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Progess in digital quantum simulations of LGT
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Progess in digital quantum simulations of LGT

E. A. Martinez et al. Nature (2016)
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Progess in digital quantum simulations of LGT

S. A Rahman et al. PRD (2022)
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Progess in digital quantum simulations of LGT

+100 qubit simulations
What made the jump  
possible?

- Hardware 
- Algorithms
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The Main Elements
✦ 1+1D Quantum Electrodynamics (QED) - The Schwinger Model

✦ ADAPT-VQE with scalable operator pool: SC-ADAPT-VQE

✦ Error mitigation techniques for running on 100+ qubits

✦ Gapped and translational invariant
✦ Confinement (hadrons) - similarities with QCD

✦ Classical resources to exponentially converge on small/modest systems

✦ Operator decoherence renormalization

✦ Efficient circuits for state preparation and time evolution

✦ Fragmentation and hadronization with classical sources: discretization 
effects
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Connection between the Schwinger Model and QCD

✦ Confinement
<latexit sha1_base64="gkRXxJcubhC/AarectbPJptk3YQ=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNryPRi0dM5JHAhswOszBhdnacmSWQDd/hxYPGePVjvPk3DrAHBSvppFLVne6uQHKmjet+Oyura+sbm7mt/PbO7t5+4eCwruNEEVojMY9VM8CaciZozTDDaVMqiqOA00YwuJv6jSFVmsXi0Ywl9SPcEyxkBBsr+fXS6KwtVSxNjEadQtEtuzOgZeJlpAgZqp3CV7sbkySiwhCOtW55rjR+ipVhhNNJvp1oKjEZ4B5tWSpwRLWfzo6eoFOrdFEYK1vCoJn6eyLFkdbjKLCdETZ9vehNxf+8VmLCGz9lQiaGCjJfFCYc2RenCaAuU5QYPrYEE8XsrYj0scLE2JzyNgRv8eVlUj8ve1fly4eLYuU2iyMHx3ACJfDgGipwD1WoAYEneIZXeHOGzovz7nzMW1ecbOYI/sD5/AEvcpG9</latexit>

V (x) / x “Hadrons” (bound states) can form

✦ Non-zero gap
<latexit sha1_base64="8u0pJL26LbMjalTggmQOp2efk9w=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWFhEMA9IljA7e5MMmZ1dZmaFsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHmfM2qs1Ore22hIe+WKW3VnIMvEy0kFctR75a9uGLM0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m6E3JilZD0Y2WfNGSm/p7IaKT1OApsMqJmqBe9qfif10lN/9rPuExSg5LNP+qngpiYTG8nIVfIjBhbQpnidlfChlRRZmxDJVuCt3jyMmmeVb3L6sXDeaV2k9dRhCM4hlPw4ApqcAd1aACDETzDK7w5ifPivDsf82jByWcO4Q+czx8O5Y9n</latexit>

⇤
<latexit sha1_base64="+CBbR6y8Oj1j8/6SP5zX/WXr/yU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqibiayMU3bhwUcE+oAllMpm0QyeTODMpltDvcONCEbd+jDv/xmmbhVYPDBzOuYd75/gJZ0rb9pdVWFhcWl4prpbW1jc2t8rbO00Vp5LQBol5LNs+VpQzQRuaaU7biaQ48jlt+YPrid8aUqlYLO71KKFehHuChYxgbSTPfWSXzpF7awIB7pYrdtWeAv0lTk4qkKPeLX+6QUzSiApNOFaq49iJ9jIsNSOcjktuqmiCyQD3aMdQgSOqvGx69BgdGCVAYSzNExpN1Z+JDEdKjSLfTEZY99W8NxH/8zqpDi+8jIkk1VSQ2aIw5UjHaNIACpikRPORIZhIZm5FpI8lJtr0VDIlOPNf/kuax1XnrHp6d1KpXeV1FGEP9uEQHDiHGtxAHRpA4AGe4AVeraH1bL1Z77PRgpVnduEXrI9vzcCRfQ==</latexit>

⇠ = 1/⇤Characteristic length scale

State-preparation circuits only need structure 
for qubits separated by 

<latexit sha1_base64="FuJoWnAY3ZciklB64ySOi78E+x8=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhM7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vJ36rRFVmsXywYwTGgjclyxiBBsrBcrnVGvNBPKfWLdccavuDGiZeDmpQI56t/zl92KSCioN4VjrjucmJsiwMoxwOin5qaYJJkPcpx1LJRZUB9ns6Ak6sUoPRbGyJQ2aqb8nMiy0HovQdgpsBnrRm4r/eZ3URNdBxmSSGirJfFGUcmRiNE0A9ZiixPCxJZgoZm9FZIAVJsbmVLIheIsvL5PmWdW7rF7cn1dqN3kcRTiCYzgFD66gBndQhwYQeIRneIU3Z+S8OO/Ox7y14OQzh/AHzucP5FGSMQ==</latexit>

r . ⇠

✦ Highly non-trivial vacuum, but it has translational invariance

✦ Perfect sandbox to study hadronization, fragmentation and finite-density phases

✦ One of the most studied systems using QC
E. A. Martinez et al., Nature 2016 
N. H. Nguyen et al., PRXQ 2022 
…

N. Klco et al., PRA 2018 
F. M. Surace et al., PRX 2020 
A. Mil et al., Science 2020
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The Schwinger Model (1+1D QED)
<latexit sha1_base64="tr5NB9vH21V0oMBHxalodiUZ6KE="></latexit>

L = �1

4
Fµ⌫F

µ⌫ + i �µ(@µ + igAµ) �m  

✦ Local interactions 
✦ Fermionic degrees of freedom (electrons and positrons) : 2 level-systems      qubits 
✦ Bosonic degrees of freedom (gauge links): n level-systems      multiple qubits or qudits

We have:

<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="OxNWMMW8gio5nPun+01zUjW0INo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnJ8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgeZ9TglZqdmmk0PTKFa/qzeAuEz8nFchR75W/upGiacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKknMTJDNrp24J1aJ3L7StiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOiv3rIOMySZFJOl/UT4WLyp2+7kZcM4pibAmhmttbXTokmlC0AZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+ALGXjzk=</latexit>· · ·

<latexit sha1_base64="Aafh091RAHsUDa+oRzmIE+u8OiU=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBg5RE/DoWRfBYwbSFNoTNdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tLyyulZer2xsbm3v2Lt7TZVkklCPJDyR7RArypmgnmaa03YqKY5DTlvh8Gbit56oVCwRD3qUUj/GfcEiRrA2UtsLnBN0GziBXXVqzhRokbgFqUKBRmB/dXsJyWIqNOFYqY7rpNrPsdSMcDqudDNFU0yGuE87hgocU+Xn03vH6MgoPRQl0pTQaKr+nshxrNQoDk1njPVAzXsT8T+vk+noys+ZSDNNBZktijKOdIImz6Mek5RoPjIEE8nMrYgMsMREm4gqJgR3/uVF0jytuRe18/uzav26iKMMB3AIx+DCJdThDhrgAQEOz/AKb9aj9WK9Wx+z1pJVzOzDH1ifP0vBjtg=</latexit>

U0, E0
<latexit sha1_base64="UmAA7ZyeS0KkVyTNneoGLoRX0r4=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBg5RE/DoWRfBYwbSFNoTNdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tLyyulZer2xsbm3v2Lt7TZVkklCPJDyR7RArypmgnmaa03YqKY5DTlvh8Gbit56oVCwRD3qUUj/GfcEiRrA2UtsL3BN0G7iBXXVqzhRokbgFqUKBRmB/dXsJyWIqNOFYqY7rpNrPsdSMcDqudDNFU0yGuE87hgocU+Xn03vH6MgoPRQl0pTQaKr+nshxrNQoDk1njPVAzXsT8T+vk+noys+ZSDNNBZktijKOdIImz6Mek5RoPjIEE8nMrYgMsMREm4gqJgR3/uVF0jytuRe18/uzav26iKMMB3AIx+DCJdThDhrgAQEOz/AKb9aj9WK9Wx+z1pJVzOzDH1ifP07Ojto=</latexit>

U1, E1
<latexit sha1_base64="cK7a4v5aFS3jmeOSb/0UIQ5DThA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5Sk1I9jUQSPFUxbaEPYbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVBLqkpjHshNgRTkT1NVMc9pJJMVRwGk7GN1M/fYTlYrF4kGPE+pFeCBYyAjWRuq4fu0M3fo1v1yxq/YMaJk4OalAjqZf/ur1Y5JGVGjCsVJdx060l2GpGeF0UuqliiaYjPCAdg0VOKLKy2b3TtCJUfoojKUpodFM/T2R4UipcRSYzgjroVr0puJ/XjfV4ZWXMZGkmgoyXxSmHOkYTZ9HfSYp0XxsCCaSmVsRGWKJiTYRlUwIzuLLy6RVqzoX1fP7eqVxncdRhCM4hlNw4BIacAdNcIEAh2d4hTfr0Xqx3q2PeWvBymcO4Q+szx9R247c</latexit>

U2, E2

<latexit sha1_base64="GX2k3F634ljMAshFLPGKHsCx/1o=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2U0M73m9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A03Pjvc=</latexit>

 0
<latexit sha1_base64="1wwHdsR3avGWT8KYVs1Eczam8zI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2U0M7/m9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A09Tjvg=</latexit>

 1
<latexit sha1_base64="6og0upBQN/OdrjQtTCmrul0YRxo=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66RmNzGsV+2Vyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/UNeO+Q==</latexit>

 2

<latexit sha1_base64="IJ2meDyEWm0J3Srw7/bFNLJ4J5Y="></latexit>

H =
1

2

2L�2X

n=0

( †
nUn n+1 + h.c.) +m

2L�1X

n=0

(�1)n †
n n +

g
2

2

2L�2X

n=0

|En|2

Banks, Kogut & Susskind PRD 1975-76 Lattice version, with staggered fermions in Weyl gauge (            )
<latexit sha1_base64="vHmr9skvIyVVWHViaomrcEWxtiM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4tQ9eKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0OqDgcd7M8zMCxMpDLrul1NYWl5ZXSuulzY2t7Z3yrt7DROnmnGfxTLWrZAaLoXiPgqUvJVoTqNQ8mY4up36zUeujYjVA44THkR0oERfMIpW8q+77pXbLVfcqjsD+Uu8nFQgR71b/uz0YpZGXCGT1Ji25yYYZFSjYJJPSp3U8ISyER3wtqWKRtwE2ezYCTmySo/0Y21LIZmpPycyGhkzjkLbGVEcmkVvKv7ntVPsXwaZUEmKXLH5on4qCcZk+jnpCc0ZyrEllGlhbyVsSDVlaPMp2RC8xZf/ksZJ1Tuvnt2fVmo3eRxFOIBDOAYPLqAGd1AHHxgIeIIXeHWU8+y8Oe/z1oKTz+zDLzgf36qFjfM=</latexit>

A0 = 0
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The Schwinger Model (1+1D QED)

<latexit sha1_base64="IJ2meDyEWm0J3Srw7/bFNLJ4J5Y="></latexit>

H =
1

2

2L�2X

n=0

( †
nUn n+1 + h.c.) +m

2L�1X

n=0

(�1)n †
n n +

g
2

2

2L�2X

n=0

|En|2

Banks, Kogut & Susskind PRD 1975-76 Lattice version, with staggered fermions in Weyl gauge (            )
<latexit sha1_base64="vHmr9skvIyVVWHViaomrcEWxtiM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4tQ9eKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0OqDgcd7M8zMCxMpDLrul1NYWl5ZXSuulzY2t7Z3yrt7DROnmnGfxTLWrZAaLoXiPgqUvJVoTqNQ8mY4up36zUeujYjVA44THkR0oERfMIpW8q+77pXbLVfcqjsD+Uu8nFQgR71b/uz0YpZGXCGT1Ji25yYYZFSjYJJPSp3U8ISyER3wtqWKRtwE2ezYCTmySo/0Y21LIZmpPycyGhkzjkLbGVEcmkVvKv7ntVPsXwaZUEmKXLH5on4qCcZk+jnpCc0ZyrEllGlhbyVsSDVlaPMp2RC8xZf/ksZJ1Tuvnt2fVmo3eRxFOIBDOAYPLqAGd1AHHxgIeIIXeHWU8+y8Oe/z1oKTz+zDLzgf36qFjfM=</latexit>

A0 = 0

Change to Axial gauge (            )
<latexit sha1_base64="Ac5W47q9Ltg2yEQUjrMi/0P9MRM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4tQ9eKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0OqDgcd7M8zMCxMpDLrul1NYWl5ZXSuulzY2t7Z3yrt7DROnmnGfxTLWrZAaLoXiPgqUvJVoTqNQ8mY4up36zUeujYjVA44THkR0oERfMIpW8q+73pXbLVfcqjsD+Uu8nFQgR71b/uz0YpZGXCGT1Ji25yYYZFSjYJJPSp3U8ISyER3wtqWKRtwE2ezYCTmySo/0Y21LIZmpPycyGhkzjkLbGVEcmkVvKv7ntVPsXwaZUEmKXLH5on4qCcZk+jnpCc0ZyrEllGlhbyVsSDVlaPMp2RC8xZf/ksZJ1Tuvnt2fVmo3eRxFOIBDOAYPLqAGd1AHHxgIeIIXeHWU8+y8Oe/z1oKTz+zDLzgf36wLjfQ=</latexit>

A1 = 0

<latexit sha1_base64="lC9OYEtO02UCyLuqlnGWZupw2iA="></latexit>

H =
1

2

2L�2X

n=0

( †
n n+1 + h.c.) +m

2L�1X

n=0

(�1)n †
n n +

g
2

2

2L�2X

n=0

(
X

mn

Qm)2

✦ Non-local interactions 
✦ Fermionic degrees of freedom (electrons and positrons) : 2 level-systems      qubits

We have:

P. Sala et al., PRD 2018 
R. C. Farrel et al., PRD 2023

In 1+1D, the gauge field is not a degree of freedom, 
completely constrained by Gauss’s law

<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="OxNWMMW8gio5nPun+01zUjW0INo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnJ8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgeZ9TglZqdmmk0PTKFa/qzeAuEz8nFchR75W/upGiacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKknMTJDNrp24J1aJ3L7StiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOiv3rIOMySZFJOl/UT4WLyp2+7kZcM4pibAmhmttbXTokmlC0AZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+ALGXjzk=</latexit>· · ·

<latexit sha1_base64="GX2k3F634ljMAshFLPGKHsCx/1o=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2U0M73m9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A03Pjvc=</latexit>

 0
<latexit sha1_base64="1wwHdsR3avGWT8KYVs1Eczam8zI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2U0M7/m9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A09Tjvg=</latexit>

 1
<latexit sha1_base64="6og0upBQN/OdrjQtTCmrul0YRxo=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66RmNzGsV+2Vyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/UNeO+Q==</latexit>

 2

<latexit sha1_base64="tr5NB9vH21V0oMBHxalodiUZ6KE="></latexit>

L = �1

4
Fµ⌫F

µ⌫ + i �µ(@µ + igAµ) �m  
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The Schwinger Model (1+1D QED)
Apply the Jordan-Wigner transformation to map fermion field operators to spins,

<latexit sha1_base64="LBgjecTSjZQh4utLIH9AiTYq/Og="></latexit>

H =
1

2

2L�2X

j=0

(�+
j �

�
j+1 + h.c.) +

m

2

2L�1X

j=0

[(�1)jZj + I] +
g
2

2

2L�2X

j=0

(
X

kj

Qk)
2

<latexit sha1_base64="iZlf8oXgWm1dtP8lkQ1gMre1SlU=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAgVaUmKr41QdKO7FuwD2xgm00k7ZDIJMxOhhKzc+CtuXCji1m9w5984bbPQ1gMXDufcy733uBElQprmtzY3v7C4tJxbya+urW9s6lvbTRHGHOEGCmnI2y4UmBKGG5JIitsRxzBwKW65/tXIbz1gLkjIbuUwwnYA+4x4BEGpJEffqzv+RanrcYgSK00qaefO8Y+KJevw3r+xHb1gls0xjFliZaQAMtQc/avbC1EcYCYRhUJ0LDOSdgK5JIjiNN+NBY4g8mEfdxRlMMDCTsZvpMaBUnqGF3JVTBpj9fdEAgMhhoGrOgMoB2LaG4n/eZ1Yeud2QlgUS8zQZJEXU0OGxigTo0c4RpIOFYGIE3WrgQZQRSJVcnkVgjX98ixpVsrWafmkflyoXmZx5MAu2AdFYIEzUAXXoAYaAIFH8AxewZv2pL1o79rHpHVOy2Z2wB9onz/QiJdv</latexit>

Qk = �1

2
[Zk + (�1)kI]

Example: strong-coupling vacuum (all empty)

<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+

<latexit sha1_base64="OxNWMMW8gio5nPun+01zUjW0INo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnJ8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgeZ9TglZqdmmk0PTKFa/qzeAuEz8nFchR75W/upGiacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKknMTJDNrp24J1aJ3L7StiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOiv3rIOMySZFJOl/UT4WLyp2+7kZcM4pibAmhmttbXTokmlC0AZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+ALGXjzk=</latexit>· · ·
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Preparing the Vacuum: SC-ADAPT-VQE
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Preparing the Vacuum: Scalable Operators

<latexit sha1_base64="4HmS0doF7fI7ih29OnV9T5s4MV8="></latexit>

⇥̂V
m =

1

2

2L�1X

n=0

(�1)nẐn

⇥̂V
h (d) =

1

4

2L�1�dX

n=0

⇣
X̂nẐ

d�1X̂n+d + ŶnẐ
d�1Ŷn+d

⌘

⇥̂S
m(d) = (�1)d

1

2

⇣
Ẑd � Ẑ2L�1�d

⌘

⇥̂S
h(d) =

1

4

⇣
X̂1Ẑ

d�1X̂d+1 + Ŷ1Ẑ
d�1Ŷd+1 + X̂2L�2�dẐ

d�1X̂2L�2 + Ŷ2L�2�dẐ
d�1Ŷ2L�2

⌘

Volume operators

Surface operators

The operators from the pool are constrained to be charge neutral, symmetric under CP, 
and invariant under time reversal
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Preparing the Vacuum: Scalable Operators

<latexit sha1_base64="4HmS0doF7fI7ih29OnV9T5s4MV8="></latexit>

⇥̂V
m =

1

2

2L�1X

n=0

(�1)nẐn

⇥̂V
h (d) =

1

4

2L�1�dX

n=0

⇣
X̂nẐ

d�1X̂n+d + ŶnẐ
d�1Ŷn+d

⌘

⇥̂S
m(d) = (�1)d

1

2

⇣
Ẑd � Ẑ2L�1�d

⌘

⇥̂S
h(d) =

1

4

⇣
X̂1Ẑ

d�1X̂d+1 + Ŷ1Ẑ
d�1Ŷd+1 + X̂2L�2�dẐ

d�1X̂2L�2 + Ŷ2L�2�dẐ
d�1Ŷ2L�2

⌘

Time reversal symmetry Real wavefunction
<latexit sha1_base64="Fk0xOmpSrJs7iWjkIG6KNBwbXQY=">AAAB/3icbVDJSgNBEO2JW4xbVPDiZTAInsKMuB2DXrwZwSyQGYeeTk2mSc9Cd40Qxhz8FS8eFPHqb3jzb+wsB018UPB4r4qqen4quELL+jYKC4tLyyvF1dLa+sbmVnl7p6mSTDJosEQksu1TBYLH0ECOAtqpBBr5Alp+/2rktx5AKp7EdzhIwY1oL+YBZxS15JX34D7nDoaA1ONOSDG/GXp86JUrVtUaw5wn9pRUyBR1r/zldBOWRRAjE1Spjm2l6OZUImcChiUnU5BS1qc96Gga0wiUm4/vH5qHWumaQSJ1xWiO1d8TOY2UGkS+7owohmrWG4n/eZ0Mgws353GaIcRssijIhImJOQrD7HIJDMVAE8ok17eaLKSSMtSRlXQI9uzL86R5XLXPqqe3J5Xa5TSOItknB+SI2OSc1Mg1qZMGYeSRPJNX8mY8GS/Gu/ExaS0Y05ld8gfG5w/Ab5aX</latexit>

ei✓iÔi real
<latexit sha1_base64="W88WH3LCBZo0L2dZ+iQMFL56Td8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20hO9csWtujOQv8TLSQVy1Hvlz24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekCOr9EkYa1sRkpn6cyKjypixCmynojg0i95U/M/rpBhe+pmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLL/8lzZOqd149uzut1K7yOIpwAIdwDB5cQA1uoA4NYKDgCV7g1dHOs/PmvM9bC04+sw+/4Hx8A/RfkIY=</latexit>

Ôi      imaginary and 
anti-symmetric

These are not imaginary 
and anti-symmetric
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Preparing the Vacuum: Scalable Operators

Time reversal symmetry Real wavefunction
<latexit sha1_base64="Fk0xOmpSrJs7iWjkIG6KNBwbXQY=">AAAB/3icbVDJSgNBEO2JW4xbVPDiZTAInsKMuB2DXrwZwSyQGYeeTk2mSc9Cd40Qxhz8FS8eFPHqb3jzb+wsB018UPB4r4qqen4quELL+jYKC4tLyyvF1dLa+sbmVnl7p6mSTDJosEQksu1TBYLH0ECOAtqpBBr5Alp+/2rktx5AKp7EdzhIwY1oL+YBZxS15JX34D7nDoaA1ONOSDG/GXp86JUrVtUaw5wn9pRUyBR1r/zldBOWRRAjE1Spjm2l6OZUImcChiUnU5BS1qc96Gga0wiUm4/vH5qHWumaQSJ1xWiO1d8TOY2UGkS+7owohmrWG4n/eZ0Mgws353GaIcRssijIhImJOQrD7HIJDMVAE8ok17eaLKSSMtSRlXQI9uzL86R5XLXPqqe3J5Xa5TSOItknB+SI2OSc1Mg1qZMGYeSRPJNX8mY8GS/Gu/ExaS0Y05ld8gfG5w/Ab5aX</latexit>

ei✓iÔi real
<latexit sha1_base64="W88WH3LCBZo0L2dZ+iQMFL56Td8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20hO9csWtujOQv8TLSQVy1Hvlz24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekCOr9EkYa1sRkpn6cyKjypixCmynojg0i95U/M/rpBhe+pmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLL/8lzZOqd149uzut1K7yOIpwAIdwDB5cQA1uoA4NYKDgCV7g1dHOs/PmvM9bC04+sw+/4Hx8A/RfkIY=</latexit>

Ôi      imaginary and 
anti-symmetric

These are imaginary and 
anti-symmetric

These operators create and annihilate            pairs separated by a distance 
<latexit sha1_base64="ryCa107H3o00rgR9Ux3IvjokuKs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoMgiGFXfB2DXjxGMA9INmF20puMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7gpgzbVz328ktLa+sruXXCxubW9s7xd29upaJolCjkkvVDIgGzgTUDDMcmrECEgUcGsHwduI3nkBpJsWDGcXgR6QvWMgoMVaqQ+cEOqfdYsktu1PgReJlpIQyVLvFr3ZP0iQCYSgnWrc8NzZ+SpRhlMO40E40xIQOSR9algoSgfbT6bVjfGSVHg6lsiUMnqq/J1ISaT2KAtsZETPQ895E/M9rJSa89lMm4sSAoLNFYcKxkXjyOu4xBdTwkSWEKmZvxXRAFKHGBlSwIXjzLy+S+lnZuyxf3J+XKjdZHHl0gA7RMfLQFaqgO1RFNUTRI3pGr+jNkc6L8+58zFpzTjazj/7A+fwBxeCOng==</latexit>

e+e�
<latexit sha1_base64="pbrTBi+I5TdMb2KRSYVNYXSeyj4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnZ3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8m/qtJ1SaJ/LBjFL0Y9qXPOKMGivVw16p7FbcGcgy8XJShhy1XumrGyYsi1EaJqjWHc9NjT+mynAmcFLsZhpTyoa0jx1LJY1R++PZoRNyapWQRImyJQ2Zqb8nxjTWehQHtjOmZqAXvan4n9fJTHTjj7lMM4OSzRdFmSAmIdOvScgVMiNGllCmuL2VsAFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHyymM8g==</latexit>

d

<latexit sha1_base64="NX6qNy5bagkHr0GSx7auqii3rPo="></latexit>

{Ô} =
n
Ô

V
mh(d) , Ô

S
mh(0, d) , Ô

S
mh(1, d)

o

Ô
V
mh(d) ⌘ i

h
⇥̂V

m, ⇥̂V
h (d)

i
=

1

2

2L�1�dX

n=0

(�1)n
⇣
X̂nẐ

d�1
Ŷn+d � ŶnẐ

d�1
X̂n+d

⌘

Ô
S
mh(0, d) ⌘ i

h
⇥̂S

m(0), ⇥̂V
h (d)

i
=

1

4

⇣
X̂0Ẑ

d�1
Ŷd � Ŷ0Ẑ

d�1
X̂d � Ŷ2L�1�dẐ

d�1
X̂2L�1 + X̂2L�1�dẐ

d�1
Ŷ2L�1

⌘

Ô
S
mh(1, d) ⌘ i

h
⇥̂S

m(1), ⇥̂S
h(d)

i
=

1

4

⇣
Ŷ1Ẑ

d�1
X̂d+1 � X̂1Ẑ

d�1
Ŷd+1 + Ŷ2L�2�dẐ

d�1
X̂2L�2 � X̂2L�2�dẐ

d�1
Ŷ2L�2

⌘<latexit sha1_base64="AImzv9QIocmrzdbAxY/KELAzAkc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBC0MOwGX2XQxsIignlIdgmzk9lkyOzsMnNXCEsKG3/FxkIRWz/Czr9x8ig08cCFwzn3cu89QSK4Bsf5thYWl5ZXVnNr+fWNza1te2e3ruNUUVajsYhVMyCaCS5ZDTgI1kwUI1EgWCPoX438xgNTmsfyDgYJ8yPSlTzklICR2nbBEyyEktcjgO/bWfnmuDzEnuLdHhy17aJTcsbA88SdkiKaotq2v7xOTNOISaCCaN1ynQT8jCjgVLBh3ks1Swjtky5rGSpJxLSfjZ8Y4gOjdHAYK1MS8Fj9PZGRSOtBFJjOiEBPz3oj8T+vlUJ44WdcJikwSSeLwlRgiPEoEdzhilEQA0MIVdzcimmPKELB5JY3IbizL8+TernknpVOb0+KlctpHDlUQPvoELnoHFXQNaqiGqLoET2jV/RmPVkv1rv1MWldsKYze+gPrM8f7DuXAQ==</latexit>

Ŷ2L�2

⌘
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Preparing the Vacuum: Scalable Operators

These operators create and annihilate            pairs separated by a distance 
<latexit sha1_base64="ryCa107H3o00rgR9Ux3IvjokuKs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoMgiGFXfB2DXjxGMA9INmF20puMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7gpgzbVz328ktLa+sruXXCxubW9s7xd29upaJolCjkkvVDIgGzgTUDDMcmrECEgUcGsHwduI3nkBpJsWDGcXgR6QvWMgoMVaqQ+cEOqfdYsktu1PgReJlpIQyVLvFr3ZP0iQCYSgnWrc8NzZ+SpRhlMO40E40xIQOSR9algoSgfbT6bVjfGSVHg6lsiUMnqq/J1ISaT2KAtsZETPQ895E/M9rJSa89lMm4sSAoLNFYcKxkXjyOu4xBdTwkSWEKmZvxXRAFKHGBlSwIXjzLy+S+lnZuyxf3J+XKjdZHHl0gA7RMfLQFaqgO1RFNUTRI3pGr+jNkc6L8+58zFpzTjazj/7A+fwBxeCOng==</latexit>

e+e�
<latexit sha1_base64="pbrTBi+I5TdMb2KRSYVNYXSeyj4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnZ3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8m/qtJ1SaJ/LBjFL0Y9qXPOKMGivVw16p7FbcGcgy8XJShhy1XumrGyYsi1EaJqjWHc9NjT+mynAmcFLsZhpTyoa0jx1LJY1R++PZoRNyapWQRImyJQ2Zqb8nxjTWehQHtjOmZqAXvan4n9fJTHTjj7lMM4OSzRdFmSAmIdOvScgVMiNGllCmuL2VsAFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHyymM8g==</latexit>

d

Need efficient circuits for 
<latexit sha1_base64="v6qqXOjH88QPp+qquUTuDLMML+Y=">AAACCXicbZC7SgNBFIZn4y3G26qlzWAQYpGwK97KoI2lgtHE3JidnCRDZi/MnBXCktbGV7GxUMTWN7DzbZzELTTxh4GP/5zDmfN7kRQaHefLyszNLywuZZdzK6tr6xv25taNDmPFocJDGaqqxzRIEUAFBUqoRgqY70m49Qbn4/rtPSgtwuAahxE0fdYLRFdwhsZq2xRaiWhgH5AVqnetpFN0R7ViLaXq/qht552SMxGdBTeFPEl12bY/G52Qxz4EyCXTuu46ETYTplBwCaNcI9YQMT5gPagbDJgPuplMLhnRPeN0aDdU5gVIJ+7viYT5Wg99z3T6DPt6ujY2/6vVY+yeNhMRRDFCwH8WdWNJMaTjWGhHKOAohwYYV8L8lfI+U4yjCS9nQnCnT56Fm4OSe1w6ujrMl8/SOLJkh+ySAnHJCSmTC3JJKoSTB/JEXsir9Wg9W2/W+09rxkpntskfWR/fFcSZTw==</latexit>

ei✓(XZd�1Y�Y Zd�1X)

<latexit sha1_base64="NX6qNy5bagkHr0GSx7auqii3rPo="></latexit>

{Ô} =
n
Ô

V
mh(d) , Ô

S
mh(0, d) , Ô

S
mh(1, d)

o

Ô
V
mh(d) ⌘ i

h
⇥̂V

m, ⇥̂V
h (d)

i
=

1

2

2L�1�dX

n=0

(�1)n
⇣
X̂nẐ

d�1
Ŷn+d � ŶnẐ

d�1
X̂n+d

⌘

Ô
S
mh(0, d) ⌘ i

h
⇥̂S

m(0), ⇥̂V
h (d)

i
=

1

4

⇣
X̂0Ẑ

d�1
Ŷd � Ŷ0Ẑ

d�1
X̂d � Ŷ2L�1�dẐ

d�1
X̂2L�1 + X̂2L�1�dẐ

d�1
Ŷ2L�1

⌘

Ô
S
mh(1, d) ⌘ i

h
⇥̂S

m(1), ⇥̂S
h(d)

i
=

1

4

⇣
Ŷ1Ẑ

d�1
X̂d+1 � X̂1Ẑ

d�1
Ŷd+1 + Ŷ2L�2�dẐ

d�1
X̂2L�2 � X̂2L�2�dẐ

d�1
Ŷ2L�2

⌘

<latexit sha1_base64="NX6qNy5bagkHr0GSx7auqii3rPo="></latexit>

{Ô} =
n
Ô

V
mh(d) , Ô

S
mh(0, d) , Ô

S
mh(1, d)

o

Ô
V
mh(d) ⌘ i

h
⇥̂V

m, ⇥̂V
h (d)

i
=

1

2

2L�1�dX

n=0

(�1)n
⇣
X̂nẐ

d�1
Ŷn+d � ŶnẐ

d�1
X̂n+d

⌘

Ô
S
mh(0, d) ⌘ i

h
⇥̂S

m(0), ⇥̂V
h (d)

i
=

1

4

⇣
X̂0Ẑ

d�1
Ŷd � Ŷ0Ẑ

d�1
X̂d � Ŷ2L�1�dẐ

d�1
X̂2L�1 + X̂2L�1�dẐ

d�1
Ŷ2L�1

⌘

Ô
S
mh(1, d) ⌘ i

h
⇥̂S

m(1), ⇥̂S
h(d)

i
=

1

4

⇣
Ŷ1Ẑ

d�1
X̂d+1 � X̂1Ẑ

d�1
Ŷd+1 + Ŷ2L�2�dẐ

d�1
X̂2L�2 � X̂2L�2�dẐ

d�1
Ŷ2L�2

⌘

<latexit sha1_base64="NX6qNy5bagkHr0GSx7auqii3rPo="></latexit>

{Ô} =
n
Ô

V
mh(d) , Ô

S
mh(0, d) , Ô

S
mh(1, d)

o

Ô
V
mh(d) ⌘ i

h
⇥̂V

m, ⇥̂V
h (d)

i
=

1

2

2L�1�dX

n=0

(�1)n
⇣
X̂nẐ

d�1
Ŷn+d � ŶnẐ

d�1
X̂n+d

⌘

Ô
S
mh(0, d) ⌘ i

h
⇥̂S

m(0), ⇥̂V
h (d)

i
=

1

4

⇣
X̂0Ẑ

d�1
Ŷd � Ŷ0Ẑ

d�1
X̂d � Ŷ2L�1�dẐ

d�1
X̂2L�1 + X̂2L�1�dẐ

d�1
Ŷ2L�1

⌘

Ô
S
mh(1, d) ⌘ i

h
⇥̂S

m(1), ⇥̂S
h(d)

i
=

1

4

⇣
Ŷ1Ẑ

d�1
X̂d+1 � X̂1Ẑ

d�1
Ŷd+1 + Ŷ2L�2�dẐ

d�1
X̂2L�2 � X̂2L�2�dẐ

d�1
Ŷ2L�2

⌘<latexit sha1_base64="AImzv9QIocmrzdbAxY/KELAzAkc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBC0MOwGX2XQxsIignlIdgmzk9lkyOzsMnNXCEsKG3/FxkIRWz/Czr9x8ig08cCFwzn3cu89QSK4Bsf5thYWl5ZXVnNr+fWNza1te2e3ruNUUVajsYhVMyCaCS5ZDTgI1kwUI1EgWCPoX438xgNTmsfyDgYJ8yPSlTzklICR2nbBEyyEktcjgO/bWfnmuDzEnuLdHhy17aJTcsbA88SdkiKaotq2v7xOTNOISaCCaN1ynQT8jCjgVLBh3ks1Swjtky5rGSpJxLSfjZ8Y4gOjdHAYK1MS8Fj9PZGRSOtBFJjOiEBPz3oj8T+vlUJ44WdcJikwSSeLwlRgiPEoEdzhilEQA0MIVdzcimmPKELB5JY3IbizL8+TernknpVOb0+KlctpHDlUQPvoELnoHFXQNaqiGqLoET2jV/RmPVkv1rv1MWldsKYze+gPrM8f7DuXAQ==</latexit>

Ŷ2L�2

⌘

<latexit sha1_base64="NX6qNy5bagkHr0GSx7auqii3rPo="></latexit>

{Ô} =
n
Ô

V
mh(d) , Ô

S
mh(0, d) , Ô

S
mh(1, d)

o

Ô
V
mh(d) ⌘ i

h
⇥̂V

m, ⇥̂V
h (d)

i
=

1

2

2L�1�dX

n=0

(�1)n
⇣
X̂nẐ

d�1
Ŷn+d � ŶnẐ

d�1
X̂n+d

⌘

Ô
S
mh(0, d) ⌘ i

h
⇥̂S

m(0), ⇥̂V
h (d)

i
=

1

4

⇣
X̂0Ẑ

d�1
Ŷd � Ŷ0Ẑ

d�1
X̂d � Ŷ2L�1�dẐ

d�1
X̂2L�1 + X̂2L�1�dẐ

d�1
Ŷ2L�1

⌘

Ô
S
mh(1, d) ⌘ i

h
⇥̂S

m(1), ⇥̂S
h(d)

i
=

1

4

⇣
Ŷ1Ẑ

d�1
X̂d+1 � X̂1Ẑ

d�1
Ŷd+1 + Ŷ2L�2�dẐ

d�1
X̂2L�2 � X̂2L�2�dẐ

d�1
Ŷ2L�2

⌘
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Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024

<latexit sha1_base64="kuRmwDOgrsX2/RKFVmt/z/WBmFo=">AAACCHicbVC5TsNAEF2HO1wGSgpWREjQRHbEVSJoKINEwCgO0XozTlZZH9odI0WWSxp+hYYChGj5BDr+hs1RcD1ppKf3ZjQzL0il0Og4n1Zpanpmdm5+oby4tLyyaq+tX+kkUxwaPJGJ8gKmQYoYGihQgpcqYFEg4Tronw396ztQWiTxJQ5SaEWsG4tQcIZGattbcJsLP1SM5z72AFmR14pd78ZPI3rj7RVtu+JUnRHoX+JOSIVMUG/bH34n4VkEMXLJtG66ToqtnCkUXEJR9jMNKeN91oWmoTGLQLfy0SMF3TFKh4aJMhUjHanfJ3IWaT2IAtMZMezp395Q/M9rZhget3IRpxlCzMeLwkxSTOgwFdoRCjjKgSGMK2FupbzHTCposiubENzfL/8lV7Wqe1g9uNivnJxO4pgnm2Sb7BKXHJETck7qpEE4uSeP5Jm8WA/Wk/VqvY1bS9ZkZoP8gPX+BYabmac=</latexit>

ei
✓
2 (XY±Y X) <latexit sha1_base64="usaa5jyAMqFsKOBVOoGduiwxSvg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsQ9oQphMJ+3QySTM3Ag19EvcuFDErZ/izr9x+lho64ELh3Pu5d57wlRwDY7zbRVWVtfWN4qbpa3tnd2yvbff0kmmKGvSRCSqExLNBJesCRwE66SKkTgUrB0ObyZ++5EpzRP5AKOU+THpSx5xSsBIgV2+D3IvjcdVDwYMyElgV5yaMwVeJu6cVNAcjcD+8noJzWImgQqiddd1UvBzooBTwcYlL9MsJXRI+qxrqCQx034+PXyMj43Sw1GiTEnAU/X3RE5irUdxaDpjAgO96E3E/7xuBtGVn3OZZsAknS2KMoEhwZMUcI8rRkGMDCFUcXMrpgOiCAWTVcmE4C6+vExapzX3onZ+d1apX8/jKKJDdISqyEWXqI5uUQM1EUUZekav6M16sl6sd+tj1lqw5jMH6A+szx9n9ZLw</latexit>

R±(✓)

<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z
<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

<latexit sha1_base64="cypWPYOqMgnDLOIj4jvw/kc9CgY=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIr2XRjcsq9iFNCJPptB06k4SZG6GGfokbF4q49VPc+TdO2yy09cCFwzn3cu89YSK4Bsf5tpaWV1bX1gsbxc2t7Z2SvbvX1HGqKGvQWMSqHRLNBI9YAzgI1k4UIzIUrBUOryd+65EpzePoHkYJ8yXpR7zHKQEjBXbpLnioeInEHgwYkOPALjtVZwq8SNyclFGOemB/ed2YppJFQAXRuuM6CfgZUcCpYOOil2qWEDokfdYxNCKSaT+bHj7GR0bp4l6sTEWAp+rviYxIrUcyNJ2SwEDPexPxP6+TQu/Sz3iUpMAiOlvUSwWGGE9SwF2uGAUxMoRQxc2tmA6IIhRMVkUTgjv/8iJpnlTd8+rZ7Wm5dpXHUUAH6BBVkIsuUA3doDpqIIpS9Ixe0Zv1ZL1Y79bHrHXJymf20R9Ynz+iMZJx</latexit>

RY (±✓)

<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="nocUZs8NbBNFgEQ5DNOkRskPr54=">AAACDnicbZC7SgNBFIZn4z3eopY2gyEQm7AbvJWijaWC0Wg2CbOTs8mQ2QszZ4Ww7BPY+Co2ForYWtv5Nk7iFmr8YeDjP+dw5vxeLIVG2/60CjOzc/MLi0vF5ZXVtfXSxuaVjhLFocEjGammxzRIEUIDBUpoxgpY4Em49oan4/r1HSgtovASRzG0A9YPhS84Q2N1SxXopML1FeOpiwNAlqX1rNq87dRv3DigNwaau1m3VLZr9kR0GpwcyiTXebf04fYingQQIpdM65Zjx9hOmULBJWRFN9EQMz5kfWgZDFkAup1OzsloxTg96kfKvBDpxP05kbJA61Hgmc6A4UD/rY3N/2qtBP2jdirCOEEI+fciP5EUIzrOhvaEAo5yZIBxJcxfKR8wkw2aBIsmBOfvydNwVa85B7X9i73y8UkexyLZJjukShxySI7JGTknDcLJPXkkz+TFerCerFfr7bu1YOUzW+SXrPcvdeybtw==</latexit>

ei
✓
2 (XZ2Y±Y Z2X)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)—

<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="QuZ51EgVAcfiMO4SPpmH5lz/GRE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSOBDZkdGpgwO7uZmTWSDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqLSPJIPZhyjH9KB5H3OqLHS/V33qVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBQPqNzA==</latexit>

Rx

<latexit sha1_base64="omafwd0gwrFFbkayHENfBJXDsDY=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV2R6rHoxWMV+wHtWrLZbBuaza5JVixL/4QXD4p49e9489+YtnvQ1gcDj/dmmJnnJ4Jr4zjfaGl5ZXVtvbBR3Nza3tkt7e03dZwqyho0FrFq+0QzwSVrGG4EayeKkcgXrOUPryZ+65EpzWN5Z0YJ8yLSlzzklBgrtW/vuwHp9556pbJTcabAi8TNSRly1Hulr24Q0zRi0lBBtO64TmK8jCjDqWDjYjfVLCF0SPqsY6kkEdNeNr13jI+tEuAwVrakwVP190RGIq1HkW87I2IGet6biP95ndSEF17GZZIaJulsUZgKbGI8eR4HXDFqxMgSQhW3t2I6IIpQYyMq2hDc+ZcXSfO04lYr1Zuzcu0yj6MAh3AEJ+DCOdTgGurQAAoCnuEV3tADekHv6GPWuoTymQP4A/T5A+N2j+Q=</latexit>

R†
x

<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="QuZ51EgVAcfiMO4SPpmH5lz/GRE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSOBDZkdGpgwO7uZmTWSDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqLSPJIPZhyjH9KB5H3OqLHS/V33qVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBQPqNzA==</latexit>

Rx

<latexit sha1_base64="omafwd0gwrFFbkayHENfBJXDsDY=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV2R6rHoxWMV+wHtWrLZbBuaza5JVixL/4QXD4p49e9489+YtnvQ1gcDj/dmmJnnJ4Jr4zjfaGl5ZXVtvbBR3Nza3tkt7e03dZwqyho0FrFq+0QzwSVrGG4EayeKkcgXrOUPryZ+65EpzWN5Z0YJ8yLSlzzklBgrtW/vuwHp9556pbJTcabAi8TNSRly1Hulr24Q0zRi0lBBtO64TmK8jCjDqWDjYjfVLCF0SPqsY6kkEdNeNr13jI+tEuAwVrakwVP190RGIq1HkW87I2IGet6biP95ndSEF17GZZIaJulsUZgKbGI8eR4HXDFqxMgSQhW3t2I6IIpQYyMq2hDc+ZcXSfO04lYr1Zuzcu0yj6MAh3AEJ+DCOdTgGurQAAoCnuEV3tADekHv6GPWuoTymQP4A/T5A+N2j+Q=</latexit>

R†
x

<latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=
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<latexit sha1_base64="kuRmwDOgrsX2/RKFVmt/z/WBmFo=">AAACCHicbVC5TsNAEF2HO1wGSgpWREjQRHbEVSJoKINEwCgO0XozTlZZH9odI0WWSxp+hYYChGj5BDr+hs1RcD1ppKf3ZjQzL0il0Og4n1Zpanpmdm5+oby4tLyyaq+tX+kkUxwaPJGJ8gKmQYoYGihQgpcqYFEg4Tronw396ztQWiTxJQ5SaEWsG4tQcIZGattbcJsLP1SM5z72AFmR14pd78ZPI3rj7RVtu+JUnRHoX+JOSIVMUG/bH34n4VkEMXLJtG66ToqtnCkUXEJR9jMNKeN91oWmoTGLQLfy0SMF3TFKh4aJMhUjHanfJ3IWaT2IAtMZMezp395Q/M9rZhget3IRpxlCzMeLwkxSTOgwFdoRCjjKgSGMK2FupbzHTCposiubENzfL/8lV7Wqe1g9uNivnJxO4pgnm2Sb7BKXHJETck7qpEE4uSeP5Jm8WA/Wk/VqvY1bS9ZkZoP8gPX+BYabmac=</latexit>

ei
✓
2 (XY±Y X) <latexit sha1_base64="usaa5jyAMqFsKOBVOoGduiwxSvg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsQ9oQphMJ+3QySTM3Ag19EvcuFDErZ/izr9x+lho64ELh3Pu5d57wlRwDY7zbRVWVtfWN4qbpa3tnd2yvbff0kmmKGvSRCSqExLNBJesCRwE66SKkTgUrB0ObyZ++5EpzRP5AKOU+THpSx5xSsBIgV2+D3IvjcdVDwYMyElgV5yaMwVeJu6cVNAcjcD+8noJzWImgQqiddd1UvBzooBTwcYlL9MsJXRI+qxrqCQx034+PXyMj43Sw1GiTEnAU/X3RE5irUdxaDpjAgO96E3E/7xuBtGVn3OZZsAknS2KMoEhwZMUcI8rRkGMDCFUcXMrpgOiCAWTVcmE4C6+vExapzX3onZ+d1apX8/jKKJDdISqyEWXqI5uUQM1EUUZekav6M16sl6sd+tj1lqw5jMH6A+szx9n9ZLw</latexit>

R±(✓)

<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z
<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

<latexit sha1_base64="cypWPYOqMgnDLOIj4jvw/kc9CgY=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIr2XRjcsq9iFNCJPptB06k4SZG6GGfokbF4q49VPc+TdO2yy09cCFwzn3cu89YSK4Bsf5tpaWV1bX1gsbxc2t7Z2SvbvX1HGqKGvQWMSqHRLNBI9YAzgI1k4UIzIUrBUOryd+65EpzePoHkYJ8yXpR7zHKQEjBXbpLnioeInEHgwYkOPALjtVZwq8SNyclFGOemB/ed2YppJFQAXRuuM6CfgZUcCpYOOil2qWEDokfdYxNCKSaT+bHj7GR0bp4l6sTEWAp+rviYxIrUcyNJ2SwEDPexPxP6+TQu/Sz3iUpMAiOlvUSwWGGE9SwF2uGAUxMoRQxc2tmA6IIhRMVkUTgjv/8iJpnlTd8+rZ7Wm5dpXHUUAH6BBVkIsuUA3doDpqIIpS9Ixe0Zv1ZL1Y79bHrHXJymf20R9Ynz+iMZJx</latexit>

RY (±✓)

<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="nocUZs8NbBNFgEQ5DNOkRskPr54=">AAACDnicbZC7SgNBFIZn4z3eopY2gyEQm7AbvJWijaWC0Wg2CbOTs8mQ2QszZ4Ww7BPY+Co2ForYWtv5Nk7iFmr8YeDjP+dw5vxeLIVG2/60CjOzc/MLi0vF5ZXVtfXSxuaVjhLFocEjGammxzRIEUIDBUpoxgpY4Em49oan4/r1HSgtovASRzG0A9YPhS84Q2N1SxXopML1FeOpiwNAlqX1rNq87dRv3DigNwaau1m3VLZr9kR0GpwcyiTXebf04fYingQQIpdM65Zjx9hOmULBJWRFN9EQMz5kfWgZDFkAup1OzsloxTg96kfKvBDpxP05kbJA61Hgmc6A4UD/rY3N/2qtBP2jdirCOEEI+fciP5EUIzrOhvaEAo5yZIBxJcxfKR8wkw2aBIsmBOfvydNwVa85B7X9i73y8UkexyLZJjukShxySI7JGTknDcLJPXkkz+TFerCerFfr7bu1YOUzW+SXrPcvdeybtw==</latexit>

ei
✓
2 (XZ2Y±Y Z2X) <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)—

<latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="mtnAL5+dVr3orukBugGG2Fm6hQs=">AAACDnicbZC7SgNBFIZnvRtvq5Y2gyGgTdgN8VKKNpYRTIxmkzA7OZsMmb0wc1YIyz6Bja9iY6GIrbWdb+MkpvD2w8DHf87hzPn9RAqNjvNhzczOzS8sLi0XVlbX1jfsza2GjlPFoc5jGaumzzRIEUEdBUpoJgpY6Eu48odn4/rVLSgt4ugSRwm0Q9aPRCA4Q2N17RJ0MuEFivHMwwEgy7NKvte86VSvvSSk1waa+3nXLjplZyL6F9wpFMlUta797vVinoYQIZdM65brJNjOmELBJeQFL9WQMD5kfWgZjFgIup1NzslpyTg9GsTKvAjpxP0+kbFQ61Hom86Q4UD/ro3N/2qtFIPjdiaiJEWI+NeiIJUUYzrOhvaEAo5yZIBxJcxfKR8wkw2aBAsmBPf3yX+hUSm7h+WDi2rx5HQaxxLZIbtkj7jkiJyQc1IjdcLJHXkgT+TZurcerRfr9at1xprObJMfst4+AXwam7s=</latexit>

ei
✓
2 (XZ4Y±Y Z4X) <latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=—
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Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024

<latexit sha1_base64="drdDOlZBXQVzEClzI4f0r1pH6Bc="></latexit>

Ô
V
mh(1) =

1

2

2L�2X

n=0

(�1)n
⇣
X̂nŶn+1 � ŶnX̂n+1

⌘ <latexit sha1_base64="m4TLNLYMeKjBXtxfn6S7uUUVcmc=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SQBL96MYBbIRk+nkmnSs9BdI4RhTl78FS8eFPHqN3jzb+wsB018UPB4r4qqem4khUbb/rYWFpeWV1Yza9n1jc2t7dzOblWHseJQ4aEMVd1lGqQIoIICJdQjBcx3JdTcwfXIrz2A0iIM7nEYQctn/UD0BGdopE7uANqJaKIHyJoeQ3rbSXwvbSfVtOAcp51c3i7aY9B54kxJnkxR7uS+mt2Qxz4EyCXTuuHYEbYSplBwCWm2GWuIGB+wPjQMDZgPupWM30jpkVG6tBcqUwHSsfp7ImG+1kPfNZ0+Q0/PeiPxP68RY++ylYggihECPlnUiyXFkI4yoV2hgKMcGsK4EuZWyj2mGEeTXNaE4My+PE+qJ0XnvHh2d5ovXU3jyJB9ckgKxCEXpERuSJlUCCeP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A+K+Yyw==</latexit>

ei✓Ô
V
mh(1)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="ty5ApKRRuOKimSej3Uml9xAb7tE=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiDEQ8KMuB2DXjxGMQtkhtDTqSRNeha6a4Qw5De8eFDEqz/jzb+xk8xBEx8UPN6roqqeH0uh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRHBo8kpFq+0yDFCE0UKCEdqyABb6Elj+6nfqtJ1BaROEjjmPwAjYIRV9whkZyH7qVcsXFISA77RZLdtWegS4TJyMlkqHeLX65vYgnAYTIJdO649gxeilTKLiEScFNNMSMj9gAOoaGLADtpbObJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r5Ng/9pLRRgnCCGfL+onkmJEpwHQnlDAUY4NYVwJcyvlQ6YYRxNTwYTgLL68TJpnVeeyenF/XqrdZHHkyRE5JmXikCtSI3ekThqEk5g8k1fyZiXWi/Vufcxbc1Y2c0j+wPr8AaJEkMo=</latexit>

R�(�✓)

<latexit sha1_base64="CgCG+/VXVP/4aJSrRBUsHbs1KVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo40SsLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9rLSLZbcsjsD+Uu8jJQgQ61b/Oz0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezUCTmySo/0I21LIZmpPydSGhozDgPbGVIcmkVvKv7ntRPsX/ipUHGCXLH5on4iCUZk+jfpCc0ZyrEllGlhbyVsSDVlaNMp2BC8xZf/ksZJ2auUz+5OS9WrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOej41d</latexit>

L = 6Example for

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="t21v5YvPQGshkHLPbbJM8czS7dE=">AAACBnicbVDJSgNBEO2JW4xb1KMIg0GIh4SZ4HYMevEYwWwkMfR0apImPQvdNUIY5uTFX/HiQRGvfoM3/8bOctDEBwWP96qoqueEgiu0rG8jtbS8srqWXs9sbG5t72R392oqiCSDKgtEIBsOVSC4D1XkKKARSqCeI6DuDK/Hfv0BpOKBf4ejEDoe7fvc5YyilrrZQ7iPC7ztSsriNg4AaRKXknyjWWg2TpJuNmcVrQnMRWLPSI7MUOlmv9q9gEUe+MgEVaplWyF2YiqRMwFJph0pCCkb0j60NPWpB6oTT95IzGOt9Ew3kLp8NCfq74mYekqNPEd3ehQHat4bi/95rQjdy07M/TBC8Nl0kRsJEwNznInZ4xIYipEmlEmubzXZgOpIUCeX0SHY8y8vklqpaJ8Xz25Pc+WrWRxpckCOSJ7Y5IKUyQ2pkCph5JE8k1fyZjwZL8a78TFtTRmzmX3yB8bnD5z3mJQ=</latexit>

e�i ✓
2 (XY�Y X)

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="t21v5YvPQGshkHLPbbJM8czS7dE=">AAACBnicbVDJSgNBEO2JW4xb1KMIg0GIh4SZ4HYMevEYwWwkMfR0apImPQvdNUIY5uTFX/HiQRGvfoM3/8bOctDEBwWP96qoqueEgiu0rG8jtbS8srqWXs9sbG5t72R392oqiCSDKgtEIBsOVSC4D1XkKKARSqCeI6DuDK/Hfv0BpOKBf4ejEDoe7fvc5YyilrrZQ7iPC7ztSsriNg4AaRKXknyjWWg2TpJuNmcVrQnMRWLPSI7MUOlmv9q9gEUe+MgEVaplWyF2YiqRMwFJph0pCCkb0j60NPWpB6oTT95IzGOt9Ew3kLp8NCfq74mYekqNPEd3ehQHat4bi/95rQjdy07M/TBC8Nl0kRsJEwNznInZ4xIYipEmlEmubzXZgOpIUCeX0SHY8y8vklqpaJ8Xz25Pc+WrWRxpckCOSJ7Y5IKUyQ2pkCph5JE8k1fyZjwZL8a78TFtTRmzmX3yB8bnD5z3mJQ=</latexit>

e�i ✓
2 (XY�Y X)

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="t21v5YvPQGshkHLPbbJM8czS7dE=">AAACBnicbVDJSgNBEO2JW4xb1KMIg0GIh4SZ4HYMevEYwWwkMfR0apImPQvdNUIY5uTFX/HiQRGvfoM3/8bOctDEBwWP96qoqueEgiu0rG8jtbS8srqWXs9sbG5t72R392oqiCSDKgtEIBsOVSC4D1XkKKARSqCeI6DuDK/Hfv0BpOKBf4ejEDoe7fvc5YyilrrZQ7iPC7ztSsriNg4AaRKXknyjWWg2TpJuNmcVrQnMRWLPSI7MUOlmv9q9gEUe+MgEVaplWyF2YiqRMwFJph0pCCkb0j60NPWpB6oTT95IzGOt9Ew3kLp8NCfq74mYekqNPEd3ehQHat4bi/95rQjdy07M/TBC8Nl0kRsJEwNznInZ4xIYipEmlEmubzXZgOpIUCeX0SHY8y8vklqpaJ8Xz25Pc+WrWRxpckCOSJ7Y5IKUyQ2pkCph5JE8k1fyZjwZL8a78TFtTRmzmX3yB8bnD5z3mJQ=</latexit>

e�i ✓
2 (XY�Y X)

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="t21v5YvPQGshkHLPbbJM8czS7dE=">AAACBnicbVDJSgNBEO2JW4xb1KMIg0GIh4SZ4HYMevEYwWwkMfR0apImPQvdNUIY5uTFX/HiQRGvfoM3/8bOctDEBwWP96qoqueEgiu0rG8jtbS8srqWXs9sbG5t72R392oqiCSDKgtEIBsOVSC4D1XkKKARSqCeI6DuDK/Hfv0BpOKBf4ejEDoe7fvc5YyilrrZQ7iPC7ztSsriNg4AaRKXknyjWWg2TpJuNmcVrQnMRWLPSI7MUOlmv9q9gEUe+MgEVaplWyF2YiqRMwFJph0pCCkb0j60NPWpB6oTT95IzGOt9Ew3kLp8NCfq74mYekqNPEd3ehQHat4bi/95rQjdy07M/TBC8Nl0kRsJEwNznInZ4xIYipEmlEmubzXZgOpIUCeX0SHY8y8vklqpaJ8Xz25Pc+WrWRxpckCOSJ7Y5IKUyQ2pkCph5JE8k1fyZjwZL8a78TFtTRmzmX3yB8bnD5z3mJQ=</latexit>

e�i ✓
2 (XY�Y X)

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="t21v5YvPQGshkHLPbbJM8czS7dE=">AAACBnicbVDJSgNBEO2JW4xb1KMIg0GIh4SZ4HYMevEYwWwkMfR0apImPQvdNUIY5uTFX/HiQRGvfoM3/8bOctDEBwWP96qoqueEgiu0rG8jtbS8srqWXs9sbG5t72R392oqiCSDKgtEIBsOVSC4D1XkKKARSqCeI6DuDK/Hfv0BpOKBf4ejEDoe7fvc5YyilrrZQ7iPC7ztSsriNg4AaRKXknyjWWg2TpJuNmcVrQnMRWLPSI7MUOlmv9q9gEUe+MgEVaplWyF2YiqRMwFJph0pCCkb0j60NPWpB6oTT95IzGOt9Ew3kLp8NCfq74mYekqNPEd3ehQHat4bi/95rQjdy07M/TBC8Nl0kRsJEwNznInZ4xIYipEmlEmubzXZgOpIUCeX0SHY8y8vklqpaJ8Xz25Pc+WrWRxpckCOSJ7Y5IKUyQ2pkCph5JE8k1fyZjwZL8a78TFtTRmzmX3yB8bnD5z3mJQ=</latexit>

e�i ✓
2 (XY�Y X)

<latexit sha1_base64="hZoNgvcFOnhCttyoAzdipkmQD08=">AAACBXicbVDJSgNBEO1xjXEb9aiHwSDEg2EmuB2DXjxGMBtJDD2dmqRJz0J3jRCGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6rmR4Apt+9tYWFxaXlnNrGXXNza3ts2d3aoKY8mgwkIRyrpLFQgeQAU5CqhHEqjvCqi5g+uRX3sAqXgY3OEwgrZPewH3OKOopY55APcJb3mSsqSFfUCaJsU0X2+cNOrHacfM2QV7DGueOFOSI1OUO+ZXqxuy2IcAmaBKNR07wnZCJXImIM22YgURZQPag6amAfVBtZPxF6l1pJWu5YVSV4DWWP09kVBfqaHv6k6fYl/NeiPxP68Zo3fZTngQxQgBmyzyYmFhaI0isbpcAkMx1IQyyfWtFutTHQnq4LI6BGf25XlSLRac88LZ7WmudDWNI0P2ySHJE4dckBK5IWVSIYw8kmfySt6MJ+PFeDc+Jq0LxnRmj/yB8fkDLeeYXQ==</latexit>

ei
✓
2 (XY�Y X)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=



16

Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024 <latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="ty5ApKRRuOKimSej3Uml9xAb7tE=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiDEQ8KMuB2DXjxGMQtkhtDTqSRNeha6a4Qw5De8eFDEqz/jzb+xk8xBEx8UPN6roqqeH0uh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRHBo8kpFq+0yDFCE0UKCEdqyABb6Elj+6nfqtJ1BaROEjjmPwAjYIRV9whkZyH7qVcsXFISA77RZLdtWegS4TJyMlkqHeLX65vYgnAYTIJdO649gxeilTKLiEScFNNMSMj9gAOoaGLADtpbObJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r5Ng/9pLRRgnCCGfL+onkmJEpwHQnlDAUY4NYVwJcyvlQ6YYRxNTwYTgLL68TJpnVeeyenF/XqrdZHHkyRE5JmXikCtSI3ekThqEk5g8k1fyZiXWi/Vufcxbc1Y2c0j+wPr8AaJEkMo=</latexit>

R�(�✓)

<latexit sha1_base64="CgCG+/VXVP/4aJSrRBUsHbs1KVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo40SsLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9rLSLZbcsjsD+Uu8jJQgQ61b/Oz0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezUCTmySo/0I21LIZmpPydSGhozDgPbGVIcmkVvKv7ntRPsX/ipUHGCXLH5on4iCUZk+jfpCc0ZyrEllGlhbyVsSDVlaNMp2BC8xZf/ksZJ2auUz+5OS9WrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOej41d</latexit>

L = 6Example for

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="fVH9Wj+9WNS7gQ/r6ik/QG379mU="></latexit>

Ô
V
mh(3) =

1

2

2L�4X

n=0

(�1)n
⇣
X̂nẐ

2
Ŷn+3 � ŶnẐ

2
X̂n+3

⌘ <latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)
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Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024 <latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="ty5ApKRRuOKimSej3Uml9xAb7tE=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiDEQ8KMuB2DXjxGMQtkhtDTqSRNeha6a4Qw5De8eFDEqz/jzb+xk8xBEx8UPN6roqqeH0uh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRHBo8kpFq+0yDFCE0UKCEdqyABb6Elj+6nfqtJ1BaROEjjmPwAjYIRV9whkZyH7qVcsXFISA77RZLdtWegS4TJyMlkqHeLX65vYgnAYTIJdO649gxeilTKLiEScFNNMSMj9gAOoaGLADtpbObJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r5Ng/9pLRRgnCCGfL+onkmJEpwHQnlDAUY4NYVwJcyvlQ6YYRxNTwYTgLL68TJpnVeeyenF/XqrdZHHkyRE5JmXikCtSI3ekThqEk5g8k1fyZiXWi/Vufcxbc1Y2c0j+wPr8AaJEkMo=</latexit>

R�(�✓)

<latexit sha1_base64="CgCG+/VXVP/4aJSrRBUsHbs1KVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo40SsLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9rLSLZbcsjsD+Uu8jJQgQ61b/Oz0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezUCTmySo/0I21LIZmpPydSGhozDgPbGVIcmkVvKv7ntRPsX/ipUHGCXLH5on4iCUZk+jfpCc0ZyrEllGlhbyVsSDVlaNMp2BC8xZf/ksZJ2auUz+5OS9WrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOej41d</latexit>

L = 6Example for

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="fVH9Wj+9WNS7gQ/r6ik/QG379mU="></latexit>

Ô
V
mh(3) =

1

2

2L�4X

n=0

(�1)n
⇣
X̂nẐ

2
Ŷn+3 � ŶnẐ

2
X̂n+3

⌘ <latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)
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Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024 <latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="ty5ApKRRuOKimSej3Uml9xAb7tE=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiDEQ8KMuB2DXjxGMQtkhtDTqSRNeha6a4Qw5De8eFDEqz/jzb+xk8xBEx8UPN6roqqeH0uh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRHBo8kpFq+0yDFCE0UKCEdqyABb6Elj+6nfqtJ1BaROEjjmPwAjYIRV9whkZyH7qVcsXFISA77RZLdtWegS4TJyMlkqHeLX65vYgnAYTIJdO649gxeilTKLiEScFNNMSMj9gAOoaGLADtpbObJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r5Ng/9pLRRgnCCGfL+onkmJEpwHQnlDAUY4NYVwJcyvlQ6YYRxNTwYTgLL68TJpnVeeyenF/XqrdZHHkyRE5JmXikCtSI3ekThqEk5g8k1fyZiXWi/Vufcxbc1Y2c0j+wPr8AaJEkMo=</latexit>

R�(�✓)

<latexit sha1_base64="CgCG+/VXVP/4aJSrRBUsHbs1KVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo40SsLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9rLSLZbcsjsD+Uu8jJQgQ61b/Oz0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezUCTmySo/0I21LIZmpPydSGhozDgPbGVIcmkVvKv7ntRPsX/ipUHGCXLH5on4iCUZk+jfpCc0ZyrEllGlhbyVsSDVlaNMp2BC8xZf/ksZJ2auUz+5OS9WrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOej41d</latexit>

L = 6Example for

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="fVH9Wj+9WNS7gQ/r6ik/QG379mU="></latexit>

Ô
V
mh(3) =

1

2

2L�4X

n=0

(�1)n
⇣
X̂nẐ

2
Ŷn+3 � ŶnẐ

2
X̂n+3

⌘ <latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)
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Preparing the Vacuum: Efficient Circuts
Using the tools developed in Algaba et al., Quantum 2024 <latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="tO3U/anJZ4gMEGEof4zMNUzf5a8=">AAACAXicbVC7SgNBFJ31GeMramkzGIRYGHbFVxm0sYxiHrBZwuxkNhkys7PM3BVCSOU32GptJ7Z+iaV/4iTZwiQeuHA4517uvSdMBDfgut/O0vLK6tp6biO/ubW9s1vY268blWrKalQJpZshMUzwmNWAg2DNRDMiQ8EaYf927DeemDZcxY8wSFggSTfmEacErOQ/tE9LLegxICftQtEtuxPgReJlpIgyVNuFn1ZH0VSyGKggxviem0AwJBo4FWyUb6WGJYT2SZf5lsZEMhMMJyeP8LFVOjhS2lYMeKL+nRgSacxAhrZTEuiZeW8s/uf5KUTXwZDHSQosptNFUSowKDz+H3e4ZhTEwBJCNbe3YtojmlCwKc1sCeXIZuLNJ7BI6mdl77J8cX9erNxk6eTQITpCJeShK1RBd6iKaogihV7QK3pznp1358P5nLYuOdnMAZqB8/ULC+SXKQ==</latexit>

R�(✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="un/9slrI0X8ZjEkthF+rrbnTu5g=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUBFLUrwti25cVrEXaEKYTCd16GQSZiZCDXkFn8Gtrt2JW9/BpW/itM3Ctv5w4Oc/53AOnx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH1yP+u1HIiSN+L0axsQNUZ/TgGKkdOSZe3feceXEUYFAOHVimqW17Mgzy1bVGgvOGzs3ZZCr4Zk/Ti/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxAfdLVlqOQSDcdf5/BQ530YBAJXVzBcfp3I0WhlMPQ15MhUg9ytjcK/+t1ExVcuinlcaIIx5NDQcKgiuAIBexRQbBiQ20QFlT/CvED0iCUBjZ1xQ8zzcSeJTBvWrWqfV49uz0t169yOkWwDw5ABdjgAtTBDWiAJsDgCbyAV/BmPBvvxofxORktGPnOLpiS8fULfoqbMA==</latexit>

R+(�⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="FwHmJnlJHSqBL3mxTPl4ZwgghT0=">AAACDHicbZDLSsNAFIYnXmu9xcvOzWARKoWSFG/LohuXVewFmhAm00k7dDIJMxOhhryCz+BW1+7Ere/g0jdx2mZhW3848POfcziHz48Zlcqyvo2l5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH96M++1HIiSN+IMaxcQNUZ/TgGKkdOSZh/depVxxVCAQTp2YZmktO/XMklW1JoKLxs5NCeRqeOaP04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3S15Sgk0k0n32fwRCc9GERCF1dwkv7dSFEo5Sj09WSI1EDO98bhf71uooIrN6U8ThTheHooSBhUERyjgD0qCFZspA3CgupfIR4gDUJpYDNX/DDTTOx5AoumVavaF9Xzu7NS/TqnUwBH4BiUgQ0uQR3cggZoAgyewAt4BW/Gs/FufBif09ElI985ADMyvn4Be0abLg==</latexit>

R+(+
⇡
2 )

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>= <latexit sha1_base64="ty5ApKRRuOKimSej3Uml9xAb7tE=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiDEQ8KMuB2DXjxGMQtkhtDTqSRNeha6a4Qw5De8eFDEqz/jzb+xk8xBEx8UPN6roqqeH0uh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRHBo8kpFq+0yDFCE0UKCEdqyABb6Elj+6nfqtJ1BaROEjjmPwAjYIRV9whkZyH7qVcsXFISA77RZLdtWegS4TJyMlkqHeLX65vYgnAYTIJdO649gxeilTKLiEScFNNMSMj9gAOoaGLADtpbObJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r5Ng/9pLRRgnCCGfL+onkmJEpwHQnlDAUY4NYVwJcyvlQ6YYRxNTwYTgLL68TJpnVeeyenF/XqrdZHHkyRE5JmXikCtSI3ekThqEk5g8k1fyZiXWi/Vufcxbc1Y2c0j+wPr8AaJEkMo=</latexit>

R�(�✓)

<latexit sha1_base64="CgCG+/VXVP/4aJSrRBUsHbs1KVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo40SsLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9rLSLZbcsjsD+Uu8jJQgQ61b/Oz0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezUCTmySo/0I21LIZmpPydSGhozDgPbGVIcmkVvKv7ntRPsX/ipUHGCXLH5on4iCUZk+jfpCc0ZyrEllGlhbyVsSDVlaNMp2BC8xZf/ksZJ2auUz+5OS9WrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOej41d</latexit>

L = 6Example for

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="fVH9Wj+9WNS7gQ/r6ik/QG379mU="></latexit>

Ô
V
mh(3) =

1

2

2L�4X

n=0

(�1)n
⇣
X̂nẐ

2
Ŷn+3 � ŶnẐ

2
X̂n+3

⌘ <latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="BbBOHksTQjQ/ncn3yHqGfT6pqgc=">AAACC3icbVC5TgMxEPWGK4QrQEmzSoQUCqLdiKuMoKEMErnIJa8zm1jxHrJnkaLV9jT8Cg0FCNHyA3T8Dc5RQOBJM3p6b0b2PCcUXKFlfRmppeWV1bX0emZjc2t7J7u7V1NBJBlUWSAC2XCoAsF9qCJHAY1QAvUcAXVndDXx6/cgFQ/8WxyH0PHowOcuZxS11MvmoBvztispi9s4BKRJXEoKjbtuqXnc1L1xlPSyeatoTWH+Jfac5MkclV72s90PWOSBj0xQpVq2FWInphI5E5Bk2pGCkLIRHUBLU596oDrx9JbEPNRK33QDqctHc6r+3Iipp9TYc/SkR3GoFr2J+J/XitC96MTcDyMEn80eciNhYmBOgjH7XAJDMdaEMsn1X002pDoY1PFldAj24sl/Sa1UtM+Kpzcn+fLlPI40OSA5UiA2OSdlck0qpEoYeSBP5IW8Go/Gs/FmvM9GU8Z8Z5/8gvHxDRbSmm0=</latexit>

ei
✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)

<latexit sha1_base64="1LgkT4IMLlsi70qcgviHPkSMVtQ=">AAACDHicbVC5TgMxFPRyhnAFKGlWREihSLQbcZURNJRBIhe55HXeJla8h+y3SNFqP4CGX6GhACFaPoCOv8E5CkgYydZoZp7sN04ouELL+jaWlldW19ZTG+nNre2d3czeflUFkWRQYYEIZN2hCgT3oYIcBdRDCdRzBNSc4fXYrz2AVDzw73AUQtujfZ+7nFHUUjeThU6c5y1XUha3cABIk7iY5Or3nWIj39B3/STRKatgTWAuEntGsmSGcjfz1eoFLPLARyaoUk3bCrEdU4mcCUjSrUhBSNmQ9qGpqU89UO14skxiHmulZ7qB1MdHc6L+noipp9TIc3TSozhQ895Y/M9rRuhetmPuhxGCz6YPuZEwMTDHzZg9LoGhGGlCmeT6ryYbUF0M6v7SugR7fuVFUi0W7PPC2e1ptnQ1qyNFDskRyRGbXJASuSFlUiGMPJJn8krejCfjxXg3PqbRJWM2c0D+wPj8AYb8mqQ=</latexit>

e�i ✓
2 (XZ2Y�Y Z2X)
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Convergence as a funtion of Layers

<latexit sha1_base64="iiNc6SNPxzrSN9Vi9vN1lXrvtRc=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhWcVd8NYpgY2ERwUQhu4S7k5tkcHZ2mZkNhCW/YOOv2FgoYmtn5984SbbwdeDCmXPuZe49USq4Np736UxNz8zOzZcWyotLyyur7tp6QyeZYlhniUjUbQQaBZdYN9wIvE0VQhwJvInuzkf+TR+V5om8NoMUwxi6knc4A2OllrsT9EFhqrlIJD2hgQDZFUiDHpj8YkgDNXnvXrbcilf1xqB/iV+QCilQa7kfQTthWYzSMAFaN30vNWEOynAmcFgOMo0psDvoYtNSCTHqMB9fNKTbVmnTTqJsSUPH6veJHGKtB3FkO2MwPf3bG4n/ec3MdI7DnMs0MyjZ5KNOJqhJ6Cge2uYKmREDS4ApbnelrAcKmLEhlm0I/u+T/5LGXtU/rB5c7VfOTos4SmSTbJEd4pMjckYuSI3UCSP35JE8kxfnwXlyXp23SeuUU8xskB9w3r8AXz6ctQ==</latexit>

" = hĤi/L

<latexit sha1_base64="DVtkYPG9MLlTrsEHPYNXn9V4d64="></latexit>

� = h  i ! 1

L

X

i

h i ii

<latexit sha1_base64="pVplRnVOc9N1FmSfLx4YV73EBmU="></latexit>

�x =

����
x(aVQE) � x(exact)

x(exact)

����

(using classical resources)

<latexit sha1_base64="497DzWpCySVyykdSd1eW8E4uTCg=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8LbtFqxel4MVjBfsB7VKyabYNzWaXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxLBtXHdb7Syura+sVnYKm7v7O7tlw4OmzpOFWUNGotYtQOimeCSNQw3grUTxUgUCNYKRrdTv/XIlOaxfDDjhPkRGUgeckqMlVrdJ35dcaq9Utl13BnwMvFyUoYc9V7pq9uPaRoxaaggWnc8NzF+RpThVLBJsZtqlhA6IgPWsVSSiGk/m507wadW6eMwVrakwTP190RGIq3HUWA7I2KGetGbiv95ndSEV37GZZIaJul8UZgKbGI8/R33uWLUiLElhCpub8V0SBShxiZUtCF4iy8vk2bF8arOxf15uXaTx1GAYziBM/DgEmpwB3VoAIURPMMrvKEEvaB39DFvXUH5zBH8Afr8ATfEjtY=</latexit>

⇠ = 2.6
<latexit sha1_base64="bdRf2zWsKEu+Xp7+3T3t5H+uG5U=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBoPgadn1fVECXjxGMA9IljA7mU2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSK4Nq77jQpLyyura8X10sbm1vZOeXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geDvxm49MaR7LBzNKmB+RvuQhp8RYqdl54teec9otV1zHnQIvEi8nFchR65a/Or2YphGThgqiddtzE+NnRBlOBRuXOqlmCaFD0mdtSyWJmPaz6bljfGSVHg5jZUsaPFV/T2Qk0noUBbYzImag572J+J/XTk145WdcJqlhks4WhanAJsaT33GPK0aNGFlCqOL2VkwHRBFqbEIlG4I3//IiaZw43oVzfn9Wqd7kcRThAA7hGDy4hCrcQQ3qQGEIz/AKbyhBL+gdfcxaCyif2Yc/QJ8/MbKO0g==</latexit>

⇠ = 1.3
<latexit sha1_base64="em4+2xwZoYMCukiM0Ymb8ehfo8Y=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBoPgadkVnwcl4MVjBPOAZAmzk9lkyOzsMjMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFSSCa+O636iwtLyyulZcL21sbm3vlHf3GjpOFWV1GotYtQKimeCS1Q03grUSxUgUCNYMhrcTv/nIlOaxfDCjhPkR6UseckqMlZqdJ37tOlfdcsV13CnwIvFyUoEctW75q9OLaRoxaaggWrc9NzF+RpThVLBxqZNqlhA6JH3WtlSSiGk/m547xkdW6eEwVrakwVP190RGIq1HUWA7I2IGet6biP957dSEl37GZZIaJulsUZgKbGI8+R33uGLUiJElhCpub8V0QBShxiZUsiF48y8vksaJ4507Z/enlepNHkcRDuAQjsGDC6jCHdSgDhSG8Ayv8IYS9ILe0cestYDymX34A/T5AzlEjtc=</latexit>

⇠ = 0.9

10°2±"

m = 0.1 , g = 0.3

10°3

10°2

m = 0.1 , g = 0.8

10°3

10°2

m = 0.5 , g = 0.3

10°1

±¬

10°2

10°1

10°3

10°2

10°1

1 2 3 4 5 6 7 8 9 10

step

10°2

I L

1 2 3 4 5 6 7 8 9 10

step

10°3

10°2

1 2 3 4 5 6 7 8 9 10

step

10°4

10°3

L = 6 L = 7 L = 8 L = 9 L = 10 L = 11 L = 12 L = 13 L = 14

<latexit sha1_base64="AM8VxNou+04R4FpwvTt/jroND/Q="></latexit>

IL =
1

L
(1� |h ansatz| exacti|2)
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Convergence as a funtion of Layers (using classical resources)

8 10 12 14

L

0.1390

0.1392

0.1394

0.1396

0.1398

0.1400

µ 1

m = 0.5, g = 0.3

ADAPT-VQE

Exponential Fit

Extrap. Fit

EÆ.-µ

EÆ.-µ Band

Having exponentially-decaying correlations, and in volumes large enough to contain the longest correlation length, 
the variational parameters are expected to be exponentially close to their infinite-volume values. 

<latexit sha1_base64="19pFu3/kQRWRUFOfBtgE98Q3Ivw=">AAACF3icbZDJSgNBEIZ74h63qEcvjUFQxDAjbhdF8OLBg4IxQpahp1OTNPb0DN01QhjmLbz4Kl48KOJVb76NneXg9kPDx19VVNcfJFIYdN1PpzA2PjE5NT1TnJ2bX1gsLS1fmzjVHKo8lrG+CZgBKRRUUaCEm0QDiwIJteD2tF+v3YE2IlZX2EugGbGOEqHgDK3llyoN7AIyX2ycbx4NuZU1hAqxl/uZyLe471FoZdvc36HnuV8quxV3IPoXvBGUyUgXfumj0Y55GoFCLpkxdc9NsJkxjYJLyIuN1EDC+C3rQN2iYhGYZja4K6fr1mnTMNb2KaQD9/tExiJjelFgOyOGXfO71jf/q9VTDA+bmVBJiqD4cFGYSoox7YdE20IDR9mzwLgW9q+Ud5lmHG2URRuC9/vkv3C9U/H2K3uXu+WT41Ec02SVrJEN4pEDckLOyAWpEk7uySN5Ji/Og/PkvDpvw9aCM5pZIT/kvH8B9GSfJQ==</latexit>

✓i(L) = ✓1i + c1e
�c2L

Ratio of      for 4 consecutive Ls  
to cancel               contribution

<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i
<latexit sha1_base64="dEtR0Qp3ibJ6MwaVVVSoC+VMHH8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBG8WJLi17HoxYOHCvYD2hg220m7dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq2l5ZXVtfXCRnFza3tnt7S331RxKik2aMxj2Q6IQs4ENjTTHNuJRBIFHFvB8Gbit55QKhaLBz1K0ItIX7CQUaKN1KW+i4/ZKfWrd2O/VHYqzhT2InFzUoYcdb/01e3FNI1QaMqJUh3XSbSXEakZ5TgudlOFCaFD0seOoYJEqLxsevPYPjZKzw5jaUpoe6r+nshIpNQoCkxnRPRAzXsT8T+vk+rwysuYSFKNgs4WhSm3dWxPArB7TCLVfGQIoZKZW206IJJQbWIqmhDc+ZcXSbNacS8q5/dn5dp1HkcBDuEITsCFS6jBLdShARQSeIZXeLNS68V6tz5mrUtWPnMAf2B9/gAZvZEX</latexit>

c1e
�c2L

(like effective mass in LQCD)



We need to map the 
circuit on the chip
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Running on a Quantum Computer
Once we have the angles of the operators up to L=14 computed classically, we can extrapolate 
them to arbitrarily large L

We run circuits with 2 layers for L=14, 20, 30, 40 and 50 (which means 28, 40, 60, 80 and 100 
qubits)

X

X

X

X

X

XPr
ep

ar
e 

st
ro

ng
-c

ou
pl

in
g 

va
cu

um

<latexit sha1_base64="m4TLNLYMeKjBXtxfn6S7uUUVcmc=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SQBL96MYBbIRk+nkmnSs9BdI4RhTl78FS8eFPHqN3jzb+wsB018UPB4r4qqem4khUbb/rYWFpeWV1Yza9n1jc2t7dzOblWHseJQ4aEMVd1lGqQIoIICJdQjBcx3JdTcwfXIrz2A0iIM7nEYQctn/UD0BGdopE7uANqJaKIHyJoeQ3rbSXwvbSfVtOAcp51c3i7aY9B54kxJnkxR7uS+mt2Qxz4EyCXTuuHYEbYSplBwCWm2GWuIGB+wPjQMDZgPupWM30jpkVG6tBcqUwHSsfp7ImG+1kPfNZ0+Q0/PeiPxP68RY++ylYggihECPlnUiyXFkI4yoV2hgKMcGsK4EuZWyj2mGEeTXNaE4My+PE+qJ0XnvHh2d5ovXU3jyJB9ckgKxCEXpERuSJlUCCeP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A+K+Yyw==</latexit>

ei✓Ô
V
mh(1)1

<latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)2



We need to map the 
circuit on the chip

Errors that we need to consider:

✦ Readout errors (p~10-3-10-2)

✦ Idling errors     Dynamical Decoupling

✦ Coherent and incoherent errors
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Running on a Quantum Computer
Once we have the angles of the operators up to L=14 computed classically, we can extrapolate 
them to arbitrarily large L

We run circuits with 2 layers for L=14, 20, 30, 40 and 50 (which means 28, 40, 60, 80 and 100 
qubits)
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<latexit sha1_base64="m4TLNLYMeKjBXtxfn6S7uUUVcmc=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SQBL96MYBbIRk+nkmnSs9BdI4RhTl78FS8eFPHqN3jzb+wsB018UPB4r4qqem4khUbb/rYWFpeWV1Yza9n1jc2t7dzOblWHseJQ4aEMVd1lGqQIoIICJdQjBcx3JdTcwfXIrz2A0iIM7nEYQctn/UD0BGdopE7uANqJaKIHyJoeQ3rbSXwvbSfVtOAcp51c3i7aY9B54kxJnkxR7uS+mt2Qxz4EyCXTuuHYEbYSplBwCWm2GWuIGB+wPjQMDZgPupWM30jpkVG6tBcqUwHSsfp7ImG+1kPfNZ0+Q0/PeiPxP68RY++ylYggihECPlnUiyXFkI4yoV2hgKMcGsK4EuZWyj2mGEeTXNaE4My+PE+qJ0XnvHh2d5ovXU3jyJB9ckgKxCEXpERuSJlUCCeP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A+K+Yyw==</latexit>

ei✓Ô
V
mh(1)1

<latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)2
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Running on a Quantum Computer: Chiral Condensate
<latexit sha1_base64="dXx1W6iikVspJbCUVNtsPBP8XKg="></latexit>

� =
1

L

X

i

h i ii =
1

2L

X

i

[(�1)iZi + I] ⌘ 1

2L

X

i

�i

There are still additional errors Main contribution coming from 2-qubit gates, i.e., CNOTs
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Mitigating the noise
On a quantum computer, we have to deal with:

✦ Incoherent (stochastic) noise: relaxation and dephasing (T1 and T2 times) 
✦ Coherent noise: unitary rotations caused by miscalibrations or cross-talk

We know how to deal with incoherent noise (later), but not with coherent noise. However, there is 
a way to transform coherent noise into incoherent noise

Pauli Twirling (or randomized compiling)

P1

P2

P3

P4

Pi = {I,X,Y,Z}

<latexit sha1_base64="n88h3E2HbYgnfljFj1ThvHImN2w=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3LisYB/QDiWTZtrQTBKSjFiGfoQbF4q49Xvc+Tem7Sy09cCFwzn3cu89keLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVuR9hQzgRtWGY5bStNcRJx2opGt1O/9Ui1YVI82LGiYYIHgsWMYOukVhcrpeVTr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m5E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vg4zJlRqqSDzRXHKkZVo+jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIFl9eJs2zanBZvbg/r9Ru8jiKcATHcAoBXEEN7qAODSAwgmd4hTdPeS/eu/cxby14+cwh/IH3+QOVbo+8</latexit>⇡
Noisless  

limit
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Mitigating the noise
<latexit sha1_base64="dXx1W6iikVspJbCUVNtsPBP8XKg="></latexit>

� =
1

L

X

i

h i ii =
1

2L

X

i

[(�1)iZi + I] ⌘ 1

2L

X

i

�i

Averaged over 40 Pauli Twirled circuits

The remaining errors are incoherent (stochastic)
We can correct them using  
Operator Decoherence 
Renormalization (ODR)



If we only have incoherence noise, we can assume that our measured observable is related to 
the noiseless one via the following relation:
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Mitigating the noise
Operator Decoherence Renormalization (ODR)

<latexit sha1_base64="OXI/Zdr7yZ7u0tePKmwcsnQq+UI="></latexit>

hÔimeas = (1� ⌘O) hÔipred

We need a way estimate the noise parameter <latexit sha1_base64="AVRlq8jW+X2x/HuiHlsMZMbepek=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdZKAF29GMA9IljA76U3GzO4sM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUc6hzJZVuBcyAFDHUUaCEVqKBRYGEZjC8mfjNJ9BGqPgBRwn4EevHIhScoZUaHUDWveuWym7FnYIuEi8nZZKj1i19dXqKpxHEyCUzpu25CfoZ0yi4hHGxkxpIGB+yPrQtjVkExs+m147psVV6NFTaVox0qv6eyFhkzCgKbGfEcGDmvYn4n9dOMbzyMxEnKULMZ4vCVFJUdPI67QkNHOXIEsa1sLdSPmCacbQBFW0I3vzLi6RxWvEuKuf3Z+XqdR5HgRySI3JCPHJJquSW1EidcPJInskreXOU8+K8Ox+z1iUnnzkgf+B8/gBgFo8A</latexit>⌘O
<latexit sha1_base64="lOcRhUXWonBrSrmVcVh0RFqH8FA="></latexit>

hÔimeas hÔipredWe have to know              and
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<latexit sha1_base64="m4TLNLYMeKjBXtxfn6S7uUUVcmc=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SQBL96MYBbIRk+nkmnSs9BdI4RhTl78FS8eFPHqN3jzb+wsB018UPB4r4qqem4khUbb/rYWFpeWV1Yza9n1jc2t7dzOblWHseJQ4aEMVd1lGqQIoIICJdQjBcx3JdTcwfXIrz2A0iIM7nEYQctn/UD0BGdopE7uANqJaKIHyJoeQ3rbSXwvbSfVtOAcp51c3i7aY9B54kxJnkxR7uS+mt2Qxz4EyCXTuuHYEbYSplBwCWm2GWuIGB+wPjQMDZgPupWM30jpkVG6tBcqUwHSsfp7ImG+1kPfNZ0+Q0/PeiPxP68RY++ylYggihECPlnUiyXFkI4yoV2hgKMcGsK4EuZWyj2mGEeTXNaE4My+PE+qJ0XnvHh2d5ovXU3jyJB9ckgKxCEXpERuSJlUCCeP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A+K+Yyw==</latexit>

ei✓Ô
V
mh(1)

<latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)1 2

00
<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z
<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

<latexit sha1_base64="cypWPYOqMgnDLOIj4jvw/kc9CgY=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIr2XRjcsq9iFNCJPptB06k4SZG6GGfokbF4q49VPc+TdO2yy09cCFwzn3cu89YSK4Bsf5tpaWV1bX1gsbxc2t7Z2SvbvX1HGqKGvQWMSqHRLNBI9YAzgI1k4UIzIUrBUOryd+65EpzePoHkYJ8yXpR7zHKQEjBXbpLnioeInEHgwYkOPALjtVZwq8SNyclFGOemB/ed2YppJFQAXRuuM6CfgZUcCpYOOil2qWEDokfdYxNCKSaT+bHj7GR0bp4l6sTEWAp+rviYxIrUcyNJ2SwEDPexPxP6+TQu/Sz3iUpMAiOlvUSwWGGE9SwF2uGAUxMoRQxc2tmA6IIhRMVkUTgjv/8iJpnlTd8+rZ7Wm5dpXHUUAH6BBVkIsuUA3doDpqIIpS9Ixe0Zv1ZL1Y79bHrHXJymf20R9Ynz+iMZJx</latexit>

RY (±✓)

<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)

0

0

M. Urbanek et al., PRL 2021 
S. A Rahman et al., PRD 2022 
R. C. Farrel et al., PRD 2023 
A. N. Ciavarella, PRD 2023…



If we only have incoherence noise, we can assume that our measured observable is related to 
the noiseless one via the following relation:
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Mitigating the noise
Operator Decoherence Renormalization (ODR)

<latexit sha1_base64="OXI/Zdr7yZ7u0tePKmwcsnQq+UI="></latexit>

hÔimeas = (1� ⌘O) hÔipred

We need a way estimate the noise parameter <latexit sha1_base64="AVRlq8jW+X2x/HuiHlsMZMbepek=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdZKAF29GMA9IljA76U3GzO4sM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUc6hzJZVuBcyAFDHUUaCEVqKBRYGEZjC8mfjNJ9BGqPgBRwn4EevHIhScoZUaHUDWveuWym7FnYIuEi8nZZKj1i19dXqKpxHEyCUzpu25CfoZ0yi4hHGxkxpIGB+yPrQtjVkExs+m147psVV6NFTaVox0qv6eyFhkzCgKbGfEcGDmvYn4n9dOMbzyMxEnKULMZ4vCVFJUdPI67QkNHOXIEsa1sLdSPmCacbQBFW0I3vzLi6RxWvEuKuf3Z+XqdR5HgRySI3JCPHJJquSW1EidcPJInskreXOU8+K8Ox+z1iUnnzkgf+B8/gBgFo8A</latexit>⌘O
<latexit sha1_base64="lOcRhUXWonBrSrmVcVh0RFqH8FA="></latexit>

hÔimeas hÔipredWe have to know              and

X

X

X

X

X

X

Pr
ep

ar
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st
ro

ng
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ou
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va
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um

<latexit sha1_base64="m4TLNLYMeKjBXtxfn6S7uUUVcmc=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SQBL96MYBbIRk+nkmnSs9BdI4RhTl78FS8eFPHqN3jzb+wsB018UPB4r4qqem4khUbb/rYWFpeWV1Yza9n1jc2t7dzOblWHseJQ4aEMVd1lGqQIoIICJdQjBcx3JdTcwfXIrz2A0iIM7nEYQctn/UD0BGdopE7uANqJaKIHyJoeQ3rbSXwvbSfVtOAcp51c3i7aY9B54kxJnkxR7uS+mt2Qxz4EyCXTuuHYEbYSplBwCWm2GWuIGB+wPjQMDZgPupWM30jpkVG6tBcqUwHSsfp7ImG+1kPfNZ0+Q0/PeiPxP68RY++ylYggihECPlnUiyXFkI4yoV2hgKMcGsK4EuZWyj2mGEeTXNaE4My+PE+qJ0XnvHh2d5ovXU3jyJB9ckgKxCEXpERuSJlUCCeP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A+K+Yyw==</latexit>

ei✓Ô
V
mh(1)

<latexit sha1_base64="8qIWRA9WLTVK7xJcRbPb2Qp04Zo=">AAACBnicbVDJSgNBEO1xN26jHkVoDIJewoz7SQQv3oxgopAZQ0+n4jTpWeiuEcIwJy/+ihcPinj1G7z5N3aWgyY+KHi8V0VVvSCVQqPjfFsTk1PTM7Nz86WFxaXlFXt1ra6TTHGo8UQm6jZgGqSIoYYCJdymClgUSLgJOuc9/+YBlBZJfI3dFPyI3ceiLThDIzXtTbjLhYchIPNChvSymUdhcZfXi5393aJpl52K0wcdJ+6QlMkQ1ab95bUSnkUQI5dM64brpOjnTKHgEoqSl2lIGe+we2gYGrMItJ/33yjotlFatJ0oUzHSvvp7ImeR1t0oMJ0Rw1CPej3xP6+RYfvEz0WcZggxHyxqZ5JiQnuZ0JZQwFF2DWFcCXMr5SFTjKNJrmRCcEdfHif1vYp7VDm8OiifnQ7jmCMbZIvsEJcckzNyQaqkRjh5JM/klbxZT9aL9W59DFonrOHMOvkD6/MH+7uYzQ==</latexit>

ei✓Ô
V
mh(3)1 2

00

<latexit sha1_base64="n88h3E2HbYgnfljFj1ThvHImN2w=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3LisYB/QDiWTZtrQTBKSjFiGfoQbF4q49Xvc+Tem7Sy09cCFwzn3cu89keLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVuR9hQzgRtWGY5bStNcRJx2opGt1O/9Ui1YVI82LGiYYIHgsWMYOukVhcrpeVTr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m5E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vg4zJlRqqSDzRXHKkZVo+jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIFl9eJs2zanBZvbg/r9Ru8jiKcATHcAoBXEEN7qAODSAwgmd4hTdPeS/eu/cxby14+cwh/IH3+QOVbo+8</latexit>⇡
Noisless  

limit

X

X

X

X

X

X

We call this the mitigation circuit, which has 
the same structure as the physics circuit, but 
we know the noiseless output

M. Urbanek et al., PRL 2021 
S. A Rahman et al., PRD 2022 
R. C. Farrel et al., PRD 2023 
A. N. Ciavarella, PRD 2023…
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Mitigating the noise
<latexit sha1_base64="dXx1W6iikVspJbCUVNtsPBP8XKg="></latexit>

� =
1

L

X

i

h i ii =
1

2L

X

i

[(�1)iZi + I] ⌘ 1

2L

X

i

�i

After applying Pauli Twirling + ODR, 
results agree within statistical uncertainty

40 mitigation circuits + 40 physics circuits  
= 80 circuts

w/ 8000 shots each
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Running on a Quantum Computer: QQ Correlations

0 10 20 30 40 49
k

0

10

20

30

40

49

j 0 25

0

25

10°5

10°4

10°3

10°2

10°1

|hQ̂
j
Q̂

k
i c

|

1

2

3

æ

0 1 2 3 4 5 6
d

10°10

10°8

10°6

10°4

10°2

|hQ̂
Q̂

i c
(d

)|
ibm_cusco

qiskit MPS circuit simulator

<latexit sha1_base64="OxNWMMW8gio5nPun+01zUjW0INo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnJ8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgeZ9TglZqdmmk0PTKFa/qzeAuEz8nFchR75W/upGiacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKknMTJDNrp24J1aJ3L7StiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOiv3rIOMySZFJOl/UT4WLyp2+7kZcM4pibAmhmttbXTokmlC0AZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+ALGXjzk=</latexit>· · ·
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+

<latexit sha1_base64="QDc1gYqguLXsuOSGUxQbou4mSgc=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68ZiAWSQZQk+nJ2nSy9DdI4QhX+HFgyJe/Rxv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlLy3k4SGAg8lixnB1kkPvQjrrDHts3654lf9OdBfEuSkAjnq/fJnb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06KrGgJszmB0/RiVMGKFbalbRorv6cyLAwZiIi1ymwHZllbyb+53VTG1+HGZNJaqkki0VxypFVaPY9GjBNieUTRzDRzN2KyAhrTKzLqORCCJZf/ktaZ9XgsnrROK/UbvI4inAEx3AKAVxBDe6gDk0gIOAJXuDV096z9+a9L1oLXj5zCL/gfXwD6xmQgA==</latexit>

Q̄i

<latexit sha1_base64="HNZ2d0LigB21mbAfmrVuP4U/vUc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cEzEOSJcxOZpMxM7PLzKwQlv0KLx4U8ernePNvnCR70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkvZnE1Bd4KFnICDZWeugFWKWNrP/YL1fcqjsDWiZeTiqQo94vf/UGEUkElYZwrHXXc2Pjp1gZRjjNSr1E0xiTMR7SrqUSC6r9dHZwhk6sMkBhpGxJg2bq74kUC60nIrCdApuRXvSm4n9eNzHhtZ8yGSeGSjJfFCYcmQhNv0cDpigxfGIJJorZWxEZYYWJsRmVbAje4svLpHVW9S6rF43zSu0mj6MIR3AMp+DBFdTgDurQBAICnuEV3hzlvDjvzse8teDkM4fwB87nD+ydkIE=</latexit>

Q̄j
<latexit sha1_base64="eqDJD9dtELfRaIodpPPGiKg99Gk=">AAACo3icnVFbS8MwFE7rbc5b1UdfgmPgi6MVby/KQBDBBzfZDdYy0izb4tKkJKkwSv+YP8M3/43Z1gd1Yw8eCHx8l+TknDBmVGnX/bLstfWNza3CdnFnd2//wDk8aimRSEyaWDAhOyFShFFOmppqRjqxJCgKGWmH44ep3n4nUlHBG3oSkyBCQ04HFCNtqJ7z4TPEh4xAf4R06gvjnV6V1rOs97aEG/ty5u/hu38m4TlcmcxduWdVC07JrbizgovAy0EJ5FXrOZ9+X+AkIlxjhpTqem6sgxRJTTEjWdFPFIkRHqMh6RrIUURUkM5mnMGyYfpwIKQ5XMMZ+zORokipSRQaZ4T0SP3VpuQyrZvowW2QUh4nmnA8f2iQMKgFnC4M9qkkWLOJAQhLanqFeIQkwtqstWiG4P398iJoXVS868pV/bJUvc/HUQAn4BScAQ/cgCp4AjXQBNiC1qP1YtXssv1sv9qNudW28swx+FV28A0oPdXP</latexit>

hQ̂jQ̂kic = hQ̂jQ̂ki � hQ̂jihQ̂ki

<latexit sha1_base64="obe4sGI4fH94u5wuijjP1unMjuo=">AAAB6nicbVDLSgNBEOyJrxhfUY9eBoPgKewGXxcl4MVjRPOAZAmzs7PJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7y08E18ZxvlFhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6vhEM8ElaxpuBOskipHIF6ztj26nfvuJKc1j+WjGCfMiMpA85JQYKz0E17V+ueJUnRnwMnFzUoEcjX75qxfENI2YNFQQrbuukxgvI8pwKtik1Es1SwgdkQHrWipJxLSXzU6d4BOrBDiMlS1p8Ez9PZGRSOtx5NvOiJihXvSm4n9eNzXhlZdxmaSGSTpfFKYCmxhP/8YBV4waMbaEUMXtrZgOiSLU2HRKNgR38eVl0qpV3Yvq+f1ZpX6Tx1GEIziGU3DhEupwBw1oAoUBPMMrvCGBXtA7+pi3FlA+cwh/gD5/AL0PjXE=</latexit>

d = 2

Consistent with 0
Twirls and statistics limited
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Once we have prepared the vacuum, 
we can study some dynamics
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Preparing a Hadron: Adiabatic method à la JLP
S. P. Jordan, K. S. M. Lee, J. Preskill, QIC (2014)

Start with the free theory End with the interacting theoryAdiabatic time 
evolution

For lattice scalar field theory:

<latexit sha1_base64="xwoUVNwN1Yx9xOT8LbM5PEdYvfA=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRSWpdFNy4r2Ac0aZlMJu3QySTMTJQS+h9uXCji1n9x5984bbPQ1gMDh3PO5d45fsKZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR8WpJLRNYh7Lno8V5UzQtmaa014iKY58Trv+5Hbudx+pVCwWD3qaUC/CI8FCRrA20sDlJhpg5CZjNqgNyxW7ai+A1omTkwrkaA3LX24QkzSiQhOOleo7dqK9DEvNCKezkpsqmmAywSPaN1TgiCovW1w9QxdGCVAYS/OERgv190SGI6WmkW+SEdZjterNxf+8fqrDay9jIkk1FWS5KEw50jGaV4ACJinRfGoIJpKZWxEZY4mJNkWVTAnO6pfXSeeq6tSr9ftapXmT11GEMziHS3CgAU24gxa0gYCEZ3iFN+vJerHerY9ltGDlM6fwB9bnD9zokh0=</latexit>

��4(slowly turn on        )

For lattice Schwinger model:

Start with the strong-coupling 
theory End with the full theoryAdiabatic time 

evolution
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(slowly turn on kinetic term)
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Preparing a Hadron: Adiabatic method à la JLP
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Ĥad(t) spectrum
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<latexit sha1_base64="WHv80hi7EiYa59v/+IFtlnjALmw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUlEqhuh6KbLCvYBTQiTyaQdOpmEmYlQQr7Cjb/ixoUibsWdf+O0zcK2HrhwOOde7r3HTxiVyrJ+jJXVtfWNzdJWeXtnd2/fPDjsyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNcf3U387iMRksb8QY0T4kZowGlIMVJa8sxzZ4hU1sy9zBERREFetc5uCm3eG1Gee2bFqllTwGViF6QCCrQ889sJYpxGhCvMkJR920qUmyGhKGYkLzupJAnCIzQgfU05ioh0s+lbOTzVSgDDWOjiCk7VvxMZiqQcR77ujJAaykVvIv7n9VMVXrsZ5UmqCMezRWHKoIrhJCMYUEGwYmNNEBZU3wrxEAmElU6yrEOwF19eJp2Lml2v1e8vK43bIo4SOAYnoApscAUaoAlaoA0weAIv4A28G8/Gq/FhfM5aV4xi5gjMwfj6BRQtn1k=</latexit>

Ĥad(0) = Ĥ � Ĥkin

Learn the final state 
with SC-ADAPT-VQE
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Preparing a Hadron: using SC-ADAPT-VQE
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,

<latexit sha1_base64="6HNSE1c1D1ZnqtjDg+8c4DfNV1U=">AAAB6XicbVC7SgNBFL0bXzG+opY2g0GwCrspEsugjWUU84BkkdnJbDJkdnaZuSuEJX9gY6GIrX9k5984SbbQxAMDh3POZe49QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3Mz97hPXRsTqAacJ9yM6UiIUjKKV7rutx3LFrboLkHXi5aQCOWz+azCMWRpxhUxSY/qem6CfUY2CST4rDVLDE8omdMT7lioaceNni01n5MIqQxLG2j6FZKH+nshoZMw0Cmwyojg2q95c/M/rpxhe+ZlQSYpcseVHYSoJxmR+NhkKzRnKqSWUaWF3JWxMNWVoyynZErzVk9dJp1b16tX6Xa3SvM7rKMIZnMMleNCAJtxCC9rAIIRneIU3Z+K8OO/OxzJacPKZU/gD5/MHVbGNPg==</latexit> W
P,

<latexit sha1_base64="SyyViNbdsG7kajHCIGVzQ0FiR54=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0scREDhK4kL1lD1Z29y77YUII/8HGQmNs/T92/hsXuELBl0zy8t5MZubFGWfa+P63V9jY3NreKe6W9vYPDo/KxyehTq0itEVSnqpOjDXlTNKWYYbTTqYoFjGn7Xh8O/fbT1RplsoHM8loJPBQsoQRbJwUhphYK/rlil/1F0DrJMhJBXI0++Wv3iAlVlBpCMdadwM/M9EUK8MIp7NSz2qaYTLGQ9p1VGJBdTRdXDtDF04ZoCRVrqRBC/X3xBQLrScidp0Cm5Fe9ebif17XmuQ6mjKZWUMlWS5KLEcmRfPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD68joJa9WgXq3f1yqNmzyOIpzBOVxCAFfQgDtoQgsIPMIzvMKbl3ov3rv3sWwtePnMKfyB9/kDpQ2PMA==</latexit> V
ac
u
u
m
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<latexit sha1_base64="wvCeyeoGqVp06mSnvXrQ0bV3qxg="></latexit>

I = 1� |h ansatz| WPi|2
(localized state)
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Performing time evolution: truncating the interaction
<latexit sha1_base64="LBgjecTSjZQh4utLIH9AiTYq/Og="></latexit>
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Easy
<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Easy
<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Hard
<latexit sha1_base64="H2aNvLhDbimrrdx4bwORMQM7Xvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbspMkeqy6MaFYAX7gHYsmTRtQzOZIckUytA/ceNCEbf+iTv/xkw7C209EDiccy/35PgRZ0o7zreVW1vf2NzKbxd2dvf2D+zDo6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/PFN6rcmVCoWikc9jagX4KFgA0awNlLPtrsB1iOCeXI/K909Vc57dtEpO3OgVeJmpAgZ6j37q9sPSRxQoQnHSnVcJ9JegqVmhNNZoRsrGmEyxkPaMVTggCovmSefoTOj9NEglOYJjebq740EB0pNA99MpjnVspeK/3mdWA+uvISJKNZUkMWhQcyRDlFaA+ozSYnmU0MwkcxkRWSEJSbalFUwJbjLX14lzUrZrZarDxfF2nVWRx5O4BRK4MIl1OAW6tAAAhN4hld4sxLrxXq3PhajOSvbOYY/sD5/AJsqkwA=</latexit>
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Performing time evolution: truncating the interaction
<latexit sha1_base64="LBgjecTSjZQh4utLIH9AiTYq/Og="></latexit>
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<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Easy
<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Hard
<latexit sha1_base64="H2aNvLhDbimrrdx4bwORMQM7Xvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbspMkeqy6MaFYAX7gHYsmTRtQzOZIckUytA/ceNCEbf+iTv/xkw7C209EDiccy/35PgRZ0o7zreVW1vf2NzKbxd2dvf2D+zDo6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/PFN6rcmVCoWikc9jagX4KFgA0awNlLPtrsB1iOCeXI/K909Vc57dtEpO3OgVeJmpAgZ6j37q9sPSRxQoQnHSnVcJ9JegqVmhNNZoRsrGmEyxkPaMVTggCovmSefoTOj9NEglOYJjebq740EB0pNA99MpjnVspeK/3mdWA+uvISJKNZUkMWhQcyRDlFaA+ozSYnmU0MwkcxkRWSEJSbalFUwJbjLX14lzUrZrZarDxfF2nVWRx5O4BRK4MIl1OAW6tAAAhN4hld4sxLrxXq3PhajOSvbOYY/sD5/AJsqkwA=</latexit>
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We can truncate the interaction 
beyond confinement length

Charges are screened

0 1 2 3 4 5
d

10°6

10°5

10°4

10°3

10°2

10°1

|hQ̂
n
Q̂

n
+

d
i|

<latexit sha1_base64="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d

<latexit sha1_base64="RtUSiZ/q+vre6wwvnIg9hwQcv48=">AAACJ3icbVDNS8MwHE39nPOr6tFLcAiCMFqR6UmGXjxu4D5gLSXNsi0sTUuSCqPrf+PFf8WLoCJ69D8x7XrQbQ8Cj/feL8nv+RGjUlnWt7Gyura+sVnaKm/v7O7tmweHbRnGApMWDlkouj6ShFFOWooqRrqRICjwGen447vM7zwSIWnIH9QkIm6AhpwOKEZKS555M3UY4kNGoDNCKnFCHc7uSppp6vFlYsLP+6kj8qGpZ1asqpUDLhK7IBVQoOGZb04/xHFAuMIMSdmzrUi5CRKKYkbSshNLEiE8RkPS05SjgEg3yfdM4alW+nAQCn24grn6dyJBgZSTwNfJAKmRnPcycZnXi9Xg2k0oj2JFOJ49NIgZVCHMSoN9KghWbKIJwoLqv0I8QgJhpast6xLs+ZUXSfuiateqteZlpX5b1FECx+AEnAEbXIE6uAcN0AIYPIEX8A4+jGfj1fg0vmbRFaOYOQL/YPz8ArT9qFM=</latexit> |hQ̂
n
Q̂

n
+
d
i|



31

Performing time evolution: truncating the interaction
<latexit sha1_base64="LBgjecTSjZQh4utLIH9AiTYq/Og="></latexit>
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<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Easy
<latexit sha1_base64="KqjoNwFlcOuvlH17ig08gGlMJ8Y=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGSnVZdONCsIJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBPbqflm9N+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNNpoRcrGmEyxkPaNVTggCo3maWeohOjDJAfSvOERjP190aCA6UmgWcm05Rq0UvF/7xurP0LN2EiijUVZH7IjznSIUorQAMmKdF8YggmkpmsiIywxESbogqmBGfxy8ukdVZxapXaXbVUv8zqyMMRHEMZHDiHOlxDA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucP9CqSKw==</latexit>

O(L) Hard
<latexit sha1_base64="H2aNvLhDbimrrdx4bwORMQM7Xvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbspMkeqy6MaFYAX7gHYsmTRtQzOZIckUytA/ceNCEbf+iTv/xkw7C209EDiccy/35PgRZ0o7zreVW1vf2NzKbxd2dvf2D+zDo6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/PFN6rcmVCoWikc9jagX4KFgA0awNlLPtrsB1iOCeXI/K909Vc57dtEpO3OgVeJmpAgZ6j37q9sPSRxQoQnHSnVcJ9JegqVmhNNZoRsrGmEyxkPaMVTggCovmSefoTOj9NEglOYJjebq740EB0pNA99MpjnVspeK/3mdWA+uvISJKNZUkMWhQcyRDlFaA+ozSYnmU0MwkcxkRWSEJSbalFUwJbjLX14lzUrZrZarDxfF2nVWRx5O4BRK4MIl1OAW6tAAAhN4hld4sxLrxXq3PhajOSvbOYY/sD5/AJsqkwA=</latexit>

O(L2)Number of gates:
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<latexit sha1_base64="FgNAVWusxSsVkAQ6dMWaiLef4ws=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5KIVJdFNy4EK9gHNKFMJpN26CQTZiZCCVm78VfcuFDErV/gzr9x0mahrQcGDufce+fe48WMSmVZ30ZpaXllda28XtnY3NreMXf3OpInApM25oyLnockYTQibUUVI71YEBR6jHS98VXudx+IkJRH92oSEzdEw4gGFCOlpYF56IRIjTBi6W1Wc7guzSelDtMjfJTBm5OBWbXq1hRwkdgFqYICrYH55fgcJyGJFGZIyr5txcpNkVAUM5JVnESSGOExGpK+phEKiXTT6SkZPNaKDwMu9IsUnKq/O1IUSjkJPV2ZLy7nvVz8z+snKrhwUxrFiSIRnn0UJAwqDvNcoE8FwYpNNEFYUL0rxCMkEFY6vYoOwZ4/eZF0Tut2o964O6s2L4s4yuAAHIEasME5aIJr0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w9bXZqv</latexit>

O(�L)

For demonstration, 
we use 

<latexit sha1_base64="vQQ4eDU1+m6qN1hKxv2hE6Ss8k8=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1Y1QdOOygn1AE8pkOmmHTiZhZiLUUPwVNy4Ucet/uPNvnLRZaOuBgcM593DvnCDhTGnH+baWlldW19ZLG+XNre2dXXtvv6XiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHST++0HKhWLxb0eJ9SP8ECwkBGsjdSzD73Y2Hk687iJ9fHkyu3ZFafqTIEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj+bXj9BJ0bpozCW5gmNpurvRIYjpcZRYCYjrIdq3svF/7xuqsNLP2MiSTUVZLYoTDnSMcqrQH0mKdF8bAgmkplbERliiYk2hZVNCe78lxdJ66zq1qq1u/NK/bqoowRHcAyn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TEbXbKKzAH8gfX5A64PlWE=</latexit>

� = 1
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Performing time evolution: Trotterized operator
<latexit sha1_base64="RavQcau0ap7vieMf88UP/W4KSJU=">AAACCHicbVDLSsNAFJ3UV62vqksXBovgxpIUqS6LbrqsYB/QxDKZTtqhk0mYuRHKkKUbf8WNC0Xc+gnu/Bunj4W2HrhwOOde7r0nSDhT4DjfVm5ldW19I79Z2Nre2d0r7h+0VJxKQpsk5rHsBFhRzgRtAgNOO4mkOAo4bQejm4nffqBSsVjcwTihfoQHgoWMYDBSr3hM7/U58yCUmGjIdCXzhhh0PevpERNZ1iuWnLIzhb1M3DkpoTkaveKX149JGlEBhGOluq6TgK+xBEY4zQpeqmiCyQgPaNdQgSOqfD19JLNPjdK3w1iaEmBP1d8TGkdKjaPAdEYYhmrRm4j/ed0UwitfM5GkQAWZLQpTbkNsT1Kx+0xSAnxsCCaSmVttMsQmEzDZFUwI7uLLy6RVKbvVcvX2olS7nseRR0foBJ0hF12iGqqjBmoigh7RM3pFb9aT9WK9Wx+z1pw1nzlEf2B9/gAZvZqx</latexit>

e�i
t

2 Ĥkin

<latexit sha1_base64="RavQcau0ap7vieMf88UP/W4KSJU=">AAACCHicbVDLSsNAFJ3UV62vqksXBovgxpIUqS6LbrqsYB/QxDKZTtqhk0mYuRHKkKUbf8WNC0Xc+gnu/Bunj4W2HrhwOOde7r0nSDhT4DjfVm5ldW19I79Z2Nre2d0r7h+0VJxKQpsk5rHsBFhRzgRtAgNOO4mkOAo4bQejm4nffqBSsVjcwTihfoQHgoWMYDBSr3hM7/U58yCUmGjIdCXzhhh0PevpERNZ1iuWnLIzhb1M3DkpoTkaveKX149JGlEBhGOluq6TgK+xBEY4zQpeqmiCyQgPaNdQgSOqfD19JLNPjdK3w1iaEmBP1d8TGkdKjaPAdEYYhmrRm4j/ed0UwitfM5GkQAWZLQpTbkNsT1Kx+0xSAnxsCCaSmVttMsQmEzDZFUwI7uLLy6RVKbvVcvX2olS7nseRR0foBJ0hF12iGqqjBmoigh7RM3pFb9aT9WK9Wx+z1pw1nzlEf2B9/gAZvZqx</latexit>

e�i
t

2 Ĥkin

<latexit sha1_base64="Z1YKWtv/x2c6e0wIY4/SdRdRpWI=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSQi1WPRS48V7Ae0MWy2m3bpZhN2J4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBFcg+N8W2vrG5tb26Wd8u7e/sGhfXTc1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOM72d+Z8KU5rF8hGnCvIgMJQ85JWAk37bZU3bJoT8ikDVyP8p9u+JUnTnwKnELUkEFmr791R/ENI2YBCqI1j3XScDLiAJOBcvL/VSzhNAxGbKeoZJETHvZ/PIcnxtlgMNYmZKA5+rviYxEWk+jwHRGBEZ62ZuJ/3m9FMJbL+MySYFJulgUpgJDjGcx4AFXjIKYGkKo4uZWTEdEEQomrLIJwV1+eZW0r6purVp7uK7U74o4SugUnaEL5KIbVEcN1EQtRNEEPaNX9GZl1ov1bn0sWtesYuYE/YH1+QO9wpPA</latexit>

e�itĤm

<latexit sha1_base64="P4bO8o0MTUuMpgZb37/kSmTJDrA=">AAACB3icbVDJSgNBEO1xjXEb9SjIYBCSg2FGJHoRgl5yTMAskI2eTiVp0rPQXSOEYW5e/BUvHhTx6i9482/sLAdNfFDweK+KqnpuKLhC2/42VlbX1jc2U1vp7Z3dvX3z4LCmgkgyqLJABLLhUgWC+1BFjgIaoQTquQLq7uhu4tcfQCoe+Pc4DqHt0YHP+5xR1FLXPIFOfM6xNaQYl5JuDCLpxNnKjZ1Lsk4u6ZoZO29PYS0TZ04yZI5y1/xq9QIWeeAjE1SppmOH2I6pRM4EJOlWpCCkbEQH0NTUpx6odjz9I7HOtNKz+oHU5aM1VX9PxNRTauy5utOjOFSL3kT8z2tG2L9ux9wPIwSfzRb1I2FhYE1CsXpcAkMx1oQyyfWtFhtSSRnq6NI6BGfx5WVSu8g7hXyhcpkp3s7jSJFjckqyxCFXpEhKpEyqhJFH8kxeyZvxZLwY78bHrHXFmM8ckT8wPn8AtFaYjw==</latexit>

e�itĤ
(Q=0)
el (1)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="FvOORgl15XVZz6ZUa3iOt3YXAIo=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwY0lEqsuimy4r2Ac0sUymk3boZCbM3IglBPwVNy4Ucet3uPNvnD4W2nrgwuGce7n3njDhTIPrfltLyyura+uFjeLm1vbOrr2339QyVYQ2iORStUOsKWeCNoABp+1EURyHnLbC4c3Ybz1QpZkUdzBKaBDjvmARIxiM1LUP6X12xsAfYMhqee7jJFHysWuX3LI7gbNIvBkpoRnqXfvL70mSxlQA4VjrjucmEGRYASOc5kU/1TTBZIj7tGOowDHVQTY5P3dOjNJzIqlMCXAm6u+JDMdaj+LQdMYYBnreG4v/eZ0UoqsgYyJJgQoyXRSl3AHpjLNwekxRAnxkCCaKmVsdMsAKEzCJFU0I3vzLi6R5XvYq5crtRal6PYujgI7QMTpFHrpEVVRDddRABGXoGb2iN+vJerHerY9p65I1mzlAf2B9/gDjtJYc</latexit>

e�itĤ ⇡

2nd order 
Trotter

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="naI0RTcVJKvQI/9rNyKN0qjBHo4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx6jmAcmS5idzCZDZnaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMb6Z+84lrI+LoAUcJ9xXtRyIUjKKVmvfdx5LCs26h6JbdGcgy8TJShAy1buGr04tZqniETFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctjajixh/Pzp2QU6v0SBhrWxGSmfp7YkyVMSMV2E5FcWAWvan4n9dOMbzyxyJKUuQRmy8KU0kwJtPfSU9ozlCOLKFMC3srYQOqKUObUN6G4C2+vEwa52WvUq7cXRSr11kcOTiGEyiBB5dQhVuoQR0YDOEZXuHNSZwX5935mLeuONnMEfyB8/kDfQaPCA==</latexit>

RZ(mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="zHiKDDWu8Fbbmxt0VE3zAGamkgM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUg2VXpHosevFYxX5gu5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HriN5+o0iyS92YUU1/gvmQhI9hYqXXXfSidCnPSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vksZZ2auUK7fnxepVFkcODuEISuDBBVThBmpQBwIcnuEV3pxH58V5dz5mrUtONnMAf+B8/gDn5I8/</latexit>

RZ(�mt)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="6ptkcVF5IkMktrRO92iWLhzoRcs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQ4sGwGyR6DHrxGMU8MFnD7GQ2GTL7YKZXCMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eVGgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13NHVxG89Mql4GNzBOGKOTwYB9zgloKWeeXDbuy+ddsGThCaDhwqkSSU96ZlFq2xNgReJnZEiylDvmV/dfkhjnwVABVGqY1sROAmRwKlgaaEbKxYROiID1tE0ID5TTjI9P8XHWuljL5S6AsBT9fdEQnylxr6rO30CQzXvTcT/vE4M3oWT8CCKgQV0tsiLBYYQT7LAfS4ZBTHWhFDJ9a2YDolOAnRiBR2CPf/yImlWyna1XL05K9Yuszjy6BAdoRKy0TmqoWtURw1EUYKe0St6M56MF+Pd+Ji15oxsZh/9gfH5AzrulQo=</latexit>

RZ(� g2t
2 )

<latexit sha1_base64="I+gAbd9mymJ6jKGVo3rfWQfzjIY=">AAAB8XicbVBNT8JAEJ36ifiFevTSSEzwIGmJQY9ELx7RyEeASrbLFjZst83u1IQQ/oUXDxrj1X/jzX/jAj0o+JJJXt6bycw8PxZco+N8Wyura+sbm5mt7PbO7t5+7uCwrqNEUVajkYhU0yeaCS5ZDTkK1owVI6EvWMMf3kz9xhNTmkfyAUcx80LSlzzglKCRWvfdVuG8/1jCs24u7xSdGexl4qYkDymq3dxXpxfRJGQSqSBat10nRm9MFHIq2CTbSTSLCR2SPmsbKknItDeeXTyxT43Ss4NImZJoz9TfE2MSaj0KfdMZEhzoRW8q/ue1EwyuvDGXcYJM0vmiIBE2Rvb0fbvHFaMoRoYQqri51aYDoghFE1LWhOAuvrxM6qWiWy6W7y7yles0jgwcwwkUwIVLqMAtVKEGFCQ8wyu8Wdp6sd6tj3nripXOHMEfWJ8/CBCP3Q==</latexit>

RZ(�g2t)

<latexit sha1_base64="+Q6s//tXFlZAZS/QtvythVCBz+g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsJMkOgx6MVjFLNgMoaeTk/SpGehu0aIw+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPTcSXIFlfRu5peWV1bX8emFjc2t7x9zda6owlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazlji4nfuuBScXD4BbGEXN8Mgi4xykBLfXMg5veXakLniQ0GdxXIE0q6UnPLFplawq8SOyMFFGGes/86vZDGvssACqIUh3bisBJiAROBUsL3VixiNARGbCOpgHxmXKS6fUpPtZKH3uh1BUAnqq/JxLiKzX2Xd3pExiqeW8i/ud1YvDOnYQHUQwsoLNFXiwwhHgSBe5zySiIsSaESq5vxXRIdBKgAyvoEOz5lxdJs1K2q+Xq9WmxdpHFkUeH6AiVkI3OUA1doTpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AzX+U0w==</latexit>

RZ(
g2t
2 )

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)

<latexit sha1_base64="TKkehRtwWeu0Zk5BgtSQV8i68Jk=">AAAB8HicbVDLTgJBEJzFF+IL9ehlIjHBC9klBj0SvXhEIw+FlcwOszBhZnYz02tCNnyFFw8a49XP8ebfODwOClbSSaWqO91dQSy4Adf9djIrq2vrG9nN3Nb2zu5efv+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMryZ+84lpwyN1B6OY+ZL0FQ85JWCl+9vuQ7H/WIbTbr7gltwp8DLx5qSA5qh181+dXkQTyRRQQYxpe24Mfko0cCrYONdJDIsJHZI+a1uqiGTGT6cHj/GJVXo4jLQtBXiq/p5IiTRmJAPbKQkMzKI3Ef/z2gmEF37KVZwAU3S2KEwEhghPvsc9rhkFMbKEUM3trZgOiCYUbEY5G4K3+PIyaZRLXqVUuTkrVC/ncWTRETpGReShc1RF16iG6ogiiZ7RK3pztPPivDsfs9aMM585RH/gfP4AnMWPpg==</latexit>

RZ(g
2t)
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Performing time evolution: Trotterized operator

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†

<latexit sha1_base64="ZiCLE8H5v4GDvAJb+i8NuR4Wbc0=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnRPiCNZTK5aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDnTxnW/nNLS8srqWnm9srG5tb1T3d1ra5kpCi0quVTdkGjgTEDLMMOhmyogScihE46up37nEZRmUtybcQpBQgaCxYwSYyX/7iHvRWQwADXpV2tu3Z0B/yVeQWqoQLNf/exFkmYJCEM50dr33NQEOVGGUQ6TSi/TkBI6IgPwLRUkAR3ks5Mn+MgqEY6lsiUMnqk/J3KSaD1OQtuZEDPUi95U/M/zMxNfBjkTaWZA0PmiOOPYSDz9H0dMATV8bAmhitlbMR0SRaixKVVsCN7iy39J+6TundfPbk9rjasijjI6QIfoGHnoAjXQDWqiFqJIoif0gl4d4zw7b877vLXkFDP76Becj29ywZFh</latexit>

S†<latexit sha1_base64="hEYOJWMV2mEW/WVXdv8QTtHm9OE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PQi8co5oGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLhzcRvPTFtuJIPMEpYEJO+5BGnBKzk33cfKx0YMCAn3VLZrbpT4EXi5aSMctS7pa9OT9E0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunJY3xslR6OlLYlAU/V3xMZiY0ZxaHtjAkMzLw3Ef/z/BSiqyDjMkmBSTpbFKUCg8KT/3GPa0ZBjCwhVHN7K6YDogkFm1LRhuDNv7xImqdV76J6fndWrl3ncRTQITpCFeShS1RDt6iOGogihZ7RK3pzwHlx3p2PWeuSk88coD9wPn8AfHOQwA==</latexit>

RZ(✓)

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="sCmcTSpR2OAuw9YU96fC+bQ8zUk=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIr2XRjcsq9oFNCJPptB06k4SZG6GGfokbF4q49VPc+TdO2yy09cCFwzn3cu89YSK4Bsf5tpaWV1bX1gsbxc2t7Z2SvbvX1HGqKGvQWMSqHRLNBI9YAzgI1k4UIzIUrBUOryd+65EpzePoHkYJ8yXpR7zHKQEjBXbpLnioeInEHgwYkOPALjtVZwq8SNyclFGOemB/ed2YppJFQAXRuuM6CfgZUcCpYOOil2qWEDokfdYxNCKSaT+bHj7GR0bp4l6sTEWAp+rviYxIrUcyNJ2SwEDPexPxP6+TQu/Sz3iUpMAiOlvUSwWGGE9SwF2uGAUxMoRQxc2tmA6IIhRMVkUTgjv/8iJpnlTd8+rZ7Wm5dpXHUUAH6BBVkIsuUA3doDpqIIpS9Ixe0Zv1ZL1Y79bHrHXJymf20R9Ynz+jwZJy</latexit>

RZ(±✓)
<latexit sha1_base64="GoA/ye0S1yfeh9wH3zGJDPHFS4o=">AAAB/3icbVBNS8NAEN34WetXVPDiJViE9lISkeqx6MVjFdsGmhg22027dPPB7kQoMQf/ihcPinj1b3jz37htc9DWBwOP92aYmecnnEkwzW9taXlldW29tFHe3Nre2dX39jsyTgWhbRLzWNg+lpSziLaBAad2IigOfU67/uhq4ncfqJAsju5gnFA3xIOIBYxgUJKnH97eZ1XbruVe5iRhXnVgSAHXPL1i1s0pjEViFaSCCrQ8/cvpxyQNaQSEYyl7lpmAm2EBjHCal51U0gSTER7QnqIRDql0s+n9uXGilL4RxEJVBMZU/T2R4VDKceirzhDDUM57E/E/r5dCcOFmLEpSoBGZLQpSbkBsTMIw+kxQAnysCCaCqVsNMsQCE1CRlVUI1vzLi6RzWrca9cbNWaV5WcRRQkfoGFWRhc5RE12jFmojgh7RM3pFb9qT9qK9ax+z1iWtmDlAf6B9/gAijZWO</latexit>

R(XX)
± (✓)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=
<latexit sha1_base64="K9mK8TcbTwPAovmeVS1jkavk1Sk=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQi1WPRi8cq9gPbECbbTbt0s4m7m0Ip/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm7mt/PbO7t5+4eCwoeJUElonMY9lK0BFORO0rpnmtJVIilHAaTMY3Ez95pBKxWLxoEcJ9SLsCRYygtpI3r3/WOogT/rou2d+oeiUnRnsZeJmpAgZan7hq9ONSRpRoQlHpdquk2hvjFIzwukk30kVTZAMsEfbhgqMqPLGs6Mn9qlRunYYS1NC2zP198QYI6VGUWA6I9R9tehNxf+8dqrDK2/MRJJqKsh8UZhyW8f2NAG7yyQlmo8MQSKZudUmfZRItMkpb0JwF19eJo3zslspV+4uitXrLI4cHMMJlMCFS6jCLdSgDgSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8weQmZFV</latexit>

RZ(↵1)

<latexit sha1_base64="NfP8v7W3oFCbJ/FX3kbHoDY0hYQ=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9Iagh6JXjyikY8ITbNdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbm+TFnStv2t5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW37o5uZ3x5TqVgkHvQkpm6IB4IFjGBtJPfeeyz3MI+H2Kuee8WSXbHnQKvEyUgJMjS84levH5EkpEITjpXqOnas3RRLzQin00IvUTTGZIQHtGuowCFVbjo/eorOjNJHQSRNCY3m6u+JFIdKTULfdIZYD9WyNxP/87qJDq7clIk40VSQxaIg4UhHaJYA6jNJieYTQzCRzNyKyBBLTLTJqWBCcJZfXiWti4pTq9TuqqX6dRZHHk7gFMrgwCXU4RYa0AQCT/AMr/Bmja0X6936WLTmrGzmGP7A+vwBlSiRWA==</latexit>

RZ(↵4)
<latexit sha1_base64="zzhBIC5vYYkKIx+XsVubAsH1PzM=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9ELx7RyCPCZtM7zMKE2YczsySE8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yE8GVtu1va2V1bX1jM7eV397Z3dsvHBw2VJxKyuo0FrFs+aiY4BGra64FayWSYegL1vQHN1O/OWRS8Th60KOEuSH2Ih5witpI7r33WOqgSProVc68QtEu2zOQZeJkpAgZal7hq9ONaRqySFOBSrUdO9HuGKXmVLBJvpMqliAdYI+1DY0wZModz46ekFOjdEkQS1ORJjP198QYQ6VGoW86Q9R9tehNxf+8dqqDK3fMoyTVLKLzRUEqiI7JNAHS5ZJRLUaGIJXc3EpoHyVSbXLKmxCcxZeXSeO87FTKlbuLYvU6iyMHx3ACJXDgEqpwCzWoA4UneIZXeLOG1ov1bn3MW1esbOYI/sD6/AGYMpFa</latexit>

RZ(↵6)

<latexit sha1_base64="dNIt2GAfkgoClKf4d9CuPiGM5hY=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9ISgx6JXjyikY8ITTNdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbm+TFnStv2t5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz4oypmgTc00p51YUgh9Ttv+6Gbmt8dUKhaJBz2JqRvCQLCAEdBGcu+9x3IPeDwEr3ruFUt2xZ4DrxInIyWUoeEVv3r9iCQhFZpwUKrr2LF2U5CaEU6nhV6iaAxkBAPaNVRASJWbzo+e4jOj9HEQSVNC47n6eyKFUKlJ6JvOEPRQLXsz8T+vm+jgyk2ZiBNNBVksChKOdYRnCeA+k5RoPjEEiGTmVkyGIIFok1PBhOAsv7xKWtWKU6vU7i5K9essjjw6QaeojBx0ieroFjVQExH0hJ7RK3qzxtaL9W59LFpzVjZzjP7A+vwBkh6RVg==</latexit>

RZ(↵2)
<latexit sha1_base64="52nWc6C7BAMSHOqpaDXpzOPQPms=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaRY9ELx7RyEeEptkuW9iw3dbdLQlp+B1ePGiMV3+MN/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb84c3Ub42oVCwSD3ocUzfEfcECRrA2knvvPZa7mMcD7F2cesWSXbFnQMvEyUgJMtS94le3F5EkpEITjpXqOHas3RRLzQink0I3UTTGZIj7tGOowCFVbjo7eoJOjNJDQSRNCY1m6u+JFIdKjUPfdIZYD9SiNxX/8zqJDq7clIk40VSQ+aIg4UhHaJoA6jFJieZjQzCRzNyKyABLTLTJqWBCcBZfXibNs4pTrVTvzku16yyOPBzBMZTBgUuowS3UoQEEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDlq2RWQ==</latexit>

RZ(↵5)
<latexit sha1_base64="AIltqk1js8KN9+eOzDiz77WnAzM=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9KqQY9ELx7RyEeEptkuW9iw3dbdLQlp+B1ePGiMV3+MN/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb84c3Ub42oVCwSD3ocUzfEfcECRrA2knvvPZa7mMcD7J2fesWSXbFnQMvEyUgJMtS94le3F5EkpEITjpXqOHas3RRLzQink0I3UTTGZIj7tGOowCFVbjo7eoJOjNJDQSRNCY1m6u+JFIdKjUPfdIZYD9SiNxX/8zqJDq7clIk40VSQ+aIg4UhHaJoA6jFJieZjQzCRzNyKyABLTLTJqWBCcBZfXibNs4pTrVTvLkq16yyOPBzBMZTBgUuowS3UoQEEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDk6ORVw==</latexit>

RZ(↵3)

<latexit sha1_base64="FwMDI7ltvEO9/W1P26jWA9Twf/o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lEqseiF49V7AdtQ9hsN+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2tb2xubRd2irt7+weH9tFxU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6G7mt8ZUKhaLJz1JqBfhgWAhI1gbybftRz/rdKblHubJEPvuhW+XnIozB1olbk5KkKPu21+9fkzSiApNOFaq6zqJ9jIsNSOcTou9VNEEkxEe0K6hAkdUedn88ik6N0ofhbE0JTSaq78nMhwpNYkC0xlhPVTL3kz8z+umOrzxMiaSVFNBFovClCMdo1kMqM8kJZpPDMFEMnMrIkMsMdEmrKIJwV1+eZU0LytutVJ9uCrVbvM4CnAKZ1AGF66hBvdQhwYQGMMzvMKblVkv1rv1sWhds/KZE/gD6/MHiaKS9g==</latexit>

RZZ(↵1)
<latexit sha1_base64="7mpBXiFZ5TbTUnW7VAXzZsGT1MQ=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcQEL6QlBj0SvXhEIx8Bmma7LLBhu212tySk4Z948aAxXv0n3vw3LtCDgi+Z5OW9mczMC2LOlHacbyu3sbm1vZPfLeztHxwe2ccnTRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F47u535pQqVgknvQ0pl6Ih4INGMHaSL5tP/pppzMr9TCPR9ivXPp20Sk7C6B14makCBnqvv3V60ckCanQhGOluq4Tay/FUjPC6azQSxSNMRnjIe0aKnBIlZcuLp+hC6P00SCSpoRGC/X3RIpDpaZhYDpDrEdq1ZuL/3ndRA9uvJSJONFUkOWiQcKRjtA8BtRnkhLNp4ZgIpm5FZERlphoE1bBhOCuvrxOmpWyWy1XH66KtdssjjycwTmUwIVrqME91KEBBCbwDK/wZqXWi/VufSxbc1Y2cwp/YH3+AIsnkvc=</latexit>

RZZ(↵2)
<latexit sha1_base64="jWSfuXfxMJxAjs7qO2s2D+b+pz0=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjcQEL6RVgx6JXjyikY8ATTNdFtiw3Ta7WxLS8E+8eNAYr/4Tb/4bF+hBwZdM8vLeTGbmBTFnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjhooSSWidRDySrQAU5UzQumaa01YsKYQBp81gdDfzm2MqFYvEk57E1AthIFifEdBG8m370U/b7WmpCzwegn957ttFp+zMgVeJm5EiylDz7a9uLyJJSIUmHJTquE6svRSkZoTTaaGbKBoDGcGAdgwVEFLlpfPLp/jMKD3cj6QpofFc/T2RQqjUJAxMZwh6qJa9mfif10l0/8ZLmYgTTQVZLOonHOsIz2LAPSYp0XxiCBDJzK2YDEEC0SasggnBXX55lTQuym6lXHm4KlZvszjy6ASdohJy0TWqontUQ3VE0Bg9o1f0ZqXWi/VufSxac1Y2c4z+wPr8AYyskvg=</latexit>

RZZ(↵3)

<latexit sha1_base64="F/NABZ5tPfcD5PQOINhDPRQyBgw=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1BD0SvXhEIx8Bmma7LLBhu212tySk4Z948aAxXv0n3vw3LtCDgi+Z5OW9mczMC2LOlHacbyu3sbm1vZPfLeztHxwe2ccnTRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F47u535pQqVgknvQ0pl6Ih4INGMHaSL5tP/pppzMr9TCPR9ivXPp20Sk7C6B14makCBnqvv3V60ckCanQhGOluq4Tay/FUjPC6azQSxSNMRnjIe0aKnBIlZcuLp+hC6P00SCSpoRGC/X3RIpDpaZhYDpDrEdq1ZuL/3ndRA9uvJSJONFUkOWiQcKRjtA8BtRnkhLNp4ZgIpm5FZERlphoE1bBhOCuvrxOmldlt1quPlSKtdssjjycwTmUwIVrqME91KEBBCbwDK/wZqXWi/VufSxbc1Y2cwp/YH3+AI4xkvk=</latexit>

RZZ(↵4)
<latexit sha1_base64="LiBDYPFY3bHAwQCPecByLp+vNL0=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjcQEL6Q1ih6JXjyikY8ATTNdFtiw3Ta7WxLS8E+8eNAYr/4Tb/4bF+hBwZdM8vLeTGbmBTFnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjhooSSWidRDySrQAU5UzQumaa01YsKYQBp81gdDfzm2MqFYvEk57E1AthIFifEdBG8m370U/b7WmpCzwegn917ttFp+zMgVeJm5EiylDz7a9uLyJJSIUmHJTquE6svRSkZoTTaaGbKBoDGcGAdgwVEFLlpfPLp/jMKD3cj6QpofFc/T2RQqjUJAxMZwh6qJa9mfif10l0/8ZLmYgTTQVZLOonHOsIz2LAPSYp0XxiCBDJzK2YDEEC0SasggnBXX55lTQuym6lXHm4LFZvszjy6ASdohJy0TWqontUQ3VE0Bg9o1f0ZqXWi/VufSxac1Y2c4z+wPr8AY+2kvo=</latexit>

RZZ(↵5)

<latexit sha1_base64="dXY+m2LmcHDTInLH1d04mCt3Ejo=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF49V7AdtQ5hsN+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2tb2xubRd2irt7+weH9tFxU8WpJLRBYh7LdgCKciZoQzPNaTuRFKKA01Ywupv5rTGVisXiSU8S6kUwECxkBLSRfNt+9LNOZ1ruAU+G4FcvfLvkVJw58Cpxc1JCOeq+/dXrxySNqNCEg1Jd10m0l4HUjHA6LfZSRRMgIxjQrqECIqq8bH75FJ8bpY/DWJoSGs/V3xMZREpNosB0RqCHatmbif953VSHN17GRJJqKshiUZhyrGM8iwH3maRE84khQCQzt2IyBAlEm7CKJgR3+eVV0rysuNVK9eGqVLvN4yigU3SGyshF16iG7lEdNRBBY/SMXtGblVkv1rv1sWhds/KZE/QH1ucPkTuS+w==</latexit>

RZZ(↵6)

<latexit sha1_base64="6fpRhcTDB2Qi4j0Iry5IfghLCEw=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk95kyMzsMjMrLEu+wKuevYlXP8ejf+Ik2YNJLGgoqrrp7gpizrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ShSFJo14pDoB0cCZhKZhhkMnVkBEwKEdjB+mfvsZlGaRfDJpDL4gQ8lCRomxUuOuX664VXcGvEq8nFRQjnq//NMbRDQRIA3lROuu58bGz4gyjHKYlHqJhpjQMRlC11JJBGg/mx06wWdWGeAwUrakwTP170RGhNapCGynIGakl72p+J/XTUx462dMxokBSeeLwoRjE+Hp13jAFFDDU0sIVczeiumIKEKNzWZhSyAmNhNvOYFV0rqoetfVq8ZlpXafp1NEJ+gUnSMP3aAaekR11EQUAXpBr+jNSZ1358P5nLcWnHzmGC3A+foFMaiTYQ==</latexit>=
<latexit sha1_base64="K9mK8TcbTwPAovmeVS1jkavk1Sk=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQi1WPRi8cq9gPbECbbTbt0s4m7m0Ip/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm7mt/PbO7t5+4eCwoeJUElonMY9lK0BFORO0rpnmtJVIilHAaTMY3Ez95pBKxWLxoEcJ9SLsCRYygtpI3r3/WOogT/rou2d+oeiUnRnsZeJmpAgZan7hq9ONSRpRoQlHpdquk2hvjFIzwukk30kVTZAMsEfbhgqMqPLGs6Mn9qlRunYYS1NC2zP198QYI6VGUWA6I9R9tehNxf+8dqrDK2/MRJJqKsh8UZhyW8f2NAG7yyQlmo8MQSKZudUmfZRItMkpb0JwF19eJo3zslspV+4uitXrLI4cHMMJlMCFS6jCLdSgDgSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8weQmZFV</latexit>

RZ(↵1)
<latexit sha1_base64="NfP8v7W3oFCbJ/FX3kbHoDY0hYQ=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9Iagh6JXjyikY8ITbNdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbm+TFnStv2t5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW37o5uZ3x5TqVgkHvQkpm6IB4IFjGBtJPfeeyz3MI+H2Kuee8WSXbHnQKvEyUgJMjS84levH5EkpEITjpXqOnas3RRLzQin00IvUTTGZIQHtGuowCFVbjo/eorOjNJHQSRNCY3m6u+JFIdKTULfdIZYD9WyNxP/87qJDq7clIk40VSQxaIg4UhHaJYA6jNJieYTQzCRzNyKyBBLTLTJqWBCcJZfXiWti4pTq9TuqqX6dRZHHk7gFMrgwCXU4RYa0AQCT/AMr/Bmja0X6936WLTmrGzmGP7A+vwBlSiRWA==</latexit>

RZ(↵4)
<latexit sha1_base64="zzhBIC5vYYkKIx+XsVubAsH1PzM=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9ELx7RyCPCZtM7zMKE2YczsySE8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yE8GVtu1va2V1bX1jM7eV397Z3dsvHBw2VJxKyuo0FrFs+aiY4BGra64FayWSYegL1vQHN1O/OWRS8Th60KOEuSH2Ih5witpI7r33WOqgSProVc68QtEu2zOQZeJkpAgZal7hq9ONaRqySFOBSrUdO9HuGKXmVLBJvpMqliAdYI+1DY0wZModz46ekFOjdEkQS1ORJjP198QYQ6VGoW86Q9R9tehNxf+8dqqDK3fMoyTVLKLzRUEqiI7JNAHS5ZJRLUaGIJXc3EpoHyVSbXLKmxCcxZeXSeO87FTKlbuLYvU6iyMHx3ACJXDgEqpwCzWoA4UneIZXeLOG1ov1bn3MW1esbOYI/sD6/AGYMpFa</latexit>

RZ(↵6)

<latexit sha1_base64="dNIt2GAfkgoClKf4d9CuPiGM5hY=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9ISgx6JXjyikY8ITTNdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbm+TFnStv2t5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz4oypmgTc00p51YUgh9Ttv+6Gbmt8dUKhaJBz2JqRvCQLCAEdBGcu+9x3IPeDwEr3ruFUt2xZ4DrxInIyWUoeEVv3r9iCQhFZpwUKrr2LF2U5CaEU6nhV6iaAxkBAPaNVRASJWbzo+e4jOj9HEQSVNC47n6eyKFUKlJ6JvOEPRQLXsz8T+vm+jgyk2ZiBNNBVksChKOdYRnCeA+k5RoPjEEiGTmVkyGIIFok1PBhOAsv7xKWtWKU6vU7i5K9essjjw6QaeojBx0ieroFjVQExH0hJ7RK3qzxtaL9W59LFpzVjZzjP7A+vwBkh6RVg==</latexit>

RZ(↵2)
<latexit sha1_base64="52nWc6C7BAMSHOqpaDXpzOPQPms=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaRY9ELx7RyEeEptkuW9iw3dbdLQlp+B1ePGiMV3+MN/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb84c3Ub42oVCwSD3ocUzfEfcECRrA2knvvPZa7mMcD7F2cesWSXbFnQMvEyUgJMtS94le3F5EkpEITjpXqOHas3RRLzQink0I3UTTGZIj7tGOowCFVbjo7eoJOjNJDQSRNCY1m6u+JFIdKjUPfdIZYD9SiNxX/8zqJDq7clIk40VSQ+aIg4UhHaJoA6jFJieZjQzCRzNyKyABLTLTJqWBCcBZfXibNs4pTrVTvzku16yyOPBzBMZTBgUuowS3UoQEEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDlq2RWQ==</latexit>

RZ(↵5)
<latexit sha1_base64="AIltqk1js8KN9+eOzDiz77WnAzM=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9KqQY9ELx7RyEeEptkuW9iw3dbdLQlp+B1ePGiMV3+MN/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb84c3Ub42oVCwSD3ocUzfEfcECRrA2knvvPZa7mMcD7J2fesWSXbFnQMvEyUgJMtS94le3F5EkpEITjpXqOHas3RRLzQink0I3UTTGZIj7tGOowCFVbjo7eoJOjNJDQSRNCY1m6u+JFIdKjUPfdIZYD9SiNxX/8zqJDq7clIk40VSQ+aIg4UhHaJoA6jFJieZjQzCRzNyKyABLTLTJqWBCcBZfXibNs4pTrVTvLkq16yyOPBzBMZTBgUuowS3UoQEEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDk6ORVw==</latexit>

RZ(↵3)

With all-to-all connectivity,

depth ∝ N2
q

With linear connectivity, we have the same number of 
CNOTS, but

depth = Nq
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Performing time evolution: Results

,

<latexit sha1_base64="6HNSE1c1D1ZnqtjDg+8c4DfNV1U=">AAAB6XicbVC7SgNBFL0bXzG+opY2g0GwCrspEsugjWUU84BkkdnJbDJkdnaZuSuEJX9gY6GIrX9k5984SbbQxAMDh3POZe49QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3Mz97hPXRsTqAacJ9yM6UiIUjKKV7rutx3LFrboLkHXi5aQCOWz+azCMWRpxhUxSY/qem6CfUY2CST4rDVLDE8omdMT7lioaceNni01n5MIqQxLG2j6FZKH+nshoZMw0Cmwyojg2q95c/M/rpxhe+ZlQSYpcseVHYSoJxmR+NhkKzRnKqSWUaWF3JWxMNWVoyynZErzVk9dJp1b16tX6Xa3SvM7rKMIZnMMleNCAJtxCC9rAIIRneIU3Z+K8OO/OxzJacPKZU/gD5/MHVbGNPg==</latexit> W
P <latexit sha1_base64="IS+cWKhKWMCJszFUk6jKJIG3Raw=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBjSURqS6LbrqsYB/QxDKZTtqhk0mYuRHKEDf+ihsXirj1L9z5N04fC209cOFwzr3ce0+YcqbAdb+tpeWV1bX1wkZxc2t7Z9fe22+qJJOENkjCE9kOsaKcCdoABpy2U0lxHHLaCoc3Y7/1QKViibiDUUqDGPcFixjBYKSufUjv9RnzI4mJhlyL3B9g0LU879olt+xO4CwSb0ZKaIZ61/7yewnJYiqAcKxUx3NTCDSWwAinedHPFE0xGeI+7RgqcExVoCcf5M6JUXpOlEhTApyJ+ntC41ipURyazhjDQM17Y/E/r5NBdBVoJtIMqCDTRVHGHUiccRxOj0lKgI8MwUQyc6tDBtikASa0ognBm395kTTPy16lXLm9KFWvZ3EU0BE6RqfIQ5eoimqojhqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwCE55ea</latexit>

e�i
t
n Ĥ,

<latexit sha1_base64="SyyViNbdsG7kajHCIGVzQ0FiR54=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0scREDhK4kL1lD1Z29y77YUII/8HGQmNs/T92/hsXuELBl0zy8t5MZubFGWfa+P63V9jY3NreKe6W9vYPDo/KxyehTq0itEVSnqpOjDXlTNKWYYbTTqYoFjGn7Xh8O/fbT1RplsoHM8loJPBQsoQRbJwUhphYK/rlil/1F0DrJMhJBXI0++Wv3iAlVlBpCMdadwM/M9EUK8MIp7NSz2qaYTLGQ9p1VGJBdTRdXDtDF04ZoCRVrqRBC/X3xBQLrScidp0Cm5Fe9ebif17XmuQ6mjKZWUMlWS5KLEcmRfPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD68joJa9WgXq3f1yqNmzyOIpzBOVxCAFfQgDtoQgsIPMIzvMKbl3ov3rv3sWwtePnMKfyB9/kDpQ2PMA==</latexit> V
ac
u
u
m

<latexit sha1_base64="IS+cWKhKWMCJszFUk6jKJIG3Raw=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBjSURqS6LbrqsYB/QxDKZTtqhk0mYuRHKEDf+ihsXirj1L9z5N04fC209cOFwzr3ce0+YcqbAdb+tpeWV1bX1wkZxc2t7Z9fe22+qJJOENkjCE9kOsaKcCdoABpy2U0lxHHLaCoc3Y7/1QKViibiDUUqDGPcFixjBYKSufUjv9RnzI4mJhlyL3B9g0LU879olt+xO4CwSb0ZKaIZ61/7yewnJYiqAcKxUx3NTCDSWwAinedHPFE0xGeI+7RgqcExVoCcf5M6JUXpOlEhTApyJ+ntC41ipURyazhjDQM17Y/E/r5NBdBVoJtIMqCDTRVHGHUiccRxOj0lKgI8MwUQyc6tDBtikASa0ognBm395kTTPy16lXLm9KFWvZ3EU0BE6RqfIQ5eoimqojhqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwCE55ea</latexit>
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MPS simulation ibm_torino

1) Prepare vacuum and hadron wavepacket

2) Apply Trotterized time evolution operator

3) Measure chiral condensate (removing vacuum 
contribution)

<latexit sha1_base64="AqCShFIAxxOmsZChBB1SWib4+bA="></latexit>

Xj(t) = h WP(t)|�j | WP(t)i � h vac(t)|�j | vac(t)i
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Performing time evolution: Results

,

<latexit sha1_base64="6HNSE1c1D1ZnqtjDg+8c4DfNV1U=">AAAB6XicbVC7SgNBFL0bXzG+opY2g0GwCrspEsugjWUU84BkkdnJbDJkdnaZuSuEJX9gY6GIrX9k5984SbbQxAMDh3POZe49QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3Mz97hPXRsTqAacJ9yM6UiIUjKKV7rutx3LFrboLkHXi5aQCOWz+azCMWRpxhUxSY/qem6CfUY2CST4rDVLDE8omdMT7lioaceNni01n5MIqQxLG2j6FZKH+nshoZMw0Cmwyojg2q95c/M/rpxhe+ZlQSYpcseVHYSoJxmR+NhkKzRnKqSWUaWF3JWxMNWVoyynZErzVk9dJp1b16tX6Xa3SvM7rKMIZnMMleNCAJtxCC9rAIIRneIU3Z+K8OO/OxzJacPKZU/gD5/MHVbGNPg==</latexit> W
P <latexit sha1_base64="IS+cWKhKWMCJszFUk6jKJIG3Raw=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBjSURqS6LbrqsYB/QxDKZTtqhk0mYuRHKEDf+ihsXirj1L9z5N04fC209cOFwzr3ce0+YcqbAdb+tpeWV1bX1wkZxc2t7Z9fe22+qJJOENkjCE9kOsaKcCdoABpy2U0lxHHLaCoc3Y7/1QKViibiDUUqDGPcFixjBYKSufUjv9RnzI4mJhlyL3B9g0LU879olt+xO4CwSb0ZKaIZ61/7yewnJYiqAcKxUx3NTCDSWwAinedHPFE0xGeI+7RgqcExVoCcf5M6JUXpOlEhTApyJ+ntC41ipURyazhjDQM17Y/E/r5NBdBVoJtIMqCDTRVHGHUiccRxOj0lKgI8MwUQyc6tDBtikASa0ognBm395kTTPy16lXLm9KFWvZ3EU0BE6RqfIQ5eoimqojhqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwCE55ea</latexit>

e�i
t
n Ĥ,

<latexit sha1_base64="SyyViNbdsG7kajHCIGVzQ0FiR54=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0scREDhK4kL1lD1Z29y77YUII/8HGQmNs/T92/hsXuELBl0zy8t5MZubFGWfa+P63V9jY3NreKe6W9vYPDo/KxyehTq0itEVSnqpOjDXlTNKWYYbTTqYoFjGn7Xh8O/fbT1RplsoHM8loJPBQsoQRbJwUhphYK/rlil/1F0DrJMhJBXI0++Wv3iAlVlBpCMdadwM/M9EUK8MIp7NSz2qaYTLGQ9p1VGJBdTRdXDtDF04ZoCRVrqRBC/X3xBQLrScidp0Cm5Fe9ebif17XmuQ6mjKZWUMlWS5KLEcmRfPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD68joJa9WgXq3f1yqNmzyOIpzBOVxCAFfQgDtoQgsIPMIzvMKbl3ov3rv3sWwtePnMKfyB9/kDpQ2PMA==</latexit> V
ac
u
u
m

<latexit sha1_base64="IS+cWKhKWMCJszFUk6jKJIG3Raw=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBjSURqS6LbrqsYB/QxDKZTtqhk0mYuRHKEDf+ihsXirj1L9z5N04fC209cOFwzr3ce0+YcqbAdb+tpeWV1bX1wkZxc2t7Z9fe22+qJJOENkjCE9kOsaKcCdoABpy2U0lxHHLaCoc3Y7/1QKViibiDUUqDGPcFixjBYKSufUjv9RnzI4mJhlyL3B9g0LU879olt+xO4CwSb0ZKaIZ61/7yewnJYiqAcKxUx3NTCDSWwAinedHPFE0xGeI+7RgqcExVoCcf5M6JUXpOlEhTApyJ+ntC41ipURyazhjDQM17Y/E/r5NBdBVoJtIMqCDTRVHGHUiccRxOj0lKgI8MwUQyc6tDBtikASa0ognBm395kTTPy16lXLm9KFWvZ3EU0BE6RqfIQ5eoimqojhqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwCE55ea</latexit>
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MPS simulation ibm_torino

1) Prepare vacuum and hadron wavepacket

2) Apply Trotterized time evolution operator

3) Measure chiral condensate (removing vacuum 
contribution)

<latexit sha1_base64="AqCShFIAxxOmsZChBB1SWib4+bA="></latexit>

Xj(t) = h WP(t)|�j | WP(t)i � h vac(t)|�j | vac(t)i
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Mitigating the noise (again)
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MPS simulator
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Schwinger model with external charges
A. Florio et al. PRL (2023), arXiv:2404.00087

Add external charge in the system

<latexit sha1_base64="mxPq1xJGAZPvag6x16Fcf0vrdtQ="></latexit>

Hel =
g
2

2

X

n

0

@
X

mn

Qm

1

A
2

! g
2

2

X

n

0

@
X

mn

Qm + q
(ext)
m (t)

1

A
2

<latexit sha1_base64="l76UthwAfY53sDmMXRyQy1VwHWE="></latexit>

q(ext)m (t) = �⇥

✓
t� t0
a

� |m� L|
◆

2 back-to-back charges moving at the speed of light
<latexit sha1_base64="ZJHCGertiRJ2fBdltjaBOuymlNY="></latexit>

pi,j = |h t|�i�
†
j |Neeli|

creation of 
meson states
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?

Charge moving at a constant speed 
(with minimal acceleration)
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Due to Lorentz invariance, energy should be 
conserved at constant speed
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Energy is pumped into the system: 
creation of hadrons
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?
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For small velocities, we see the expected behavior (nothing is happening)
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?
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As we increase the speed, we see that the light charges screening the heavy charge start 
to be left behind

For small velocities, we see the expected behavior (nothing is happening)
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?

°0.5

0.0

0.5

vmax = 0.1 vmax = 0.2 vmax = 0.3 vmax = 0.4 vmax = 0.5

0 5 10 15 20
°0.5

0.0

0.5

vmax = 0.6

0 5 10 15 20

vmax = 0.7

0 5 10 15 20

vmax = 0.8

0 5 10 15 20

vmax = 0.9

0 5 10 15 20

vmax = 0.99

Staggered position

hq̂
n
i Q

+ {3
,v

}
°

hq̂
n
i v

ac

At high velocities, the light charges cannot keep up with the heavy charge

For small velocities, we see the expected behavior (nothing is happening)
As we increase the speed, we see that the light charges screening the heavy charge start 
to be left behind
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Schwinger model with external charges
Going at the speed of light seems to be too fast on the lattice. 
Are we seeing discretization effects?
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The entanglement also seems to be affected by discretization effects Complete destruction

<latexit sha1_base64="r+FAD5hEwg7B+bOtBFuLV3QsTEI="></latexit>

⌧n = |h |�y
i1
�y
i2
· · ·�y

in
| i⇤|2

n-tangles



40

Schwinger model with external charges
What happens if we collide two (or more) of these heavy charges?
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In-medium quantum coherence effects start to become visible (small v=0.2)
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Summary

✦ 1+1D QED is a great testbed for quantum simulations of subatomic 
physics

✦ We have introduced SC-ADAPT-VQE, which is “physics guided”, making 
use of the properties of the theory (expectation is it will work with QCD)

✦ Good results obtained from 100+ qubits, error mitigation is essential

✦ We showed how to prepare the vacuum, excite a hadron wavepacket on 
top, and evolve it in time.

✦ Next step is to go to higher dimensions

✦ One needs to be carefull of the discretization effects (as in LQCD)
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Thank you

PRX Quantum 5 (2024), arXiv:2308.04481 [quant-ph]

Phys. Rev. D (2024), arXiv:2401.08044 [quant-ph]

arXiv:2405.06620 [quant-ph]

ありがとうございます


