
7- Quantum Simulation 



 گام های بزرگ در علوم

در شیوه های مطالعه علوم

یا



هندسه قدیمی

خلاقیت

هندسه تحلیلی

(x, y)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

محاسبات جبری



حل های تحلیلی  حل های عددی و
شبیه سازی  عددی



شبيه سازی منظومه شمس

6⇥N
<latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit>

تعداد متغیرها

d

dt
xi = fi(x1, · · ·x6N )

<latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit>



شبيه سازی یک خوشه ستاره ای

6⇥N
<latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit><latexit sha1_base64="yo23KdLdzVTj2/Spu7CZDJOW/mI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQtJa0+yKblxJBWMrbSiT6aQdOjMJMxOhhH6FGxcqbv0dd/6N04egogcuHM65l3vviVJGlXacD2tpeWV1bb2wUdzc2t7ZLe3t36okk5gEOGGJbEdIEUYFCTTVjLRTSRCPGGlFo4up37onUtFE3OhxSkKOBoLGFCNtpLuzrqacKHjVK5Ud2614Xs2Fju37vlerzolTrUPXdmYogwWavdJ7t5/gjBOhMUNKdVwn1WGOpKaYkUmxmymSIjxCA9IxVCCzJsxnB0/gsVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwOn3sE8lwZqNDUFYUnMrxEMkEdYmo6IJ4etT+D8JKrZvu9en5cb5Io0COARH4AS4wAMNcAmaIAAYcPAAnsCzJa1H68V6nbcuWYuZA/AD1tsnJG6QMQ==</latexit>

تعداد متغیرها

d

dt
xi = fi(x1, · · ·x6N )

<latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit><latexit sha1_base64="wT1Zh4glXRnO5F/JlvGZD3IsUdA="></latexit>



شبيه سازی در مهندسی



شبیه سازی محدود در شیمی و بیوشیمی



Classical Simulator



مسائل آسان

حافظه مورد نیاز

تعداد ذرات

Nk
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



0 1

|ψ⟩ = a |0⟩ + b |1⟩

a ⟶ 0101010001011011

b ⟶ 1011010010110101



dim(H) = 2N
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|Ψ⟩ = a1 |1⟩ + a2 |2⟩ + ⋯a2N |2N⟩

210 = 1024
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

2100 ⇡ 1024
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Giga Bytes

Bytes



حتی یک سیستم ساده 
 کوانتومی را نیز نمی توانیم در یک کامپیوتر کلاسیک شبیه سازی کنیم.

حافظه مورد نیاز

N

Nk
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

aN

Quantum System

Classical System



شبيه سازی کوانتومی

i
d

dt
| i = H| (t)i

<latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit>

استفاده از یک سیستم کوانتومی ساده برای  
شبيه سازی یک سيستم کوانتومی دیگر



A-Digital Quantum Simulation



M
easurem

ent

 A1-Dynamics of a particle in one dimension

| ̃i = e�iH̃⌧ | ̃(0)i

<latexit sha1_base64="gmfhIgTI0DmSTyXFDBPf2vUO9I8="></latexit>

e�iH̃⌧

<latexit sha1_base64="He7QRCewr3SEW/QsyjpuvWZhUZ8="></latexit>

| ̃(0)i

<latexit sha1_base64="MD+MWr6ZzfmkVBmNiNuBzYojeYc="></latexit>



 یک مثال خیلی ساده

i
d

dt
| i = H| (t)i

<latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit><latexit sha1_base64="gffiLQFvCqhbUmC93AOEswC6Yqc="></latexit>

Simulation of the dynamics of a  single particle

Efficient Simulation of Quantum Systems by Quantum Computers
 

Christoff Zalka
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| i =
Z L
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 (x)|xi

<latexit sha1_base64="ZJ7NwlqZZYXy6iZvveq8GYnvaug=">AAACDnicdVBNS8NAEN34WetX1KOXxaLUS0lsUXsQil48eKhgbKGJZbPdtks3m7C7kZa2/8CLf8WLBxWvnr35b9y0EVT0wcDjvRlm5vkRo1JZ1ocxMzs3v7CYWcour6yurZsbm9cyjAUmDg5ZKOo+koRRThxFFSP1SBAU+IzU/N5Z4tduiZA05FdqEBEvQB1O2xQjpaWmuTdyI0ldgXiHkROXctW0bi5gIub7+6N+6jTNnFUoJziEU1Isa2KVbKtYhHbBmiAHUlSb5rvbCnEcEK4wQ1I2bCtS3hAJRTEj46wbSxIh3EMd0tCUo4BIbzj5Zwx3tdKC7VDo4gpO1O8TQxRIOQh83Rkg1ZW/vUT8y2vEqn3sDSmPYkU4ni5qxwyqECbhwBYVBCs20ARhQfWtEHeRQFjpCLM6hK9P4f/EOSiUC/ZlKVc5TdPIgG2wA/LABkegAs5BFTgAgzvwAJ7As3FvPBovxuu0dcZIZ7bADxhvn/cenNk=</latexit><latexit sha1_base64="ZJ7NwlqZZYXy6iZvveq8GYnvaug=">AAACDnicdVBNS8NAEN34WetX1KOXxaLUS0lsUXsQil48eKhgbKGJZbPdtks3m7C7kZa2/8CLf8WLBxWvnr35b9y0EVT0wcDjvRlm5vkRo1JZ1ocxMzs3v7CYWcour6yurZsbm9cyjAUmDg5ZKOo+koRRThxFFSP1SBAU+IzU/N5Z4tduiZA05FdqEBEvQB1O2xQjpaWmuTdyI0ldgXiHkROXctW0bi5gIub7+6N+6jTNnFUoJziEU1Isa2KVbKtYhHbBmiAHUlSb5rvbCnEcEK4wQ1I2bCtS3hAJRTEj46wbSxIh3EMd0tCUo4BIbzj5Zwx3tdKC7VDo4gpO1O8TQxRIOQh83Rkg1ZW/vUT8y2vEqn3sDSmPYkU4ni5qxwyqECbhwBYVBCs20ARhQfWtEHeRQFjpCLM6hK9P4f/EOSiUC/ZlKVc5TdPIgG2wA/LABkegAs5BFTgAgzvwAJ7As3FvPBovxuu0dcZIZ7bADxhvn/cenNk=</latexit><latexit sha1_base64="ZJ7NwlqZZYXy6iZvveq8GYnvaug=">AAACDnicdVBNS8NAEN34WetX1KOXxaLUS0lsUXsQil48eKhgbKGJZbPdtks3m7C7kZa2/8CLf8WLBxWvnr35b9y0EVT0wcDjvRlm5vkRo1JZ1ocxMzs3v7CYWcour6yurZsbm9cyjAUmDg5ZKOo+koRRThxFFSP1SBAU+IzU/N5Z4tduiZA05FdqEBEvQB1O2xQjpaWmuTdyI0ldgXiHkROXctW0bi5gIub7+6N+6jTNnFUoJziEU1Isa2KVbKtYhHbBmiAHUlSb5rvbCnEcEK4wQ1I2bCtS3hAJRTEj46wbSxIh3EMd0tCUo4BIbzj5Zwx3tdKC7VDo4gpO1O8TQxRIOQh83Rkg1ZW/vUT8y2vEqn3sDSmPYkU4ni5qxwyqECbhwBYVBCs20ARhQfWtEHeRQFjpCLM6hK9P4f/EOSiUC/ZlKVc5TdPIgG2wA/LABkegAs5BFTgAgzvwAJ7As3FvPBovxuu0dcZIZ7bADxhvn/cenNk=</latexit><latexit sha1_base64="ZJ7NwlqZZYXy6iZvveq8GYnvaug=">AAACDnicdVBNS8NAEN34WetX1KOXxaLUS0lsUXsQil48eKhgbKGJZbPdtks3m7C7kZa2/8CLf8WLBxWvnr35b9y0EVT0wcDjvRlm5vkRo1JZ1ocxMzs3v7CYWcour6yurZsbm9cyjAUmDg5ZKOo+koRRThxFFSP1SBAU+IzU/N5Z4tduiZA05FdqEBEvQB1O2xQjpaWmuTdyI0ldgXiHkROXctW0bi5gIub7+6N+6jTNnFUoJziEU1Isa2KVbKtYhHbBmiAHUlSb5rvbCnEcEK4wQ1I2bCtS3hAJRTEj46wbSxIh3EMd0tCUo4BIbzj5Zwx3tdKC7VDo4gpO1O8TQxRIOQh83Rkg1ZW/vUT8y2vEqn3sDSmPYkU4ni5qxwyqECbhwBYVBCs20ARhQfWtEHeRQFjpCLM6hK9P4f/EOSiUC/ZlKVc5TdPIgG2wA/LABkegAs5BFTgAgzvwAJ7As3FvPBovxuu0dcZIZ7bADxhvn/cenNk=</latexit>

Preparation of the initial state



| i = cos�|0i+ sin�|1i
<latexit sha1_base64="+Ma2Q4RYVXsR6AKZ8U+wbzukI40=">AAACGHicdZDNSgMxFIUz/tb6N+rSTbAIgjBkbFG7EIpuXFawttApJZOmbWgmGZKMUKZ9DTe+ihsXKm67821M2xFU9EDg8N17ubknjDnTBqEPZ2FxaXllNbeWX9/Y3Np2d3bvtEwUoTUiuVSNEGvKmaA1wwynjVhRHIWc1sPB1bRev6dKMyluzTCmrQj3BOsygo1FbReNglizQGHR4/QiIFIHcZ+NUEaOA83EjPgZabsF5JWnOoVzUyxbg0o+Khah76GZCiBTte1Ogo4kSUSFIRxr3fRRbFopVoYRTsf5INE0xmSAe7RprcAR1a10dtkYHlrSgV2p7BMGzuj3iRRHWg+j0HZG2PT179oU/lVrJqZ73kqZiBNDBZkv6iYcGgmnMcEOU5QYPrQGE8XsXyHpY4WJsWHmbQhfl8L/Te3EK3v+TalQuczSyIF9cACOgA/OQAVcgyqoAQIewBN4Aa/Oo/PsvDnv89YFJ5vZAz/kTD4B2yKhsg==</latexit><latexit sha1_base64="+Ma2Q4RYVXsR6AKZ8U+wbzukI40=">AAACGHicdZDNSgMxFIUz/tb6N+rSTbAIgjBkbFG7EIpuXFawttApJZOmbWgmGZKMUKZ9DTe+ihsXKm67821M2xFU9EDg8N17ubknjDnTBqEPZ2FxaXllNbeWX9/Y3Np2d3bvtEwUoTUiuVSNEGvKmaA1wwynjVhRHIWc1sPB1bRev6dKMyluzTCmrQj3BOsygo1FbReNglizQGHR4/QiIFIHcZ+NUEaOA83EjPgZabsF5JWnOoVzUyxbg0o+Khah76GZCiBTte1Ogo4kSUSFIRxr3fRRbFopVoYRTsf5INE0xmSAe7RprcAR1a10dtkYHlrSgV2p7BMGzuj3iRRHWg+j0HZG2PT179oU/lVrJqZ73kqZiBNDBZkv6iYcGgmnMcEOU5QYPrQGE8XsXyHpY4WJsWHmbQhfl8L/Te3EK3v+TalQuczSyIF9cACOgA/OQAVcgyqoAQIewBN4Aa/Oo/PsvDnv89YFJ5vZAz/kTD4B2yKhsg==</latexit><latexit sha1_base64="+Ma2Q4RYVXsR6AKZ8U+wbzukI40=">AAACGHicdZDNSgMxFIUz/tb6N+rSTbAIgjBkbFG7EIpuXFawttApJZOmbWgmGZKMUKZ9DTe+ihsXKm67821M2xFU9EDg8N17ubknjDnTBqEPZ2FxaXllNbeWX9/Y3Np2d3bvtEwUoTUiuVSNEGvKmaA1wwynjVhRHIWc1sPB1bRev6dKMyluzTCmrQj3BOsygo1FbReNglizQGHR4/QiIFIHcZ+NUEaOA83EjPgZabsF5JWnOoVzUyxbg0o+Khah76GZCiBTte1Ogo4kSUSFIRxr3fRRbFopVoYRTsf5INE0xmSAe7RprcAR1a10dtkYHlrSgV2p7BMGzuj3iRRHWg+j0HZG2PT179oU/lVrJqZ73kqZiBNDBZkv6iYcGgmnMcEOU5QYPrQGE8XsXyHpY4WJsWHmbQhfl8L/Te3EK3v+TalQuczSyIF9cACOgA/OQAVcgyqoAQIewBN4Aa/Oo/PsvDnv89YFJ5vZAz/kTD4B2yKhsg==</latexit><latexit sha1_base64="+Ma2Q4RYVXsR6AKZ8U+wbzukI40=">AAACGHicdZDNSgMxFIUz/tb6N+rSTbAIgjBkbFG7EIpuXFawttApJZOmbWgmGZKMUKZ9DTe+ihsXKm67821M2xFU9EDg8N17ubknjDnTBqEPZ2FxaXllNbeWX9/Y3Np2d3bvtEwUoTUiuVSNEGvKmaA1wwynjVhRHIWc1sPB1bRev6dKMyluzTCmrQj3BOsygo1FbReNglizQGHR4/QiIFIHcZ+NUEaOA83EjPgZabsF5JWnOoVzUyxbg0o+Khah76GZCiBTte1Ogo4kSUSFIRxr3fRRbFopVoYRTsf5INE0xmSAe7RprcAR1a10dtkYHlrSgV2p7BMGzuj3iRRHWg+j0HZG2PT179oU/lVrJqZ73kqZiBNDBZkv6iYcGgmnMcEOU5QYPrQGE8XsXyHpY4WJsWHmbQhfl8L/Te3EK3v+TalQuczSyIF9cACOgA/OQAVcgyqoAQIewBN4Aa/Oo/PsvDnv89YFJ5vZAz/kTD4B2yKhsg==</latexit>

cos2 � =

Z L
2

0
| (x)|2dx

<latexit sha1_base64="8rHxWsjz2srEbdXb/UXzDWgGEU4="></latexit><latexit sha1_base64="8rHxWsjz2srEbdXb/UXzDWgGEU4="></latexit><latexit sha1_base64="8rHxWsjz2srEbdXb/UXzDWgGEU4="></latexit><latexit sha1_base64="8rHxWsjz2srEbdXb/UXzDWgGEU4="></latexit>

sin2 � =

Z L

L
2

| (x)|2dx
<latexit sha1_base64="KsScNBQFcMz/0yY0yKpVZeL7q5g="></latexit><latexit sha1_base64="KsScNBQFcMz/0yY0yKpVZeL7q5g="></latexit><latexit sha1_base64="KsScNBQFcMz/0yY0yKpVZeL7q5g="></latexit><latexit sha1_base64="KsScNBQFcMz/0yY0yKpVZeL7q5g="></latexit>

0 L
0 1

If we have only one qubit, we approximate the wave function as follows



|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

| i
<latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit>

R�
<latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="r3IUv/835c9zaSnRx7jz8CleLlI=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3LKk5baIeSSe+0sZlkSDJCGfoOblyo+FLufBvTn4W2Hgh8nJOQe0+cCW6s7397pY3Nre2d8m5lr7p/cFg7qraMyjXDkCmhdCemBgWXGFpuBXYyjTSNBbbj8e0sbz+jNlzJRzvJMErpUPKEM2qd1Xro97IR79fqfsOfi6xDsIQ6LNXs1756A8XyFKVlghrTDfzMRgXVljOB00ovN5hRNqZD7DqUNEUTFfNpp+TMOQOSKO2OtGTu/n5R0NSYSRq7mym1I7Oazcz/sm5uk6uo4DLLLUq2+CjJBbGKzFYnA66RWTFxQJnmblbCRlRTZl1BFVdCsLryOoQXjetGcO9DGU7gFM4hgEu4gTtoQggMnuAF3uDdU96r97Foq+QtazuGP/I+fwCxF42B</latexit><latexit sha1_base64="Pl1/MgFrLQVffhAT85LEeWvTEek=">AAAB4XicdZBPS8MwGMbfzn9zTp1evQSH4KmkonO9CV48TrFusJWRZukWlzYlSYUx9h28eFDxS3nz25huE1T0gcDD70nI+z5RJrg2GH84pZXVtfWN8mZlq7q9s1vbq95pmSvKAiqFVJ2IaCZ4ygLDjWCdTDGSRIK1o/FlkbcfmNJcprdmkrEwIcOUx5wSY9HdTb+XjXi/VsfuGfb8RgNhF2PvtOlZ4/tNC5FnSaE6LNXq1957A0nzhKWGCqJ118OZCadEGU4Fm1V6uWYZoWMyZF1rU5IwHU7n087QkSUDFEtlT2rQnH5/MSWJ1pMksjcTYkb6d1bAv7JubuJmOOVplhuW0sVHcS6QkahYHQ24YtSIiTWEKm5nRXREFKHGFlSxJXxtiv43wYnru941hjIcwCEcgwfncAFX0IIAKNzDIzzDiyOdJ+d10VbJWda2Dz/kvH0CFzeNyg==</latexit><latexit sha1_base64="MfeetDmUqaVn5/44RwLmyvahLvI=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuCoZ0drZFd24rOK0hXYomTTTxmaSIckIZeg7uHGh4tYHcufbmGkrqOiBwOG795J7T5hwpg1CH05haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJnX2/dUaSbFrZkkNIjxULCIEWwsat30e8mI9csVVD1DrlerQVRFyD2tu9Z4Xt1C6FqSqwIWavbL772BJGlMhSEca911UWKCDCvDCKfTUi/VNMFkjIe0a63AMdVBNtt2Co8sGcBIKvuEgTP6fSLDsdaTOLSdMTYj/buWw79q3dRE9SBjIkkNFWT+UZRyaCTMT4cDpigxfGINJorZXSEZYYWJsQGVbAhfl8L/jX9S9aruNao0LhZpFMEBOATHwAXnoAGuQBP4gIA78ACewLMjnUfnxXmdtxacxcw++CHn7RNBRo8d</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit>

R� =

✓
cos� � sin�
sin� cos�

◆

<latexit sha1_base64="wiV8H3E1P7K5xNsQXCqnxbED0Z4="></latexit><latexit sha1_base64="wiV8H3E1P7K5xNsQXCqnxbED0Z4="></latexit><latexit sha1_base64="wiV8H3E1P7K5xNsQXCqnxbED0Z4="></latexit><latexit sha1_base64="wiV8H3E1P7K5xNsQXCqnxbED0Z4="></latexit>

✓
1
0

◆

<latexit sha1_base64="DFp6v+sduK6eXwq77XopUcN3gNM="></latexit><latexit sha1_base64="DFp6v+sduK6eXwq77XopUcN3gNM="></latexit><latexit sha1_base64="DFp6v+sduK6eXwq77XopUcN3gNM="></latexit><latexit sha1_base64="DFp6v+sduK6eXwq77XopUcN3gNM="></latexit>

✓
cos�
sin�

◆

<latexit sha1_base64="8I6CA0uwMoeJS02OuAhjBA1opkA="></latexit><latexit sha1_base64="8I6CA0uwMoeJS02OuAhjBA1opkA="></latexit><latexit sha1_base64="8I6CA0uwMoeJS02OuAhjBA1opkA="></latexit><latexit sha1_base64="8I6CA0uwMoeJS02OuAhjBA1opkA="></latexit>



0 L
00 01 1110

| i = a|00i+ b|01i+ c|10i+ d|11i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

If we have only two qubits, we can do a better approximation

|ψ⟩ =
N−1

∑
n=0

an |n⟩, N = 2number of binsan = ψ(nΔ)



|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

| i
<latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit>

R�
<latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="r3IUv/835c9zaSnRx7jz8CleLlI=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3LKk5baIeSSe+0sZlkSDJCGfoOblyo+FLufBvTn4W2Hgh8nJOQe0+cCW6s7397pY3Nre2d8m5lr7p/cFg7qraMyjXDkCmhdCemBgWXGFpuBXYyjTSNBbbj8e0sbz+jNlzJRzvJMErpUPKEM2qd1Xro97IR79fqfsOfi6xDsIQ6LNXs1756A8XyFKVlghrTDfzMRgXVljOB00ovN5hRNqZD7DqUNEUTFfNpp+TMOQOSKO2OtGTu/n5R0NSYSRq7mym1I7Oazcz/sm5uk6uo4DLLLUq2+CjJBbGKzFYnA66RWTFxQJnmblbCRlRTZl1BFVdCsLryOoQXjetGcO9DGU7gFM4hgEu4gTtoQggMnuAF3uDdU96r97Foq+QtazuGP/I+fwCxF42B</latexit><latexit sha1_base64="Pl1/MgFrLQVffhAT85LEeWvTEek=">AAAB4XicdZBPS8MwGMbfzn9zTp1evQSH4KmkonO9CV48TrFusJWRZukWlzYlSYUx9h28eFDxS3nz25huE1T0gcDD70nI+z5RJrg2GH84pZXVtfWN8mZlq7q9s1vbq95pmSvKAiqFVJ2IaCZ4ygLDjWCdTDGSRIK1o/FlkbcfmNJcprdmkrEwIcOUx5wSY9HdTb+XjXi/VsfuGfb8RgNhF2PvtOlZ4/tNC5FnSaE6LNXq1957A0nzhKWGCqJ118OZCadEGU4Fm1V6uWYZoWMyZF1rU5IwHU7n087QkSUDFEtlT2rQnH5/MSWJ1pMksjcTYkb6d1bAv7JubuJmOOVplhuW0sVHcS6QkahYHQ24YtSIiTWEKm5nRXREFKHGFlSxJXxtiv43wYnru941hjIcwCEcgwfncAFX0IIAKNzDIzzDiyOdJ+d10VbJWda2Dz/kvH0CFzeNyg==</latexit><latexit sha1_base64="MfeetDmUqaVn5/44RwLmyvahLvI=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuCoZ0drZFd24rOK0hXYomTTTxmaSIckIZeg7uHGh4tYHcufbmGkrqOiBwOG795J7T5hwpg1CH05haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJnX2/dUaSbFrZkkNIjxULCIEWwsat30e8mI9csVVD1DrlerQVRFyD2tu9Z4Xt1C6FqSqwIWavbL772BJGlMhSEca911UWKCDCvDCKfTUi/VNMFkjIe0a63AMdVBNtt2Co8sGcBIKvuEgTP6fSLDsdaTOLSdMTYj/buWw79q3dRE9SBjIkkNFWT+UZRyaCTMT4cDpigxfGINJorZXSEZYYWJsQGVbAhfl8L/jX9S9aruNao0LhZpFMEBOATHwAXnoAGuQBP4gIA78ACewLMjnUfnxXmdtxacxcw++CHn7RNBRo8d</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit>

|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

R✓
<latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit>

R↵
<latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit>

| i = a|00i+ b|01i+ c|10i+ d|11i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Assuming that a, b, c, and d are real, we can  
choose the three rotation angles to produce the state.



0 L
000 111

With 3 qubits

With 3 qubits, we can have 8 bins.



|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

| i
<latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit>

R�
<latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="r3IUv/835c9zaSnRx7jz8CleLlI=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3LKk5baIeSSe+0sZlkSDJCGfoOblyo+FLufBvTn4W2Hgh8nJOQe0+cCW6s7397pY3Nre2d8m5lr7p/cFg7qraMyjXDkCmhdCemBgWXGFpuBXYyjTSNBbbj8e0sbz+jNlzJRzvJMErpUPKEM2qd1Xro97IR79fqfsOfi6xDsIQ6LNXs1756A8XyFKVlghrTDfzMRgXVljOB00ovN5hRNqZD7DqUNEUTFfNpp+TMOQOSKO2OtGTu/n5R0NSYSRq7mym1I7Oazcz/sm5uk6uo4DLLLUq2+CjJBbGKzFYnA66RWTFxQJnmblbCRlRTZl1BFVdCsLryOoQXjetGcO9DGU7gFM4hgEu4gTtoQggMnuAF3uDdU96r97Foq+QtazuGP/I+fwCxF42B</latexit><latexit sha1_base64="Pl1/MgFrLQVffhAT85LEeWvTEek=">AAAB4XicdZBPS8MwGMbfzn9zTp1evQSH4KmkonO9CV48TrFusJWRZukWlzYlSYUx9h28eFDxS3nz25huE1T0gcDD70nI+z5RJrg2GH84pZXVtfWN8mZlq7q9s1vbq95pmSvKAiqFVJ2IaCZ4ygLDjWCdTDGSRIK1o/FlkbcfmNJcprdmkrEwIcOUx5wSY9HdTb+XjXi/VsfuGfb8RgNhF2PvtOlZ4/tNC5FnSaE6LNXq1957A0nzhKWGCqJ118OZCadEGU4Fm1V6uWYZoWMyZF1rU5IwHU7n087QkSUDFEtlT2rQnH5/MSWJ1pMksjcTYkb6d1bAv7JubuJmOOVplhuW0sVHcS6QkahYHQ24YtSIiTWEKm5nRXREFKHGFlSxJXxtiv43wYnru941hjIcwCEcgwfncAFX0IIAKNzDIzzDiyOdJ+d10VbJWda2Dz/kvH0CFzeNyg==</latexit><latexit sha1_base64="MfeetDmUqaVn5/44RwLmyvahLvI=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuCoZ0drZFd24rOK0hXYomTTTxmaSIckIZeg7uHGh4tYHcufbmGkrqOiBwOG795J7T5hwpg1CH05haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJnX2/dUaSbFrZkkNIjxULCIEWwsat30e8mI9csVVD1DrlerQVRFyD2tu9Z4Xt1C6FqSqwIWavbL772BJGlMhSEca911UWKCDCvDCKfTUi/VNMFkjIe0a63AMdVBNtt2Co8sGcBIKvuEgTP6fSLDsdaTOLSdMTYj/buWw79q3dRE9SBjIkkNFWT+UZRyaCTMT4cDpigxfGINJorZXSEZYYWJsQGVbAhfl8L/jX9S9aruNao0LhZpFMEBOATHwAXnoAGuQBP4gIA78ACewLMjnUfnxXmdtxacxcw++CHn7RNBRo8d</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit><latexit sha1_base64="Swo003dmCoWR9UdITgUFA67spOw=">AAAB7HicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyUmtnV3TjsorTCu1QMmmmjc0kQ5IRSuk7uHGh4tYHcufbmGkrqOiBwOG795J7T5Rypg1CH05haXllda24XtrY3NreKe/utbTMFKEBkVyq2whrypmggWGG09tUUZxEnLaj0UVeb99TpZkUN2ac0jDBA8FiRrCxqHXd66ZD1itXkHuKPL9Wg8hFyKvWPWt8v24h9CzJVQELNXvl925fkiyhwhCOte54KDXhBCvDCKfTUjfTNMVkhAe0Y63ACdXhZLbtFB5Z0oexVPYJA2f0+8QEJ1qPk8h2JtgM9e9aDv+qdTIT18MJE2lmqCDzj+KMQyNhfjrsM0WJ4WNrMFHM7grJECtMjA2oZEP4uhT+b4IT13e9q2qlcb5IowgOwCE4Bh44Aw1wCZogAATcgQfwBJ4d6Tw6L87rvLXgLGb2wQ85b59Cho8h</latexit>

|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

R✓
<latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit><latexit sha1_base64="kb7YPxfF2qBa72H9zevDwAcXtOI=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR1KJs20oZmLyRmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v59IoYGQD6uwtLyyulZcL21sbm3vlHf3bnWcKsZdFstYdXyquRQRd0GA5J1EcRr6krf98UVeb99zpUUc3cAk4V5Ih5EIBKNgUOe634MRB9ovV4h9SpxGrYaJTYhTrTvGNBp1A7FjSK4KWqjVL7/3BjFLQx4Bk1TrrkMS8DKqQDDJp6VeqnlC2ZgOedfYiIZce9ls3yk+MmSAg1iZFwGe0e8TGQ21noS+6QwpjPTvWg7/qnVTCOpeJqIkBR6x+UdBKjHEOD8eD4TiDOTEGMqUMLtiNqKKMjARlUwIX5fi/417Yjds56paaZ4v0iiiA3SIjpGDzlATXaIWchFDEj2gJ/Rs3VmP1ov1Om8tWIuZffRD1tsn04iQCg==</latexit>

R↵
<latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit><latexit sha1_base64="XvCK6Uge3qSaG5LC4ssWIwdguQo=">AAAB7nicdZDLSgMxFIYz9VbrrerSTbAIroaM1Nruim5cVnFsoR3KmTTThmYuJhmhDH0JNy5U3Po87nwbM20FFf0h8POdc8g5v58IrjQhH1ZhaXllda24XtrY3NreKe/u3ao4lZS5NBax7PigmOARczXXgnUSySD0BWv744u83r5nUvE4utGThHkhDCMecAraoM51vwciGUG/XCH2KXEatRomNiFOte4Y02jUDcSOIbkqaKFWv/zeG8Q0DVmkqQClug5JtJeB1JwKNi31UsUSoGMYsq6xEYRMedls3yk+MmSAg1iaF2k8o98nMgiVmoS+6QxBj9TvWg7/qnVTHdS9jEdJqllE5x8FqcA6xvnxeMAlo1pMjAEqudkV0xFIoNpEVDIhfF2K/zfuid2wnatqpXm+SKOIDtAhOkYOOkNNdIlayEUUCfSAntCzdWc9Wi/W67y1YC1m9tEPWW+fuyKP+g==</latexit>

|0i
<latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit><latexit sha1_base64="E0PicK0Q8o/cfW1V3nF1auvN9zc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgadm1Re2t6MVjBddW2qVk09k2mGSXJCuU2l/hxYOKV/+ON/+N2baCij4YeLw3w8y8KOVMG8/7cAoLi0vLK8XV0tr6xuZWeXvnWieZohDQhCeqHRENnEkIDDMc2qkCIiIOrej2PPdbd6A0S+SVGaUQCjKQLGaUGCvd3HtdReSAQ69c8dx6jmM8I9W6JV7N96pV7LveFBU0R7NXfu/2E5oJkIZyonXH91ITjokyjHKYlLqZhpTQWzKAjqWSCNDheHrwBB9YpY/jRNmSBk/V7xNjIrQeich2CmKG+reXi395nczEp+GYyTQzIOlsUZxxbBKcf4/7TAE1fGQJoYrZWzEdEkWosRmVbAhfn+L/SXDk1l3/slZpnM3TKKI9tI8OkY9OUANdoCYKEEUCPaAn9Owo59F5cV5nrQVnPrOLfsB5+wTAtpCX</latexit>

R�
<latexit sha1_base64="RJ4471QMWiol/HkEKuW0A4JR3Pk=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFYxbWFdinZNNuGZrNLkhVK6Y/w4kHFq//Hm//GtF1BRR8MPN6bYWZemAquDcYfztLyyuraemGjuLm1vbNb2tu/00mmKPNpIhLVDolmgkvmG24Ea6eKkTgUrBWOLmd+654pzRN5a8YpC2IykDzilBgrtW563ZAZ0iuVsVup4noNI+ziOSypYq9+5iEvV8qQo9krvXf7Cc1iJg0VROuOh1MTTIgynAo2LXYzzVJCR2TAOpZKEjMdTObnTtGxVfooSpQtadBc/T4xIbHW4zi0nTExQ/3bm4l/eZ3MRLVgwmWaGSbpYlGUCWQSNPsd9bli1IixJYQqbm9FdEgUocYmVLQhfH2K/id+xa273vVpuXGRp1GAQziCE/DgHBpwBU3wgcIIHuAJnp3UeXRenNdF65KTzxzADzhvn8xpj2s=</latexit><latexit sha1_base64="RJ4471QMWiol/HkEKuW0A4JR3Pk=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFYxbWFdinZNNuGZrNLkhVK6Y/w4kHFq//Hm//GtF1BRR8MPN6bYWZemAquDcYfztLyyuraemGjuLm1vbNb2tu/00mmKPNpIhLVDolmgkvmG24Ea6eKkTgUrBWOLmd+654pzRN5a8YpC2IykDzilBgrtW563ZAZ0iuVsVup4noNI+ziOSypYq9+5iEvV8qQo9krvXf7Cc1iJg0VROuOh1MTTIgynAo2LXYzzVJCR2TAOpZKEjMdTObnTtGxVfooSpQtadBc/T4xIbHW4zi0nTExQ/3bm4l/eZ3MRLVgwmWaGSbpYlGUCWQSNPsd9bli1IixJYQqbm9FdEgUocYmVLQhfH2K/id+xa273vVpuXGRp1GAQziCE/DgHBpwBU3wgcIIHuAJnp3UeXRenNdF65KTzxzADzhvn8xpj2s=</latexit><latexit sha1_base64="RJ4471QMWiol/HkEKuW0A4JR3Pk=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFYxbWFdinZNNuGZrNLkhVK6Y/w4kHFq//Hm//GtF1BRR8MPN6bYWZemAquDcYfztLyyuraemGjuLm1vbNb2tu/00mmKPNpIhLVDolmgkvmG24Ea6eKkTgUrBWOLmd+654pzRN5a8YpC2IykDzilBgrtW563ZAZ0iuVsVup4noNI+ziOSypYq9+5iEvV8qQo9krvXf7Cc1iJg0VROuOh1MTTIgynAo2LXYzzVJCR2TAOpZKEjMdTObnTtGxVfooSpQtadBc/T4xIbHW4zi0nTExQ/3bm4l/eZ3MRLVgwmWaGSbpYlGUCWQSNPsd9bli1IixJYQqbm9FdEgUocYmVLQhfH2K/id+xa273vVpuXGRp1GAQziCE/DgHBpwBU3wgcIIHuAJnp3UeXRenNdF65KTzxzADzhvn8xpj2s=</latexit><latexit sha1_base64="RJ4471QMWiol/HkEKuW0A4JR3Pk=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFYxbWFdinZNNuGZrNLkhVK6Y/w4kHFq//Hm//GtF1BRR8MPN6bYWZemAquDcYfztLyyuraemGjuLm1vbNb2tu/00mmKPNpIhLVDolmgkvmG24Ea6eKkTgUrBWOLmd+654pzRN5a8YpC2IykDzilBgrtW563ZAZ0iuVsVup4noNI+ziOSypYq9+5iEvV8qQo9krvXf7Cc1iJg0VROuOh1MTTIgynAo2LXYzzVJCR2TAOpZKEjMdTObnTtGxVfooSpQtadBc/T4xIbHW4zi0nTExQ/3bm4l/eZ3MRLVgwmWaGSbpYlGUCWQSNPsd9bli1IixJYQqbm9FdEgUocYmVLQhfH2K/id+xa273vVpuXGRp1GAQziCE/DgHBpwBU3wgcIIHuAJnp3UeXRenNdF65KTzxzADzhvn8xpj2s=</latexit>



0 L

220 = 1048576 ⇡ 1, 000, 000
<latexit sha1_base64="dwESVRKINNOaBvOwKZ71jHtXc0I="></latexit><latexit sha1_base64="dwESVRKINNOaBvOwKZ71jHtXc0I="></latexit><latexit sha1_base64="dwESVRKINNOaBvOwKZ71jHtXc0I="></latexit><latexit sha1_base64="dwESVRKINNOaBvOwKZ71jHtXc0I="></latexit>

With 20 qubits, we can have 1 million bins.
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2

(x1 − x2)2
τ −iV(x1)τ

G(n1, n2, t) =
1

N
ei m

2
(n1 − n2)2Δ2

τ −iV(n1Δ)τ

e�iH̃⌧

<latexit sha1_base64="He7QRCewr3SEW/QsyjpuvWZhUZ8="></latexit>

Dynamics
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But for one single particle or for a few particles, 
we do not need quantum simulators. 

The real power of quantum simulators, becomes apparent, 
when we have many particles. 

Efficient Simulation of Quantum Systems by Quantum Computers
 

Christoff Zalka

Universal Quantum Simulators 

Seth Lloyd



| i
<latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit>

U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

|0i+ |1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|0i ⌦ | i+ |1i ⌦ U | i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

P (0) =
1

4
||(I + U)| i||

<latexit sha1_base64="3P+h3vCriRkaQNnhkNAZ51sQv+k="></latexit>

P (1) =
1

4
||(I � U)| i||

<latexit sha1_base64="YGO1JcMg1ZOPwHrPQrU8f9uYJWk="></latexit>

P (0) =
1

2
(1 +Reh |U | i)

<latexit sha1_base64="f2VQ9V+M6sS6h1z6OyZ6Gj0YvTg="></latexit>

P (1) =
1

2
(1�Reh |U | i)

<latexit sha1_base64="Udim6NqyxSFDNtiwmIe+N/FLcGo="></latexit>

H
<latexit sha1_base64="cUMyeBLYxYfYxN7WSo+e231Sm64=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKezG9y3oJccEjAkkS5id9CZjZh/MzAphyRd48aCIVz/Jm3/jJFkhihY0FFXddHd5seBK2/anlVtaXlldy68XNja3tneKu3t3KkokwyaLRCTbHlUoeIhNzbXAdiyRBp7Alje6mfqtB5SKR+GtHsfoBnQQcp8zqo3UqPWKJbtsz0AWyJntXJ07xMmUEmSo94of3X7EkgBDzQRVquPYsXZTKjVnAieFbqIwpmxEB9gxNKQBKjedHTohR0bpEz+SpkJNZuriREoDpcaBZzoDqofqtzcV//I6ifYv3ZSHcaIxZPNFfiKIjsj0a9LnEpkWY0Mok9zcStiQSsq0yaZgQvj+lPxP7ipl56RcaZyWqtdZHHk4gEM4BgcuoAo1qEMTGCA8wjO8WPfWk/Vqvc1bc1Y2sw8/YL1/Ab3VjOY=</latexit>

Expectation Values



| i
<latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit><latexit sha1_base64="z+za8Nfe1WSHHSDoXojPgKZQ2K8=">AAAB8nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsUXsrevFYwdhCE8pmu2mXbjZhdyOU2L/hxYOKV3+NN/+Nm7aCij4YeLw3w8y8MOVMacf5sEpLyyura+X1ysbm1vZOdXfvViWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044viz8zh2ViiXiRk9SGsR4KFjECNZG8u/9VDFfYjHktF+tOXazwCmak3rTEKfhOvU6cm1nhhos0O5X3/1BQrKYCk04VqrnOqkOciw1I5xOK36maIrJGA9pz1CBY6qCfHbzFB0ZZYCiRJoSGs3U7xM5jpWaxKHpjLEeqd9eIf7l9TIdnQc5E2mmqSDzRVHGkU5QEQAaMEmJ5hNDMJHM3IrICEtMtImpYkL4+hT9T7wTu2m7141a62KRRhkO4BCOwYUzaMEVtMEDAik8wBM8W5n1aL1Yr/PWkrWY2YcfsN4+AXZNki0=</latexit>

U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

|0i+ i|1i

<latexit sha1_base64="K8B4DKS1R0Okh/H/T6JkLVCLOf8=">AAACL3icbZDNSsNAEMc39atWq60evQSLIAghkUI9Fr14rGA/oAlls9mkSze7YXejlLSv4VVfwacRL+LVt3CTFrHagWH//GaGmf37CSVS2fa7UdrY3NreKe9W9varB4e1+lFP8lQg3EWccjHwocSUMNxVRFE8SASGsU9x35/c5PX+AxaScHavpgn2YhgxEhIElUbuzHYFvCAzRz+jWsOx7CLMH2FbzVXSAMvojOpG1Q04SmPMFKJQyqFjJ8rLoFAEUTyvuKnECUQTGOGhlgzGWHpZcfTcPNMkMEMudDJlFvT3RAZjKaexrztjqMbyby2H62rDVIVXXkZYkirM0GJRmFJTcTN3wAyIwEjRqRYQCaJvNdEYCoiU9qniBjjUZmQ6WVR8IgdUA7oCuAacRYJEYwWF4I/zyloD/4nepeU0rdZds9G+XlpZBifgFJwDB7RAG9yCDugCBBLwBJ7Bi/FqvBkfxueitWQsZ47BShhf3ypGqOU=</latexit>

|0i ⌦ | i+ i|1i ⌦ U | i

<latexit sha1_base64="p/u/7HxckbpLSgBI9VS8E/yuQDc="></latexit>

P (0) =
1

4
||(I + iU)| i||2

<latexit sha1_base64="iXldov1iWSBr6XGYRdAqoLrbIJg=">AAACEXicbZBNS8MwHMbT+TbnW9Wjl+AQNoTRzoFehKEXvU2w22CdI83SLSxNS5IKo91X8OJX8eJBEa/evPltzF4Qp3sg8PA8/z9Jfl7EqFSW9WVklpZXVtey67mNza3tHXN3ry7DWGDi4JCFoukhSRjlxFFUMdKMBEGBx0jDG1yO+8Y9EZKG/FYNI9IOUI9Tn2KkdNQxC7WCVTx3fYFwYo+SyihNC9fH1CmmbiSpKxDvMZKmd+WOmbdL1kTwx1ilynySBzPVOuan2w1xHBCuMENStmwrUu0ECUUxI6OcG0sSITxAPdLSlqOAyHYy+dEIHumkC/1Q6MMVnKS/NxIUSDkMPD0ZINWXf7txuKhrxco/ayeUR7EiHE8v8mMGVQjHeGCXCoIVG2qDsKD6rRD3kaajNMTcQgj/TL1csk9K5ZtKvnoxw5EFB+AQFIANTkEVXIEacAAGD+AJvIBX49F4Nt6M9+loxpjt7IM5GR/fHwCcnA==</latexit>

P (1) =
1

4
||(I � iU)| i||2

<latexit sha1_base64="RDheS48zvKDIkegufJO/om6KHIo=">AAACEXicbZBNS8MwHMbT+TbnW9Wjl+AQtoOjnQO9CEMveptgt8E6R5qlW1ialiQVRruv4MWv4sWDIl69efPbmL0gTvdA4OF5/n+S/LyIUaks68vILC2vrK5l13Mbm1vbO+buXl2GscDEwSELRdNDkjDKiaOoYqQZCYICj5GGN7gc9417IiQN+a0aRqQdoB6nPsVI6ahjFmoFu3ju+gLhxB4llVGaFq6PqVNM3UhSVyDeYyRN78odM2+XrIngj7FKlfkkD2aqdcxPtxviOCBcYYakbNlWpNoJEopiRkY5N5YkQniAeqSlLUcBke1k8qMRPNJJF/qh0IcrOEl/byQokHIYeHoyQKov/3bjcFHXipV/1k4oj2JFOJ5e5McMqhCO8cAuFQQrNtQGYUH1WyHuI01HaYi5hRD+mXq5ZJ+UyjeVfPVihiMLDsAhKAAbnIIquAI14AAMHsATeAGvxqPxbLwZ79PRjDHb2QdzMj6+ASPXnJ8=</latexit>

P (0) =
1

2
(1� Imh |U | i)

<latexit sha1_base64="TYrE4vEBkxHzS4GVIUBnZMEYS2o=">AAACGXicbZBPS8MwGMZT/875r+rRS3AI28HRzoFehKEXvU2w22AtI83SLSxNS5IKo9vX8OJX8eJBEY968tuYbkOc7oWQh9/zvrzJ48eMSmVZX8bS8srq2npuI7+5tb2za+7tN2SUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g6vMb94TIWnE79QwJl6IepwGFCOlUce06kWrdOEGAuHUHqeVcdE+uQldhniPEejGko6cUXa5YoJKHbNgl61JwR9hlavzpABmVe+YH243wklIuMIMSdm2rVh5KRKKYkbGeTeRJEZ4gHqkrSVHIZFeOvnZGB5r0oVBJPThCk7o74kUhVIOQ193hkj15V8vg4u8dqKCcy+lPE4U4Xi6KEgYVBHMYoJdKghWbKgFwoLqt0LcRzolpcPMLwzhn2hUyvZpuXJbLdQuZ3HkwCE4AkVggzNQA9egDhyAwQN4Ai/g1Xg0no03433aumTMZg7AXBmf3/TWn7Q=</latexit>

P (1) =
1

2
(1 + Imh |U | i)

<latexit sha1_base64="ejM0aXEHeJxUSXQMESQlS4RNZyo=">AAACGXicbZBPS8MwGMZT/875r+rRS3AIG8Jo50AvwtCL3ibYbbCWkWbpFpamJUmF0e1rePGrePGgiEc9+W1MtyFO90LIw+95X97k8WNGpbKsL2NpeWV1bT23kd/c2t7ZNff2GzJKBCYOjlgkWj6ShFFOHEUVI61YEBT6jDT9wVXmN++JkDTid2oYEy9EPU4DipHSqGNa9aJdunADgXBqj9PKuGif3IQuQ7zHCHRjSUfOKLtcMUGljlmwy9ak4I+wytV5UgCzqnfMD7cb4SQkXGGGpGzbVqy8FAlFMSPjvJtIEiM8QD3S1pKjkEgvnfxsDI816cIgEvpwBSf090SKQimHoa87Q6T68q+XwUVeO1HBuZdSHieKcDxdFCQMqghmMcEuFQQrNtQCYUH1WyHuI52S0mHmF4bwTzQqZfu0XLmtFmqXszhy4BAcgSKwwRmogWtQBw7A4AE8gRfwajwaz8ab8T5tXTJmMwdgrozPb/NFn7M=</latexit>

H
<latexit sha1_base64="cUMyeBLYxYfYxN7WSo+e231Sm64=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKezG9y3oJccEjAkkS5id9CZjZh/MzAphyRd48aCIVz/Jm3/jJFkhihY0FFXddHd5seBK2/anlVtaXlldy68XNja3tneKu3t3KkokwyaLRCTbHlUoeIhNzbXAdiyRBp7Alje6mfqtB5SKR+GtHsfoBnQQcp8zqo3UqPWKJbtsz0AWyJntXJ07xMmUEmSo94of3X7EkgBDzQRVquPYsXZTKjVnAieFbqIwpmxEB9gxNKQBKjedHTohR0bpEz+SpkJNZuriREoDpcaBZzoDqofqtzcV//I6ifYv3ZSHcaIxZPNFfiKIjsj0a9LnEpkWY0Mok9zcStiQSsq0yaZgQvj+lPxP7ipl56RcaZyWqtdZHHk4gEM4BgcuoAo1qEMTGCA8wjO8WPfWk/Vqvc1bc1Y2sw8/YL1/Ab3VjOY=</latexit>



U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

Finding the spectrum of a Hamiltonian

U | mi = eiEm | mi
<latexit sha1_base64="kzMlOgz61mOwKvqN39lBeMDYiQw=">AAACD3icbZBLSwMxFIUz9VXra9Slm2BRXJWZWtCNUBTBZQX7gE4dMultG5pkhiQjlLH/wI1/xY0LRdy6dee/cfpArPZA4PCde0lygogzbRzny8osLC4tr2RXc2vrG5tb9vZOTYexolClIQ9VIyAaOJNQNcxwaEQKiAg41IP+xSiv34HSLJQ3ZhBBS5CuZB1GiUmRbx9W771IM194isguhzO4TdilL4az2LfzbsEZC/8Yp1CaJXk0VcW3P712SGMB0lBOtG66TmRaCVGGUQ7DnBdriAjtky40UyuJAN1Kxv8Z4oOUtHEnVOmRBo/p742ECK0HIkgnBTE9/TcbwXlZMzad01bCZBQbkHRyUSfm2IR4VA5uMwXU8EFqCFUsfSumPaIINWmFubkl/DO1YsE9LhSvS/ny+bSOLNpD++gIuegEldEVqqAqougBPaEX9Go9Ws/Wm/U+Gc1Y051dNCPr4xthhp2C</latexit>

H| mi = Em| mi
<latexit sha1_base64="SYUTM7E7pYvZam4NnigcMrHxjTQ=">AAACCnicbZDLSgMxGIUz9VbrbdSlm2gRXA0ztaAboShClxXsBTrDkEkzbWiSGZKMUGrXbnwVNy4UcesTuPNtTC+I1R4IHL7z/yQ5Ucqo0q77ZeWWlldW1/LrhY3Nre0de3evoZJMYlLHCUtkK0KKMCpIXVPNSCuVBPGIkWbUvxrnzTsiFU3ErR6kJOCoK2hMMdIGhfZh9d5PFQ25L5HoMnJxHfJ5EtpFz3Engj/GdcrzpAhmqoX2p99JcMaJ0Jghpdqem+pgiKSmmJFRwc8USRHuoy5pGysQJyoYTr4ygseGdGCcSHOEhhP6e2OIuFIDHplJjnRP/c3GcFHWznR8HgypSDNNBJ5eFGcM6gSOe4EdKgnWbGAMwpKat0LcQxJhbdorLCzhn2mUHO/UKd2Ui5XLWR15cACOwAnwwBmogCqogTrA4AE8gRfwaj1az9ab9T4dzVmznX0wJ+vjGwtFmx8=</latexit>

| mi
<latexit sha1_base64="RZj8MVw0bOBhO/isv23WRcUNWko=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuBpmakGXRTcuK9gHdGrJpJk2NMkMSUYpY/+HGxeKuPW/uPPfmD4Qqz0QOHznXnI5YcKZNp735eRWVtfWN/Kbha3tnd294v5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDXJm/dUaRbLWzNKaEfgvmQRI9hYdPcYJJp1RaCw7HPaLZZ815sK/RjPrSySEsxV6xY/g15MUkGlIRxr3fa9xHQyrAwjnI4LQappgskQ92nbWokF1Z1sevUYnVjSQ1Gs7JMGTenvjQwLrUcitJMCm4H+m03gsqydmuiikzGZpIZKMvsoSjkyMZpUgHpMUWL4yBpMFLO3IjLAChNjiyosLeGfaZRd/8wt31RK1ct5HXk4gmM4BR/OoQrXUIM6EFDwBC/w6jw4z86b8z4bzTnznUNYkPPxDf+gktU=</latexit>

eiEm | mi
<latexit sha1_base64="9aiq6j6WfZXUfBCwWpZGAHnaCNM=">AAAB/3icbZBLS8NAFIUnPmt9RQU3boJFcBWSWtBlUQSXFewDmhgm05t26MwkzEyEknbhX3HjQhG3/g13/hvTB2K1BwYO37mXuZwwYVRpx/kylpZXVtfWCxvFza3tnV1zb7+h4lQSqJOYxbIVYgWMCqhrqhm0EgmYhwyaYf9qnDcfQCoaizs9SMDnuCtoRAnWOQrMQ7jP6HXAR0MvUTTgnsSiyyAwS67tTGT9GMeuzJMSmqkWmJ9eJyYpB6EJw0q1XSfRfoalpoTBqOilChJM+rgL7dwKzEH52eT+kXWSk44VxTJ/QlsT+nsjw1ypAQ/zSY51T/3NxnBR1k51dOFnVCSpBkGmH0Ups3RsjcuwOlQC0WyQG0wkzW+1SA9LTHReWXFhCf9Mo2y7Z3b5tlKqXs7qKKAjdIxOkYvOURXdoBqqI4KG6Am9oFfj0Xg23oz36eiSMds5QHMyPr4BtPWWiw==</latexit>

U = eiH



U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

|0i+ |1i
<latexit sha1_base64="z7q3YrWUTqfEGkC+XCmNqg/kqnk=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm2ARBCEktaDLohuXFewD2lAm05t26GQSZiZCSOtfceNCEbf+EHf+G6dtEKs9MPBxzr3M5fgxo1I5zpdRWFvf2Nwqbpd2dvf2D8zDo5aMEkGgSSIWiY6PJTDKoamoYtCJBeDQZ9D2xzezvP0AQtKI36s0Bi/EQ04DSrDSVt8sT5yewHzI4Hzi5tQ3K67tzGX9gGPXlp0KytXom5+9QUSSELgiDEvZdZ1YeRkWihIG01IvkRBjMsZD6GrkOATpZfPjp9apdgZWEAn9uLLm7u+NDIdSpqGvJ0OsRvJvNjNXZd1EBVdeRnmcKOBk8VGQMEtF1qwJa0AFEMVSDZgIqm+1yAgLTJTuq7SyhH/QqtruhV29q1Xq13kdRXSMTtAZctElqqNb1EBNRFCKntALejUejWfjzXhfjBaMfKeMlmR8fANuC5Sh</latexit>

| mi
<latexit sha1_base64="RZj8MVw0bOBhO/isv23WRcUNWko=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuBpmakGXRTcuK9gHdGrJpJk2NMkMSUYpY/+HGxeKuPW/uPPfmD4Qqz0QOHznXnI5YcKZNp735eRWVtfWN/Kbha3tnd294v5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDXJm/dUaRbLWzNKaEfgvmQRI9hYdPcYJJp1RaCw7HPaLZZ815sK/RjPrSySEsxV6xY/g15MUkGlIRxr3fa9xHQyrAwjnI4LQappgskQ92nbWokF1Z1sevUYnVjSQ1Gs7JMGTenvjQwLrUcitJMCm4H+m03gsqydmuiikzGZpIZKMvsoSjkyMZpUgHpMUWL4yBpMFLO3IjLAChNjiyosLeGfaZRd/8wt31RK1ct5HXk4gmM4BR/OoQrXUIM6EFDwBC/w6jw4z86b8z4bzTnznUNYkPPxDf+gktU=</latexit>

|0i ⌦ | mi+ eiEm |1i ⌦ | mi
<latexit sha1_base64="QCfX0qV3y2Bf9ENbJjmrMm4fgmE=">AAACMXicbZDLSgMxFIYzXmu9VV26CRZBEIaZWtBlUYQuFawKnTpk0jM1NMkMSUYo076SG99E3LhQxK0vYVoH8dIfAj/fOYdz8kcpZ9p43rMzMzs3v7BYWiovr6yurVc2Ni91kikKLZrwRF1HRANnElqGGQ7XqQIiIg5XUf9kXL+6A6VZIi/MIIWOID3JYkaJsSisNIdeoIjscQgSwwRoPAxSzUJR0H24ydlpKEZDvyB4emNYqfquNxH+Np5b/02qqNBZWHkMugnNBEhDOdG67Xup6eREGUY5jMpBpiEltE960LZWEruzk09+PMK7lnRxnCj7pMET+nMiJ0LrgYhspyDmVv+tjeG0Wjsz8VEnZzLNDEj6tSjOODYJHseHu0wBNXxgDaGK2VsxvSWKUGNDLk8N4Z+5rLn+gVs7r1cbx0UcJbSNdtAe8tEhaqAmOkMtRNE9ekIv6NV5cJ6dN+f9q3XGKWa20C85H5+b0aus</latexit>

H
<latexit sha1_base64="cUMyeBLYxYfYxN7WSo+e231Sm64=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKezG9y3oJccEjAkkS5id9CZjZh/MzAphyRd48aCIVz/Jm3/jJFkhihY0FFXddHd5seBK2/anlVtaXlldy68XNja3tneKu3t3KkokwyaLRCTbHlUoeIhNzbXAdiyRBp7Alje6mfqtB5SKR+GtHsfoBnQQcp8zqo3UqPWKJbtsz0AWyJntXJ07xMmUEmSo94of3X7EkgBDzQRVquPYsXZTKjVnAieFbqIwpmxEB9gxNKQBKjedHTohR0bpEz+SpkJNZuriREoDpcaBZzoDqofqtzcV//I6ifYv3ZSHcaIxZPNFfiKIjsj0a9LnEpkWY0Mok9zcStiQSsq0yaZgQvj+lPxP7ipl56RcaZyWqtdZHHk4gEM4BgcuoAo1qEMTGCA8wjO8WPfWk/Vqvc1bc1Y2sw8/YL1/Ab3VjOY=</latexit>

P (0) =
1

2
(1 + cosEm)

<latexit sha1_base64="DhXnw5BozZUybnYmGZPkomStK/g=">AAACBXicbZBNS8MwHMbT+TbnW9WjHoJD2BBGOwd6EYYieJzgXmAtJc3SLSxNS5IKo/Tixa/ixYMiXv0O3vw2Zi+I0z0QeHie/58kPz9mVCrL+jJyS8srq2v59cLG5tb2jrm715JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7wa9+17IiSN+J0axcQNUZ/TgGKkdOSZh42SVb5wAoFwamdpNSvZJw6OJLz2wrJnFu2KNRH8MValNp8UwUwNz/x0ehFOQsIVZkjKrm3Fyk2RUBQzkhWcRJIY4SHqk662HIVEuunkFxk81kkPBpHQhys4SX9vpCiUchT6ejJEaiD/duNwUddNVHDuppTHiSIcTy8KEgZVBMdIYI8KghUbaYOwoPqtEA+QJqI0uMJCCP9Mq1qxTyvV21qxfjnDkQcH4AiUgA3OQB3cgAZoAgwewBN4Aa/Go/FsvBnv09GcMdvZB3MyPr4BeGOWpQ==</latexit>

P (1) =
1

2
(1� cosEm)

<latexit sha1_base64="CfAuzrvHp4DMX+WrZGKziW/aaac=">AAACBXicbZBNS8MwHMbT+TbnW9WjHoJD2A6Odg70IgxF8DjBvcBaSpqlW1ialiQVRunFi1/FiwdFvPodvPltzF4Qp3sg8PA8/z9Jfn7MqFSW9WXklpZXVtfy64WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3g17tv3REga8Ts1iokboj6nAcVI6cgzDxslu3zhBALh1M7SalayTxwcSXjthWXPLNoVayL4Y6xKbT4pgpkanvnp9CKchIQrzJCUXduKlZsioShmJCs4iSQxwkPUJ11tOQqJdNPJLzJ4rJMeDCKhD1dwkv7eSFEo5Sj09WSI1ED+7cbhoq6bqODcTSmPE0U4nl4UJAyqCI6RwB4VBCs20gZhQfVbIR4gTURpcIWFEP6ZVrVin1aqt7Vi/XKGIw8OwBEoARucgTq4AQ3QBBg8gCfwAl6NR+PZeDPep6M5Y7azD+ZkfHwDfRqWqA==</latexit>



U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

1p
N

N�1X

k=0

|ki
<latexit sha1_base64="ss5UoDyGOsFZZRa5gOYyzRrPaSw=">AAACFHicbZBNS8MwHMZTX+d8q3r0UhyCII52DvQiDL14GhPcC6x1pFm6haZpTVJhxH4IL34VLx4U8erBm9/G7AVxugcCD8/z/5Pk5yeUCGnbX8bc/MLi0nJuJb+6tr6xaW5tN0SccoTrKKYxb/lQYEoYrksiKW4lHMPIp7jphxfDvnmHuSAxu5aDBHsR7DESEASljjrmoRtwiJSTKVfccqmqWeaKNOqo8MzOblT1yMnuQ5dD1qO4Yxacoj2S9WPsYnk6KYCJah3z0+3GKI0wk4hCIdqOnUhPQS4JojjLu6nACUQh7OG2tgxGWHhq9KnM2tdJ1wpirg+T1ij9vaFgJMQg8vVkBGVf/O2G4ayuncrg1FOEJanEDI0vClJqydgaErK6hGMk6UAbiDjRb7VQH2pKUnPMz4TwzzRKRee4WLoqFyrnExw5sAv2wAFwwAmogEtQA3WAwAN4Ai/g1Xg0no034308OmdMdnbAlIyPbzFJn4Y=</latexit>

X

m

↵m| mi
<latexit sha1_base64="L4agZh4TJj6XtPsJ4nqKkaM+ukw=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuBqmtaDLohuXFewDOsNwJ820oUlmSDJCGbty419x40IRt/4Gd/4bpw/EqgcCh+/cS5ITJpxp47qfVmFpeWV1rbhe2tjc2t6xd/daOk4VoU0S81h1QtCUM0mbhhlOO4miIEJO2+HwcpK3b6nSLJY3ZpRQX0BfsogRMDkK7ENPpyIQ2AOeDCAQd16iWSA8BbLPaWCXK447Ff42rlNbJGU0VyOwP7xeTFJBpSEctO5W3MT4GSjDCKfjkpdqmgAZQp92cytBUO1n02+M8XFOejiKVX6kwVP6cyMDofVIhPmkADPQv7MJ/C/rpiY69zMmk9RQSWYXRSnHJsaTTnCPKUoMH+UGiGL5WzEZgAJi8uZK/5bwx7SqTuXUqV7XyvWLeR1FdICO0AmqoDNUR1eogZqIoHv0iJ7Ri/VgPVmv1ttstGDNd/bRgqz3L+bJmWc=</latexit>

X

m,k

↵m|ki ⌦ Uk| mi
<latexit sha1_base64="oSLWhZudK1tPsz35w38F2JkNle8=">AAACIXicbVDLSgNBEJyN7/ha9ehlMAgeJGxiwByDXjwqmAdk49I7mSTDzswuM7NCWPMrXvwVLx4U8Sb+jJMHYjQFDUVVN91dYcKZNp736eSWlldW19Y38ptb2zu77t5+Q8epIrROYh6rVgiaciZp3TDDaStRFETIaTOMLsd+854qzWJ5a4YJ7QjoS9ZjBIyVArfq61QEmTiNRtgHngwgEPgh8hXIPqd+bJigGtfvsmj04CeaBWJmBW6hVPQmwD/EK1bmlQKa4TpwP/xuTFJBpSEctG6XvMR0MlCGEU5HeT/VNAESQZ+2LZVgF3eyyYcjfGyVLu7FypY0eKL+nshAaD0Uoe0UYAb6rzcWF3nt1PSqnYzJJDVUkumiXsqxifE4LtxlihLDh5YAUczeiskAFBBjQ80vDOEfaZSLpbNi+aZSqF3M4lhHh+gInaASOkc1dIWuUR0R9Iie0St6c56cF+fd+Zi25pzZzAGag/P1DY92pQM=</latexit>

1p
N

X

k,m

↵m|ki ⌦ eikEm | mi
<latexit sha1_base64="ROVHVzBagNHiQQy43CiOK+tiQ74="></latexit>



1p
N

X

m

↵m(
X

k

eikEm |ki)⌦ | mi
<latexit sha1_base64="2oaEhhw81kSrs2Ax3eNsAEiIaJ4="></latexit>

1p
N

X

k,m

↵m|ki ⌦ eikEm | mi
<latexit sha1_base64="ROVHVzBagNHiQQy43CiOK+tiQ74="></latexit>



U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

1p
N

X

m

↵m(
X

k

eikEm |ki)⌦ | mi
<latexit sha1_base64="2oaEhhw81kSrs2Ax3eNsAEiIaJ4="></latexit>

1

N ∑
k

eikEm |k⟩

|ψm⟩

∑
m

αm



U
<latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit><latexit sha1_base64="zKxKWzBxzkCoykFUE5/DaCuqG28=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IvHBFwTSJYwO5lNxsw+mJkVwpIv8OJBxau/5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH9wq+JUUubSWMSy6xPFBI+Yq7kWrJtIRkJfsI4/uZr7nXsmFY+jGz1NmBeSUcQDTok2UtsdlCvYrtZwo44RtvEChtSw0zh3kJMrFcjRGpTf+8OYpiGLNBVEqZ6DE+1lRGpOBZuV+qliCaETMmI9QyMSMuVli0Nn6MQoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xoNuWRUi6khhEpubkV0TCSh2mRTMiF8fYr+J27VbthO+6zSvMzTKMIRHMMpOHABTbiGFrhAgcEDPMGzdWc9Wi/W67K1YOUzh/AD1tsnYiaM2w==</latexit>

|Em⟩

|ψm⟩

∑
m

αm

F�1
<latexit sha1_base64="DXi5xe1EBavDOnsDFu+nPt5vg5s=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4MczE/RYUxGMEs0Ayhp5OT9Kmp3vo7hHCkH/w4kERr/6PN//GziJE0QcFj/eqqKoXxJxp47qfTmZufmFxKbucW1ldW9/Ib27VtEwUoVUiuVSNAGvKmaBVwwynjVhRHAWc1oP+5civP1ClmRS3ZhBTP8JdwUJGsLFS7eouPfCG7XzBLbpjoBly7HrnJx7ypkoBpqi08x+tjiRJRIUhHGvd9NzY+ClWhhFOh7lWommMSR93adNSgSOq/XR87RDtWaWDQqlsCYPG6uxEiiOtB1FgOyNsevq3NxL/8pqJCc/8lIk4MVSQyaIw4chINHoddZiixPCBJZgoZm9FpIcVJsYGlLMhfH+K/ie1UtE7LJZujgrli2kcWdiBXdgHD06hDNdQgSoQuIdHeIYXRzpPzqvzNmnNONOZbfgB5/0LDTOOyg==</latexit>



A2-Digital Simulation of spin systems

| i

<latexit sha1_base64="FpfoKPhvQcFBo9Ocynb/6vIC5LM=">AAACL3icbZDNSsNAFIUn9a9Gq60u3QSL4KqkUqjLohuXFewPNKVMJjfp0MlMmJkoJfY13Oor+DTiRtz6Fk7bIFZ7YODwnXuZy/ETRpV23XersLG5tb1T3LX39ksHh+XKUVeJVBLoEMGE7PtYAaMcOppqBv1EAo59Bj1/cj3Pe/cgFRX8Tk8TGMY44jSkBGuDvEcvUdSTmEcMRuVqveYu5PwYt9ZYJVWUqz2qWCUvECSNgWvCsFKDupvoYYalpoTBzPZSBQkmExzBwFiOY1DDbHH0zDkzJHBCIc3j2lnQ3xsZjpWaxr6ZjLEeq7/ZHK7LBqkOL4cZ5UmqgZPlR2HKHC2ceQNOQCUQzabGYCKpudUhYywx0aYn2wsgNIVkeSmzJWAGsBUgDBA8kjQaayyleJjZawv8Z7oXtXqj1rxtVFtXeZVFdIJO0TmqoyZqoRvURh1EUIKe0DN6sV6tN+vD+lyOFqx85xityPr6Bl8vqZM=</latexit>

B

H = �µB�z

<latexit sha1_base64="KyuzVE7gO3gmC0A7+ruS0cGdXxo="></latexit>

U

<latexit sha1_base64="WCMzWwlDQHBdZNSU3wkk4lPP9uw=">AAACJHicdZDNSgMxEMez9atWq60evQSL4Knsilq9Fb14bMF+QFtKNp3dhmaTJckqZekTeNVX8Gm8iQcvPovph9CKDgz8+c0MM/P3Y860cd1PJ7O2vrG5ld3O7ezm9/YLxYOmlomi0KCSS9X2iQbOBDQMMxzasQIS+Rxa/uh2Wm89gNJMinszjqEXkVCwgFFiLKo3+oWSW3ZngZfEhetdX3rYW5ASWkStX3Ty3YGkSQTCUE607nhubHopUYZRDpNcN9EQEzoiIXSsFCQC3Utnl07wiSUDHEhlUxg8o8sTKYm0Hke+7YyIGerftSn8q9ZJTHDVS5mIEwOCzhcFCcdG4unbeMAUUMPHVhCqmL0V0yFRhBprTq47gKCrSGpThLMnpoBbwFeAtECKULFwaIhS8nGSswb+uIT/F82zsndertTPS9WbhZVZdISO0SnyUAVV0R2qoQaiCNATekYvzqvz5rw7H/PWjLOYOUQr4Xx9A6U1pJE=</latexit>

U = e�i��z

<latexit sha1_base64="IdaU2tJRqg++nZnxUIrF9YdS3iU="></latexit>

e−iλσz |ψ⟩

a spin in a magnetic field



Two interacting spins

H = �JZ1Z2

<latexit sha1_base64="PmFE6dSO6k53Ro+3lZCuc9gAGoQ=">AAACLXicbZDLSsNAFIYn9Vaj1VaXboJFcGNISqFuhKKb4qqCvdCmlMlkkg6dzISZiVJC38KtvoJP40IQt76G0wtitQcO/Hz/OZyLn1AileO8G7mNza3tnfyuubdfODgslo7akqcC4RbilIuuDyWmhOGWIoribiIwjH2KO/74ZuZ3HrCQhLN7NUnwIIYRIyFBUGnUa1xd3PaGbm9YGRbLru3Mw/oRjl1dJWWwjOawZBS8gKM0xkwhCqXsu06iBhkUiiCKp6aXSpxANIYR7mvJYIzlIJuvPLXONAmskAudTFlz+rsjg7GUk9jXlTFUI/nXm8F1Xj9V4eUgIyxJFWZoMShMqaW4NbvfCojASNGJFhAJone10AgKiJT+kukFOPQEzHSyaH7EDFAN6ArgGnAWCRKNFBSCP07NtQ/8J9oV263atbtquX69fGUenIBTcA5cUAN10ABN0AIIMPAEnsGL8Wq8GR/G56I0Zyx7jsFKGF/fPxunVw==</latexit>

|0i

<latexit sha1_base64="b/7w181VPkrjlAmt3uAY+07O6eo=">AAACKHicbZDPSsNAEMY39V+NVls9egkWwVNIpVCPRS8eK5i20ISy2WzSpZvdsLtRSuwzeNVX8Gm8Sa8+iZu0iNUODHz8ZoaZ+YKUEqkcZ2FUtrZ3dveq++bBYe3ouN446UueCYRdxCkXwwBKTAnDriKK4mEqMEwCigfB9LaoDx6xkISzBzVLsZ/AmJGIIKg0cp8dT8BxvdmynTKsH+HY7XXSBKvojRtGzQs5yhLMFKJQylHLSZWfQ6EIonhuepnEKURTGOORlgwmWPp5ee3cutAktCIudDJllfT3RA4TKWdJoDsTqCbyb62Am2qjTEXXfk5YminM0HJRlFFLcat43QqJwEjRmRYQCaJvtdAECoiUNsj0QhxpM3KdLC6fKADVgK4BrgFnsSDxREEh+NPc3GjgP9G/slttu3PfbnZvVlZWwRk4B5egBTqgC+5AD7gAAQJewCt4M96ND+PTWCxbK8Zq5hSshfH1Dc3xpi8=</latexit>

|0i

<latexit sha1_base64="b/7w181VPkrjlAmt3uAY+07O6eo=">AAACKHicbZDPSsNAEMY39V+NVls9egkWwVNIpVCPRS8eK5i20ISy2WzSpZvdsLtRSuwzeNVX8Gm8Sa8+iZu0iNUODHz8ZoaZ+YKUEqkcZ2FUtrZ3dveq++bBYe3ouN446UueCYRdxCkXwwBKTAnDriKK4mEqMEwCigfB9LaoDx6xkISzBzVLsZ/AmJGIIKg0cp8dT8BxvdmynTKsH+HY7XXSBKvojRtGzQs5yhLMFKJQylHLSZWfQ6EIonhuepnEKURTGOORlgwmWPp5ee3cutAktCIudDJllfT3RA4TKWdJoDsTqCbyb62Am2qjTEXXfk5YminM0HJRlFFLcat43QqJwEjRmRYQCaJvtdAECoiUNsj0QhxpM3KdLC6fKADVgK4BrgFnsSDxREEh+NPc3GjgP9G/slttu3PfbnZvVlZWwRk4B5egBTqgC+5AD7gAAQJewCt4M96ND+PTWCxbK8Zq5hSshfH1Dc3xpi8=</latexit>

e
iλZ
2

m ⊕ n = m + n − 2mnThe clue



H = �JZ1Z2

<latexit sha1_base64="PmFE6dSO6k53Ro+3lZCuc9gAGoQ=">AAACLXicbZDLSsNAFIYn9Vaj1VaXboJFcGNISqFuhKKb4qqCvdCmlMlkkg6dzISZiVJC38KtvoJP40IQt76G0wtitQcO/Hz/OZyLn1AileO8G7mNza3tnfyuubdfODgslo7akqcC4RbilIuuDyWmhOGWIoribiIwjH2KO/74ZuZ3HrCQhLN7NUnwIIYRIyFBUGnUa1xd3PaGbm9YGRbLru3Mw/oRjl1dJWWwjOawZBS8gKM0xkwhCqXsu06iBhkUiiCKp6aXSpxANIYR7mvJYIzlIJuvPLXONAmskAudTFlz+rsjg7GUk9jXlTFUI/nXm8F1Xj9V4eUgIyxJFWZoMShMqaW4NbvfCojASNGJFhAJone10AgKiJT+kukFOPQEzHSyaH7EDFAN6ArgGnAWCRKNFBSCP07NtQ/8J9oV263atbtquX69fGUenIBTcA5cUAN10ABN0AIIMPAEnsGL8Wq8GR/G56I0Zyx7jsFKGF/fPxunVw==</latexit>

e�i�Z

<latexit sha1_base64="1C9bB4OimPu+Ih2inxc8I+1Gatg="></latexit>

|0i

<latexit sha1_base64="b/7w181VPkrjlAmt3uAY+07O6eo=">AAACKHicbZDPSsNAEMY39V+NVls9egkWwVNIpVCPRS8eK5i20ISy2WzSpZvdsLtRSuwzeNVX8Gm8Sa8+iZu0iNUODHz8ZoaZ+YKUEqkcZ2FUtrZ3dveq++bBYe3ouN446UueCYRdxCkXwwBKTAnDriKK4mEqMEwCigfB9LaoDx6xkISzBzVLsZ/AmJGIIKg0cp8dT8BxvdmynTKsH+HY7XXSBKvojRtGzQs5yhLMFKJQylHLSZWfQ6EIonhuepnEKURTGOORlgwmWPp5ee3cutAktCIudDJllfT3RA4TKWdJoDsTqCbyb62Am2qjTEXXfk5YminM0HJRlFFLcat43QqJwEjRmRYQCaJvtdAECoiUNsj0QhxpM3KdLC6fKADVgK4BrgFnsSDxREEh+NPc3GjgP9G/slttu3PfbnZvVlZWwRk4B5egBTqgC+5AD7gAAQJewCt4M96ND+PTWCxbK8Zq5hSshfH1Dc3xpi8=</latexit>

|0i

<latexit sha1_base64="b/7w181VPkrjlAmt3uAY+07O6eo=">AAACKHicbZDPSsNAEMY39V+NVls9egkWwVNIpVCPRS8eK5i20ISy2WzSpZvdsLtRSuwzeNVX8Gm8Sa8+iZu0iNUODHz8ZoaZ+YKUEqkcZ2FUtrZ3dveq++bBYe3ouN446UueCYRdxCkXwwBKTAnDriKK4mEqMEwCigfB9LaoDx6xkISzBzVLsZ/AmJGIIKg0cp8dT8BxvdmynTKsH+HY7XXSBKvojRtGzQs5yhLMFKJQylHLSZWfQ6EIonhuepnEKURTGOORlgwmWPp5ee3cutAktCIudDJllfT3RA4TKWdJoDsTqCbyb62Am2qjTEXXfk5YminM0HJRlFFLcat43QqJwEjRmRYQCaJvtdAECoiUNsj0QhxpM3KdLC6fKADVgK4BrgFnsSDxREEh+NPc3GjgP9G/slttu3PfbnZvVlZWwRk4B5egBTqgC+5AD7gAAQJewCt4M96ND+PTWCxbK8Zq5hSshfH1Dc3xpi8=</latexit>

e�i�Z1Z2

<latexit sha1_base64="W4GQASqa4NKt/gGjPMCmGuurtOI="></latexit>

=



H

<latexit sha1_base64="VT6wOialzwgUjUHnltCINdLljJw=">AAACJHicdZDNSsNAEMc39avGbz16WSyCp5JItXoreumxgm2FtpTNdpIubnbD7kYpoU/gVV/Bp/EmHrz4LG5qBCs6MPDnNzPMzD9IONPG896d0sLi0vJKedVdW9/Y3Nre2e1omSoKbSq5VDcB0cCZgLZhhsNNooDEAYducHuZ17t3oDST4tpMEhjEJBIsZJQYi66aw+2KV/VmgX+IE88/P/WxX5AKKqI13HE2+iNJ0xiEoZxo3fO9xAwyogyjHKZuP9WQEHpLIuhZKUgMepDNLp3iQ0tGOJTKpjB4Rn9OZCTWehIHtjMmZqx/13L4V62XmvBskDGRpAYE/VoUphwbifO38YgpoIZPrCBUMXsrpmOiCDXWHLc/grCvSGZTRLMncsAt4HNAWiBFpFg0NkQpeT91rYHfLuH/Ree46teq9atapXFRWFlG++gAHSEf1VEDNVELtRFFgB7QI3pynp0X59V5+2otOcXMHpoL5+MTjnWkhA==</latexit>

H

<latexit sha1_base64="VT6wOialzwgUjUHnltCINdLljJw=">AAACJHicdZDNSsNAEMc39avGbz16WSyCp5JItXoreumxgm2FtpTNdpIubnbD7kYpoU/gVV/Bp/EmHrz4LG5qBCs6MPDnNzPMzD9IONPG896d0sLi0vJKedVdW9/Y3Nre2e1omSoKbSq5VDcB0cCZgLZhhsNNooDEAYducHuZ17t3oDST4tpMEhjEJBIsZJQYi66aw+2KV/VmgX+IE88/P/WxX5AKKqI13HE2+iNJ0xiEoZxo3fO9xAwyogyjHKZuP9WQEHpLIuhZKUgMepDNLp3iQ0tGOJTKpjB4Rn9OZCTWehIHtjMmZqx/13L4V62XmvBskDGRpAYE/VoUphwbifO38YgpoIZPrCBUMXsrpmOiCDXWHLc/grCvSGZTRLMncsAt4HNAWiBFpFg0NkQpeT91rYHfLuH/Ree46teq9atapXFRWFlG++gAHSEf1VEDNVELtRFFgB7QI3pynp0X59V5+2otOcXMHpoL5+MTjnWkhA==</latexit>

H

<latexit sha1_base64="VT6wOialzwgUjUHnltCINdLljJw=">AAACJHicdZDNSsNAEMc39avGbz16WSyCp5JItXoreumxgm2FtpTNdpIubnbD7kYpoU/gVV/Bp/EmHrz4LG5qBCs6MPDnNzPMzD9IONPG896d0sLi0vJKedVdW9/Y3Nre2e1omSoKbSq5VDcB0cCZgLZhhsNNooDEAYducHuZ17t3oDST4tpMEhjEJBIsZJQYi66aw+2KV/VmgX+IE88/P/WxX5AKKqI13HE2+iNJ0xiEoZxo3fO9xAwyogyjHKZuP9WQEHpLIuhZKUgMepDNLp3iQ0tGOJTKpjB4Rn9OZCTWehIHtjMmZqx/13L4V62XmvBskDGRpAYE/VoUphwbifO38YgpoIZPrCBUMXsrpmOiCDXWHLc/grCvSGZTRLMncsAt4HNAWiBFpFg0NkQpeT91rYHfLuH/Ree46teq9atapXFRWFlG++gAHSEf1VEDNVELtRFFgB7QI3pynp0X59V5+2otOcXMHpoL5+MTjnWkhA==</latexit>

H

<latexit sha1_base64="VT6wOialzwgUjUHnltCINdLljJw=">AAACJHicdZDNSsNAEMc39avGbz16WSyCp5JItXoreumxgm2FtpTNdpIubnbD7kYpoU/gVV/Bp/EmHrz4LG5qBCs6MPDnNzPMzD9IONPG896d0sLi0vJKedVdW9/Y3Nre2e1omSoKbSq5VDcB0cCZgLZhhsNNooDEAYducHuZ17t3oDST4tpMEhjEJBIsZJQYi66aw+2KV/VmgX+IE88/P/WxX5AKKqI13HE2+iNJ0xiEoZxo3fO9xAwyogyjHKZuP9WQEHpLIuhZKUgMepDNLp3iQ0tGOJTKpjB4Rn9OZCTWehIHtjMmZqx/13L4V62XmvBskDGRpAYE/VoUphwbifO38YgpoIZPrCBUMXsrpmOiCDXWHLc/grCvSGZTRLMncsAt4HNAWiBFpFg0NkQpeT91rYHfLuH/Ree46teq9atapXFRWFlG++gAHSEf1VEDNVELtRFFgB7QI3pynp0X59V5+2otOcXMHpoL5+MTjnWkhA==</latexit>

e�iJZ1Z2

<latexit sha1_base64="lkL8bedPxUk0VqKVkc6PZhHAPtI="></latexit>

e�iJX1X2

<latexit sha1_base64="ajbkmRYVbcXFL1GjwOZZ1aRhhKo="></latexit>

H = �JX1X2

<latexit sha1_base64="giz3yoZzgM7xndlMq5ABh5EcAgs=">AAACLXicbZDLSsNAFIYn9Vaj1VaXboJFcGNJSqFuhKKb4qqCrcUmhMl0kg6dzISZiVJC38KtvoJP40IQt76G07SI1R448PP953AuQUKJVLb9bhTW1jc2t4rb5s5uaW+/XDnoSZ4KhLuIUy76AZSYEoa7iiiK+4nAMA4ovgvGVzP/7gELSTi7VZMEezGMGAkJgkqj+/bF2XXfd/p+3S9XnZqdh/Uj7FpjmVTBIjp+xSi5Q47SGDOFKJRy4NiJ8jIoFEEUT003lTiBaAwjPNCSwRhLL8tXnlonmgytkAudTFk5/d2RwVjKSRzoyhiqkfzrzeAqb5Cq8NzLCEtShRmaDwpTailuze63hkRgpOhEC4gE0btaaAQFREp/yXSHOHQFzHSyKD9iBqgGdAlwDTiLBIlGCgrBH6fmygf+E716zWnUmjeNauty8coiOALH4BQ4oAlaoA06oAsQYOAJPIMX49V4Mz6Mz3lpwVj0HIKlML6+ATgNp1M=</latexit>



Rx

<latexit sha1_base64="JnDQzTDhJqix5OoZ3cYNNgHUiaM=">AAACJnicdZDNTsJAEMe3+IUoCnr0spGYeCKtQdEb0YtH/ABMgJDtdls2bHeb3a1KGh7Bq76CT+PNGG8+iluoCRidZJJ/fjOTmfm7EaNK2/anlVtaXlldy68XNjaLW9ul8k5biVhi0sKCCXnnIkUY5aSlqWbkLpIEhS4jHXd0kdY790QqKvitHkekH6KAU59ipA26uR48DkoVu2pPA86JY9s5O3Ggk5EKyKI5KFvFnidwHBKuMUNKdR070v0ESU0xI5NCL1YkQniEAtI1kqOQqH4yvXUCDwzxoC+kSa7hlM5PJChUahy6pjNEeqh+11L4V60ba/+0n1AexZpwPFvkxwxqAdPHoUclwZqNjUBYUnMrxEMkEdbGnkLPI35PosQkD6ZPpIAZwBaAMEDwQNJgqJGU4mFSMAb+uAT/F+2jqlOr1q9qlcZ5ZmUe7IF9cAgcUAcNcAmaoAUwCMATeAYv1qv1Zr1bH7PWnJXN7IKFsL6+AWOYpXk=</latexit>

Rx

<latexit sha1_base64="JnDQzTDhJqix5OoZ3cYNNgHUiaM=">AAACJnicdZDNTsJAEMe3+IUoCnr0spGYeCKtQdEb0YtH/ABMgJDtdls2bHeb3a1KGh7Bq76CT+PNGG8+iluoCRidZJJ/fjOTmfm7EaNK2/anlVtaXlldy68XNjaLW9ul8k5biVhi0sKCCXnnIkUY5aSlqWbkLpIEhS4jHXd0kdY790QqKvitHkekH6KAU59ipA26uR48DkoVu2pPA86JY9s5O3Ggk5EKyKI5KFvFnidwHBKuMUNKdR070v0ESU0xI5NCL1YkQniEAtI1kqOQqH4yvXUCDwzxoC+kSa7hlM5PJChUahy6pjNEeqh+11L4V60ba/+0n1AexZpwPFvkxwxqAdPHoUclwZqNjUBYUnMrxEMkEdbGnkLPI35PosQkD6ZPpIAZwBaAMEDwQNJgqJGU4mFSMAb+uAT/F+2jqlOr1q9qlcZ5ZmUe7IF9cAgcUAcNcAmaoAUwCMATeAYv1qv1Zr1bH7PWnJXN7IKFsL6+AWOYpXk=</latexit>

R�1
x

<latexit sha1_base64="pJsdiMvxXYXWviNQdHP27yj7ctE="></latexit>

R�1
x

<latexit sha1_base64="pJsdiMvxXYXWviNQdHP27yj7ctE="></latexit>

e�iJZ1Z2

<latexit sha1_base64="lkL8bedPxUk0VqKVkc6PZhHAPtI="></latexit>

e�iJY1Y2

<latexit sha1_base64="riTQcXyBjcLq8cVwxprkKWRL09U="></latexit>

H = �JY1Y2

<latexit sha1_base64="ZWzgfmVyDtkXJASIQDCyFppkJVI=">AAACLXicbZDLSsNAFIYnXmu12urSTbAIbixJKdSNUHRTXFWwN5sQJtNJOnQyE2YmSgl9C7f6Cj6NC0Hc+hpO2iJWe+DAz/efw7n4MSVSWda7sba+sbm1ndvJ7+4V9g+KpcOO5IlAuI045aLnQ4kpYbitiKK4FwsMI5/irj++zvzuAxaScHanJjF2IxgyEhAElUb3zcvzm75n972qVyzbFWsW5o+wKrVlUgaLaHklo+AMOUoizBSiUMqBbcXKTaFQBFE8zTuJxDFEYxjigZYMRli66WzlqXmqydAMuNDJlDmjvztSGEk5iXxdGUE1kn+9DK7yBokKLtyUsDhRmKH5oCChpuJmdr85JAIjRSdaQCSI3tVEIyggUvpLeWeIA0fAVCcLZ0dkgGpAlwDXgLNQkHCkoBD8cZpf+cB/olOt2LVK/bZWblwtXpkDx+AEnAEb1EEDNEELtAECDDyBZ/BivBpvxofxOS9dMxY9R2ApjK9vO5SnVQ==</latexit>



e�iJX1X2

<latexit sha1_base64="ajbkmRYVbcXFL1GjwOZZ1aRhhKo="></latexit>

e�iJZ1Z2

<latexit sha1_base64="lkL8bedPxUk0VqKVkc6PZhHAPtI="></latexit>

e�iJY1Y2

<latexit sha1_base64="riTQcXyBjcLq8cVwxprkKWRL09U="></latexit>

e�iJS1·S2

<latexit sha1_base64="QlZGMudrmOfEZWUXHK4eyAOjmD8="></latexit>

H = − JS1 ⋅ S2



eiJZ

<latexit sha1_base64="6jyWGQplDQdISsrigFq579G5Gp4="></latexit>

e�iJZ1Z2Z3

<latexit sha1_base64="YODOwS7hxYsIZtqzZ3LtuFE9vTg="></latexit>

Three interacting spins and more!

Why do we need these types of  gates?



تجزیه هامیلتونی به جملاتی که با هم جابجا می شوند

H = H1+ H2+H3+H4



eAeB = eA+B+ 1
2{A,B}+···

<latexit sha1_base64="M//cvRBceseesjdm0ckxWEmT65o="></latexit>

Suzuki-Trotter Formula

eH1+H2 = (e
H1
N e

H2
N )N

<latexit sha1_base64="t3yjIE3baEXocapuilJFDlDW3ZE="></latexit>



c-Digital Simulation of Fermions

{ci, cj} = 0

<latexit sha1_base64="lXoO4G6nbHH7Y0tWqdAMQxJGqNY="></latexit>

{c†i , c
†
j} = 0

<latexit sha1_base64="CLE8++hWoy2BQV1/fhu0/0UHplY="></latexit>

{ci, c†j} = �i,j

<latexit sha1_base64="MmTJ4gTac4EL/euoG57J3WyEqTA="></latexit>

| i

<latexit sha1_base64="Z03wBLJp2BCqPWwRfkkZwnXGt6I="></latexit>

�| i

<latexit sha1_base64="JeZvYU74Pt92WSPKxjK42IoEhxA="></latexit>



H = − t∑
i,σ

c†
i,σci+1,σ + c†

i+1,σci,σ + U∑
i

ni,↑ni↓ σ = ↑ , ↓

c†
i+1,σci,σ c†

i,σci+1,σ

Hopping terms

Hubbard Model



Jordan-Wigner Transformation

ci = z1z2 · · · zi�1�
�
i

<latexit sha1_base64="tbARh0bJoAvboZKYctPf9VZmJOg="></latexit>

c†i = z1z2 · · · zi�1�
+
i

<latexit sha1_base64="2zeD1nBIIJLq6bMlqiZ3XMTL1ck="></latexit>

c†i |0i

<latexit sha1_base64="Ixi/meEqLPCaHPZE5EQCErQj//4="></latexit>

How to create a fermion?



ei
⇡
2 (c+c†)

<latexit sha1_base64="I2SSoyv1sSvk2Eio3hzHLJOdJRg="></latexit>

(c+ c†)2 = cc† + c†c = 1

<latexit sha1_base64="D8sTnbOu00PDNpF8DqH6eWzaZrY="></latexit>

= cos
⇡

2
I + i sin

⇡

2
(c+ c†)

<latexit sha1_base64="A565UXTDfzDHZUi/Gs+HONRvb9E="></latexit>

= i(c+ c†)

<latexit sha1_base64="bfVPRnj6BtjVF4YH5im/P4CUeFI="></latexit>

ei
⇡
2 (cj+c†j)|0i ⌘ c†j |0i

<latexit sha1_base64="eH/MsD2LzsnjhuezP3UKf69IuIk="></latexit>



| i = c†j1c
†
j2
· · · c†jn |0i

<latexit sha1_base64="XODtb5UMGzygdNWgdUScJlttf0o="></latexit>

ei
⇡
2 (cj1+c†j1

) · · · ei
⇡
2 (cjn+c†jn )

<latexit sha1_base64="l+p+lsTS/gLWc2mevQ/AvaG5h7Q="></latexit>

|0i

<latexit sha1_base64="veR48fu8h07t+F4XbRGn/b3TLd0="></latexit>

=

<latexit sha1_base64="g3/sfI8+44XeCzcVTpCcLDmSnJA="></latexit>

ei
⇡
2 (cj+c†j)

<latexit sha1_base64="uucDHlz03c6TEL+XwacN08T17CU="></latexit>

= ei
⇡
2 z1z2···zj�1�x

<latexit sha1_base64="b4D9fbq4rVRbVS+inwJmro4xTNI="></latexit>

eiJZ

<latexit sha1_base64="6jyWGQplDQdISsrigFq579G5Gp4="></latexit>



d-Digital Simulation of Bosons

51

Bose-Hubbard Model,…



t

<latexit sha1_base64="NSKcuxbqtY7ODJM06IYVu7bBWCQ=">AAACJHicdZDNSgMxEMezftZq/Tx6CRbB07Ithdpb0YvHFqwKbZFsOrsNzSZLMquUpU/gVV/Bp/EmHrz4LKYfiIr+YWD4zQwz8w9TKSwGwbu3tLyyurZe2ChubpW2d3b39q+szgyHDtdSm5uQWZBCQQcFSrhJDbAklHAdjs6n9es7MFZodYnjFPoJi5WIBGfoUBtvd8uBXwucarTiBzPRwG80GtWg+kXKZKHW7Z5X6g00zxJQyCWztlsJUuznzKDgEibFXmYhZXzEYui6VLEEbD+fXTqhx44MaKSNC4V0Rr9P5CyxdpyErjNhOLS/a1P4V62bYXTaz4VKMwTF54uiTFLUdPo2HQgDHOXYJYwb4W6lfMgM4+jMKfYGEPUMy12oePbEFEgH5A+gHdAqNiIeIjNG30+KzsAv3/5Prqp+pebX27Vy82xhZYEckiNyQiqkTprkgrRIh3AC5IE8kifv2XvxXr23eeuSt5g5ID/kfXwC+dukwg==</latexit>

The Bose-Hubbard Hamiltonian

H =
X

hi,ji

b
†
i bj +

X

i

✏ini +
X

i

ni(ni � 1)

<latexit sha1_base64="0vIQiL0zMiMZVpwHpmTY8t5vte4="></latexit>

t



1 2 6543 NN-1N-3

|0ib = |1, 0, 0, · · · 0i

<latexit sha1_base64="uv9Q4XaViBt2CSnJ6nOf64Imbbg="></latexit>

|1ib = |0, 1, 0, · · · 0i

<latexit sha1_base64="kwbdqf1vLthG1ws12brmFZa3lg8="></latexit>

|2ib = |0, 0, 1, · · · 0i

<latexit sha1_base64="rO0in1L6H5MX3NZ1BXK5NZoGshA="></latexit>

|Nib = |0, 0, 0, · · · 1i

<latexit sha1_base64="KcwXXekTwg6QYcF1an0Ss7irWJE="></latexit>

...........

<latexit sha1_base64="qjHd0QAQFtmw5nFT9mA4V1wuXog="></latexit>



|0⟩

|1⟩

|2⟩



b†

<latexit sha1_base64="ykqUazT8hcW81oNX/1at5RB2a7Q="></latexit>

b†

<latexit sha1_base64="ykqUazT8hcW81oNX/1at5RB2a7Q="></latexit>

�+
0 �

�
1

<latexit sha1_base64="Pbu2kScLl0cbHj5WHTICJYlNoWg="></latexit>

p
2 �+

1 �
�
2

<latexit sha1_base64="rr3cfxig3u2DtBv8W6W9qlTNJm4="></latexit>

b† =

Np�1X

n=0

p
n+ 1 �+

n �
�
n+1

<latexit sha1_base64="4+wcAkyVyy1E0wIPQ5n19vqFDNc="></latexit>



1

2

3

4



How to simulate the number operator?

|0⟩

|1⟩

|2⟩

̂n |0⟩ = 0

̂n |1⟩ = |1⟩

̂n |2⟩ = 2 |2⟩



How to simulate the number operator?

Z | ⟩ = − | ⟩ Z | ⟩ = | ⟩

̂n =
l

∑
k=0

k
1 + Zk

2



H =
X

hi,ji

b
†
i bj +

X

i

✏ini +
X

i

ni(ni � 1)

<latexit sha1_base64="0vIQiL0zMiMZVpwHpmTY8t5vte4="></latexit>

t

<latexit sha1_base64="NSKcuxbqtY7ODJM06IYVu7bBWCQ=">AAACJHicdZDNSgMxEMezftZq/Tx6CRbB07Ithdpb0YvHFqwKbZFsOrsNzSZLMquUpU/gVV/Bp/EmHrz4LKYfiIr+YWD4zQwz8w9TKSwGwbu3tLyyurZe2ChubpW2d3b39q+szgyHDtdSm5uQWZBCQQcFSrhJDbAklHAdjs6n9es7MFZodYnjFPoJi5WIBGfoUBtvd8uBXwucarTiBzPRwG80GtWg+kXKZKHW7Z5X6g00zxJQyCWztlsJUuznzKDgEibFXmYhZXzEYui6VLEEbD+fXTqhx44MaKSNC4V0Rr9P5CyxdpyErjNhOLS/a1P4V62bYXTaz4VKMwTF54uiTFLUdPo2HQgDHOXYJYwb4W6lfMgM4+jMKfYGEPUMy12oePbEFEgH5A+gHdAqNiIeIjNG30+KzsAv3/5Prqp+pebX27Vy82xhZYEckiNyQiqkTprkgrRIh3AC5IE8kifv2XvxXr23eeuSt5g5ID/kfXwC+dukwg==</latexit>



t

<latexit sha1_base64="NSKcuxbqtY7ODJM06IYVu7bBWCQ=">AAACJHicdZDNSgMxEMezftZq/Tx6CRbB07Ithdpb0YvHFqwKbZFsOrsNzSZLMquUpU/gVV/Bp/EmHrz4LKYfiIr+YWD4zQwz8w9TKSwGwbu3tLyyurZe2ChubpW2d3b39q+szgyHDtdSm5uQWZBCQQcFSrhJDbAklHAdjs6n9es7MFZodYnjFPoJi5WIBGfoUBtvd8uBXwucarTiBzPRwG80GtWg+kXKZKHW7Z5X6g00zxJQyCWztlsJUuznzKDgEibFXmYhZXzEYui6VLEEbD+fXTqhx44MaKSNC4V0Rr9P5CyxdpyErjNhOLS/a1P4V62bYXTaz4VKMwTF54uiTFLUdPo2HQgDHOXYJYwb4W6lfMgM4+jMKfYGEPUMy12oePbEFEgH5A+gHdAqNiIeIjNG30+KzsAv3/5Prqp+pebX27Vy82xhZYEckiNyQiqkTprkgrRIh3AC5IE8kifv2XvxXr23eeuSt5g5ID/kfXwC+dukwg==</latexit>
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<latexit sha1_base64="9SnehAoV89PDyF8+TyQYt+jqw7I="></latexit>
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<latexit sha1_base64="K20tBoquM3RN5kDjZoeiHO8CSgM="></latexit>
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e-Quantum simulation of field theories
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<latexit sha1_base64="KkpLaDjPvm7anwCnui+EQfuN4Ek="></latexit>

Discretize the space



Discretize the field
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<latexit sha1_base64="KkpLaDjPvm7anwCnui+EQfuN4Ek="></latexit>



k1
<latexit sha1_base64="Mvd/z45nPKMxDIPY1DsdvDhbgIE=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdDPqub1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJ/n5jc4=</latexit><latexit sha1_base64="Mvd/z45nPKMxDIPY1DsdvDhbgIE=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdDPqub1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJ/n5jc4=</latexit><latexit sha1_base64="Mvd/z45nPKMxDIPY1DsdvDhbgIE=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdDPqub1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJ/n5jc4=</latexit><latexit sha1_base64="Mvd/z45nPKMxDIPY1DsdvDhbgIE=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdDPqub1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJ/n5jc4=</latexit>

k2
<latexit sha1_base64="9C6D9NVEMf/VF1kVaRKm57M+ME0=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/RKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/t8jc8=</latexit><latexit sha1_base64="9C6D9NVEMf/VF1kVaRKm57M+ME0=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/RKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/t8jc8=</latexit><latexit sha1_base64="9C6D9NVEMf/VF1kVaRKm57M+ME0=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/RKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/t8jc8=</latexit><latexit sha1_base64="9C6D9NVEMf/VF1kVaRKm57M+ME0=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/RKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/t8jc8=</latexit>

k3
<latexit sha1_base64="UTV/awr/sR40j8ICCQiI+RpwCyk=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/ZKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/z/jdA=</latexit><latexit sha1_base64="UTV/awr/sR40j8ICCQiI+RpwCyk=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/ZKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/z/jdA=</latexit><latexit sha1_base64="UTV/awr/sR40j8ICCQiI+RpwCyk=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/ZKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/z/jdA=</latexit><latexit sha1_base64="UTV/awr/sR40j8ICCQiI+RpwCyk=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6Wbcq/ZKZcd2K55Xc5Fj+77v1aoL4lTryLWdOcqwRLNXeu/2E5LFVGjCsVId10l1mGOpGeF0WuxmiqaYjPGQdgwVOKYqzOenTtGpUfpokEhTQqO5+n0ix7FSkzgynTHWI/Xbm4l/eZ1MD+phzkSaaSrIYtEg40gnaPY36jNJieYTQzCRzNyKyAhLTLRJp2hC+PoU/U+Ciu3b7vV5uXGxTKMAx3ACZ+CCBw24giYEQGAID/AEzxa3Hq0X63XRumItZ47gB6y3T/z/jdA=</latexit>

p1
<latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="0tcQN9jtGInuW/u6zSo0CO6KHBY=">AAAB3nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0ExmSO4IpfQR3LhQ8bHc+TamPwttPRD4OCch9544V9KS7397pY3Nre2d8m5lr7p/cFg7qj7ZrDACQ5GpzLRjblFJjSFJUtjODfI0VtiKR7ezvPWMxspMP9I4xyjlAy0TKTg56yHvBb1a3W/4c7F1CJZQh6WavdpXt5+JIkVNQnFrO4GfUzThhqRQOK10C4s5FyM+wI5DzVO00WQ+6pSdOafPksy4o4nN3d8vJjy1dpzG7mbKaWhXs5n5X9YpKLmKJlLnBaEWi4+SQjHK2Gxv1pcGBamxAy6MdLMyMeSGC3LtVFwJwerK6xBeNK4bwb0PZTiBUziHAC7hBu6gCSEIGMALvMG7p7xX72PRVslb1nYMf+R9/gBUO4wY</latexit><latexit sha1_base64="mnGNv05P/vJwQ/CnW0xVZnCpvgY=">AAAB3nicdVBNS8NAEJ34WWvV6tXLYhE8hU1LSXMTvHisaGyhDWWz3bRLN5uwuxFK6U/w4kHFn+XNf+P2Q1DRBwOP92aYmRfngmuD8Yezsbm1vbNb2ivvVw4Oj6rHlXudFYqykGYiU92YaCa4ZKHhRrBurhhJY8E68eRq4XcemNI8k3dmmrMoJSPJE06JsdJtPvAG1Rp2vbrvNz2E3SAI/GZjRXCjhTwXL1GDNdqD6nt/mNEiZdJQQbTueTg30Ywow6lg83K/0CwndEJGrGepJCnT0Wx56hydW2WIkkzZkgYt1e8TM5JqPU1j25kSM9a/vYX4l9crTNKKZlzmhWGSrhYlhUAmQ4u/0ZArRo2YWkKo4vZWRMdEEWpsOmUbwten6H8S1t3A9W4wlOAUzuACPPDhEq6hDSFQGMEjPMOLI5wn53WV1oazju0EfsB5+wTkE4x/</latexit><latexit sha1_base64="WfE34XUhHRMOdr9h8v+XOxHluUY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0haSppb0YvHisYW2lA22027dLMJuxuhlP4ELx5UvPqPvPlv3H4IKvpg4PHeDDPzoowzpR3nwyqsrW9sbhW3Szu7e/sH5cOjO5XmktCApDyVnQgrypmggWaa004mKU4iTtvR+HLut++pVCwVt3qS0TDBQ8FiRrA20k3Wd/vlimO7Vc+ru8ixfd/36rUlcWoN5NrOAhVYodUvv/cGKckTKjThWKmu62Q6nGKpGeF0VurlimaYjPGQdg0VOKEqnC5OnaEzowxQnEpTQqOF+n1iihOlJklkOhOsR+q3Nxf/8rq5jhvhlIks11SQ5aI450inaP43GjBJieYTQzCRzNyKyAhLTLRJp2RC+PoU/U+Cqu3b7rVTaV6s0ijCCZzCObjgQROuoAUBEBjCAzzBs8WtR+vFel22FqzVzDH8gPX2CQBhjc8=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit><latexit sha1_base64="lDpPThAPoKzopFq4hmB7YPNCkEs=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP13F6p7NhuxfNqLnJs3/e9WnVBnGodubYzRxmWaPZK791+SvKECk04VqrjOpkOJ1hqRjidFru5ohkmIzygHUMFTqgKJ/NTp+jUKH0Up9KU0Giufp+Y4ESpcRKZzgTrofrtzcS/vE6u43o4YSLLNRVksSjOOdIpmv2N+kxSovnYEEwkM7ciMsQSE23SKZoQvj5F/5OgYvu2e31eblws0yjAMZzAGbjgQQOuoAkBEBjAAzzBs8WtR+vFel20rljLmSP4AevtEwGhjdM=</latexit>

p2
<latexit sha1_base64="Nxn7fUW4XRIKLNMDHVPAsSZS8II=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6SbtVXqlsmO7Fc+rucixfd/3atUFcap15NrOHGVYotkrvXf7CcliKjThWKmO66Q6zLHUjHA6LXYzRVNMxnhIO4YKHFMV5vNTp+jUKH00SKQpodFc/T6R41ipSRyZzhjrkfrtzcS/vE6mB/UwZyLNNBVksWiQcaQTNPsb9ZmkRPOJIZhIZm5FZIQlJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCEB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwMkjdQ=</latexit><latexit sha1_base64="Nxn7fUW4XRIKLNMDHVPAsSZS8II=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6SbtVXqlsmO7Fc+rucixfd/3atUFcap15NrOHGVYotkrvXf7CcliKjThWKmO66Q6zLHUjHA6LXYzRVNMxnhIO4YKHFMV5vNTp+jUKH00SKQpodFc/T6R41ipSRyZzhjrkfrtzcS/vE6mB/UwZyLNNBVksWiQcaQTNPsb9ZmkRPOJIZhIZm5FZIQlJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCEB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwMkjdQ=</latexit><latexit sha1_base64="Nxn7fUW4XRIKLNMDHVPAsSZS8II=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6SbtVXqlsmO7Fc+rucixfd/3atUFcap15NrOHGVYotkrvXf7CcliKjThWKmO66Q6zLHUjHA6LXYzRVNMxnhIO4YKHFMV5vNTp+jUKH00SKQpodFc/T6R41ipSRyZzhjrkfrtzcS/vE6mB/UwZyLNNBVksWiQcaQTNPsb9ZmkRPOJIZhIZm5FZIQlJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCEB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwMkjdQ=</latexit><latexit sha1_base64="Nxn7fUW4XRIKLNMDHVPAsSZS8II=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu22XbjZhdyOU0J/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHKmtON8WCura+sbm4Wt4vbO7t5+6eDwTiWZJDQgCU9kO8KKciZooJnmtJ1KiuOI01Y0vpz5rXsqFUvErZ6kNIzxULABI1gb6SbtVXqlsmO7Fc+rucixfd/3atUFcap15NrOHGVYotkrvXf7CcliKjThWKmO66Q6zLHUjHA6LXYzRVNMxnhIO4YKHFMV5vNTp+jUKH00SKQpodFc/T6R41ipSRyZzhjrkfrtzcS/vE6mB/UwZyLNNBVksWiQcaQTNPsb9ZmkRPOJIZhIZm5FZIQlJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCEB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwMkjdQ=</latexit>

p3
<latexit sha1_base64="aAxzlAZJj5YH2w0gAXxof5nnRvg=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP1qr1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwSnjdU=</latexit><latexit sha1_base64="aAxzlAZJj5YH2w0gAXxof5nnRvg=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP1qr1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwSnjdU=</latexit><latexit sha1_base64="aAxzlAZJj5YH2w0gAXxof5nnRvg=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP1qr1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwSnjdU=</latexit><latexit sha1_base64="aAxzlAZJj5YH2w0gAXxof5nnRvg=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklrSXMrevFY0dhCG8pmu2mXbjZhdyOU0p/gxYOKV/+RN/+N2w9BRR8MPN6bYWZelHGmtON8WCura+sbm4Wt4vbO7t5+6eDwTqW5JDQgKU9lO8KKciZooJnmtJ1JipOI01Y0upz5rXsqFUvFrR5nNEzwQLCYEayNdJP1qr1S2bHdiufVXOTYvu97teqCONU6cm1njjIs0eyV3rv9lOQJFZpwrFTHdTIdTrDUjHA6LXZzRTNMRnhAO4YKnFAVTuanTtGpUfooTqUpodFc/T4xwYlS4yQynQnWQ/Xbm4l/eZ1cx/VwwkSWayrIYlGcc6RTNPsb9ZmkRPOxIZhIZm5FZIglJtqkUzQhfH2K/idBxfZt9/q83LhYplGAYziBM3DBgwZcQRMCIDCAB3iCZ4tbj9aL9bpoXbGWM0fwA9bbJwSnjdU=</latexit>

p4
<latexit sha1_base64="aiRHhtdHfyUjrJMmB2tAXY1ExWU=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiR9kGZXdOOyorGFNpTJdNIOnTyYmQgl9BPcuFBx6x+582+cPgQVPXDhcM693HtPkHImlWV9GIW19Y3NreJ2aWd3b/+gfHh0J5NMEOqRhCeiG2BJOYupp5jitJsKiqOA004wuZz7nXsqJEviWzVNqR/hUcxCRrDS0k06qA/KFcu0q47TsJFluq7rNGpLYtWayDatBSqwQntQfu8PE5JFNFaEYyl7tpUqP8dCMcLprNTPJE0xmeAR7Wka44hKP1+cOkNnWhmiMBG6YoUW6veJHEdSTqNAd0ZYjeVvby7+5fUyFTb9nMVppmhMlovCjCOVoPnfaMgEJYpPNcFEMH0rImMsMFE6nZIO4etT9D/xqqZr2tf1SutilUYRTuAUzsEGB1pwBW3wgMAIHuAJng1uPBovxuuytWCsZo7hB4y3TwYqjdY=</latexit><latexit sha1_base64="aiRHhtdHfyUjrJMmB2tAXY1ExWU=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiR9kGZXdOOyorGFNpTJdNIOnTyYmQgl9BPcuFBx6x+582+cPgQVPXDhcM693HtPkHImlWV9GIW19Y3NreJ2aWd3b/+gfHh0J5NMEOqRhCeiG2BJOYupp5jitJsKiqOA004wuZz7nXsqJEviWzVNqR/hUcxCRrDS0k06qA/KFcu0q47TsJFluq7rNGpLYtWayDatBSqwQntQfu8PE5JFNFaEYyl7tpUqP8dCMcLprNTPJE0xmeAR7Wka44hKP1+cOkNnWhmiMBG6YoUW6veJHEdSTqNAd0ZYjeVvby7+5fUyFTb9nMVppmhMlovCjCOVoPnfaMgEJYpPNcFEMH0rImMsMFE6nZIO4etT9D/xqqZr2tf1SutilUYRTuAUzsEGB1pwBW3wgMAIHuAJng1uPBovxuuytWCsZo7hB4y3TwYqjdY=</latexit><latexit sha1_base64="aiRHhtdHfyUjrJMmB2tAXY1ExWU=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiR9kGZXdOOyorGFNpTJdNIOnTyYmQgl9BPcuFBx6x+582+cPgQVPXDhcM693HtPkHImlWV9GIW19Y3NreJ2aWd3b/+gfHh0J5NMEOqRhCeiG2BJOYupp5jitJsKiqOA004wuZz7nXsqJEviWzVNqR/hUcxCRrDS0k06qA/KFcu0q47TsJFluq7rNGpLYtWayDatBSqwQntQfu8PE5JFNFaEYyl7tpUqP8dCMcLprNTPJE0xmeAR7Wka44hKP1+cOkNnWhmiMBG6YoUW6veJHEdSTqNAd0ZYjeVvby7+5fUyFTb9nMVppmhMlovCjCOVoPnfaMgEJYpPNcFEMH0rImMsMFE6nZIO4etT9D/xqqZr2tf1SutilUYRTuAUzsEGB1pwBW3wgMAIHuAJng1uPBovxuuytWCsZo7hB4y3TwYqjdY=</latexit><latexit sha1_base64="aiRHhtdHfyUjrJMmB2tAXY1ExWU=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiR9kGZXdOOyorGFNpTJdNIOnTyYmQgl9BPcuFBx6x+582+cPgQVPXDhcM693HtPkHImlWV9GIW19Y3NreJ2aWd3b/+gfHh0J5NMEOqRhCeiG2BJOYupp5jitJsKiqOA004wuZz7nXsqJEviWzVNqR/hUcxCRrDS0k06qA/KFcu0q47TsJFluq7rNGpLYtWayDatBSqwQntQfu8PE5JFNFaEYyl7tpUqP8dCMcLprNTPJE0xmeAR7Wka44hKP1+cOkNnWhmiMBG6YoUW6veJHEdSTqNAd0ZYjeVvby7+5fUyFTb9nMVppmhMlovCjCOVoPnfaMgEJYpPNcFEMH0rImMsMFE6nZIO4etT9D/xqqZr2tf1SutilUYRTuAUzsEGB1pwBW3wgMAIHuAJng1uPBovxuuytWCsZo7hB4y3TwYqjdY=</latexit>

Interaction

Scattering



B-Analog Quantum Simulation





Fermionic Systems
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Electron Gas, Hubbard Model, Superconductivity…



Chemistry and material science





Opportunities in quantum simulation

Impact on the society

Chemistry, Materials, Energy production, 
agriculture, sustainability of our planet

A- The problem should be so hard to be solvable
 only by quantum computers,

B- It should be of real scientific value with application 



Difficulties  in quantum simulation

Currently, simulating ground states of materials by 
classical computers is progressing fast for two reasons:

A- Faster computers,

B-Better algorithms



Difficulties  in quantum simulation

The states of most materials is not highly entangled, 
so the quantum advantage for these materials is not exponential,
but polynomial (147). 

Moreover, these methods are heuristic and not rigorous, since 
if we want accurate results in an efficient way,  the initial 
state should have a high overlap with the  target state, 
which is a difficult problem. 



A window  in quantum simulation

Exponential speed up is expected in dynamics,
when an initial state evolves  to a highly entangled state,
i.e. scattering in field theory (148).


