgsaM="></latexit>

Q(0) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="CqJlSxRJJg9u/D63ty/ad9IKXNU="></latexit>

Q(1) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="ZmkrGcen6pFqF9byg5+Hd1AoQSU="></latexit>

Q(2)

<latexit sha1_base64="qrnt1G3lee7xCf2tE0Cau0vGrVM="></latexit>

Q(n)

<latexit sha1_base64="5Ld7fFh7oeaI7rxdzRwNEOmhsVQ="></latexit>

Gn�2

<latexit sha1_base64="VTTpj5mWmmo9VWdfv2d5Jzaqmzc="></latexit>

G1
<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="h7c2ikIx4xDAOY4IjRgT6EjTJnQ="></latexit>. . .

<latexit sha1_base64="IBgwjMTCZRgZGRcvFkF9ZMj+4z8="></latexit>

U = e�iTQ
<latexit sha1_base64="SUFZTWSOJwxO0k0JXjg8lt0hKzQ="></latexit>

Q ⇡ Q(0) +Q(1) +Q(2) + · · ·

<latexit sha1_base64="ddmvmopahdKL1Z8/PNjaVzadpKg="></latexit>

Q(m) / Tm

<latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="7c4u4HRBcksjJ3ZTpuJoqOlnNyU="></latexit>...

Engineering Hierarchical Symmetries



<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2v rG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2v rG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xu bW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura +UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo PulseSymmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="OQLnJLxwuGUDqdBnQ2D2wphgkQE=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzAjbseAF29GMAskQ+jpqSRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+KHi8V0VVPT+RQqPjfFsLi0vLK6uFteL6xubWtr2zW9dxqjjUeCxj1fSZBikiqKFACc1EAQt9CQ1/cDX2G/egtIijOxwm4IWsF4mu4AyN1LH32wgPmN2oABStMsVCQFCjjl1yys4EdJ64OSmRHNWO/dUOYp6GECGXTOuW6yToZUyh4BJGxXaqIWF8wHrQMjQye7SXTe4f0SOjBLQbK1MR0on6eyJjodbD0DedIcO+nvXG4n9eK8XupZeJKEkRIj5d1E0lxZiOw6CBUMBRDg1hXAlzK+V9EwI3GeiiCcGdfXme1E/K7nn57Pa0VHHyOArkgBySY+KSC1Ih16RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpn9sgfWJ8/cLeWVQ==</latexit> O
r
d
e
r
P
a
r
a
m
e
t
e
r

<latexit sha1_base64="QRafi41GHDGmsM7MA0OruqE3tn8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXfB0DXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6mfrNR9BGROoexzH4IRso0RecoZUeOghPmJb56aRbLLkVdwa6TLyMlEiGWrf41elFPAlBIZfMmLbnxuinTKPgEiaFTmIgZnzEBtC2VLEQjJ/OLp7QE6v0aD/SthTSmfp7ImWhMeMwsJ0hw6FZ9Kbif147wf61nwoVJwiKzxf1E0kxotP3aU9o4CjHljCuhb2V8iHTjKMNqWBD8BZfXiaNs4p3Wbm4Oy9V3SyOPDkix6RMPHJFquSW1EidcKLIM3klb45xXpx352PemnOymUPyB87nD0+ekKM=</latexit>

(c)
<latexit sha1_base64="DkM4tyH2C9Z3/Y/aGU8mUVsfj9c=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURv44FLx4r2A9oQ9lsp+3S3STsTsQa6sW/4sWDIl79F978N27THLT1wcDjvRlm5gWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQgeQg05CmjGCqgMBDSC4dXEb9yB0jwKb3EUgy9pP+Q9zigaqWPvtxHuMa0qwAEoSQV/yJxxxy65ZTeDM0+8nJRIjmrH/mp3I5ZICJEJqnXLc2P0U6qQMwHjYjvREFM2pH1oGRpSCdpPsw/GzpFRuk4vUqZCdDL190RKpdYjGZhOSXGgZ72J+J/XSrB36ac8jBOEkE0X9RLhYORM4nC6XAFDMTKEMsXNrQ4bUEUZmtCKJgRv9uV5Uj8pe+fls5vTUsXN4yiQA3JIjolHLkiFXJMqqRFGHskzeSVv1pP1Yr1bH9PWBSuf2SN/YH3+ANeAl74=</latexit>

Prethermalization

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="rX103kDkfvxyxeqBHd+b4dNB1LY=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSTi17EggscK9gPaUDbbSbt0s4m7k2II/R1ePCji1R/jzX/jts1BWx8MPN6bYWaeHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTP3WGJTmkXzANAYvpAPJA84oGsnrIjxhditBDdJJr1xxqs4M9jJxc1IhOeq98le3H7EkBIlMUK07rhOjl1GFnAmYlLqJhpiyER1Ax1BJQ9BeNjt6Yp8YpW8HkTIl0Z6pvycyGmqdhr7pDCkO9aI3Ff/zOgkG117GZZwgSDZfFCTCxsieJmD3uQKGIjWEMsXNrTYbUkUZmpxKJgR38eVl0jyrupfVi/vzSs3J4yiSI3JMTolLrkiN3JE6aRBGHskzeSVv1th6sd6tj3lrwcpnDskfWJ8/ZO2Sdw==</latexit>

Energy

<latexit sha1_base64="ymFCmW2bfe+MIbT3GGKu7IkV2FI=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpYFNy4r9gVNDDfTSTt0MgkzE6HELvwVNy4UcetvuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtnt6GSTBJaJwlPZCsERTkTtK6Z5rSVSgpxyGkz7F+P/OYDlYoloqYHKfVj6AoWMQLaSIG972nIgjtPsRjX7vMTD3jag2Fgl5yyMwaeJ+6UlNAU1cD+8joJyWIqNOGgVNt1Uu3nIDUjnA6LXqZoCqQPXdo2VEBMlZ+P7x/iI6N0cJRIU0Ljsfp7IodYqUEcms4YdE/NeiPxP6+d6ejKz5lIM00FmSyKMo51gkdh4A6TlGg+MASIZOZWTHoggWgTWdGE4M6+PE8ap2X3onx+e1aqONM4CugAHaJj5KJLVEE3qIrqiKBH9Ixe0Zv1ZL1Y79bHpHXBms7soT+wPn8AqUuV1Q==</latexit>

⌧S ⇠ T�↵

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

<latexit sha1_base64="W0ZUdUUK5EIjUlHNL+CAtWhFo9o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREfC0LIris0Bc0IUymk3bozCTMTMQair/ixoUibv0Pd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh1cTv31HpKKxaOhRQnyO+oJGFCNtpMDe8zRKg2tPUQ49cp9U8HHjKLDLTtWZAv4lbk7KIEc9sD+9XoxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5teP4aHRunBKJamhIZT9edEhrhSIx6aTo70QM17E/E/r5vq6NLPqEhSTQSeLYpSBnUMJ1HAHpUEazYyBGFJza0QD5BEWJvASiYEd/7lv6R1UnXPq2e3p+Wak8dRBPvgAFSACy5ADdyAOmgCDB7AE3gBr9aj9Wy9We+z1oKVz+yCX7A+vgEu9pRa</latexit>

⌧E ⇠ exp(c/T )

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Marin Bukov MPI-PKS (Dresden)

• objective:

given ladder of symmetry groups 
<latexit sha1_base64="Qym6JVJho139zah6rjR9PuwzgO0="></latexit>

Gn�Gn�1�· · ·�G0

construct drive s.t.: 

has symmetry

breaks        to 

breaks            to 

breaks        to 

<latexit sha1_base64="R0IhGv1BomjzOu/6SXBmJjwgsaM="></latexit>

Q(0) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="CqJlSxRJJg9u/D63ty/ad9IKXNU="></latexit>

Q(1) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="ZmkrGcen6pFqF9byg5+Hd1AoQSU="></latexit>

Q(2)

<latexit sha1_base64="qrnt1G3lee7xCf2tE0Cau0vGrVM="></latexit>

Q(n)

<latexit sha1_base64="5Ld7fFh7oeaI7rxdzRwNEOmhsVQ="></latexit>

Gn�2

<latexit sha1_base64="VTTpj5mWmmo9VWdfv2d5Jzaqmzc="></latexit>

G1
<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="h7c2ikIx4xDAOY4IjRgT6EjTJnQ="></latexit>. . .

• hierarchical structure of prethermal plateaus

<latexit sha1_base64="IBgwjMTCZRgZGRcvFkF9ZMj+4z8="></latexit>

U = e�iTQ
<latexit sha1_base64="SUFZTWSOJwxO0k0JXjg8lt0hKzQ="></latexit>

Q ⇡ Q(0) +Q(1) +Q(2) + · · ·

<latexit sha1_base64="ddmvmopahdKL1Z8/PNjaVzadpKg="></latexit>

Q(m) / Tm

<latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="7c4u4HRBcksjJ3ZTpuJoqOlnNyU="></latexit>...

e.g.,
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

Engineering Hierarchical Symmetries



<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2v rG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2v rG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xu bW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura +UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo PulseSymmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="OQLnJLxwuGUDqdBnQ2D2wphgkQE=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzAjbseAF29GMAskQ+jpqSRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+KHi8V0VVPT+RQqPjfFsLi0vLK6uFteL6xubWtr2zW9dxqjjUeCxj1fSZBikiqKFACc1EAQt9CQ1/cDX2G/egtIijOxwm4IWsF4mu4AyN1LH32wgPmN2oABStMsVCQFCjjl1yys4EdJ64OSmRHNWO/dUOYp6GECGXTOuW6yToZUyh4BJGxXaqIWF8wHrQMjQye7SXTe4f0SOjBLQbK1MR0on6eyJjodbD0DedIcO+nvXG4n9eK8XupZeJKEkRIj5d1E0lxZiOw6CBUMBRDg1hXAlzK+V9EwI3GeiiCcGdfXme1E/K7nn57Pa0VHHyOArkgBySY+KSC1Ih16RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpn9sgfWJ8/cLeWVQ==</latexit> O
r
d
e
r
P
a
r
a
m
e
t
e
r

<latexit sha1_base64="QRafi41GHDGmsM7MA0OruqE3tn8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXfB0DXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6mfrNR9BGROoexzH4IRso0RecoZUeOghPmJb56aRbLLkVdwa6TLyMlEiGWrf41elFPAlBIZfMmLbnxuinTKPgEiaFTmIgZnzEBtC2VLEQjJ/OLp7QE6v0aD/SthTSmfp7ImWhMeMwsJ0hw6FZ9Kbif147wf61nwoVJwiKzxf1E0kxotP3aU9o4CjHljCuhb2V8iHTjKMNqWBD8BZfXiaNs4p3Wbm4Oy9V3SyOPDkix6RMPHJFquSW1EidcKLIM3klb45xXpx352PemnOymUPyB87nD0+ekKM=</latexit>

(c)
<latexit sha1_base64="DkM4tyH2C9Z3/Y/aGU8mUVsfj9c=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURv44FLx4r2A9oQ9lsp+3S3STsTsQa6sW/4sWDIl79F978N27THLT1wcDjvRlm5gWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQgeQg05CmjGCqgMBDSC4dXEb9yB0jwKb3EUgy9pP+Q9zigaqWPvtxHuMa0qwAEoSQV/yJxxxy65ZTeDM0+8nJRIjmrH/mp3I5ZICJEJqnXLc2P0U6qQMwHjYjvREFM2pH1oGRpSCdpPsw/GzpFRuk4vUqZCdDL190RKpdYjGZhOSXGgZ72J+J/XSrB36ac8jBOEkE0X9RLhYORM4nC6XAFDMTKEMsXNrQ4bUEUZmtCKJgRv9uV5Uj8pe+fls5vTUsXN4yiQA3JIjolHLkiFXJMqqRFGHskzeSVv1pP1Yr1bH9PWBSuf2SN/YH3+ANeAl74=</latexit>

Prethermalization

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="rX103kDkfvxyxeqBHd+b4dNB1LY=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSTi17EggscK9gPaUDbbSbt0s4m7k2II/R1ePCji1R/jzX/jts1BWx8MPN6bYWaeHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTP3WGJTmkXzANAYvpAPJA84oGsnrIjxhditBDdJJr1xxqs4M9jJxc1IhOeq98le3H7EkBIlMUK07rhOjl1GFnAmYlLqJhpiyER1Ax1BJQ9BeNjt6Yp8YpW8HkTIl0Z6pvycyGmqdhr7pDCkO9aI3Ff/zOgkG117GZZwgSDZfFCTCxsieJmD3uQKGIjWEMsXNrTYbUkUZmpxKJgR38eVl0jyrupfVi/vzSs3J4yiSI3JMTolLrkiN3JE6aRBGHskzeSVv1th6sd6tj3lrwcpnDskfWJ8/ZO2Sdw==</latexit>

Energy

<latexit sha1_base64="ymFCmW2bfe+MIbT3GGKu7IkV2FI=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpYFNy4r9gVNDDfTSTt0MgkzE6HELvwVNy4UcetvuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtnt6GSTBJaJwlPZCsERTkTtK6Z5rSVSgpxyGkz7F+P/OYDlYoloqYHKfVj6AoWMQLaSIG972nIgjtPsRjX7vMTD3jag2Fgl5yyMwaeJ+6UlNAU1cD+8joJyWIqNOGgVNt1Uu3nIDUjnA6LXqZoCqQPXdo2VEBMlZ+P7x/iI6N0cJRIU0Ljsfp7IodYqUEcms4YdE/NeiPxP6+d6ejKz5lIM00FmSyKMo51gkdh4A6TlGg+MASIZOZWTHoggWgTWdGE4M6+PE8ap2X3onx+e1aqONM4CugAHaJj5KJLVEE3qIrqiKBH9Ixe0Zv1ZL1Y79bHpHXBms7soT+wPn8AqUuV1Q==</latexit>

⌧S ⇠ T�↵

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

<latexit sha1_base64="W0ZUdUUK5EIjUlHNL+CAtWhFo9o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREfC0LIris0Bc0IUymk3bozCTMTMQair/ixoUibv0Pd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh1cTv31HpKKxaOhRQnyO+oJGFCNtpMDe8zRKg2tPUQ49cp9U8HHjKLDLTtWZAv4lbk7KIEc9sD+9XoxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5teP4aHRunBKJamhIZT9edEhrhSIx6aTo70QM17E/E/r5vq6NLPqEhSTQSeLYpSBnUMJ1HAHpUEazYyBGFJza0QD5BEWJvASiYEd/7lv6R1UnXPq2e3p+Wak8dRBPvgAFSACy5ADdyAOmgCDB7AE3gBr9aj9Wy9We+z1oKVz+yCX7A+vgEu9pRa</latexit>

⌧E ⇠ exp(c/T )

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Marin Bukov MPI-PKS (Dresden)

• objective:

given ladder of symmetry groups 
<latexit sha1_base64="Qym6JVJho139zah6rjR9PuwzgO0="></latexit>

Gn�Gn�1�· · ·�G0

construct drive s.t.: 

has symmetry

breaks        to 

breaks            to 

breaks        to 

<latexit sha1_base64="R0IhGv1BomjzOu/6SXBmJjwgsaM="></latexit>

Q(0) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="CqJlSxRJJg9u/D63ty/ad9IKXNU="></latexit>

Q(1) <latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="ZmkrGcen6pFqF9byg5+Hd1AoQSU="></latexit>

Q(2)

<latexit sha1_base64="qrnt1G3lee7xCf2tE0Cau0vGrVM="></latexit>

Q(n)

<latexit sha1_base64="5Ld7fFh7oeaI7rxdzRwNEOmhsVQ="></latexit>

Gn�2

<latexit sha1_base64="VTTpj5mWmmo9VWdfv2d5Jzaqmzc="></latexit>

G1
<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="h7c2ikIx4xDAOY4IjRgT6EjTJnQ="></latexit>. . .

• hierarchical structure of prethermal plateaus

state (in general) described by generalized canonical ensemble

<latexit sha1_base64="CKNvOnS+qsHCPZqxmvBZD2pmWVQ="></latexit>

⇢̂GCE / exp

 
�
X

↵

�↵C↵

!

: conserved quantities assoc. with 
<latexit sha1_base64="62fUPko78NPacgt+ktTI93f6cQI="></latexit>

Gk
<latexit sha1_base64="vDYay8FK5l+AwwAIBCC7Xsdqnw8="></latexit>

C↵

<latexit sha1_base64="IBgwjMTCZRgZGRcvFkF9ZMj+4z8="></latexit>

U = e�iTQ
<latexit sha1_base64="SUFZTWSOJwxO0k0JXjg8lt0hKzQ="></latexit>

Q ⇡ Q(0) +Q(1) +Q(2) + · · ·

<latexit sha1_base64="ddmvmopahdKL1Z8/PNjaVzadpKg="></latexit>

Q(m) / Tm

<latexit sha1_base64="gzo+9fbfE3IrNhwOU8QdvIJKAEs="></latexit>

Gn

<latexit sha1_base64="xVYhCt3bHB14zxgz/4v9Umos8To="></latexit>

Gn�1

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="7c4u4HRBcksjJ3ZTpuJoqOlnNyU="></latexit>...

e.g.,
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
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Marin Bukov MPI-PKS (Dresden)

• basic idea: generalization of spin-echo

<latexit sha1_base64="5ctTh4pxS4f+k0aUdys1eQYZoWc="></latexit>

UF = e�iTQe�iTHe+iTQe�iTH ⇡ e�i2TH

gif: Wikipedia
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Marin Bukov MPI-PKS (Dresden)

• iterative construction
step 1

step 2

experts
Engineering Hierarchical Symmetries



Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

step 1

step 2

experts

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0
<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       
<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1
<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

step 1

step 2

experts

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1

<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

step 1

step 2

experts

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1

<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0

<latexit sha1_base64="koDl6HfvcGkQGx7bFBKY9W8HjiU="></latexit>

Q1
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

<latexit sha1_base64="5CBC70e/FidP39FZ4i5CaE31W9I="></latexit>

Q1 =
2

`1
H1 + i

`0

`1
T [H1, H0]�

`0

2`1
T

2 ([H1, [H1, H0]] + `0[H0, [H0, H1]]) + · · ·

step 1

step 2

experts

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1

<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0

<latexit sha1_base64="koDl6HfvcGkQGx7bFBKY9W8HjiU="></latexit>

Q1
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0

<latexit sha1_base64="5CBC70e/FidP39FZ4i5CaE31W9I="></latexit>

Q1 =
2

`1
H1 + i

`0

`1
T [H1, H0]�

`0

2`1
T

2 ([H1, [H1, H0]] + `0[H0, [H0, H1]]) + · · ·

step 1

step 2

experts

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1

<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0

<latexit sha1_base64="koDl6HfvcGkQGx7bFBKY9W8HjiU="></latexit>

Q1
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

take new generator         with symmetry       
<latexit sha1_base64="zFGwTHHA1CvFjg6VZHp8KVT+Ffw="></latexit>

H2
<latexit sha1_base64="quLRNSFFIT/1dMV/zE9KAsSBgGA="></latexit>

G2 � G1 � G0

<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0

<latexit sha1_base64="5CBC70e/FidP39FZ4i5CaE31W9I="></latexit>

Q1 =
2

`1
H1 + i

`0

`1
T [H1, H0]�

`0

2`1
T

2 ([H1, [H1, H0]] + `0[H0, [H0, H1]]) + · · ·

step 1

step 2

experts

consider Floquet unitary:
<latexit sha1_base64="ls657/zevjx1VrKKff557rwzWrM="></latexit>

UF,2 = e�i`1TQ1e�iTH2e+i`1TQ1e�iTH2 ⌘ e�i`2TQ2

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1
<latexit sha1_base64="qy+qCilvfg6sHYTitKQtB/TO3Ts="></latexit>

G2

<latexit sha1_base64="X1ob2rtEoEk4op59sbI5UESE8a0="></latexit>

H2
<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

consider Floquet unitary:

take new generator         with symmetry       
<latexit sha1_base64="zFGwTHHA1CvFjg6VZHp8KVT+Ffw="></latexit>

H2
<latexit sha1_base64="quLRNSFFIT/1dMV/zE9KAsSBgGA="></latexit>

G2 � G1 � G0

<latexit sha1_base64="QOBe9fJV5Y/ysclgKohf+M9D0fw="></latexit>

Q2 =
2

`2
H2 + i

`1

`2
T [H2, Q1]�

`1

2`2
T

2 ([H2, [H2, Q1]] + `1[Q1, [Q1, H2]]) + · · ·

<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0

<latexit sha1_base64="5CBC70e/FidP39FZ4i5CaE31W9I="></latexit>

Q1 =
2

`1
H1 + i

`0

`1
T [H1, H0]�

`0

2`1
T

2 ([H1, [H1, H0]] + `0[H0, [H0, H1]]) + · · ·

step 1

step 2

experts

<latexit sha1_base64="ls657/zevjx1VrKKff557rwzWrM="></latexit>

UF,2 = e�i`1TQ1e�iTH2e+i`1TQ1e�iTH2 ⌘ e�i`2TQ2

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1
<latexit sha1_base64="qy+qCilvfg6sHYTitKQtB/TO3Ts="></latexit>

G2

<latexit sha1_base64="X1ob2rtEoEk4op59sbI5UESE8a0="></latexit>

H2
<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0

<latexit sha1_base64="2s0Rq9vSXOG2cI2G7b5Tu1+BGwI="></latexit>

Q2
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Marin Bukov MPI-PKS (Dresden)

• iterative construction

start with generator         with symmetry       
<latexit sha1_base64="ToQZYDood2FqbuwnyAm8E9EkAdc="></latexit>

G0

take new generator         with symmetry       

consider Floquet unitary:
<latexit sha1_base64="m3RVIZd0d1i4OvRF9CNmBszfiWQ="></latexit>

UF,1 = e�i`0TQ0e�iTH1e+i`0TQ0e�iTH1 ⌘ e�i`1TQ1

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2set: 
<latexit sha1_base64="4iWsrP2YngJc5EB8QggVul4Bo8Q="></latexit>

Q0 = H0

<latexit sha1_base64="ZMls+LFg92pG//9tMQ9RGtRFI4s="></latexit>

G1 � G0

consider Floquet unitary:

take new generator         with symmetry       
<latexit sha1_base64="zFGwTHHA1CvFjg6VZHp8KVT+Ffw="></latexit>

H2
<latexit sha1_base64="quLRNSFFIT/1dMV/zE9KAsSBgGA="></latexit>

G2 � G1 � G0

<latexit sha1_base64="QOBe9fJV5Y/ysclgKohf+M9D0fw="></latexit>

Q2 =
2

`2
H2 + i

`1

`2
T [H2, Q1]�

`1

2`2
T

2 ([H2, [H2, Q1]] + `1[Q1, [Q1, H2]]) + · · ·

<latexit sha1_base64="iiPjZU5Ww3uNFA5v5npbPjYtuaQ="></latexit>

obeys G2
<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1

<latexit sha1_base64="XASzMURxwgLext9zHS8F0ziI4uo="></latexit>

obeys G1
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0
<latexit sha1_base64="G2zI74W9KWGNuhzSW6aIFA9GLdg="></latexit>

obeys G0

<latexit sha1_base64="/IOQoXLSptCU86MuNurXA4GnSrg="></latexit>

=
2

`2
H2 + i

2

`2
T [H2, H1]� T

2

✓
`0

`2
[H2, [H1, H0]] +

1

`2
([H2, [H2, H1]] + 2[H1, [H1, H2]])

◆
+ · · ·

<latexit sha1_base64="5CBC70e/FidP39FZ4i5CaE31W9I="></latexit>

Q1 =
2

`1
H1 + i

`0

`1
T [H1, H0]�

`0

2`1
T

2 ([H1, [H1, H0]] + `0[H0, [H0, H1]]) + · · ·

step 1

step 2

experts

<latexit sha1_base64="ls657/zevjx1VrKKff557rwzWrM="></latexit>

UF,2 = e�i`1TQ1e�iTH2e+i`1TQ1e�iTH2 ⌘ e�i`2TQ2

<latexit sha1_base64="oGu4aqma2tj+Km93IphjSZipg9w="></latexit>

H0

<latexit sha1_base64="HjzcsFxj1NA/e7J47E+U0R0nbho="></latexit>

H1

<latexit sha1_base64="iwP4M/u5kCtY9W244vXiXORh1wk="></latexit>

G0

<latexit sha1_base64="eR1DW9Uz3+ZkhOQT596XCO2f5BQ="></latexit>

G1
<latexit sha1_base64="qy+qCilvfg6sHYTitKQtB/TO3Ts="></latexit>

G2

<latexit sha1_base64="X1ob2rtEoEk4op59sbI5UESE8a0="></latexit>

H2
<latexit sha1_base64="gHGZybE0vdCqm91wYPtZBdo7cYI="></latexit>

H1

<latexit sha1_base64="lZIXjFSyzFK4nOnchRsXCjJ4Ers="></latexit>

H0

<latexit sha1_base64="2s0Rq9vSXOG2cI2G7b5Tu1+BGwI="></latexit>

Q2
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Marin Bukov MPI-PKS (Dresden)

• iterative construction
<latexit sha1_base64="8JQgFRLk/uLsZ/suIS/A6OZvqgA="></latexit>

UF,n = e�i`n�1TQn�1e�iTHne+i`n�1TQn�1e�iTHn ⌘ e�i`nTQn

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Engineering Hierarchical Symmetries



Marin Bukov MPI-PKS (Dresden)

• iterative construction
<latexit sha1_base64="8JQgFRLk/uLsZ/suIS/A6OZvqgA="></latexit>

UF,n = e�i`n�1TQn�1e�iTHne+i`n�1TQn�1e�iTHn ⌘ e�i`nTQn

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2sequence length                          

exponential in # of unitaries <latexit sha1_base64="RCd/ycK29BGnB8yxmKncAZOpiU8="></latexit>n

• not a problem for real-world systems 
with physical symmetry groups

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Engineering Hierarchical Symmetries



Marin Bukov MPI-PKS (Dresden)

• iterative construction
<latexit sha1_base64="8JQgFRLk/uLsZ/suIS/A6OZvqgA="></latexit>

UF,n = e�i`n�1TQn�1e�iTHne+i`n�1TQn�1e�iTHn ⌘ e�i`nTQn

<latexit sha1_base64="XIAR6p+hFww5Z0RCMOp6d2JKBHM="></latexit>

`n=3⇥ 2n�2sequence length                          

exponential in # of unitaries <latexit sha1_base64="RCd/ycK29BGnB8yxmKncAZOpiU8="></latexit>n

• not a problem for real-world systems 
with physical symmetry groups

shorter sequences exist when additional structure is present

• physical example:
<latexit sha1_base64="quLRNSFFIT/1dMV/zE9KAsSBgGA="></latexit>

G2 � G1 � G0 extra structure:
<latexit sha1_base64="/rkQx0Y1PQzhlck0o5UCZI1zgDA="></latexit>

H2
<latexit sha1_base64="wKdoT4kdpcrdVD8RzbuiTaIYnK0="></latexit>

H1
<latexit sha1_base64="dIaYTshOBsAjf8r+gJUr3dn9+DY="></latexit>

H0

<latexit sha1_base64="hNfAtUQssP2PGX9u7XYqMvXa7yY="></latexit>

[H0, H1 +H2] = 0

<latexit sha1_base64="nHeGAXONqhdkFvAplcb4dP9hCMI="></latexit>

UF=(e�iH0T e�iH1T )e�iH2T (eiH0T eiH1T )e�iH2T=e�iTQ <latexit sha1_base64="8nL3x3xGb8CYVSTKPlAL3LfKJLU="></latexit>

`=6 < `2=10

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

Engineering Hierarchical Symmetries



• Emergent symmetries out of equilibrium

Outline

Marin Bukov

• Applications

MPI-PKS (Dresden)

abelian & non-abelian symmetry ladder:

nonequilibrium order: discrete time crystals: 

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

<latexit sha1_base64="d2csAzvZeisKSCs5NlQwd02Jcaw="></latexit>

SU(2)

<latexit sha1_base64="CV8tiQHdwsmPmxju+pdPJuBwxP4="></latexit>

U(1)

<latexit sha1_base64="qAB9yNBxtbWa7R8Y+rpa0JOu/v8="></latexit>

Z2

higher-order topological insulators:
<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• Engineering Hierarchical Symmetries



Hierarchical breaking of abelian & non-abelian symmetries

Marin Bukov

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo PulseSymmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="OQLnJLxwuGUDqdBnQ2D2wphgkQE=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzAjbseAF29GMAskQ+jpqSRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+KHi8V0VVPT+RQqPjfFsLi0vLK6uFteL6xubWtr2zW9dxqjjUeCxj1fSZBikiqKFACc1EAQt9CQ1/cDX2G/egtIijOxwm4IWsF4mu4AyN1LH32wgPmN2oABStMsVCQFCjjl1yys4EdJ64OSmRHNWO/dUOYp6GECGXTOuW6yToZUyh4BJGxXaqIWF8wHrQMjQye7SXTe4f0SOjBLQbK1MR0on6eyJjodbD0DedIcO+nvXG4n9eK8XupZeJKEkRIj5d1E0lxZiOw6CBUMBRDg1hXAlzK+V9EwI3GeiiCcGdfXme1E/K7nn57Pa0VHHyOArkgBySY+KSC1Ih16RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpn9sgfWJ8/cLeWVQ==</latexit> O
r
d
e
r
P
a
r
a
m
e
t
e
r

<latexit sha1_base64="QRafi41GHDGmsM7MA0OruqE3tn8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXfB0DXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6mfrNR9BGROoexzH4IRso0RecoZUeOghPmJb56aRbLLkVdwa6TLyMlEiGWrf41elFPAlBIZfMmLbnxuinTKPgEiaFTmIgZnzEBtC2VLEQjJ/OLp7QE6v0aD/SthTSmfp7ImWhMeMwsJ0hw6FZ9Kbif147wf61nwoVJwiKzxf1E0kxotP3aU9o4CjHljCuhb2V8iHTjKMNqWBD8BZfXiaNs4p3Wbm4Oy9V3SyOPDkix6RMPHJFquSW1EidcKLIM3klb45xXpx352PemnOymUPyB87nD0+ekKM=</latexit>

(c)
<latexit sha1_base64="DkM4tyH2C9Z3/Y/aGU8mUVsfj9c=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURv44FLx4r2A9oQ9lsp+3S3STsTsQa6sW/4sWDIl79F978N27THLT1wcDjvRlm5gWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQgeQg05CmjGCqgMBDSC4dXEb9yB0jwKb3EUgy9pP+Q9zigaqWPvtxHuMa0qwAEoSQV/yJxxxy65ZTeDM0+8nJRIjmrH/mp3I5ZICJEJqnXLc2P0U6qQMwHjYjvREFM2pH1oGRpSCdpPsw/GzpFRuk4vUqZCdDL190RKpdYjGZhOSXGgZ72J+J/XSrB36ac8jBOEkE0X9RLhYORM4nC6XAFDMTKEMsXNrQ4bUEUZmtCKJgRv9uV5Uj8pe+fls5vTUsXN4yiQA3JIjolHLkiFXJMqqRFGHskzeSVv1pP1Yr1bH9PWBSuf2SN/YH3+ANeAl74=</latexit>

Prethermalization

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="rX103kDkfvxyxeqBHd+b4dNB1LY=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSTi17EggscK9gPaUDbbSbt0s4m7k2II/R1ePCji1R/jzX/jts1BWx8MPN6bYWaeHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTP3WGJTmkXzANAYvpAPJA84oGsnrIjxhditBDdJJr1xxqs4M9jJxc1IhOeq98le3H7EkBIlMUK07rhOjl1GFnAmYlLqJhpiyER1Ax1BJQ9BeNjt6Yp8YpW8HkTIl0Z6pvycyGmqdhr7pDCkO9aI3Ff/zOgkG117GZZwgSDZfFCTCxsieJmD3uQKGIjWEMsXNrTYbUkUZmpxKJgR38eVl0jyrupfVi/vzSs3J4yiSI3JMTolLrkiN3JE6aRBGHskzeSVv1th6sd6tj3lrwcpnDskfWJ8/ZO2Sdw==</latexit>

Energy

<latexit sha1_base64="ymFCmW2bfe+MIbT3GGKu7IkV2FI=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpYFNy4r9gVNDDfTSTt0MgkzE6HELvwVNy4UcetvuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtnt6GSTBJaJwlPZCsERTkTtK6Z5rSVSgpxyGkz7F+P/OYDlYoloqYHKfVj6AoWMQLaSIG972nIgjtPsRjX7vMTD3jag2Fgl5yyMwaeJ+6UlNAU1cD+8joJyWIqNOGgVNt1Uu3nIDUjnA6LXqZoCqQPXdo2VEBMlZ+P7x/iI6N0cJRIU0Ljsfp7IodYqUEcms4YdE/NeiPxP6+d6ejKz5lIM00FmSyKMo51gkdh4A6TlGg+MASIZOZWTHoggWgTWdGE4M6+PE8ap2X3onx+e1aqONM4CugAHaJj5KJLVEE3qIrqiKBH9Ixe0Zv1ZL1Y79bHpHXBms7soT+wPn8AqUuV1Q==</latexit>

⌧S ⇠ T�↵

SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

<latexit sha1_base64="W0ZUdUUK5EIjUlHNL+CAtWhFo9o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREfC0LIris0Bc0IUymk3bozCTMTMQair/ixoUibv0Pd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh1cTv31HpKKxaOhRQnyO+oJGFCNtpMDe8zRKg2tPUQ49cp9U8HHjKLDLTtWZAv4lbk7KIEc9sD+9XoxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5teP4aHRunBKJamhIZT9edEhrhSIx6aTo70QM17E/E/r5vq6NLPqEhSTQSeLYpSBnUMJ1HAHpUEazYyBGFJza0QD5BEWJvASiYEd/7lv6R1UnXPq2e3p+Wak8dRBPvgAFSACy5ADdyAOmgCDB7AE3gBr9aj9Wy9We+z1oKVz+yCX7A+vgEu9pRa</latexit>

⌧E ⇠ exp(c/T )

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

<latexit sha1_base64="d2csAzvZeisKSCs5NlQwd02Jcaw="></latexit>

SU(2)

<latexit sha1_base64="CV8tiQHdwsmPmxju+pdPJuBwxP4="></latexit>

U(1)

<latexit sha1_base64="qAB9yNBxtbWa7R8Y+rpa0JOu/v8="></latexit>

Z2

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

MPI-PKS (Dresden)



Hierarchical breaking of abelian & non-abelian symmetries

Marin Bukov

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• HSB protocol:
<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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<latexit sha1_base64="nBNW+B4TYpvuK1RsWzVkjxxi5Z4="></latexit>

U(D1, ..., Dl|T )=e�iD1T · · · e�iDlT

MPI-PKS (Dresden)



Hierarchical breaking of abelian & non-abelian symmetries

Marin Bukov

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• HSB protocol:
<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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<latexit sha1_base64="nBNW+B4TYpvuK1RsWzVkjxxi5Z4="></latexit>

U(D1, ..., Dl|T )=e�iD1T · · · e�iDlT

<latexit sha1_base64="UzDJbEdwWMOKhXFVTZBz0sabSQo="></latexit>

Q
(0) / H3 : SU(2)

<latexit sha1_base64="qJFP6ZJLQnnoA2R+b/5y7Sh5QSE="></latexit>

Q(1) : U(1)
<latexit sha1_base64="ZUu+R5O2onum1HFh77hg3N8e0Dk="></latexit>

Q(2) : Z2

<latexit sha1_base64="i1+Za0EDAkpRe+WfnFn+tTt9WOE="></latexit>

Sz =
X

j

�z
j

<latexit sha1_base64="1gijLeB0Y3aRcCCyPk/khu53/og="></latexit>

P =
Y

j

�z
j

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="UhlZZlWBG2S/k0aMagCvOQ2Zv4I="></latexit>�

<latexit sha1_base64="6eeW9Z9eH/mvLmf5DLvMVnEoM0Q="></latexit>

~S =
X

j

~�j

<latexit sha1_base64="c2DGf+lxghRyYvdW57IvGWz/HC4="></latexit>

Q(�3) : E = {id}

MPI-PKS (Dresden)



Hierarchical breaking of abelian & non-abelian symmetries

Marin Bukov

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• HSB protocol:
<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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<latexit sha1_base64="nBNW+B4TYpvuK1RsWzVkjxxi5Z4="></latexit>

U(D1, ..., Dl|T )=e�iD1T · · · e�iDlT

• dynamics:
initial state

<latexit sha1_base64="3whIt3tpddO9UonlSXMbhBKH+4A="></latexit>

| ii = Rx

⇣ ⇡
16

⌘
|N" = 6i

normalize obs.
<latexit sha1_base64="KRISLcoAaGqNdWvjFQBlcwy6w88="></latexit>

O = hO(t)i/hO(0)i

<latexit sha1_base64="UzDJbEdwWMOKhXFVTZBz0sabSQo="></latexit>

Q
(0) / H3 : SU(2)

<latexit sha1_base64="qJFP6ZJLQnnoA2R+b/5y7Sh5QSE="></latexit>

Q(1) : U(1)
<latexit sha1_base64="ZUu+R5O2onum1HFh77hg3N8e0Dk="></latexit>

Q(2) : Z2

<latexit sha1_base64="i1+Za0EDAkpRe+WfnFn+tTt9WOE="></latexit>

Sz =
X

j

�z
j

<latexit sha1_base64="1gijLeB0Y3aRcCCyPk/khu53/og="></latexit>

P =
Y

j

�z
j

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="UhlZZlWBG2S/k0aMagCvOQ2Zv4I="></latexit>�

<latexit sha1_base64="6eeW9Z9eH/mvLmf5DLvMVnEoM0Q="></latexit>

~S =
X

j

~�j

<latexit sha1_base64="c2DGf+lxghRyYvdW57IvGWz/HC4="></latexit>

Q(�3) : E = {id}

<latexit sha1_base64="5YdI0tAFnrqhfB/h0UIbaeRz34E="></latexit>x

<latexit sha1_base64="+auAWDaU19OGL/fBACK8T8JT9A8="></latexit>y

<latexit sha1_base64="OaLA607+LGU1jN7WK8sdmMPfnMo="></latexit>z
<latexit sha1_base64="zTqGuKs9zovllD8kD8Zfo3zRC68="></latexit>

|N"=6i <latexit sha1_base64="tvoD/YUUxQjQVy8tM0Lx/sBoZmU="></latexit>

| ii

MPI-PKS (Dresden)



Hierarchical breaking of abelian & non-abelian symmetries

Marin Bukov

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• HSB protocol:
<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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<latexit sha1_base64="nBNW+B4TYpvuK1RsWzVkjxxi5Z4="></latexit>

U(D1, ..., Dl|T )=e�iD1T · · · e�iDlT

• dynamics:
initial state

<latexit sha1_base64="3whIt3tpddO9UonlSXMbhBKH+4A="></latexit>

| ii = Rx

⇣ ⇡
16

⌘
|N" = 6i

normalize obs.
<latexit sha1_base64="KRISLcoAaGqNdWvjFQBlcwy6w88="></latexit>

O = hO(t)i/hO(0)i

<latexit sha1_base64="UzDJbEdwWMOKhXFVTZBz0sabSQo="></latexit>

Q
(0) / H3 : SU(2)

<latexit sha1_base64="qJFP6ZJLQnnoA2R+b/5y7Sh5QSE="></latexit>

Q(1) : U(1)
<latexit sha1_base64="ZUu+R5O2onum1HFh77hg3N8e0Dk="></latexit>

Q(2) : Z2

<latexit sha1_base64="i1+Za0EDAkpRe+WfnFn+tTt9WOE="></latexit>

Sz =
X

j

�z
j

<latexit sha1_base64="1gijLeB0Y3aRcCCyPk/khu53/og="></latexit>

P =
Y

j

�z
j

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="UhlZZlWBG2S/k0aMagCvOQ2Zv4I="></latexit>�

<latexit sha1_base64="6eeW9Z9eH/mvLmf5DLvMVnEoM0Q="></latexit>

~S =
X

j

~�j

<latexit sha1_base64="c2DGf+lxghRyYvdW57IvGWz/HC4="></latexit>

Q(�3) : E = {id}
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<latexit sha1_base64="5YdI0tAFnrqhfB/h0UIbaeRz34E="></latexit>x

<latexit sha1_base64="+auAWDaU19OGL/fBACK8T8JT9A8="></latexit>y

<latexit sha1_base64="OaLA607+LGU1jN7WK8sdmMPfnMo="></latexit>z
<latexit sha1_base64="zTqGuKs9zovllD8kD8Zfo3zRC68="></latexit>

|N"=6i <latexit sha1_base64="tvoD/YUUxQjQVy8tM0Lx/sBoZmU="></latexit>

| ii

MPI-PKS (Dresden)



Marin Bukov

• HSB protocol:
<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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<latexit sha1_base64="nBNW+B4TYpvuK1RsWzVkjxxi5Z4="></latexit>

U(D1, ..., Dl|T )=e�iD1T · · · e�iDlT

• dynamics:
initial state

normalize obs.
<latexit sha1_base64="KRISLcoAaGqNdWvjFQBlcwy6w88="></latexit>

O = hO(t)i/hO(0)i

Fermi’s Golden Rule scaling

<latexit sha1_base64="UzDJbEdwWMOKhXFVTZBz0sabSQo="></latexit>

Q
(0) / H3 : SU(2)

<latexit sha1_base64="qJFP6ZJLQnnoA2R+b/5y7Sh5QSE="></latexit>

Q(1) : U(1)
<latexit sha1_base64="ZUu+R5O2onum1HFh77hg3N8e0Dk="></latexit>

Q(2) : Z2

<latexit sha1_base64="i1+Za0EDAkpRe+WfnFn+tTt9WOE="></latexit>

Sz =
X

j

�z
j

<latexit sha1_base64="1gijLeB0Y3aRcCCyPk/khu53/og="></latexit>

P =
Y

j

�z
j

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="UhlZZlWBG2S/k0aMagCvOQ2Zv4I="></latexit>�

<latexit sha1_base64="6eeW9Z9eH/mvLmf5DLvMVnEoM0Q="></latexit>

~S =
X

j

~�j

<latexit sha1_base64="c2DGf+lxghRyYvdW57IvGWz/HC4="></latexit>

Q(�3) : E = {id}
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<latexit sha1_base64="3whIt3tpddO9UonlSXMbhBKH+4A="></latexit>

| ii = Rx

⇣ ⇡
16

⌘
|N" = 6i

Hierarchical breaking of abelian & non-abelian symmetries
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E



• Emergent symmetries out of equilibrium

Outline

Marin Bukov

• Applications

MPI-PKS (Dresden)

nonequilibrium order: discrete time crystals: 

higher-order topological insulators:

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

<latexit sha1_base64="Q/dRswhKC88U81mC0aIOMtFIwXg="></latexit>

Z4-DTC
<latexit sha1_base64="c0TAhzBUVsmaHddez5YoXxgR9CQ="></latexit>

Z2-DTC

• Engineering Hierarchical Symmetries

abelian & non-abelian symmetry ladder:
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E



Marin Bukov

Nonequilibrium order: discrete time crystals

<latexit sha1_base64="Q/dRswhKC88U81mC0aIOMtFIwXg="></latexit>

Z4-DTC
<latexit sha1_base64="c0TAhzBUVsmaHddez5YoXxgR9CQ="></latexit>

Z2-DTC

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E
<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

MPI-PKS (Dresden)



Marin Bukov

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol: <latexit sha1_base64="t7i5VNfoBjr+7237zPyo7/HkC+g="></latexit>
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i

<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>

Z =

0

BB@

1 0 0 0
0 �i 0 0
0 0 �1 0
0 0 0 i

1

CCA

<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1

CCA

4-level system

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i

MPI-PKS (Dresden)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:
<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>
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Y

i

Xi

<latexit sha1_base64="t7i5VNfoBjr+7237zPyo7/HkC+g="></latexit>

H0 =
LX

i=1

bi(Zi + Z
†
i )

H1 =
X

hi,ji

Jij

⇣
Z

2
i Z

2
j � ⌘(ei�Z†

i Zj + h.c.)
⌘

+
X

i

hi

✓
Z

2
i � 1

2

⇣
Xi +X

†
i

⌘◆
+
X

i

giX
2
i

<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>

Z =

0

BB@

1 0 0 0
0 �i 0 0
0 0 �1 0
0 0 0 i

1

CCA

<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1

CCA

4-level system

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i
<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i
<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i

Surace et al, PRB 99 104303 (2019)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:
<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>
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<latexit sha1_base64="t7i5VNfoBjr+7237zPyo7/HkC+g="></latexit>
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<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>

Z =

0

BB@

1 0 0 0
0 �i 0 0
0 0 �1 0
0 0 0 i

1
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<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1

CCA

4-level system

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i

<latexit sha1_base64="1rSCRNfets+7hKTUQGypuGiPwD0="></latexit>

Q(0) : Z4
<latexit sha1_base64="Y1o7XKmej5Z/ZvAROJ7UETP4/g0="></latexit>

Q(1) : Z2
<latexit sha1_base64="X1X8r+TvWRG0Lceia+w9k2srLnk="></latexit>

Q(�2) : E

effective 

Hamiltonian symmetry order parameter

state population

<latexit sha1_base64="q5OyenzrBaCWPC5KdpnFVbzIHCA="></latexit>

P (n)/
LX

j=1

|nijhn|j

MPI-PKS (Dresden)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>

PX =
Y

i

Xi

<latexit sha1_base64="t7i5VNfoBjr+7237zPyo7/HkC+g="></latexit>

H0 =
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†
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⇣
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⇣
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i
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i

<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>

Z =

0

BB@

1 0 0 0
0 �i 0 0
0 0 �1 0
0 0 0 i

1

CCA

<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1

CCA

<latexit sha1_base64="fednsuEiiBibgf3yTdd4OBXmEO8="></latexit>

| ii= |3i⌦L

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i
4-level system

<latexit sha1_base64="1rSCRNfets+7hKTUQGypuGiPwD0="></latexit>

Q(0) : Z4
<latexit sha1_base64="Y1o7XKmej5Z/ZvAROJ7UETP4/g0="></latexit>

Q(1) : Z2
<latexit sha1_base64="X1X8r+TvWRG0Lceia+w9k2srLnk="></latexit>

Q(�2) : E

effective 

Hamiltonian symmetry order parameter

state population

<latexit sha1_base64="q5OyenzrBaCWPC5KdpnFVbzIHCA="></latexit>

P (n)/
LX

j=1

|nijhn|j

MPI-PKS (Dresden)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>
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<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>

Z =

0

BB@

1 0 0 0
0 �i 0 0
0 0 �1 0
0 0 0 i

1
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<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1
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<latexit sha1_base64="fednsuEiiBibgf3yTdd4OBXmEO8="></latexit>

| ii= |3i⌦L

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i
4-level system

<latexit sha1_base64="1rSCRNfets+7hKTUQGypuGiPwD0="></latexit>

Q(0) : Z4
<latexit sha1_base64="Y1o7XKmej5Z/ZvAROJ7UETP4/g0="></latexit>

Q(1) : Z2
<latexit sha1_base64="X1X8r+TvWRG0Lceia+w9k2srLnk="></latexit>

Q(�2) : E
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Hamiltonian symmetry order parameter

state population

<latexit sha1_base64="q5OyenzrBaCWPC5KdpnFVbzIHCA="></latexit>

P (n)/
LX
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MPI-PKS (Dresden)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>

PX =
Y

i

Xi
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<latexit sha1_base64="DEJubnNk5JVm9oStLL2P8zl9cDw="></latexit>
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<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0

1

CCA

<latexit sha1_base64="fednsuEiiBibgf3yTdd4OBXmEO8="></latexit>

| ii= |3i⌦L

4-DTC

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i
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|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i

<latexit sha1_base64="1rSCRNfets+7hKTUQGypuGiPwD0="></latexit>

Q(0) : Z4
<latexit sha1_base64="Y1o7XKmej5Z/ZvAROJ7UETP4/g0="></latexit>

Q(1) : Z2
<latexit sha1_base64="X1X8r+TvWRG0Lceia+w9k2srLnk="></latexit>

Q(�2) : E
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Hamiltonian symmetry order parameter

state population

<latexit sha1_base64="q5OyenzrBaCWPC5KdpnFVbzIHCA="></latexit>
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MPI-PKS (Dresden)
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<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

Nonequilibrium order: discrete time crystals

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="PsGMwerj5Dq5K8w6MuICJ7kuuBs="></latexit>

UF = eiH0T/4e�iH1T/4e�iH0T/4e�iH1T/4PX

<latexit sha1_base64="dzMo7rinkgBK5d4h3GNgxx+lbz4="></latexit>

PX =
Y

i

Xi
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Z =
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<latexit sha1_base64="2RfhF+7FYoObCuWDNbPtDStX+f8="></latexit>

X =

0

BB@
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0 0 0 1
1 0 0 0

1

CCA

<latexit sha1_base64="fednsuEiiBibgf3yTdd4OBXmEO8="></latexit>

| ii= |3i⌦L

<latexit sha1_base64="+gwfgtaxvPQ+Rk2GdjZNq/QzscQ="></latexit>

X

<latexit sha1_base64="f22Ky5IbD52c9nilAj2UlqX58s0="></latexit>

|0i

<latexit sha1_base64="CylLcsi0wBJWSEcSD7MRUvIz+iQ="></latexit>

|1i

<latexit sha1_base64="/LMxzTsPD9To2uTEynmWIM/Soag="></latexit>

|2i

<latexit sha1_base64="PfBf72XAJY3sDwhE6wExDqNNnLI="></latexit>

|3i
2-DTC

<latexit sha1_base64="1rSCRNfets+7hKTUQGypuGiPwD0="></latexit>

Q(0) : Z4
<latexit sha1_base64="Y1o7XKmej5Z/ZvAROJ7UETP4/g0="></latexit>

Q(1) : Z2
<latexit sha1_base64="X1X8r+TvWRG0Lceia+w9k2srLnk="></latexit>

Q(�2) : E

effective 

Hamiltonian symmetry order parameter

state population

<latexit sha1_base64="q5OyenzrBaCWPC5KdpnFVbzIHCA="></latexit>

P (n)/
LX

j=1

|nijhn|j



• Emergent symmetries out of equilibrium

Outline

Marin Bukov

• Applications

MPI-PKS (Dresden)

nonequilibrium order: discrete time crystals: 

higher-order topological insulators:

<latexit sha1_base64="BhF2PNgRHIi/B3FQFGBENZBnFdc="></latexit>

Z4 ! Z2 ! E

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

<latexit sha1_base64="QimZkYgsxp0gie2xgVE8Sp/LxB8=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsxIfSwLblxWsA/oDCWTZtrQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucv97hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEVsMXs0Gl6tbdOdAq8QpShQKtQeXLH8YkFVQawrHWfc9NTJBhZRjhdFb2U00TTCZ4RPuWSiyoDrJ55hk6t8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJboOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2sq2xK85S+vks5l3buuXz00qs1GUUcJTuEMauDBDTThHlrQBgIJPMMrvDmp8+K8Ox+L0TWn2DmBP3A+fwDJBJF9</latexit>

(a)

<latexit sha1_base64="nR2p+1gGEqx1wTFflgswHT49vAs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRSH8uCC7usYB/QhjCZTtqhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrW9sbpW3Kzu7e/sHZvWwK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/epP7vQciJI34vZrFxA3RmNOAYqS05JnVYYjUBCOWtjIvvfV45pk1u27PYa0SpyA1KND2zK/hKMJJSLjCDEk5cOxYuSkSimJGssowkSRGeIrGZKApRyGRbjqPnlmnWhlZQST048qaq783UhRKOQt9PZkHlcteLv7nDRIVXLsp5XGiCMeLQ0HCLBVZeQ/WiAqCFZtpgrCgOquFJ0ggrHRbFV2Cs/zlVdI9rzuX9Yu7Rq3ZKOoowzGcwBk4cAVNaEEbOoDhEZ7hFd6MJ+PFeDc+FqMlo9g5gj8wPn8Amt+UMg==</latexit>

HGn

<latexit sha1_base64="15V9FQ0KOlCLY9iVq2UbfByvQOA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZqY9lwYVdVrAPaIchk2ba0ExmSDJCCQP+ihsXirj1O9z5N2baWWjrgcDhnHu5JydIGJXKcb6t0srq2vpGebOytb2zu2fvH3RknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0xuc7/7SISkMX9Q04R4ERpxGlKMlJF8+2gQITXGiOlm5us7X/NzN8t8u+rUnBngMnELUgUFWr79NRjGOI0IV5ghKfuukyhPI6EoZiSrDFJJEoQnaET6hnIUEenpWfwMnhplCMNYmMcVnKm/NzSKpJxGgZnMw8pFLxf/8/qpCm88TXmSKsLx/FCYMqhimHcBh1QQrNjUEIQFNVkhHiOBsDKNVUwJ7uKXl0nnouZe1S7v69VGvaijDI7BCTgDLrgGDdAELdAGGGjwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH1LrlbA=</latexit>

HGn�1

<latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>...

<latexit sha1_base64="6w/iUbE6FVsiH3pCx+5jCY3joyg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiTia1lwYZcV7APaECbTSTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEwEeSMMpJV1HFyCAWBIU+I31/dlv4/UciJI34g0pj4oZowmlAMVJa8sz6KERqihHL2rmX3XmZneee2bCb9hzWKnFK0oASHc/8Go0jnISEK8yQlEPHjpWbIaEoZiSvjRJJYoRnaEKGmnIUEulm8/C5daqVsRVEQj+urLn6eyNDoZRp6OvJIqpc9grxP2+YqODGzSiPE0U4XhwKEmapyCqasMZUEKxYqgnCguqsFp4igbDSfdV0Cc7yl1dJ77zpXDUv7y8arYuyjiocwwmcgQPX0II2dKALGFJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AAz5lQA=</latexit>

HG0

<latexit sha1_base64="bi9t3nKVlvf1wJowQc2yhWeEpNY=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFbRkSms7u4Ibd7bQF7SlZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kKvZbt1Qq5ou6nga05+GRYENGsDZSP31U60fiwp6ddz2sxwTz6GaWrZ/10xmUc1AhXy5ClEPIcfKlmBRRwXagbZQYGbBEtZ9+7w58EnpUaMKxUh0bBboXYakZ4XSW6oaKBphM8Ih2DBXYo6oXzfPP4KlRBnDoS/OEhnP1+0aEPaWmnmsm45TqtxeLf3mdUA/LvYiJINRUkMWhYcih9mFcBhwwSYnmU0MwkcxkhWSMJSbaVJYyJXz9FP5PmvmcfZkr1gqZSmFZRxIcgxOQBTYogQq4BlXQAATcgQfwBJ6te+vRerFeF6MJa7lzCH7AevsEMWGVjw==</latexit>

Qn�1,O(T )

<latexit sha1_base64="9+OQQuKoIe24C8osX5weEebt9bo=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFbRkhta2u4Ibd7bQF7S1ZNK0Dc1khiQjlKFu/BU3LhRx61+482/M2AoqeuDC4Zx7ufceN+BMaYTercTS8srqWnI9tbG5tb2T3t1rKj+UhDaIz33ZdrGinAna0Exz2g4kxZ7LacudXMR+64ZKxXxR19OA9jw8EmzICNZG6qcPav1InDmz066H9ZhgHl3NsvVr56SfzqBcGeWdUgGiHELlslOMSQHl7TK0jRIjAxao9tNv3YFPQo8KTThWqmOjQPciLDUjnM5S3VDRAJMJHtGOoQJ7VPWizw9m8NgoAzj0pSmh4af6fSLCnlJTzzWd8Z3qtxeLf3mdUA9LvYiJINRUkPmiYcih9mEcBxwwSYnmU0MwkczcCskYS0y0CS1lQvj6FP5Pmk7OPs8VavlMJb+IIwkOwRHIAhsUQQVcgipoAAJuwT14BE/WnfVgPVsv89aEtZjZBz9gvX4AZ8KWNA==</latexit>

Qn�2,O(T 2)

<latexit sha1_base64="8pUXab1jpRCxqMS8bZmc+8ujny0=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIFaRkytS2u4Ibd7bQF7S1ZNK0Dc1khiQjlLELf8WNC0Xc+hvu/BszbQUVPRA4nHMv9+S4AWdKI/RhJVZW19Y3kpupre2d3b30/kFT+aEktEF87su2ixXlTNCGZprTdiAp9lxOW+7kMvZbt1Qq5ou6nga05+GRYENGsDZSP31U60dodt71sB4TzKPrWbZ+I8766QzKlZGTLxUgyiFULueLMSkgxy5D2ygxMmCJaj/93h34JPSo0IRjpTo2CnQvwlIzwuks1Q0VDTCZ4BHtGCqwR1UvmuefwVOjDODQl+YJDefq940Ie0pNPddMxjnVby8W//I6oR6WehETQaipIItDw5BD7cO4DDhgkhLNp4ZgIpnJCskYS0y0qSxlSvj6KfyfNPM5+yJXqDmZirOsIwmOwQnIAhsUQQVcgSpoAALuwAN4As/WvfVovVivi9GEtdw5BD9gvX0CfCaVvw==</latexit>

Q0,O(Tn)

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="B8JaoZ9ThVVv3gP3kJM2pRjLxrQ=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTiC1cFNy4rGFtoQ5lMJ+3QySTM3Agl9BvcuFDErR/kzr9x2mahrQcGDufcw9x7wlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKV/G4/QdOr1ty6OwNZJl5BalCg2at+2RzLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugny27IScWKVPokTbp5DM1N+JnMbGjOPQTsYUh2bRm4r/eZ0Mo+sgFyrNkCs2/yjKJMGETC8nfaE5Qzm2hDIt7K6EDammDG0/FVuCt3jyMnk8q3uX9Yv781rjpqijDEdwDKfgwRU04A6a4AMDAc/wCm+Ocl6cd+djPlpyiswh/IHz+QPyQI7E</latexit>

..
.

<latexit sha1_base64="5SUzRntkrmlGi+lTDnmXJpKd7yU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFRPCYgHlAsoTZSScZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8wmV5pF8MOMY/ZAOJO9zRo2VanfdYsktuzOQZeJlpAQZqt3iV6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2aETcmKVHulHypY0ZKb+nkhpqPU4DGxnSM1QL3pT8T+vnZj+tZ9yGScGJZsv6ieCmIhMvyY9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgre5fli9p5qXKTxZGHIziGU/DgCipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH5nFjMs=</latexit>

E

U(1)
<latexit sha1_base64="mj4S0oX8aJvUEhdt8aTxYg6+5Ys=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAgVJCRtfHRXcOOygn1AG8pkOm2HTjJh5kYsoZ/hxoUibv0ad/6Nk7aCih64cDjnXu69J4gF1+A4H9bS8srq2npuI7+5tb2zW9jbb2qZKMoaVAqp2gHRTPCINYCDYO1YMRIGgrWC8VXmt+6Y0lxGtzCJmR+SYcQHnBIwUqcL7B7SRsk9mfYKRceuVh3P9bBje9WqV86IU6m452fYtZ0ZimiBeq/w3u1LmoQsAiqI1h3XicFPiQJOBZvmu4lmMaFjMmQdQyMSMu2ns5On+NgofTyQylQEeKZ+n0hJqPUkDExnSGCkf3uZ+JfXSWBw6ac8ihNgEZ0vGiQCg8TZ/7jPFaMgJoYQqri5FdMRUYSCSSlvQvj6FP9PmmXbrdjlG69YO13EkUOH6AiVkIsuUA1dozpqIIokekBP6NkC69F6sV7nrUvWYuYA/YD19gkZ6pET</latexit>

<latexit sha1_base64="vePRvSxG/AH0yxGJRqA8SLRi+0Q=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC0FZ5NuoeiW3RnoMvEyUiQZat3CV6cX8SQEhVwyY9qeG6OfMo2CS5jkO4mBmPERG0DbUsVCMH46u3hCT63So/1I21JIZ+rviZSFxozDwHaGDIdm0ZuK/3ntBPvXfipUnCAoPl/UTyTFiE7fpz2hgaMcW8K4FvZWyodMM442pLwNwVt8eZk0zsveZfnirlKsVrI4cuSYnJAS8cgVqZJbUiN1wokiz+SVvDnGeXHenY9564qTzRyRP3A+fwBPTJCm</latexit>

(b)
<latexit sha1_base64="AfePS7sLjYKiHw5l5Tu37H/1Gr0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJexKfBwDXjxGMA9MljA76SRDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Wbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMC3xs0m3UHTL7gx0mXgZKZIMtW7hq9OLeBKCQi6ZMW3PjdFPmUbBJUzyncRAzPiIDaBtqWIhGD+dXTyhp1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1rPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUt6G4C2+vEwa52XvsnxxVylWK1kcOXJMTkiJeOSKVMktqZE64USRZ/JK3hzjvDjvzse8dcXJZo7IHzifP1DSkKc=</latexit>

(c)

<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking
<latexit sha1_base64="lep35X8KrgCpaSSel43eVQ+n0Ow="></latexit>

Symmetry Breaking

<latexit sha1_base64="rShTUqCiSfD0v5Ws2edHOUkV6+o=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PAS44RzQLJEHo6laRJz0J3jRiH4K948aCIV//Dm39jJ5mDJj4oeLxX1V31/FgKjY7zbeWWlldW1/LrhY3Nre0de3evrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7weuI37kFpEYV3OIrBC1g/FD3BGRqpYx+0ER4wrQjpg0J6GzMO445ddErOFHSRuBkpkgzVjv3V7kY8CSBELpnWLdeJ0UuZQsEljAvtRIN5ecj60DI0ZAFoL51uP6bHRunSXqRMhUin6u+JlAVajwLfdAYMB3rem4j/ea0Ee1deKsI4QQj57KNeIilGdBIF7QoFHOXIEMaVMLtSPmCKcTSBFUwI7vzJi6R+WnIvSuc3Z8Wyk8WRJ4fkiJwQl1ySMqmQKqkRTh7JM3klb9aT9WK9Wx+z1pyVzeyTP7A+fwC4V5Va</latexit>

Hilbert Space
<latexit sha1_base64="RihoO2CU2AGyPbyJhfyTzGdlj7o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LQtu3Ait2Ad0hpJJ77ShmQfJHWkZ+gFu/BU3LhRx6we4829MHwttPRA4nHNuknv8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rsd94AKVFHN3jMAEvZN1IBIIzNFK7UHQRBpjdMlRiQO/ADGuIcOLSOHDpiFZNyi7ZE9BF4sxIkcxQaRe+3E7M09BcxCXTuuXYCXoZUyi4hFHeTTUkjPdZF1qGRiwE7WWTZUb02CgdGsTKnAjpRP09kbFQ62Hom2TIsKfnvbH4n9dKMbjyMhElKULEpw8FqaQY03EztCMUcJRDQxhXwvyV8h5TjKPpL29KcOZXXiT105JzUTqvnhXL9qyOHDkkR+SEOOSSlMkNqZAa4eSRPJNX8mY9WS/Wu/UxjS5Zs5kD8gfW5w/NXZtk</latexit>

Matrix Representation of Q

<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="iChuT4q+i+yQtkcMQTH3cLTmXpY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO97/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPBi41s</latexit>

H1
<latexit sha1_base64="0Kg+8n4Xw6fKW4G4TA/jZrjhI5w=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0B2WK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKbmNog==</latexit>

�H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="dQOzZ1z/yPvDF+FqL79UZQvV9TE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6enV/Wald5nEU4QRO4Rw8uIEa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPAB41r</latexit>

H0
<latexit sha1_base64="ZyOMdQkkJ8lXqnZiZqo+pslU0pU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvm0BuWK27VXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9X6Q63SqOVxFOEMzuESPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDKz2Now==</latexit>

�H1
<latexit sha1_base64="cDhOuQWUcYeYn8e6qLOtx3kzTrU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PAi8cIeUGyhNlJbzJkZmeZ6RXDks/w4kERr36NN//GSbIHTSxoKKq66e4KE8ENet63U1hb39jcKm6Xdnb39g/Kh0cto1LNoMmUULoTUgOCx9BEjgI6iQYqQwHtcHw389uPoA1XcQMnCQSSDmMecUbRSt0ewhNmDS5h2i9XvKo3h7tK/JxUSI56v/zVGyiWSoiRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoaUwkmyOYnT90zqwzcSGlbMbpz9fdERqUxExnaTklxZJa9mfif100xug0yHicpQswWi6JUuKjc2f/ugGtgKCaWUKa5vdVlI6opQ5tSyYbgL7+8SloXVf+6evVwWald5nEUyQk5JefEJzekRu5JnTQJI4o8k1fy5qDz4rw7H4vWgpPPHJM/cD5/AMbCkYw=</latexit>

Time

<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="MSEWdAfNnAiEFbkVhqavj+7M+qQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOtnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+6etW4rNQu8ziKcAKncA4e3EAN7qEOTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPPQY11</latexit>

Q1
<latexit sha1_base64="kfIFxGrvUn4FHD0kSpjKWegUAp0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjhilEcCGzI7zMKE2dnNTK8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77SeujYjVI04S7kd0qEQoGEUrPdT7lX6x5JbdBcg68TJSggyNfvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDWnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5albJ3Xb66r5Zq1SyOPJzBOVyCBzdQgzo0oAkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8Aww+NbQ==</latexit>

H2
<latexit sha1_base64="dtbNTjHc3/6bn1E4foERDnz0Uvc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvVY8OKxBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpKvW0BuWK27VXQCtEy8nFcjRHJa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSua56N9V6q1Zp1PI4inAG53AJHtxCAx6gCW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDOPONrA==</latexit>

�Q1

<latexit sha1_base64="rF3wYUgKuQQANA7PJFwEXVwE/r0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxClEcCGzI79MKE2dnNzKwJIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mkmCfkSHkoecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz1p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJ3Xb5qVEu1ahZHHs7gHC7BgxuowT3UoQkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8A0MWNdg==</latexit>

Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3
<latexit sha1_base64="j4e2AFU8okZ+N1jVaDCMq3jFkX4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxAfOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbPJHjSxoKGo6qa7K4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk65aw9qwXHGr7gJonXg5qUCO5rD8NRhFJBFUGsKx1n3PjY2fYmUY4XReGiSaxphM8Zj2LZVYUO2ni1vn6MIqIxRGypY0aKH+nkix0HomAtspsJnoVS8T//P6iQnv/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+TTq3q3VSvW/VKo57HUYQzOIdL8OAWGvAATWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fOneNrQ==</latexit>

�Q2
<latexit sha1_base64="1SOdivGN3GJSZVaaLcl+V3B+HEs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLxwxyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c381hPXRsTqEccJ9yM6UCIUjKKVHmq9y16x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDWnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqaF2Xvunx1XylVK1kceTiBUzgHD26gCjWoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AxJONbg==</latexit>

H3

<latexit sha1_base64="IAgK7636o33PCbD6Q5pA4c4Sumg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzThBP6IDyUPOqLHSQ7132SuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz1J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvunxVr5SqlSyOPJzAKZyDBzdQhXuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A0kmNdw==</latexit>

Q3 <latexit sha1_base64="cMmwbyjjD8SjvFll4bFpdvV65Eg=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1lw47KCaQttKJPppB06mYSZG6GEfoMbF4q49YPc+TdO2yy09cDA4Zx7mHtPmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wug1yodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buuXz1c1hqXRR1lOIFTOAcPbqAB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/Byjr4=</latexit>

. . .

<latexit sha1_base64="laRtHN08gpX6z7V8+Z0Ja08BcQI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjbseAFw8eIpoFkhB6OpWkSffM0F0THIaAv+LFgyJe/Q5v/o2d5aCJDwoe71VRVc+PpDDout9OZml5ZXUtu57b2Nza3snv7lVNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogweMAkgpZivUB0BWdopXb+oInwiOl9ohSgTugtDEGO2vmCW3QnoIvEm5ECmaHczn81OyGPFQTIJTOm4bkRtlKmUXAJo1wzNhAxPmA9aFgaMAWmlU7OH9Fjq3RoN9S2AqQT9fdEypQxifJtp2LYN/PeWPzPa8TYvWqlIohihIBPF3VjSTGk4yxoR2jgKBNLGNfC3kp5n2nG0SaWsyF48y8vkupp0bsont+dFUruLI4sOSRH5IR45JKUyA0pkwrhJCXP5JW8OU/Oi/PufExbM85sZp/8gfP5A+zglhA=</latexit> S
ym

m
et
ry

L
ev
el

<latexit sha1_base64="9T1+mQjFzNheO9iLQGgI7q6xzJA=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq74KgNpLKOYByQhzE5ukiGzs8vM3WBYUtn4KzYWitj6DXb+jZNkC008MHA451zu3ONHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD0oTvzYEbUSo7nEUQStgPSW6gjO0Ujt31ER4wOQOeGxDQ6ClUBnUMZ/Y43Yu7xbcKegi8VKSJynK7dxXsxPyOACFXDJjGp4bYSthGgWXMM42YwMR4wPWg4aligVgWsn0jDE9sUqHdkNtn0I6VX9PJCwwZhT4Nhkw7Jt5byL+5zVi7F63EqGiGEHx2aJuLCmGdNIJ7QgNHOXIEsa1sH+lvM8042iby9oSvPmTF0n1rOBdFi5uz/NFN60jQw7JMTklHrkiRXJDyqRCOHkkz+SVvDlPzovz7nzMoktOOnNA/sD5/AGE/5nB</latexit>

Recursive Construction

<latexit sha1_base64="zAFp7K+7t0ZTn4LVQMH+CS5g+YQ=">AAAB+nicdVDLSgNBEJz1bXwlevQyGARPy6wmG70FRPAYwWggCWF20kkGZx/M9Kphzad48aCIV7/Em3/jJEZQ0YKGoqqb7q4gUdIgY+/OzOzc/MLi0nJuZXVtfSNf2LwwcaoF1EWsYt0IuAElI6ijRAWNRAMPAwWXwdXx2L+8Bm1kHJ3jMIF2yPuR7EnB0UqdfKGFcIvZiRjEtJYqA6NOvshcVmaeX6bMPaj4R/vMEr9Sqvg+9Vw2QZFMUevk31rdWKQhRCgUN6bpsQTbGdcohYJRrpUaSLi44n1oWhrxEEw7m5w+ortW6dJerG1FSCfq94mMh8YMw8B2hhwH5rc3Fv/ymin2DtuZjJIUIRKfi3qpohjTcQ60KzUIVENLuNDS3krFgGsu0KaVsyF8fUr/Jxf7rue75bNSscqmcSyRbbJD9ohHKqRKTkmN1IkgN+SePJIn5855cJ6dl8/WGWc6s0V+wHn9ANvBlF4=</latexit>

Echo Pulse

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| { <latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="pgeOkA12I3OFtUl5xl++EEgTq8s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1lw47KCfUATymR60w6dTMLMRCihCzf+ihsXirj1I9z5N07aLGrruVw4nHMvM/cECWdKO86PVVpb39jcKm9Xdnb39g/sw6O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCca3ud95BKlYLB70JAE/IkPBQkaJNlLfrnqxsQNJKGQeXqxppW/XnLozA14lbkFqqECzb397g5imEQhNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkqSATKz2ZHTPGpUQY4jKVpofFMXdzISKTUJArMZET0SC17ufif10t1eONnTCSpBkHnD4UpxzrGeSJ4wCRQzSeGECqZ+SumI2IS0Sa3PAR3+eRV0j6vu1f1y/uLWsMp4iijKjpBZ8hF16iB7lATtRBFT+gFvaF369l6tT6sz/loySp2jtEfWF+/wjSWLA==</latexit>z }| {

<latexit sha1_base64="2lc0ctTvaKK6tMixkiJ0iP59y9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl023cr/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/IzjXo=</latexit>

G0

<latexit sha1_base64="HsZcf7wmvZWj50WcDvaKqviqReI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBgx4rWFtoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkorq2vrG+XNytb2zu5edf/g0USJZthikYh0J6AGBVfYstwK7MQaqQwEtoPxTe63n1AbHqkHO4nRl3SoeMgZtbl02/cq/WrNrbszkGXiFaQGBZr96ldvELFEorJMUGO6nhtbP6XaciZwWuklBmPKxnSI3YwqKtH46ezWKTnJlAEJI52VsmSm/p5IqTRmIoOsU1I7MoteLv7ndRMbXvspV3FiUbH5ojARxEYkf5wMuEZmxSQjlGme3UrYiGrKbBZPHoK3+PIyeTyre5f1i/vzWsMt4ijDERzDKXhwBQ24gya0gMEInuEV3hzpvDjvzse8teQUM4fwB87nD/O4jXs=</latexit>

G1

<latexit sha1_base64="PlQ9t3de6r50rKp12CgyAtMOGTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eABz1GMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2MbzO//cSNFZF+xEnMfUWHWoSCUcyku36t1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhjf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa1a1buqXj5cVOpuHkcRTuAUzsGDa6jDPTSgCQxG8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwD1PY18</latexit>

G2

<latexit sha1_base64="qVcvMNtoFKOBC35Hy4yu2d1vs1M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6PgY86DGCeUCyhNlJJxkyM7vMzAphyS948aCIV3/Im3/jbrIHTSxoKKq66e4KIsGNdd1vp7Cyura+UdwsbW3v7O6V9w+aJow1wwYLRajbATUouMKG5VZgO9JIZSCwFYxvM7/1hNrwUD3aSYS+pEPFB5xRm0l3vfNSr1xxq+4MZJl4OalAjnqv/NXthyyWqCwT1JiO50bWT6i2nAmclrqxwYiyMR1iJ6WKSjR+Mrt1Sk5SpU8GoU5LWTJTf08kVBozkUHaKakdmUUvE//zOrEd3PgJV1FsUbH5okEsiA1J9jjpc43MiklKKNM8vZWwEdWU2TSeLARv8eVl0jyrelfVy4eLSs3N4yjCERzDKXhwDTW4hzo0gMEInuEV3hzpvDjvzse8teDkM4fwB87nD/bCjX0=</latexit>

G3 SU(2)
<latexit sha1_base64="53UoQVlcVHkTiqUzLOP8BV1jZUw=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMQQZbdTUj0FvDiMaKbBJIlzE5mkyGzD2Z6xbDkN7x4UMSrP+PNv3HyEFS0oKGo6qa7y08EV2BZH0ZuZXVtfSO/Wdja3tndK+4ftFScSspcGotYdnyimOARc4GDYJ1EMhL6grX98eXMb98xqXgc3cIkYV5IhhEPOCWgpV4P2D1kN27ZOZ32iyXLrFUu6hUHW6Y1x4zY1Uq1hu2lUkJLNPvF994gpmnIIqCCKNW1rQS8jEjgVLBpoZcqlhA6JkPW1TQiIVNeNr95ik+0MsBBLHVFgOfq94mMhEpNQl93hgRG6rc3E//yuikE517GoyQFFtHFoiAVGGI8CwAPuGQUxEQTQiXXt2I6IpJQ0DEVdAhfn+L/Scsx7YrpXFdLjbNlHHl0hI5RGdmojhroCjWRiyhK0AN6Qs9GajwaL8brojVnLGcO0Q8Yb5+YdpFU</latexit>

Z2
<latexit sha1_base64="e+GyiWc0gteulDKzrK6u85i21kM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEztY7dFdy4rGAf2BlKJk3b0ExmSDJCGfobblwo4tafceffmGkrqOiBwOGce7knJ0w4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJJ1e537mnUrFY3OppQoMIjwQbMoK1kXw/wnochtndrO/2yxVko5rreB5EdtW78OquIchx3HoNOjaaowKWaPbL7/4gJmlEhSYcK9VzUKKDDEvNCKezkp8qmmAywSPaM1TgiKogm2eewROjDOAwluYJDefq940MR0pNo9BM5hnVby8X//J6qR5eBhkTSaqpIItDw5RDHcO8ADhgkhLNp4ZgIpnJCskYS0y0qalkSvj6KfyftF3bqdruzXmlcbasowiOwDE4BQ7wQANcgyZoAQIS8ACewLOVWo/Wi/W6GC1Yy51D8APW2yddrZHX</latexit>

O(T 1)
<latexit sha1_base64="oEZD7soiWmDTJCONmI5FO7U6nXk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvfued/OI+cKFUvVCkQOQpUyclNSLhsNukZJkQcr1Pv2e28QkjigQhOOleq6KNJegqVmhNN5rhcrGmEywSPaNVTggCovWSSfwzOjDOAwlOYJDRfq940EB0rNAt9MpjnVby8V//K6sR5WvYSJKNZUkOWhYcyhDmFaAxwwSYnmM0MwkcxkhWSMJSbalJUzJXz9FP5PWkXHLTnFu8t87WJVRxacgFNQAC6ogBq4AXXQBARMwQN4As9WYj1aL9brcjRjrXaOwQ9Yb5/v7pMj</latexit>

O(T 2)
<latexit sha1_base64="X5T/WRYtSBJLMw9/KGauQbL8F8Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIENmamndFdy4s0Jf0I4lk2ba0MyDJFMoQ//EjQtF3Pon7vwbM20FFT0QOJxzL/fkeDFnUiH0YeTW1jc2t/LbhZ3dvf0D8/CoLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve5DrzO1MqJIvCpprF1A3wKGQ+I1hpaWCa/QCrMcE8vZ2XmvfO+cAsIusKOeVaFSILoWoF2RmpVLQGba1kKIIVGgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3JSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftB3LLlvO3WWxfrGqIw9OwCkoARtUQR3cgAZoAQKm4AE8gWcjNR6NF+N1OZozVjvH4AeMt0/xc5Mk</latexit>

O(T 3)
<latexit sha1_base64="8t30i9FHiqx6CV8/Bm4JBdSGOcc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIEOmtbTuCm7cWaEvaMeSSdM2NJMZkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT40ecKY3Qh5VZW9/Y3Mpu53Z29/YP7MOjlgpjSWiThDyUHR8rypmgTc00p51IUhz4nLb9yXXqt6dUKhaKhp5F1AvwSLAhI1gbqW/bvQDrMcE8uZ0XGvel876dR84VKpaqFYgchCpl5KakXDYadI2SIg9WqPft994gJHFAhSYcK9V1UaS9BEvNCKfzXC9WNMJkgke0a6jAAVVeskg+h2dGGcBhKM0TGi7U7xsJDpSaBb6ZTHOq314q/uV1Yz2segkTUaypIMtDw5hDHcK0BjhgkhLNZ4ZgIpnJCskYS0y0KStnSvj6KfyftIqOW3KKd5f52sWqjiw4AaegAFxQATVwA+qgCQiYggfwBJ6txHq0XqzX5WjGWu0cgx+w3j4B8viTJQ==</latexit>

Symmetry Pulse
<latexit sha1_base64="M8QGmihoYTDq1j0oIiOs2Z7X3WU=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCBwmTqBhvAS8eI5oFkhB6OpWkSffM0F0jDkPAX/HiQRGvfoc3/8bOIrg+KHi8V0VVPS+UwqDrvjupufmFxaX0cmZldW19I7u5VTNBpDlUeSAD3fCYASl8qKJACY1QA1OehLo3PB/79RvQRgT+NcYhtBXr+6InOEMrdbI7LYRbTK5ipQB1TCuRNDDqZHNuvnhWPCmV6G9SyLsT5MgMlU72rdUNeKTARy6ZMc2CG2I7YRoFlzDKtCIDIeND1oempT5TYNrJ5PwR3bdKl/YCbctHOlG/TiRMGRMrz3YqhgPz0xuLf3nNCHuldiL8MELw+XRRL5IUAzrOgnaFBo4ytoRxLeytlA+YZhxtYhkbwuen9H9SK+YLR/ni5XGufDiLI012yR45IAVySsrkglRIlXCSkHvySJ6cO+fBeXZepq0pZzazTb7Bef0Al0qWfQ==</latexit>

• Engineering Hierarchical Symmetries

abelian & non-abelian symmetry ladder:
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
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<latexit sha1_base64="z6Zsi/AyB0oLjWeIwpHMm2cbZ+Y=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppg3NJCHJiGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/Vbj1QbJsWDHSsaJnggWMwItk5qdbFSWj71yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm507QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmv6M+05RYPnYEE83crYgMscbEuoRKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAIjeIZXePOU9+K9ex/z1oKXzxzCH3ifP5aij8A=</latexit> ⇡
<latexit sha1_base64="z6Zsi/AyB0oLjWeIwpHMm2cbZ+Y=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppg3NJCHJiGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/Vbj1QbJsWDHSsaJnggWMwItk5qdbFSWj71yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm507QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmv6M+05RYPnYEE83crYgMscbEuoRKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAIjeIZXePOU9+K9ex/z1oKXzxzCH3ifP5aij8A=</latexit> ⇡
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<latexit sha1_base64="bdd1ij5i+0yMpTIVNBs1Wp4/4i0=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8aEnEr2PBiwcPFewHtKFstpN26WYTdifFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXKPrfltLyyura+uFjeLm1vbOrr23X9dxqhjUWCxi1QyoBsEl1JCjgGaigEaBgEYwuJ34jSEozWP5iKME/Ij2JA85o2ikjm23EZ4wu49l7wx5BOOOXXLL7hTOIvFyUiI5qh37q92NWRqBRCao1i3PTdDPqELOBIyL7VRDQtmA9qBlqKQRaD+bXj52jo3SdcJYmZLoTNXfExmNtB5FgemMKPb1vDcR//NaKYY3fsZlkiJINlsUpsLB2JnE4HS5AoZiZAhliptbHdanijI0YRVNCN78y4ukfl72rsqXDxelymkeR4EckiNyQjxyTSrkjlRJjTAyJM/klbxZmfVivVsfs9YlK585IH9gff4A4keTxA==</latexit>

Long-time
<latexit sha1_base64="gmoIcAnTUyJF/ua3EmIx4fHqX2Q=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4kDIjvpYFNy4r2Ae0Y8mkd9rQTGZI7qhl6H+4caGIW//FnX9j+lho64HA4Zxzk5sTJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk41hxqPZaybATMghYIaCpTQTDSwKJDQCAbXY7/xANqIWN3hMAE/Yj0lQsEZWum+jfCEGbMJ1oNRp1hyy+4EdJF4M1IiM1Q7xa92N+ZpBAq5ZMa0PDdBP2MaBZcwKrRTAwnjA3t5y1LFIjB+Ntl6RI+s0qVhrO1RSCfq74mMRcYMo8AmI4Z9M++Nxf+8VorhlZ8JlaQIik8fClNJMabjCmhXaOAoh5YwroXdlfI+04yjLapgS/Dmv7xI6qdl76J8fntWqpzM6siTA3JIjolHLkmF3JAqqRFONHkmr+TNeXRenHfnYxrNObOZffIHzucPOjGS7g==</latexit>average

<latexit sha1_base64="oGC0YhOOp7431+2rbRaGYqLEVjE=">AAAB+3icbVDLSgNBEJz1GeMrxqOXwSB4kLArvo4BETxGMA9IQpiddJIhs7PLTK8kLPsrXjwo4tUf8ebfOEn2oIkFDUVVN91dfiSFQdf9dlZW19Y3NnNb+e2d3b39wkGxbsJYc6jxUIa66TMDUiiooUAJzUgDC3wJDX90O/UbT6CNCNUjTiLoBGygRF9whlbqFopthDEmd70BUIMMwaTdQsktuzPQZeJlpEQyVLuFr3Yv5HEACrlkxrQ8N8JOwjQKLiHNt2MDEeMjNoCWpYoFYDrJ7PaUnlilR/uhtqWQztTfEwkLjJkEvu0MGA7NojcV//NaMfZvOolQUYyg+HxRP5YUQzoNgvaEBo5yYgnjWthbKR8yzTjauPI2BG/x5WVSPy97V+XLh4tS5SyLI0eOyDE5JR65JhVyT6qkRjgZk2fySt6c1Hlx3p2PeeuKk80ckj9wPn8AVzOUlQ==</latexit>

Edge states
<latexit sha1_base64="qI4KuTeUexDJdWz+JI91DAq2SSo=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgQcKMuB0DuXiMYBZIQujpVJImPT1Dd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPT+SwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNhrDlUeShD3fCZASkUVFGghEakgQW+hLo/LE/8+j1oI0J1h6MI2gHrK9ETnKGVOvmDFsIDJuVQK9DUIEMw406+4BbdKegi8VJSICkqnfxXqxvyOACFXDJjmp4bYTthGgWXMM61YgMR40PWh6aligVg2sn0+jE9tkqX9kJtSyGdqr8nEhYYMwp82xkwHJh5byL+5zVj7F23E6GiGEHx2aJeLCmGdBIF7QoNHOXIEsa1sLdSPmCacbSB5WwI3vzLi6R2VvQuixe354XSaRpHlhySI3JCPHJFSuSGVEiVcPJInskreXOenBfn3fmYtWacdGaf/IHz+QMj6ZWd</latexit>

Corner states

<latexit sha1_base64="yL0W/xSSsaypXKKQefdT1nFJOAw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXDki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVeWyflGuunkcBTiGEzgDD66hCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5A+M9A==</latexit>x<latexit sha1_base64="yL0W/xSSsaypXKKQefdT1nFJOAw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXDki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVeWyflGuunkcBTiGEzgDD66hCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5A+M9A==</latexit>x

<latexit sha1_base64="YRttggE0VQdmEU9hqbNQttFerEc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzAOSJcxOepMxs7PLzKywhHyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGtP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS96+pV47JSc/M4inACp3AOHtxADe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD5ZOM9Q==</latexit>y <latexit sha1_base64="YRttggE0VQdmEU9hqbNQttFerEc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzAOSJcxOepMxs7PLzKywhHyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGtP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS96+pV47JSc/M4inACp3AOHtxADe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD5ZOM9Q==</latexit>y

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E
<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E
<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

2D square lattice

(TI) (HOTI)

MPI-PKS (Dresden)

Schindler et al, Science Adv. 4 (2018)
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<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• HSB protocol:
<latexit sha1_base64="T7GMVhbgkyEcIbVTQOgPJ7P/ylo="></latexit>
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<latexit sha1_base64="dv3oFsr/UxJPUiLt2uqha7hLx6A="></latexit>

H2(~k) = [M + J(cos kx + cos ky)] ⌧z�0

H1(~k) =�1⌧z(�x + �y),

H
0
1(~k) =�1⌧z�z,

H0(~k) =�2⌧x�y

<latexit sha1_base64="FwUW5j5sw2bUeavh0YfAIqQ68CU="></latexit>

Hj=
X

~k

 
†
~k
Hj(~k) ~k

<latexit sha1_base64="zkALuISVdj1sA5vjcLHboHEUIkE="></latexit>

T : ~k ! �~k, ~� ! �~�
<latexit sha1_base64="wLxSna3B3uFEU7iqipPRZ422YMo="></latexit>

I : ~k ! �~k, ⌧x/y ! �⌧x/y

time-rev’sal
inversion

2D square lattice

Higher order topological insulators

<latexit sha1_base64="DvsCJee0V00yL9r4R1zGpgO6l4I="></latexit>

~k

<latexit sha1_base64="ZbRZyar4oDt/iHci7WZ+ZpN5u/w="></latexit>

E(~k)

4-band TI model
MPI-PKS (Dresden)



Marin Bukov

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• HSB protocol:
<latexit sha1_base64="T7GMVhbgkyEcIbVTQOgPJ7P/ylo="></latexit>
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✓
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<latexit sha1_base64="dv3oFsr/UxJPUiLt2uqha7hLx6A="></latexit>

H2(~k) = [M + J(cos kx + cos ky)] ⌧z�0

H1(~k) =�1⌧z(�x + �y),

H
0
1(~k) =�1⌧z�z,

H0(~k) =�2⌧x�y

<latexit sha1_base64="FwUW5j5sw2bUeavh0YfAIqQ68CU="></latexit>

Hj=
X

~k

 
†
~k
Hj(~k) ~k

<latexit sha1_base64="zkALuISVdj1sA5vjcLHboHEUIkE="></latexit>

T : ~k ! �~k, ~� ! �~�
<latexit sha1_base64="wLxSna3B3uFEU7iqipPRZ422YMo="></latexit>

I : ~k ! �~k, ⌧x/y ! �⌧x/y

time-rev’sal
inversion

2D square lattice

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="6KjYQFBxWDmqGq0veAOLQRwBnyw="></latexit>

Q(0) : I ⇥ T
<latexit sha1_base64="ErSnIg7usQAX3LaM9nZhAVaiVt4="></latexit>

Q(1) : I
<latexit sha1_base64="INZScGurdlqKJJLX4JmJj2UVziw="></latexit>

Q(�2) : E

edge state population

corner state population

—

Higher order topological insulators

<latexit sha1_base64="DvsCJee0V00yL9r4R1zGpgO6l4I="></latexit>

~k

<latexit sha1_base64="ZbRZyar4oDt/iHci7WZ+ZpN5u/w="></latexit>

E(~k)

4-band TI model
MPI-PKS (Dresden)



Marin Bukov

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="T7GMVhbgkyEcIbVTQOgPJ7P/ylo="></latexit>
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✓
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<latexit sha1_base64="oysHh/yQ7zefM6w84Xv0PgL5YA0="></latexit>

| 0i=
Y

~r2edge

c†#,1(~r) |0i

<latexit sha1_base64="dv3oFsr/UxJPUiLt2uqha7hLx6A="></latexit>

H2(~k) = [M + J(cos kx + cos ky)] ⌧z�0

H1(~k) =�1⌧z(�x + �y),

H
0
1(~k) =�1⌧z�z,

H0(~k) =�2⌧x�y

<latexit sha1_base64="FwUW5j5sw2bUeavh0YfAIqQ68CU="></latexit>

Hj=
X

~k

 
†
~k
Hj(~k) ~k

<latexit sha1_base64="zkALuISVdj1sA5vjcLHboHEUIkE="></latexit>

T : ~k ! �~k, ~� ! �~�
<latexit sha1_base64="wLxSna3B3uFEU7iqipPRZ422YMo="></latexit>

I : ~k ! �~k, ⌧x/y ! �⌧x/y

time-rev’sal
inversion

2D square lattice

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="6KjYQFBxWDmqGq0veAOLQRwBnyw="></latexit>

Q(0) : I ⇥ T
<latexit sha1_base64="ErSnIg7usQAX3LaM9nZhAVaiVt4="></latexit>

Q(1) : I
<latexit sha1_base64="INZScGurdlqKJJLX4JmJj2UVziw="></latexit>

Q(�2) : E

edge state population

corner state population

—

Higher order topological insulators

<latexit sha1_base64="DvsCJee0V00yL9r4R1zGpgO6l4I="></latexit>

~k

<latexit sha1_base64="ZbRZyar4oDt/iHci7WZ+ZpN5u/w="></latexit>

E(~k)

4-band TI model
MPI-PKS (Dresden)
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(c)

corner

corner SB

edge

edge SB

<latexit sha1_base64="z6Zsi/AyB0oLjWeIwpHMm2cbZ+Y=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppg3NJCHJiGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/Vbj1QbJsWDHSsaJnggWMwItk5qdbFSWj71yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm507QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmv6M+05RYPnYEE83crYgMscbEuoRKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAIjeIZXePOU9+K9ex/z1oKXzxzCH3ifP5aij8A=</latexit> ⇡
<latexit sha1_base64="z6Zsi/AyB0oLjWeIwpHMm2cbZ+Y=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppg3NJCHJiGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/Vbj1QbJsWDHSsaJnggWMwItk5qdbFSWj71yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm507QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmv6M+05RYPnYEE83crYgMscbEuoRKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAIjeIZXePOU9+K9ex/z1oKXzxzCH3ifP5aij8A=</latexit> ⇡
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<latexit sha1_base64="bdd1ij5i+0yMpTIVNBs1Wp4/4i0=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8aEnEr2PBiwcPFewHtKFstpN26WYTdifFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXKPrfltLyyura+uFjeLm1vbOrr23X9dxqhjUWCxi1QyoBsEl1JCjgGaigEaBgEYwuJ34jSEozWP5iKME/Ij2JA85o2ikjm23EZ4wu49l7wx5BOOOXXLL7hTOIvFyUiI5qh37q92NWRqBRCao1i3PTdDPqELOBIyL7VRDQtmA9qBlqKQRaD+bXj52jo3SdcJYmZLoTNXfExmNtB5FgemMKPb1vDcR//NaKYY3fsZlkiJINlsUpsLB2JnE4HS5AoZiZAhliptbHdanijI0YRVNCN78y4ukfl72rsqXDxelymkeR4EckiNyQjxyTSrkjlRJjTAyJM/klbxZmfVivVsfs9YlK585IH9gff4A4keTxA==</latexit>

Long-time
<latexit sha1_base64="gmoIcAnTUyJF/ua3EmIx4fHqX2Q=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4kDIjvpYFNy4r2Ae0Y8mkd9rQTGZI7qhl6H+4caGIW//FnX9j+lho64HA4Zxzk5sTJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk41hxqPZaybATMghYIaCpTQTDSwKJDQCAbXY7/xANqIWN3hMAE/Yj0lQsEZWum+jfCEGbMJ1oNRp1hyy+4EdJF4M1IiM1Q7xa92N+ZpBAq5ZMa0PDdBP2MaBZcwKrRTAwnjA3t5y1LFIjB+Ntl6RI+s0qVhrO1RSCfq74mMRcYMo8AmI4Z9M++Nxf+8VorhlZ8JlaQIik8fClNJMabjCmhXaOAoh5YwroXdlfI+04yjLapgS/Dmv7xI6qdl76J8fntWqpzM6siTA3JIjolHLkmF3JAqqRFONHkmr+TNeXRenHfnYxrNObOZffIHzucPOjGS7g==</latexit>average

<latexit sha1_base64="oGC0YhOOp7431+2rbRaGYqLEVjE=">AAAB+3icbVDLSgNBEJz1GeMrxqOXwSB4kLArvo4BETxGMA9IQpiddJIhs7PLTK8kLPsrXjwo4tUf8ebfOEn2oIkFDUVVN91dfiSFQdf9dlZW19Y3NnNb+e2d3b39wkGxbsJYc6jxUIa66TMDUiiooUAJzUgDC3wJDX90O/UbT6CNCNUjTiLoBGygRF9whlbqFopthDEmd70BUIMMwaTdQsktuzPQZeJlpEQyVLuFr3Yv5HEACrlkxrQ8N8JOwjQKLiHNt2MDEeMjNoCWpYoFYDrJ7PaUnlilR/uhtqWQztTfEwkLjJkEvu0MGA7NojcV//NaMfZvOolQUYyg+HxRP5YUQzoNgvaEBo5yYgnjWthbKR8yzTjauPI2BG/x5WVSPy97V+XLh4tS5SyLI0eOyDE5JR65JhVyT6qkRjgZk2fySt6c1Hlx3p2PeeuKk80ckj9wPn8AVzOUlQ==</latexit>

Edge states
<latexit sha1_base64="qI4KuTeUexDJdWz+JI91DAq2SSo=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgQcKMuB0DuXiMYBZIQujpVJImPT1Dd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPT+SwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNhrDlUeShD3fCZASkUVFGghEakgQW+hLo/LE/8+j1oI0J1h6MI2gHrK9ETnKGVOvmDFsIDJuVQK9DUIEMw406+4BbdKegi8VJSICkqnfxXqxvyOACFXDJjmp4bYTthGgWXMM61YgMR40PWh6aligVg2sn0+jE9tkqX9kJtSyGdqr8nEhYYMwp82xkwHJh5byL+5zVj7F23E6GiGEHx2aJeLCmGdBIF7QoNHOXIEsa1sLdSPmCacbSB5WwI3vzLi6R2VvQuixe354XSaRpHlhySI3JCPHJFSuSGVEiVcPJInskreXOenBfn3fmYtWacdGaf/IHz+QMj6ZWd</latexit>

Corner states

<latexit sha1_base64="yL0W/xSSsaypXKKQefdT1nFJOAw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXDki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVeWyflGuunkcBTiGEzgDD66hCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5A+M9A==</latexit>x<latexit sha1_base64="yL0W/xSSsaypXKKQefdT1nFJOAw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXDki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVeWyflGuunkcBTiGEzgDD66hCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5A+M9A==</latexit>x

<latexit sha1_base64="YRttggE0VQdmEU9hqbNQttFerEc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzAOSJcxOepMxs7PLzKywhHyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGtP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS96+pV47JSc/M4inACp3AOHtxADe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD5ZOM9Q==</latexit>y <latexit sha1_base64="YRttggE0VQdmEU9hqbNQttFerEc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzAOSJcxOepMxs7PLzKywhHyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGtP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS96+pV47JSc/M4inACp3AOHtxADe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD5ZOM9Q==</latexit>y

Marin Bukov

<latexit sha1_base64="Pm9dvfouyf1Js1SS+0q+VjUp/yg="></latexit>

I ⇥ T ! I ! E

• HSB protocol:

• dynamics:
initial state

<latexit sha1_base64="T7GMVhbgkyEcIbVTQOgPJ7P/ylo="></latexit>
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<latexit sha1_base64="oysHh/yQ7zefM6w84Xv0PgL5YA0="></latexit>

| 0i=
Y

~r2edge

c†#,1(~r) |0i

<latexit sha1_base64="DvsCJee0V00yL9r4R1zGpgO6l4I="></latexit>

~k

<latexit sha1_base64="ZbRZyar4oDt/iHci7WZ+ZpN5u/w="></latexit>

E(~k)

4-band TI model

<latexit sha1_base64="dv3oFsr/UxJPUiLt2uqha7hLx6A="></latexit>

H2(~k) = [M + J(cos kx + cos ky)] ⌧z�0

H1(~k) =�1⌧z(�x + �y),

H
0
1(~k) =�1⌧z�z,

H0(~k) =�2⌧x�y

<latexit sha1_base64="FwUW5j5sw2bUeavh0YfAIqQ68CU="></latexit>

Hj=
X

~k

 
†
~k
Hj(~k) ~k

<latexit sha1_base64="zkALuISVdj1sA5vjcLHboHEUIkE="></latexit>

T : ~k ! �~k, ~� ! �~�
<latexit sha1_base64="wLxSna3B3uFEU7iqipPRZ422YMo="></latexit>

I : ~k ! �~k, ⌧x/y ! �⌧x/y

time-rev’sal
inversion

2D square lattice

effective 

Hamiltonian symmetry order parameter

<latexit sha1_base64="6KjYQFBxWDmqGq0veAOLQRwBnyw="></latexit>

Q(0) : I ⇥ T
<latexit sha1_base64="ErSnIg7usQAX3LaM9nZhAVaiVt4="></latexit>

Q(1) : I
<latexit sha1_base64="INZScGurdlqKJJLX4JmJj2UVziw="></latexit>

Q(�2) : E

edge state population

corner state population

—

Higher order topological insulators



Marin Bukov MPI-PKS (Dresden)

Hunting for emergent (wannabe) Goldstone modes

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E• symmetry ladder: focus on continuous symmetry breaking



Marin Bukov MPI-PKS (Dresden)

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• break continuous symmetry: gapless Goldstone bosons

• symmetry ladder: 

magnons (CM)

focus on continuous symmetry breaking

but we don’t have an exact symmetry…
<latexit sha1_base64="xpNllhKDogMy4/VYo5xEo1qleAo="></latexit>

Q(1) : SU(2) ! U(1)
image: Wikipedia

Hunting for emergent (wannabe) Goldstone modes



Marin Bukov MPI-PKS (Dresden)

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• break continuous symmetry: gapless Goldstone bosons

• symmetry ladder: 

magnons (CM)

• break approximate emergent cont. symmetry: gapped “Goldstone” e.g., pions (HE)

focus on continuous symmetry breaking

but we don’t have an exact symmetry…
<latexit sha1_base64="xpNllhKDogMy4/VYo5xEo1qleAo="></latexit>

Q(1) : SU(2) ! U(1)
image: Wikipedia

Hunting for emergent (wannabe) Goldstone modes



Marin Bukov MPI-PKS (Dresden)

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

• break continuous symmetry: gapless Goldstone bosons

• symmetry ladder: 

magnons (CM)

• break approximate emergent cont. symmetry: gapped “Goldstone” e.g., pions (HE)

focus on continuous symmetry breaking

can we observe these modes in our HSB protocol

but we don’t have an exact symmetry…
<latexit sha1_base64="xpNllhKDogMy4/VYo5xEo1qleAo="></latexit>

Q(1) : SU(2) ! U(1)
image: Wikipedia

<latexit sha1_base64="KdF9SL6UBKpyiipXAdne7kzvRB8="></latexit>

SU(2) ! U(1) ! Z2 ! E

<latexit sha1_base64="g/2KMKjYrzpG7U3gE7kDjTSv0ws="></latexit>

UF =U(�H0, H1, H2, H0,�H1, H2, H3|T/14)⇥
U(�H2, H1,�H0,�H2,�H1, H0, H3|T/14)

<latexit sha1_base64="DIAKyVALWAaRSH0mwe2BMZwRdVQ="></latexit>
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SU(2) ! U(1) ! Z2 ! E

• break continuous symmetry: gapless Goldstone bosons

• symmetry ladder: 

magnons (CM)

• break approximate emergent cont. symmetry: gapped “Goldstone” e.g., pions (HE)

focus on continuous symmetry breaking

• need pre-thermal plateau at temperature smaller than gap of pseudo Goldstone mode

• need initial state with sufficient overlap with the 1-magnon excitations, e.g.:

but we don’t have an exact symmetry…
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can we observe these modes in our HSB protocol
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Q(1) : SU(2) ! U(1)

what sets lifetime of the pseudo Goldstone?

• intrinsic decay due to finite gap

• external decay due to finite duration of
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SU(2) ! U(1) ! Z2 ! E

U(1) prethermal plateau 

P R E L I M I N A R Y

Hunting for emergent (wannabe) Goldstone modes



Outlook

thanks for the attention!
Marin Bukov

• generic construction:
any species: fermions, boson, spins (interacting & noninteracting)

• sufficient condition: existence of approximate effective Hamiltonian

classical & quantum systems; open direction: open systems
quasi-periodic & random-multipolar drives (not limited to Floquet systems)

continuous drives (Magnus expansion generalizes BCH formula)

• engineering hierarchical symmetries:
continuous/discrete, abelian/non-abelian, topological symmetries
easy to implement in experiment: mechanism akin to spin echo / dynamical decoupling
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UF,n = e�i`n�1TQn�1e�iTHne+i`n�1TQn�1e�iTHn ⌘ e�i`nTQn

• allows to investigate equilibrium/nonequilibirum order in a single time evolution

controllable lifetime of pre thermal plateaus: Fermi’s Golden rule scaling

open direction: local gauge symmetries

www.pks.mpg.de/nqd

MPI-PKS, Dresden
work in progress
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T : ~k ! �~k, ~� ! �~�
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I : ~k ! �~k, ⌧x/y ! �⌧x/y

time-rev’sal
inversion

Higher order topological insulators

MPI-PKS (Dresden)

• dynamics:
initial state: corner state
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E(~k)

4-band TI model


