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Spectroscopy for lattice QCD 
with Monte Carlo method



Energy spectrum

• Schrödinger eq.

• Two-point function (Euclidean time)

quantum number :

Ĥ|n, qi = En,q|n, qi
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: vacuum

(e.g., 0 − + for pion)

QCD Hamiltonian

1̂ =
X

n,q0

|n, q0ihn, q0|
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Hadron spectroscopy

2013 snowmass report
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Hadron spectroscopy

2013 snowmass report

• Need large time extent 𝛽
and time separation 𝜏

• Need large statistics to 
extract higher excited states

Problems:
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How to get spectrum by TN?

• Hamiltonian formalism

⇒ Matsumoto’s talk

• Lagrangian formalism

– Two-point function 

• Large time extent and separation are easily realized

• nothing new!  (just do it)

– Transfer matrix

• No need to extrapolate time extent and separation

We use here!

arXiv:2307.16655



Transfer matrix formalism



TM and its spectrum 

Z = tr
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[T T · · · T ]
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: Hermitian, (semi)positive definite

for 2D Ising sx = ±1
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TM and its spectrum 

Z = tr

<latexit sha1_base64="RWHK4jzOD6CrX00/L5aUej1/X6s=">AAAB9HicbVC7SgNBFL3rM8ZX1FKQwSBYSNgVwViIARvLBMyDPAizk0kyZGZ2mZkNhCWlf2CpNmJr7Y9Y+A3a+AdOHoUmHrhwOOde7r3HDznTxnU/nIXFpeWV1cRacn1jc2s7tbNb0kGkCC2SgAeq4mNNOZO0aJjhtBIqioXPadnvXY/8cp8qzQJ5awYhbQjckazNCDZWqlYv47oSyKhhM5V2M+4YaJ54U5K++v68O3grfOWbqfd6KyCRoNIQjrWueW5oGjFWhhFOh8l6pGmISQ93aM1SiQXVjXh88RAdWaWF2oGyJQ0aq78nYiy0HgjfdgpsunrWG4knvvjPrkWmnW3ETIaRoZJMdrUjjkyARgmgFlOUGD6wBBPF7LmIdLHCxNickjYHb/breVI6zXhnmYuCm85lYYIE7MMhHIMH55CDG8hDEQhIuIdHeHL6zoPz7LxMWhec6cwe/IHz+gOp8JZs</latexit>

[T T · · · T ]

<latexit sha1_base64="ZHfRLoLtfHE3ML7YQjT7Hee2/aw=">AAACHHicbVDLSgMxFM34bOtr1KUugkVwIWVGBOuu6MZlhb6gM5RMmmlDMw+SO0IdCn6FSz/CtUt1Iy4VBD/G9AHW1gOBk3Puvck9Xiy4Asv6MhYWl5ZXVjPZ3Nr6xuaWub1TU1EiKavSSESy4RHFBA9ZFTgI1oglI4EnWN3rXQ79+g2TikdhBfoxcwPSCbnPKQEttUzLEcyHZi51KBG4MvglDm1HoKbukne64LbMvFWwRsDzxJ6QfGn/9jt793hRbpkfTjuiScBCoIIo1bStGNyUSOBUMD03USwmtEc6rKlpSAKm3HS02QAfaqWN/UjqEwIeqdMdKQmU6geergwIdNWsNxSPveA/u5mAX3RTHsYJsJCO3/ITgSHCw6Rwm0tGQfQ1IVRy/V1Mu0QSCjrPnM7Bnt16ntROCvZp4fxaB1JEY2TQHjpAR8hGZ6iErlAZVRFF9+gJvaBX48F4Nt6M93HpgjHp2UV/YHz+AOd+o5E=</latexit>

Ts0s =
 
Y

x

e�s
0
xsx

! 
Y

x

e
1
2�s

0
x+1s

0
x+

1
2�sx+1sx

!

<latexit sha1_base64="v1CR5lHpw8H2Zg1Sm/JBsxm05xw="></latexit>

: Hermitian, (semi)positive definite

T = Ue�!U †
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for 2D Ising
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sx = ±1
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How to identify quantum number
Answer: compute matrix elements hb|Ôq|ai
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eigenstates of TM

𝑞 is assumed to be well known



How to identify quantum number
Answer: compute matrix elements hb|Ôq|ai
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eigenstates of TM

Why: 
For conserved charge of continuous symmetry

𝑞 is assumed to be well known
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[Q̂, X̂] = qXX̂

<latexit sha1_base64="5SL8CDwgPW/ehujHdzr2G9+xMdA=">AAACB3icbZDLSgMxFIYzXtvxNuqyLoJFcFHKjAjWhVB047IFe4HpMGTStA3NXEwyQi0FXfokLr0sxK0P4ULwYczMdKGtB0I+/v8ckvN7EaNCmuaXtrC4tLyymsvra+sbm1vG9k5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzhReK3bggXNAyu5Cgijo/6Ae1RjKSSXKNgdwZIwnopvdrO2bXbzlDXXaNols204DxYUyhW926/83ev5zXX+Ox0Qxz7JJCYISFsy4ykM0ZcUszIRO/EgkQID1Gf2AoD5BPhjNMlJvBAKV3YC7k6gYSp+ntijHwhRr6nOn0kB2LWS8SS5/9n27HsVZwxDaJYkgBnb/ViBmUIk1Bgl3KCJRspQJhT9V2IB4gjLFV0SQ7W7Nbz0DwqW8fl07oKpAKyyoEC2AeHwAInoAouQQ00AAb34BE8gxftQXvS3rT3rHVBm87sgj+lffwAJvyafA==</latexit>

charge of "𝑋
⇣
* Q̂X̂|⌦i = qXX̂|⌦i

⌘

<latexit sha1_base64="6I3w+tZlz5T54Cg20IFAp/KApvE="></latexit>

Q̂|⌦i = 0

<latexit sha1_base64="yKmnZEJRO8aQC9v8OKrUZTA1zlQ=">AAACA3icbVA9SwNBEN2L3/EraqFgsyiChYQ7EdRCEGzsNGASIRfC3GYuWbK7d+zuCSGm9JdYqo3Y+jMs/DduPgpNfDDweG+GmXlRKrixvv/t5WZm5+YXFpfyyyura+uFjc2KSTLNsMwSkej7CAwKrrBsuRV4n2oEGQmsRp2rgV99QG14ou5sN8W6hJbiMWdgndQobIdtsLT0GN5IbEGoQbUEXvj5RmHfL/pD0GkSjMn+5U48xG2j8BU2E5ZJVJYJMKYW+Kmt90BbzgT282FmMAXWgRbWHFUg0dR7wwf69MApTRon2pWydKj+nuiBNKYrI9cpwbbNpDcQjyL5n13LbHxW73GVZhYVG+2KM0FtQgeB0CbXyKzoOgJMc3cuZW3QwKyLbZBDMPn1NKkcF4OT4nnJBXJCRlgku2SPHJKAnJJLck1uSZkw0ifP5JW8eU/ei/fufYxac954Zov8gff5Ay2lmWs=</latexit>

⇣
[Q̂, Ĥ] = 0

⌘

<latexit sha1_base64="Zgska8hOTzHP9AaiEb8X9wTRO+c=">AAACDHicbVC7SgNBFJ31GdfXqqXNYBAihLCrAbUQAjbBKgHzgOwSZiezyZDZBzN3hRDS2umXWKqN2PoHFv6DH+HkUWjigcs9nHMvM/f4ieAKbPvLWFpeWV1bz2yYm1vbO7vW3n5dxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb9/PfYbd0wqHke3MEiYF5JuxANOCWipbWFXsAByZsvtEcDV/KSVvSvbdCXv9uCkbWXtgj0BXiTOjGRL+bOb7wcXKm3r0+3ENA1ZBFQQpVqOnYA3JBI4FWxkuqliCaF90mUtTSMSMuUNJ5eM8LFWOjiIpa4I8ET9vTEkoVKD0NeTIYGemvfGYt4P/7NbKQQX3pBHSQosotO3glRgiPE4GdzhklEQA00IlVx/F9MekYSCzs/UOTjzVy+S+mnBKRYuqzqQIpoigw7REcohB52jEiqjCqohiu7RE3pBr8aj8Wy8Ge/T0SVjtnOA/sD4+AGvaJxm</latexit>



How to identify quantum number
Answer: compute matrix elements hb|Ôq|ai

<latexit sha1_base64="VZyMs8qHd2PV1br7xC5x7J1R3NU=">AAACEHicbVC7SgNBFJ2Nj8TER9TSwsEoWEjYFcHYBW3sjGAekA3h7mSSDJmdXWdmhbDJD4iVX2KpNmJrb+FvWFs4eRQaPXDhcM693HuPF3KmtG1/WIm5+YXFZGopnVleWV3Lrm9UVBBJQssk4IGseaAoZ4KWNdOc1kJJwfc4rXq9s5FfvaFSsUBc6X5IGz50BGszAtpIzeyuy0F0OMUeHrhd0Dh2CXB8MWxeD8CVYy/dzObsvD0G/kucKckVtz9Pk5m7r1Iz++62AhL5VGjCQam6Y4e6EYPUjHA6TLuRoiGQHnRo3VABPlWNePzNEO8ZpYXbgTQlNB6rPydi8JXq+57p9EF31aw3Eg88/z+7Hul2oREzEUaaCjLZ1Y441gEepYNbTFKied8QIJKZczHpggSiTYajHJzZr/+SymHeOcqfXJpACmiCFNpCO2gfOegYFdE5KqEyIugWPaAn9GzdW4/Wi/U6aU1Y05lN9AvW2zftRp9w</latexit>

eigenstates of TM

Why: 
For conserved charge of continuous symmetry

𝑞 is assumed to be well known

[Q̂, X̂] = qXX̂

<latexit sha1_base64="5SL8CDwgPW/ehujHdzr2G9+xMdA=">AAACB3icbZDLSgMxFIYzXtvxNuqyLoJFcFHKjAjWhVB047IFe4HpMGTStA3NXEwyQi0FXfokLr0sxK0P4ULwYczMdKGtB0I+/v8ckvN7EaNCmuaXtrC4tLyymsvra+sbm1vG9k5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzhReK3bggXNAyu5Cgijo/6Ae1RjKSSXKNgdwZIwnopvdrO2bXbzlDXXaNols204DxYUyhW926/83ev5zXX+Ox0Qxz7JJCYISFsy4ykM0ZcUszIRO/EgkQID1Gf2AoD5BPhjNMlJvBAKV3YC7k6gYSp+ntijHwhRr6nOn0kB2LWS8SS5/9n27HsVZwxDaJYkgBnb/ViBmUIk1Bgl3KCJRspQJhT9V2IB4gjLFV0SQ7W7Nbz0DwqW8fl07oKpAKyyoEC2AeHwAInoAouQQ00AAb34BE8gxftQXvS3rT3rHVBm87sgj+lffwAJvyafA==</latexit>

charge of "𝑋
⇣
* Q̂X̂|⌦i = qXX̂|⌦i

⌘

<latexit sha1_base64="6I3w+tZlz5T54Cg20IFAp/KApvE="></latexit>

⇐hb| ... |ai

<latexit sha1_base64="rR776S+O8HERyFoAsOeqHvNHbkY=">AAACCXicbVDLSsNAFJ3UV62vqBtBhMEiuCghkYK6K7hxWcE+oAllMp20Q2cmYWYilLYrl36JS3Ujbv0GF/6Nk7QLbT1w4XDOvdx7T5gwqrTrfluFldW19Y3iZmlre2d3z94/aKo4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDm8yv/VApKKxuNejhAQc9QWNKEbaSF37xGdI9BmB4QT6Fcdx/AqcIF/mYqlrl13HzQGXiTcn5dpRlKPetb/8XoxTToTGDCnV8dxEB2MkNcWMTEt+qkiC8BD1ScdQgThRwTh/YwrPjNKDUSxNCQ1z9ffEGHGlRjw0nRzpgVr0MrES8v/sTqqjq2BMRZJqIvBsV5QyqGOYxQJ7VBKs2cgQhCU150I8QBJhbcLLcvAWv14mzQvHqzrXdyaQKpihCI7BKTgHHrgENXAL6qABMHgEz+AVvFlP1ov1bn3MWgvWfOYQ/IH1+QMwu5rz</latexit>

(qb � qa � qX)hb|X̂|ai = 0

<latexit sha1_base64="w8dkpjhvHQSGrSuYdGRQvTEFPEw="></latexit>

selection rule:

Q̂|ai = qa|ai

<latexit sha1_base64="YRaQIYqJCFaEb6ES7DiVHiHKW+0=">AAACDHicbVDLSgMxFM34rONr1I3gJlgEF1JmpKAuhIIbly3YB7Sl3EkzbWgmMyYZodRuXfolLtWNuPUPXPg3ZqYFtfXAhZNz7iX3Hj/mTGnX/bIWFpeWV1Zza/b6xubWtrOzW1NRIgmtkohHsuGDopwJWtVMc9qIJYXQ57TuD65Sv35HpWKRuNHDmLZD6AkWMALaSB0Ht/qgceUeWhJEj1P70r7twM/T7jh5t+BmwPPEm5J8aT/IUO44n61uRJKQCk04KNX03Fi3RyA1I5yO7VaiaAxkAD3aNFRASFV7lF0yxkdG6eIgkqaExpn6e2IEoVLD0DedIei+mvVS8cQP/7ObiQ7O2yMm4kRTQSZ/BQnHOsJpMrjLJCWaDw0BIplZF5M+SCDa5Jfm4M1ePU9qpwWvWLiomECKaIIcOkCH6Bh56AyV0DUqoyoi6AE9oRf0aj1az9ab9T5pXbCmM3voD6yPb0kWnLI=</latexit>

⇐

hb|X̂|ai 6= 0 =) qb � qa � qX = 0

<latexit sha1_base64="K9UC7m/SimAMaDf/QlSXEwQNLOE="></latexit>

b = 0 = ⌦

<latexit sha1_base64="/2zFg+kX+S8rZe7LbDNrVWposzQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgQcKuBNRDMODFmxHMA5MlzE5mkyEzs8vMbCAs+QsvinoRr/6NBz/DP3A2yUETCxqKqm66u/yIUaUd58vKLC2vrK5l13Mbm1vbO/ndvboKY4lJDYcslE0fKcKoIDVNNSPNSBLEfUYa/uAq9RtDIhUNxZ0eRcTjqCdoQDHSRrr3y065fcNJD3XyBafoTGAvEndGCpffjymeqp38Z7sb4pgToTFDSrVcJ9JegqSmmJFxrh0rEiE8QD3SMlQgTpSXTC4e20dG6dpBKE0JbU/U3xMJ4kqNuG86OdJ9Ne+l4onP/7NbsQ7OvYSKKNZE4OmuIGa2Du00AbtLJcGajQxBWFJzro37SCKsTU45k4M7//UiqZ8W3VLx4tYpVEowRRYO4BCOwYUzqMA1VKEGGAQ8wAu8WkPr2Xqz3qetGWs2sw9/YH38AP8elf0=</latexit>

⇐

for h⌦|X̂|ai 6= 0 =) qa = qX

<latexit sha1_base64="1QDcgoRtVpxI3YrMPspMdPNJ+EM="></latexit>

For discrete symmetry D̂X̂D̂�1 = qXX̂

<latexit sha1_base64="jhL+Kj1rkJ40yya82ez1WtdggE4=">AAACEHicbVC7SgNBFJ2NrxhfqyltBqNgoWFXAmohBExhGcEkC8m6zE4myZDZhzOzQlhS2liKveAXWKqN2Npb+B9+gJPdFJp4YLhnzrmXmXvckFEhDeNLy8zMzs0vZBdzS8srq2v6+kZdBBHHpIYDFnDLRYIw6pOapJIRK+QEeS4jDbd/OvIb14QLGvgXchAS20Ndn3YoRlJJjr7d6iEJKzApVloql/G+OTy5csZ3y9ELRtFIAKeJOSaFcv774f7Gfqw6+merHeDII77EDAnRNI1Q2jHikmJGhrlWJEiIcB91SVNRH3lE2HGyzRDuKKUNOwFXx5cwUX9PxMgTYuC5qtNDsicmvZG453r/2c1Ido7smPphJImP07c6EYMygKN0YJtygiUbKIIwp+q7EPcQR1iqDHMqB3Ny62lSPyiapeLxuQqkBFJkwSbYArvABIegDM5AFdQABrfgCbyAV+1Oe9betPe0NaONZ/LgD7SPH4ldnq0=</latexit>

h⌦|X̂|ai 6= 0 =) qaqX = 1

<latexit sha1_base64="hsBMExHwmqHB8B3YlgDdbb7mYKA="></latexit>

±

<latexit sha1_base64="0m0JRJvJEeTP41w8qR6417peP2Y=">AAAB7XicbVA9SwNBEJ2LGmP8iloKshgECwl3ElG7gI1lRPMhyRH2NnvJkt3bY3dPCEd+gqXaiI2Fv8jC/2Lh5qPQxAcDj/dmmJkXxJxp47pfTmZpeSW7mlvLr29sbm0XdnbrWiaK0BqRXKpmgDXlLKI1wwynzVhRLAJOG8Hgauw3HqjSTEZ3ZhhTX+BexEJGsLHSbTsWnULRLbkToEXizUixkj08eL8/+652Cp/triSJoJEhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMvSCAuq/XRy6ggdWaWLQqlsRQZN1N8TKRZaD0VgOwU2fT3vjcWTQPxntxITXvgpi+LE0IhMd4UJR0ai8euoyxQlhg8twUQxey4ifawwMTagvM3Bm/96kdRPS165dHljAynDFDnYh0M4Bg/OoQLXUIUaEOjBIzzDiyOdJ+fVeZu2ZpzZzB78gfPxA+emkYs=</latexit>

⇣
[Q̂, Ĥ] = 0

⌘

<latexit sha1_base64="Zgska8hOTzHP9AaiEb8X9wTRO+c=">AAACDHicbVC7SgNBFJ31GdfXqqXNYBAihLCrAbUQAjbBKgHzgOwSZiezyZDZBzN3hRDS2umXWKqN2PoHFv6DH+HkUWjigcs9nHMvM/f4ieAKbPvLWFpeWV1bz2yYm1vbO7vW3n5dxamkrEZjEcumTxQTPGI14CBYM5GMhL5gDb9/PfYbd0wqHke3MEiYF5JuxANOCWipbWFXsAByZsvtEcDV/KSVvSvbdCXv9uCkbWXtgj0BXiTOjGRL+bOb7wcXKm3r0+3ENA1ZBFQQpVqOnYA3JBI4FWxkuqliCaF90mUtTSMSMuUNJ5eM8LFWOjiIpa4I8ET9vTEkoVKD0NeTIYGemvfGYt4P/7NbKQQX3pBHSQosotO3glRgiPE4GdzhklEQA00IlVx/F9MekYSCzs/UOTjzVy+S+mnBKRYuqzqQIpoigw7REcohB52jEiqjCqohiu7RE3pBr8aj8Wy8Ge/T0SVjtnOA/sD4+AGvaJxm</latexit>

Q̂

<latexit sha1_base64="szwRg9tbTKVLRhMetyuQlqE8O6Q=">AAAB8XicbVBLSgNBEK3xG+Mv6sKFm8YQcCFhRgTjLuDGZQLmA8kQejo9SZPunqG7RwhDdl7ApboRt97DG7jQA3gCD2Dns9DEBwWP96qoqhfEnGnjuh/O0vLK6tp6ZiO7ubW9s5vb26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQyuxn7jlirNInljhjH1Be5JFjKCjZUa7T42qJrt5PJu0Z0ALRJvRvLlw8Ld99vXZ6WTe293I5IIKg3hWOuW58bGT7EyjHA6yrYTTWNMBrhHW5ZKLKj208m5I1SwSheFkbIlDZqovydSLLQeisB2Cmz6et4bi6eB+M9uJSYs+SmTcWKoJNNdYcKRidD4fdRlihLDh5Zgopg9F5E+VpgYG9I4B2/+60VSPyt658XLqg2kBFNk4AiO4QQ8uIAyXEMFakBgAPfwCE+Odh6cZ+dl2rrkzGYO4A+c1x85xpRZ</latexit>

Q̂|⌦i = 0

<latexit sha1_base64="yKmnZEJRO8aQC9v8OKrUZTA1zlQ=">AAACA3icbVA9SwNBEN2L3/EraqFgsyiChYQ7EdRCEGzsNGASIRfC3GYuWbK7d+zuCSGm9JdYqo3Y+jMs/DduPgpNfDDweG+GmXlRKrixvv/t5WZm5+YXFpfyyyura+uFjc2KSTLNsMwSkej7CAwKrrBsuRV4n2oEGQmsRp2rgV99QG14ou5sN8W6hJbiMWdgndQobIdtsLT0GN5IbEGoQbUEXvj5RmHfL/pD0GkSjMn+5U48xG2j8BU2E5ZJVJYJMKYW+Kmt90BbzgT282FmMAXWgRbWHFUg0dR7wwf69MApTRon2pWydKj+nuiBNKYrI9cpwbbNpDcQjyL5n13LbHxW73GVZhYVG+2KM0FtQgeB0CbXyKzoOgJMc3cuZW3QwKyLbZBDMPn1NKkcF4OT4nnJBXJCRlgku2SPHJKAnJJLck1uSZkw0ifP5JW8eU/ei/fufYxac954Zov8gff5Ay2lmWs=</latexit>



TM + Tensor network

space

time

Z = tr

<latexit sha1_base64="RWHK4jzOD6CrX00/L5aUej1/X6s=">AAAB9HicbVC7SgNBFL3rM8ZX1FKQwSBYSNgVwViIARvLBMyDPAizk0kyZGZ2mZkNhCWlf2CpNmJr7Y9Y+A3a+AdOHoUmHrhwOOde7r3HDznTxnU/nIXFpeWV1cRacn1jc2s7tbNb0kGkCC2SgAeq4mNNOZO0aJjhtBIqioXPadnvXY/8cp8qzQJ5awYhbQjckazNCDZWqlYv47oSyKhhM5V2M+4YaJ54U5K++v68O3grfOWbqf d6KyCRoNIQjrWueW5oGjFWhhFOh8l6pGmISQ93aM1SiQXVjXh88RAdWaWF2oGyJQ0aq78nYiy0HgjfdgpsunrWG4knvvjPrkWmnW3ETIaRoZJMdrUjjkyARgmgFlOUGD6wBBPF7LmIdLHCxNickjYHb/breVI6zXhnmYuCm85lYYIE7MMhHIMH55CDG8hDEQhIuIdHeHL6zoPz7LxMWhec6cwe/IHz+gOp8JZs</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>
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<latexit sha1_base64="JBxFHsAJUvemtZ62sy9xzEswpnQ="></latexit>

for 2D Ising

s

<latexit sha1_base64="y3xQ3Vqe9RAADpTitSRZXAnzvdY=">AAAB63icbZDLSgMxFIbPeK31VnUpSLAILqTMiGBdWXDjsgV7gXYomTTThiaZIckIZejSlUt1I259B1/Ehc+gG9/A9LLQ1h8CH/9/DjnnBDFn2rjuh7OwuLS8sppZy65vbG5t53Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/atRXr+lSrNI3phBTH2Bu5KFjGBjrYpu5/JuwR0LzYM3hfzl9+fdwVvlq9zOvbc6EUkElYZwrHXTc2Pjp1gZRjgdZluJpjEmfdylTYsSC6r9dDzoEB1Zp4PCSNknDRq7vztSLLQeiMBWCmx6ejYbmSeB+C9uJiYs+imTcWKoJJO/woQjE6HR4qjDFCWGDyxgopgdF5EeVpgYe56svYM3u/U81E4L3lnhouLmS0WYKAP7cAjH4ME5lOAaylAFAhTu4RGeHOE8OM/Oy6R0wZn27MEfOa8/KeWStQ==</latexit>

s0

<latexit sha1_base64="QZhpwQEZnqr6eMzTBPWeJ+MasyU=">AAAB8nicbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Am0tmTTThiaZITkjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc/xIcAOu++GkFhaXllfSq5m19Y3Nrez2TtWEsaasQkMR6rpPDBNcsQpwEKweaUakL1jN71+O8tot04aH6hoGEWtJ0lU84JSAtermphlpLlk7m3Pz7lh4Hrwp5C6+P+/238pfpXb2vdkJaSyZAiqIMQ3PjaCVEA2cCjbMNGPDIkL7pMsaFhWRzLSS8bxDfGidDg5CbZ8CPHZ/dyREGjOQvq2UBHpmNhuZx778L27EEBRaCVdRDEzRyV9BLDCEeLQ/7nDNKIiBBUI1t+Ni2iOaULBXytg7eLNbz0P1JO+d5s/Lbq5YQBOl0R46QEfIQ2eoiK5QCVUQRQLdo0f05IDz4Dw7L5PSlDPt2UV/5Lz+AI6GldI=</latexit>



TM + Tensor network

space

time

tensor network rep.

Z = tr

<latexit sha1_base64="RWHK4jzOD6CrX00/L5aUej1/X6s=">AAAB9HicbVC7SgNBFL3rM8ZX1FKQwSBYSNgVwViIARvLBMyDPAizk0kyZGZ2mZkNhCWlf2CpNmJr7Y9Y+A3a+AdOHoUmHrhwOOde7r3HDznTxnU/nIXFpeWV1cRacn1jc2s7tbNb0kGkCC2SgAeq4mNNOZO0aJjhtBIqioXPadnvXY/8cp8qzQJ5awYhbQjckazNCDZWqlYv47oSyKhhM5V2M+4YaJ54U5K++v68O3grfOWbqf d6KyCRoNIQjrWueW5oGjFWhhFOh8l6pGmISQ93aM1SiQXVjXh88RAdWaWF2oGyJQ0aq78nYiy0HgjfdgpsunrWG4knvvjPrkWmnW3ETIaRoZJMdrUjjkyARgmgFlOUGD6wBBPF7LmIdLHCxNickjYHb/breVI6zXhnmYuCm85lYYIE7MMhHIMH55CDG8hDEQhIuIdHeHL6zoPz7LxMWhec6cwe/IHz+gOp8JZs</latexit>

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

tr

<latexit sha1_base64="KzLQUOQNRTZgTfE6x8oLD7fDC4w=">AAAB8nicbZDLSgMxFIYzXmu9VV0KEiyCCykzIlhXFty4bMFeoB1KJs20oUlmSM4IZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCAW3IDrfjgLi0vLK6uZtez6xubWdm5nt2aiRFNWpZGIdCMghgmuWBU4CNaINSMyEKwe9K9Gef2WacMjdQODmPmSdBUPOSVgrUba0hKDHrZzebfgjoXnwZtC/vL78+7grfJVbufeW52IJpIpoIIY0/TcGPyUaOBUsGG2lRgWE9onXda0qIhkxk/H8w7xkXU6OIy0fQrw2P3dkRJpzEAGtlIS6JnZbGSeBPK/uJlAWPRTruIEmKKTv8JEYIjwaH/c4ZpREAMLhGpux8W0RzShYK+UtXfwZreeh9ppwTsrXFTcfKmIJsqgfXSIjpGHzlEJXaMyqiKKBLpHj+jJAefBeXZeJqULzrRnD/2R8/oDdEKVwQ==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

Ts0s =
 
Y
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!

<latexit sha1_base64="JBxFHsAJUvemtZ62sy9xzEswpnQ="></latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

usual initial tensor

for 2D Ising

s

<latexit sha1_base64="y3xQ3Vqe9RAADpTitSRZXAnzvdY=">AAAB63icbZDLSgMxFIbPeK31VnUpSLAILqTMiGBdWXDjsgV7gXYomTTThiaZIckIZejSlUt1I259B1/Ehc+gG9/A9LLQ1h8CH/9/DjnnBDFn2rjuh7OwuLS8sppZy65vbG5t53Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/atRXr+lSrNI3phBTH2Bu5KFjGBjrYpu5/JuwR0LzYM3hfzl9+fdwVvlq9zOvbc6EUkElYZwrHXTc2Pjp1gZRjgdZluJpjEmfdylTYsSC6r9dDzoEB1Zp4PCSNknDRq7vztSLLQeiMBWCmx6ejYbmSeB+C9uJiYs+imTcWKoJJO/woQjE6HR4qjDFCWGDyxgopgdF5EeVpgYe56svYM3u/U81E4L3lnhouLmS0WYKAP7cAjH4ME5lOAaylAFAhTu4RGeHOE8OM/Oy6R0wZn27MEfOa8/KeWStQ==</latexit>

s0

<latexit sha1_base64="QZhpwQEZnqr6eMzTBPWeJ+MasyU=">AAAB8nicbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Am0tmTTThiaZITkjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc/xIcAOu++GkFhaXllfSq5m19Y3Nrez2TtWEsaasQkMR6rpPDBNcsQpwEKweaUakL1jN71+O8tot04aH6hoGEWtJ0lU84JSAtermphlpLlk7m3Pz7lh4Hrwp5C6+P+/238pfpXb2vdkJaSyZAiqIMQ3PjaCVEA2cCjbMNGPDIkL7pMsaFhWRzLSS8bxDfGidDg5CbZ8CPHZ/dyREGjOQvq2UBHpmNhuZx778L27EEBRaCVdRDEzRyV9BLDCEeLQ/7nDNKIiBBUI1t+Ni2iOaULBXytg7eLNbz0P1JO+d5s/Lbq5YQBOl0R46QEfIQ2eoiK5QCVUQRQLdo0f05IDz4Dw7L5PSlDPt2UV/5Lz+AI6GldI=</latexit>



TM + Tensor network

space

time

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

Ts0s =
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!

<latexit sha1_base64="JBxFHsAJUvemtZ62sy9xzEswpnQ="></latexit>

？

sx

<latexit sha1_base64="dwsAxQmVqQOG/z7lkB6ZYBj0FEc=">AAAB7XicbVDLSgNBEOyNrxhfGz16GRIEDxJ2JaDeAl48RmIekKxhdjKbDJmdWWZmxRDyAR48qhfx6hd58G+cPA6aWNBQVHXT3RUmnGnjed9OZm19Y3Mru53b2d3bP3Dzhw0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHg99ZsPVGkmxZ0ZJTSIcV+wiBFsrFTT3ceuW/RK3gxolfgLUqy40f1ToZavdt2vTk+SNKbCEI61bvteYoIxVoYRTie5TqppgskQ92nbUoFjqoPx7NQJOrFKD0VS2RIGzdTfE2Mcaz2KQ9sZYzPQy95UPAvj/+x2aqLLYMxEkhoqyHxXlHJkJJq+jnpMUWL4yBJMFLPnIjLAChNjA8rZHPzlr1dJ47zkl0tXtzaQMsyRhWMowCn4cAEVuIEq1IFAH57hFd4c6bw4787HvDXjLGaO4A+czx9CLJEM</latexit>

s0x

<latexit sha1_base64="wfmkY7+a8I0GresjTJ7zTI6U8cc=">AAAB9HicbVDLSgNBEJyNj8T4inoRvAwGwYOGXQmot4AXjxHMgyRrmJ30JkNmZpeZ2WgI+QuPmot49W88+DdOHgeNFjQUVd10dwUxZ9q47peTWlldW09nNrKbW9s7u7m9/aqOEkWhQiMeqXpANHAmoWKY4VCPFRARcKgF/ZupXxuA0iyS92YYgy9IV7KQUWKs1NAPrVgxAe2ndi7vFtwZ8F/iLUi+dHjefUxPGuV27rPViWgiQBrKidZNz42NPyLKMMphnG0lGmJC+6QLTUslEaD90eziMT6xSgeHkbIlDZ6pPydGRGg9FIHtFMT09LI3Fc8C8Z/dTEx45Y+YjBMDks53hQnHJsLTBHCHKaCGDy0hVDF7LqY9ogg1NqeszcFb/vovqV4UvGLh+s4GUkRzZNAROkanyEOXqIRuURlVEEUSPaNXNHEGzovz5rzPW1POYuYA/YLz8Q0AZJRo</latexit>

s0x+1

<latexit sha1_base64="h0EvbJJVbae0g1T41qLxEMVYA0k=">AAAB+HicbVDLSgNBEOyNrxhfUfEkyGIQhEjYlYh6C3jxGME8INmE2clsMmRmdpmZFeOS//AYvYhX/0XQv3HyOGhiQUNR1U13lx8xqrTjfFuppeWV1bX0emZjc2t7J7u7V1VhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN79+M/doDkYqG4l4PIuJx1BU0oBhpI7VUqxlJykk7ecy7w3Y25xScCexF4s5IrnT0dTBKLvLldvaz2QlxzInQmCGlGq4TaS9BUlPMyDDTjBWJEO6jLmkYKhAnyksmVw/tE6N07CCUpoS2J+rviQRxpQbcN50c6Z6a98bimc//sxuxDq68hIoo1kTg6a4gZrYO7XEKdodKgjUbGIKwpOZcG/eQRFibrDImB3f+60VSPS+4xcL1nQmkCFOk4RCO4RRcuIQS3EIZKoBBwjO8wKv1ZI2sN+t92pqyZjP78AfWxw832ZZI</latexit>

sx+1

<latexit sha1_base64="raqwv/AR62Uaf3PYonUuhdT1al0=">AAAB8XicbVDLSgNBEOyNrxgfSfTgwctgEAQl7EpAvQW8eEzAPCBZwuxkkgyZmV1mZsWw5CM8Gi/iVX/Hgz8jTh4HTSxoKKq66e4KIs60cd0vJ7W2vrG5ld7O7Ozu7Wdz+YO6DmNFaI2EPFTNAGvKmaQ1wwynzUhRLAJOG8Hwduo3HqjSLJT3ZhRRX+C+ZD1GsLFSQ3eSx3Nv3MkV3KI7A1ol3oIUykf5bPVj8l3p5D7b3ZDEgkpDONa65bmR8ROsDCOcjjPtWNMIkyHu05alEguq/WR27hidWqWLeqGyJQ2aqb8nEiy0HonAdgpsBnrZm4oXgfjPbsWmd+0nTEaxoZLMd/VijkyIpu+jLlOUGD6yBBPF7LmIDLDCxNiQMjYHb/nrVVK/LHql4k3VBlKCOdJwDCdwBh5cQRnuoAI1IDCEJ5jAi6OdZ+fVeZu3ppzFzCH8gfP+Axufk3E=</latexit>

e
�
2 sx+1sx

<latexit sha1_base64="XjAlfUb4c+Yg8qhukrLfKu2kK1E=">AAACCnicbVDJSgNBEO1xjXEb9ShIYxAEJcyEgHoy4MVjBLNAEoeeTk3SpGehu0cShrl59Af0EzyqF/HqL3jwM/wDO8tBEx8UPN6roqqeG3EmlWV9GXPzC4tLy5mV7Ora+samubVdlWEsKFRoyENRd4kEzgKoKKY41CMBxHc51NzexdCv3YKQLAyu1SCClk86AfMYJUpLjrkHN0nTE4QmTRcUSZNCiqWT9I/sVDr91DFzVt4aAc8Se0Jy598PQzyWHfOz2Q5p7EOgKCdSNmwrUq2ECMUohzTbjCVEhPZIBxqaBsQH2UpGf6T4QCtt7IVCV6DwSP09kRBfyoHv6k6fqK6c9obisev/Zzdi5Z22EhZEsYKAjnd5MccqxMNccJsJoIoPNCFUMH0upl2ig1E6vazOwZ7+epZUC3m7mD+7snKlIhojg3bRPjpENjpBJXSJyqiCKLpDT+gFvRr3xrPxZryPW+eMycwO+gPj4wf/ip96</latexit>

e�s
0
xsx

<latexit sha1_base64="BI0pvHPkF8pfMQWESoOZoG2LklY=">AAACBHicbVC7SgNBFJ2NrxhfqzaCzWAQLCTsSkCtDNhYRjAPyGOZndwkQ2Z2l5lZSVhi6T9obak2YutfWPgZ/oGTR6GJBy4czrmXe+/xI86UdpwvK7WwuLS8kl7NrK1vbG7Z2ztlFcaSQomGPJRVnyjgLICSZppDNZJAhM+h4vcuR37lFqRiYXCjBxE0BOkErM0o0Uby7D1oJnUfNMGqWY8kE+D1sfL6Q8/OOjlnDDxP3CnJXnw/jPBY9OzPeiuksYBAU06UqrlOpBsJkZpRDsNMPVYQEdojHagZGhABqpGMPxjiQ6O0cDuUpgKNx+rviYQIpQbCN52C6K6a9UbisS/+s2uxbp81EhZEsYaATna1Y451iEeJ4BaTQDUfGEKoZOZcTLtEEqpNbhmTgzv79Twpn+TcfO782skW8miCNNpHB+gIuegUFdAVKqISougOPaEX9GrdW8/Wm/U+aU1Z05ld9AfWxw8aNJzH</latexit>

e
�
2 s0x+1s

0
x

<latexit sha1_base64="nzLlHYAxy5mZcfr+xPkjgYSf7nM=">AAACGXicbVDLSgMxFM34tr6qLt0EiyCoZaYU1JWCG5cK1hY6bcmkd9rQZGZIMtIyzFe4Ur/EpboRt+LCz/APTB+L2nrgwsk595J7jxdxprRtf1szs3PzC4tLy5mV1bX1jezm1q0KY0mhREMeyopHFHAWQEkzzaESSSDC41D2Ohd9v3wHUrEwuNG9CGqCtALmM0q0kRrZI6gnri8JTVwPNEmTQopV3Y0kE9BIugfO2LObNrI5O28PgKeJMyK5s5+HPh6vGtkvtxnSWECgKSdKVR070rWESM0ohzTjxgoiQjukBVVDAyJA1ZLBWSneM0oT+6E0FWg8UMcnEiKU6gnPdAqi22rS64uHnvjPrsbaP6klLIhiDQEd/uXHHOsQ92PCTSaBat4zhFDJzLqYtonJSZswMyYHZ/LqaXJbyDvF/Om1nTsvoiGW0A7aRfvIQcfoHF2iK1RCFN2jZ/SK3qwn68V6tz6GrTPWaGYb/YH1+Qvl6aXe</latexit>

tensor network rep.

Spectrum?

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

for 2D Ising



TM + Tensor network

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

EVD

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

X

{k}

<latexit sha1_base64="frI2zu/Nyf1MVJLJFi2MUae1SmE=">AAAB9nicbVDLSsNAFL2pr1pfVZdugkVwISWRgrqy4EKXFewDmlAm00k7dGYSZiZiCfkNl+pG3PoF/oUL8TtcCk4fC209cOFwzr3ce08QM6q043xYuYXFpeWV/GphbX1jc6u4vdNQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxhcjPzmLZGKRuJGD2Pic9QTNKQYaSN5nkp4J/XSgZdlnWLJKTtj2PPEnZJS9Vx8fV++fdY6xXevG+GEE6ExQ0q1XSfWfoqkppiRrOAlisQID1CPtA0ViBPlp+ObM/vAKF07jKQpoe2x+nsiRVypIQ9MJ0e6r2a9kXgU8P/sdqLDUz+lIk40EXiyK0yYrSN7lIHdpZJgzYaGICypOdfGfSQR1iapgsnBnf16njSOy26lfHZtAqnABHnYg304BBdOoApXUIM6YIjhHh7hybqzHqxn62XSmrOmM7vwB9brDxF1l9s=</latexit>

Y

<latexit sha1_base64="k0xAcub229HRmZ8z8MXWyHE2Tho=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Iu1QMumZNjTJDElGKKVLVy7Vjbj1HXwRFz6DbnwD08tCW38IfPz/OeScE8ScaeO6H05qYXFpeSW9mllb39jcym7vVHWUKAoVGvFI1QOigTMJFcMMh3qsgIiAQy3oXY7y2i0ozSJ5bfox+IJ0JAsZJcZa5ZtWNufm3bHwPHhTyF18f97tv5W/Sq3se7Md0USANJQTrRueGxt/QJRhlMMw00w0xIT2SAcaFiURoP3BeNAhPrROG4eRsk8aPHZ/dwyI0LovAlspiOnq2WxkHgfiv7iRmLDgD5iMEwOSTv4KE45NhEeL4zZTQA3vWyBUMTsupl2iCDX2PBl7B29263monuS90/x52c0VC2iiNNpDB+gIeegMFdEVKqEKogjQPXpET45wHpxn52VSmnKmPbvoj5zXHwIvkps=</latexit>

Y †

<latexit sha1_base64="gkzspMP9V9vvt/oa32G1NN5imBc=">AAAB8HicbZC7SgNBFIbPxluMt6ilIItBsJCwK4KxMmBjmYC5SLKG2clsMmZmdpmZFcKS0t5SbcTWJ/BFLHwGbXwDJ5dCE38Y+Pj/c5hzjh8xqrTjfFipufmFxaX0cmZldW19I7u5VVVhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN750P89otkYqG4lL3I+Jx1BE0oBhpY1Wvrptt1Gllc07eGcmeBXcCubPvz7vdt/JXqZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMaBgXiRHnJaNqBvW+cth2E0jyh7ZH7uyNBXKk+900lR7qrprOheejz/+JGrIOCl1ARxZoIPP4riJmtQ3u4vd2mkmDN+gYQltSMa+Mukghrc6OMuYM7vfUsVI/y7nH+tOzkigUYKw07sAcH4MIJFOECSlABDDdwD4/wZEnrwXq2XsalKWvSsw1/ZL3+AKavlLM=</latexit>

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

Z = tr[T n]

<latexit sha1_base64="dm1DtT4Hk2PVNuWYWXW+z7CGaOM=">AAACAnicbVDLSsNAFJ3UV62vqCCCm8EiuJCSSEFdCAU3Liv0hWksk+mkHTozCTMTocTs/BKX6kbc+hsu/BunaRdaPXDhcM693HtPEDOqtON8WYWFxaXlleJqaW19Y3PL3t5pqSiRmDRxxCLZCZAijArS1FQz0oklQTxgpB2MriZ++55IRSPR0OOY+BwNBA0pRtpIPXvv9jLtSg61zLy0ixGDjexO+D277FScHPAvcWekXNsPc9R79me3H+GEE6ExQ0p5rhNrP0VSU8xIVuomisQIj9CAeIYKxIny0/z+DB4ZpQ/DSJoSGubqz4kUcaXGPDCdHOmhmvcm4knA/7O9RIfnfkpFnGgi8HRXmDCoIzjJA/apJFizsSEIS2rOhXiIJMLapFYyObjzX/8lrdOKW61c3JhAqmCKIjgAh+AYuOAM1MA1qIMmwOABPIEX8Go9Ws/Wm/U+bS1Ys5ld8AvWxzdSbJmW</latexit>

= tr[(Y Y †)n]

<latexit sha1_base64="A3S7hyEMDzSwSSxQs8IEDhJ1Wps=">AAACAnicbVDLSgMxFM3UV62vqiCCm2ARKkiZkYK6EApuXFawL2amJZNm2tAkMyQZoYzd+SUu1Y249Tdc+Demj4W2HrhwOOde7r0niBlV2ra/rczS8srqWnY9t7G5tb2T392rqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBEMbsZ+44FIRSNxr4cx8TnqCRpSjLSROvmD69STHGo5coutVtvrot5pW/idfMEu2RPAReLMSKFyGE5Q7eS/vG6EE06Exgwp5Tp2rP0USU0xI6OclygSIzxAPeIaKhAnyk8n94/giVG6MIykKaHhRP09kSKu1JAHppMj3Vfz3lg8C/h/tpvo8NJPqYgTTQSe7goTBnUEx3nALpUEazY0BGFJzbkQ95FEWJvUciYHZ/7rRVI/Lznl0tWdCaQMpsiCI3AMisABF6ACbkEV1AAGj+AZvII368l6sd6tj2lrxprN7IM/sD5/AK7QmS0=</latexit>

e�s
0s =

X

k

us0k�ku
†
ks

<latexit sha1_base64="hMNQTqIiwTl9se9iLWIRr9a6Quk="></latexit>



TM + Tensor network

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

EVD

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

X

{k}

<latexit sha1_base64="frI2zu/Nyf1MVJLJFi2MUae1SmE=">AAAB9nicbVDLSsNAFL2pr1pfVZdugkVwISWRgrqy4EKXFewDmlAm00k7dGYSZiZiCfkNl+pG3PoF/oUL8TtcCk4fC209cOFwzr3ce08QM6q043xYuYXFpeWV/GphbX1jc6u4vdNQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxhcjPzmLZGKRuJGD2Pic9QTNKQYaSN5nkp4J/XSgZdlnWLJKTtj2PPEnZJS9Vx8fV++fdY6xXevG+GEE6ExQ0q1XSfWfoqkppiRrOAlisQID1CPtA0ViBPlp+ObM/vAKF07jKQpoe2x+nsiRVypIQ9MJ0e6r2a9kXgU8P/sdqLDUz+lIk40EXiyK0yYrSN7lIHdpZJgzYaGICypOdfGfSQR1iapgsnBnf16njSOy26lfHZtAqnABHnYg304BBdOoApXUIM6YIjhHh7hybqzHqxn62XSmrOmM7vwB9brDxF1l9s=</latexit>

Y

<latexit sha1_base64="k0xAcub229HRmZ8z8MXWyHE2Tho=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Iu1QMumZNjTJDElGKKVLVy7Vjbj1HXwRFz6DbnwD08tCW38IfPz/OeScE8ScaeO6H05qYXFpeSW9mllb39jcym7vVHWUKAoVGvFI1QOigTMJFcMMh3qsgIiAQy3oXY7y2i0ozSJ5bfox+IJ0JAsZJcZa5ZtWNufm3bHwPHhTyF18f97tv5W/Sq3se7Md0USANJQTrRueGxt/QJRhlMMw00w0xIT2SAcaFiURoP3BeNAhPrROG4eRsk8aPHZ/dwyI0LovAlspiOnq2WxkHgfiv7iRmLDgD5iMEwOSTv4KE45NhEeL4zZTQA3vWyBUMTsupl2iCDX2PBl7B29263monuS90/x52c0VC2iiNNpDB+gIeegMFdEVKqEKogjQPXpET45wHpxn52VSmnKmPbvoj5zXHwIvkps=</latexit>

Y †

<latexit sha1_base64="gkzspMP9V9vvt/oa32G1NN5imBc=">AAAB8HicbZC7SgNBFIbPxluMt6ilIItBsJCwK4KxMmBjmYC5SLKG2clsMmZmdpmZFcKS0t5SbcTWJ/BFLHwGbXwDJ5dCE38Y+Pj/c5hzjh8xqrTjfFipufmFxaX0cmZldW19I7u5VVVhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN750P89otkYqG4lL3I+Jx1BE0oBhpY1Wvrptt1Gllc07eGcmeBXcCubPvz7vdt/JXqZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMaBgXiRHnJaNqBvW+cth2E0jyh7ZH7uyNBXKk+900lR7qrprOheejz/+JGrIOCl1ARxZoIPP4riJmtQ3u4vd2mkmDN+gYQltSMa+Mukghrc6OMuYM7vfUsVI/y7nH+tOzkigUYKw07sAcH4MIJFOECSlABDDdwD4/wZEnrwXq2XsalKWvSsw1/ZL3+AKavlLM=</latexit>

⇒

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

X

{s}

<latexit sha1_base64="DE7TZhLRejIsksCSloB6e03BSxY=">AAAB9nicbVDLSsNAFL2pr1pfVZdugkVwISWRgrqy4EKXFewDmlAm00k7dGYSZiZiCfkNl+pG3PoF/oUL8TtcCk4fC209cOFwzr3ce08QM6q043xYuYXFpeWV/GphbX1jc6u4vdNQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxhcjPzmLZGKRuJGD2Pic9QTNKQYaSN5nkp4J/VS5WVZp1hyys4Y9jxxp6RUPRdf35dvn7VO8d3rRjjhRGjMkFJt14m1nyKpKWYkK3iJIjHCA9QjbUMF4kT56fjmzD4wStcOI2lKaHus/p5IEVdqyAPTyZHuq1lvJB4F/D+7nejw1E+piBNNBJ7sChNm68geZWB3qSRYs6EhCEtqzrVxH0mEtUmqYHJwZ7+eJ43jslspn12bQCowQR72YB8OwYUTqMIV1KAOGGK4h0d4su6sB+vZepm05qzpzC78gfX6Ax3Fl+M=</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

k0

<latexit sha1_base64="LTKWotzurViSgiaJzX5Zv7izv+M=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsoK9QDuWTHqmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKAp1GvFItQKigTMJdcMMh1asgIiAQzMY3mR58xGUZpG8N6MYfEH6koWMEmOt1vChEysmoFssuWV3KrwM3hxK19/PmSa1bvGz04toIkAayonWbc+NjZ8SZRjlMC50Eg0xoUPSh7ZFSQRoP53OO8Yn1unhMFL2SYOn7u+OlAitRyKwlYKYgV7MMvMsEP/F7cSEl37KZJwYkHT2V5hwbCKc7Y97TAE1fGSBUMXsuJgOiCLU2CsV7B28xa2XoXFe9irlqzu3VK2gmfLoCB2jU+ShC1RFt6iG6ogijp7QC3p1jDNx3pz3WWnOmfccoj9yPn4Am/OV2g==</latexit>

k0

<latexit sha1_base64="LTKWotzurViSgiaJzX5Zv7izv+M=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsoK9QDuWTHqmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKAp1GvFItQKigTMJdcMMh1asgIiAQzMY3mR58xGUZpG8N6MYfEH6koWMEmOt1vChEysmoFssuWV3KrwM3hxK19/PmSa1bvGz04toIkAayonWbc+NjZ8SZRjlMC50Eg0xoUPSh7ZFSQRoP53OO8Yn1unhMFL2SYOn7u+OlAitRyKwlYKYgV7MMvMsEP/F7cSEl37KZJwYkHT2V5hwbCKc7Y97TAE1fGSBUMXsuJgOiCLU2CsV7B28xa2XoXFe9irlqzu3VK2gmfLoCB2jU+ShC1RFt6iG6ogijp7QC3p1jDNx3pz3WWnOmfccoj9yPn4Am/OV2g==</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

Y †

<latexit sha1_base64="gkzspMP9V9vvt/oa32G1NN5imBc=">AAAB8HicbZC7SgNBFIbPxluMt6ilIItBsJCwK4KxMmBjmYC5SLKG2clsMmZmdpmZFcKS0t5SbcTWJ/BFLHwGbXwDJ5dCE38Y+Pj/c5hzjh8xqrTjfFipufmFxaX0cmZldW19I7u5VVVhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN750P89otkYqG4lL3I+Jx1BE0oBhpY1Wvrptt1Gllc07eGcmeBXcCubPvz7vdt/JXqZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMaBgXiRHnJaNqBvW+cth2E0jyh7ZH7uyNBXKk+900lR7qrprOheejz/+JGrIOCl1ARxZoIPP4riJmtQ3u4vd2mkmDN+gYQltSMa+Mukghrc6OMuYM7vfUsVI/y7nH+tOzkigUYKw07sAcH4MIJFOECSlABDDdwD4/wZEnrwXq2XsalKWvSsw1/ZL3+AKavlLM=</latexit>

Y

<latexit sha1_base64="k0xAcub229HRmZ8z8MXWyHE2Tho=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Iu1QMumZNjTJDElGKKVLVy7Vjbj1HXwRFz6DbnwD08tCW38IfPz/OeScE8ScaeO6H05qYXFpeSW9mllb39jcym7vVHWUKAoVGvFI1QOigTMJFcMMh3qsgIiAQy3oXY7y2i0ozSJ5bfox+IJ0JAsZJcZa5ZtWNufm3bHwPHhTyF18f97tv5W/Sq3se7Md0USANJQTrRueGxt/QJRhlMMw00w0xIT2SAcaFiURoP3BeNAhPrROG4eRsk8aPHZ/dwyI0LovAlspiOnq2WxkHgfiv7iRmLDgD5iMEwOSTv4KE45NhEeL4zZTQA3vWyBUMTsupl2iCDX2PBl7B29263monuS90/x52c0VC2iiNNpDB+gIeegMFdEVKqEKogjQPXpET45wHpxn52VSmnKmPbvoj5zXHwIvkps=</latexit>

Z = tr[T n]

<latexit sha1_base64="dm1DtT4Hk2PVNuWYWXW+z7CGaOM=">AAACAnicbVDLSsNAFJ3UV62vqCCCm8EiuJCSSEFdCAU3Liv0hWksk+mkHTozCTMTocTs/BKX6kbc+hsu/BunaRdaPXDhcM693HtPEDOqtON8WYWFxaXlleJqaW19Y3PL3t5pqSiRmDRxxCLZCZAijArS1FQz0oklQTxgpB2MriZ++55IRSPR0OOY+BwNBA0pRtpIPXvv9jLtSg61zLy0ixGDjexO+D277FScHPAvcWekXNsPc9R79me3H+GEE6ExQ0p5rhNrP0VSU8xIVuomisQIj9CAeIYKxIny0/z+DB4ZpQ/DSJoSGubqz4kUcaXGPDCdHOmhmvcm4knA/7O9RIfnfkpFnGgi8HRXmDCoIzjJA/apJFizsSEIS2rOhXiIJMLapFYyObjzX/8lrdOKW61c3JhAqmCKIjgAh+AYuOAM1MA1qIMmwOABPIEX8Go9Ws/Wm/U+bS1Ys5ld8AvWxzdSbJmW</latexit>

= tr[(Y Y †)n]

<latexit sha1_base64="A3S7hyEMDzSwSSxQs8IEDhJ1Wps=">AAACAnicbVDLSgMxFM3UV62vqiCCm2ARKkiZkYK6EApuXFawL2amJZNm2tAkMyQZoYzd+SUu1Y249Tdc+Demj4W2HrhwOOde7r0niBlV2ra/rczS8srqWnY9t7G5tb2T392rqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBEMbsZ+44FIRSNxr4cx8TnqCRpSjLSROvmD69STHGo5coutVtvrot5pW/idfMEu2RPAReLMSKFyGE5Q7eS/vG6EE06Exgwp5Tp2rP0USU0xI6OclygSIzxAPeIaKhAnyk8n94/giVG6MIykKaHhRP09kSKu1JAHppMj3Vfz3lg8C/h/tpvo8NJPqYgTTQSe7goTBnUEx3nALpUEazY0BGFJzbkQ95FEWJvUciYHZ/7rRVI/Lznl0tWdCaQMpsiCI3AMisABF6ACbkEV1AAGj+AZvII368l6sd6tj2lrxprN7IM/sD5/AK7QmS0=</latexit>

= tr[(Y †Y )n]

<latexit sha1_base64="5G3iT62XH6fw2aVox5lRViMCxic=">AAACA3icbVDLSgMxFM3UV62vqgsFN8EiVJAyIwV1IRTcuKxgX8xMSybNtKFJZkgyQhm69Etcqhtx62e48G9Mp11o9cCFwzn3cu89Qcyo0rb9ZeWWlldW1/LrhY3Nre2d4u5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDP1Ww9EKhqJez2Oic/RQNCQYqSN1CseXKee5FDLiVvudL0+GsDOaVf4vWLJrtgZ4F/izEmpdhhmqPeKn14/wgknQmOGlHIdO9Z+iqSmmJFJwUsUiREeoQFxDRWIE+Wn2QMTeGKUPgwjaUpomKk/J1LElRrzwHRypIdq0ZuKZwH/z3YTHV76KRVxoonAs11hwqCO4DQQ2KeSYM3GhiAsqTkX4iGSCGsTW8Hk4Cx+/Zc0zytOtXJ1ZwKpghny4AgcgzJwwAWogVtQBw2AwQQ8gRfwaj1az9ab9T5rzVnzmX3wC9bHNwvwmVc=</latexit>

e�s
0s =

X

k

us0k�ku
†
ks

<latexit sha1_base64="hMNQTqIiwTl9se9iLWIRr9a6Quk="></latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

TN rep.

= tr[An]

<latexit sha1_base64="CDkKdtpZjd/M996AczIHdMWNfd0=">AAACAXicbVDLSsNAFJ3UV62vqAiCm8EiuJCSSEFdCBU3LivYBySxTKaTdujMJMxMhBKy8ktcqhtx63e48G+cpl1o9cCFwzn3cu89YcKo0o7zZZUWFpeWV8qrlbX1jc0te3unreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nJOBoIGhEMdJG6tl7l5kvOdQy9zIfIwav8nsR9OyqU3MKwL/EnZFqYz8q0OzZn34/xiknQmOGlPJcJ9FBhqSmmJG84qeKJAiP0IB4hgrEiQqy4vwcHhmlD6NYmhIaFurPiQxxpcY8NJ0c6aGa9ybiScj/s71UR+dBRkWSaiLwdFeUMqhjOIkD9qkkWLOxIQhLas6FeIgkwtqEVjE5uPNf/yXt05pbr13cmkDqYIoyOACH4Bi44Aw0wA1oghbAIANP4AW8Wo/Ws/VmvU9bS9ZsZhf8gvXxDX8GmR8=</latexit>



TM + Tensor network

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

T

<latexit sha1_base64="yLuJdJkHIyT01T03owCmaj6BWkw=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoIbly30Bu1QMmnahiaZIckIZejSF3CpbsStD+CLuPAZdOMbmF4W2vpD4OP/zyHnnCDiTBvX/XBSS8srq2vp9czG5tb2TnZ3r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLge5/VbqjQLZcUMI+oL3JOsywg21mokLYI5qoza2ZybdydCi+DNIHf1/Xl3+Fb+KrWz761OSGJBpSEca9303Mj4CVaGEU5HmVasaYTJAPdo06LEgmo/mcw7QsfW6aBuqOyTBk3c3x0JFloPRWArBTZ9PZ+NzdNA/Bc3Y9Mt+AmTUWyoJNO/ujFHJkTj/VGHKUoMH1rARDE7LiJ9rDAx9koZewdvfutFqJ3lvfP8ZdnNFQswVRoO4AhOwIMLKMINlKAKBDjcwyM8OcZ5cJ6dl2lpypn17MMfOa8/EJ6VgA==</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

EVD

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

X

{k}

<latexit sha1_base64="frI2zu/Nyf1MVJLJFi2MUae1SmE=">AAAB9nicbVDLSsNAFL2pr1pfVZdugkVwISWRgrqy4EKXFewDmlAm00k7dGYSZiZiCfkNl+pG3PoF/oUL8TtcCk4fC209cOFwzr3ce08QM6q043xYuYXFpeWV/GphbX1jc6u4vdNQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxhcjPzmLZGKRuJGD2Pic9QTNKQYaSN5nkp4J/XSgZdlnWLJKTtj2PPEnZJS9Vx8fV++fdY6xXevG+GEE6ExQ0q1XSfWfoqkppiRrOAlisQID1CPtA0ViBPlp+ObM/vAKF07jKQpoe2x+nsiRVypIQ9MJ0e6r2a9kXgU8P/sdqLDUz+lIk40EXiyK0yYrSN7lIHdpZJgzYaGICypOdfGfSQR1iapgsnBnf16njSOy26lfHZtAqnABHnYg304BBdOoApXUIM6YIjhHh7hybqzHqxn62XSmrOmM7vwB9brDxF1l9s=</latexit>

Y

<latexit sha1_base64="k0xAcub229HRmZ8z8MXWyHE2Tho=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Iu1QMumZNjTJDElGKKVLVy7Vjbj1HXwRFz6DbnwD08tCW38IfPz/OeScE8ScaeO6H05qYXFpeSW9mllb39jcym7vVHWUKAoVGvFI1QOigTMJFcMMh3qsgIiAQy3oXY7y2i0ozSJ5bfox+IJ0JAsZJcZa5ZtWNufm3bHwPHhTyF18f97tv5W/Sq3se7Md0USANJQTrRueGxt/QJRhlMMw00w0xIT2SAcaFiURoP3BeNAhPrROG4eRsk8aPHZ/dwyI0LovAlspiOnq2WxkHgfiv7iRmLDgD5iMEwOSTv4KE45NhEeL4zZTQA3vWyBUMTsupl2iCDX2PBl7B29263monuS90/x52c0VC2iiNNpDB+gIeegMFdEVKqEKogjQPXpET45wHpxn52VSmnKmPbvoj5zXHwIvkps=</latexit>

Y †

<latexit sha1_base64="gkzspMP9V9vvt/oa32G1NN5imBc=">AAAB8HicbZC7SgNBFIbPxluMt6ilIItBsJCwK4KxMmBjmYC5SLKG2clsMmZmdpmZFcKS0t5SbcTWJ/BFLHwGbXwDJ5dCE38Y+Pj/c5hzjh8xqrTjfFipufmFxaX0cmZldW19I7u5VVVhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN750P89otkYqG4lL3I+Jx1BE0oBhpY1Wvrptt1Gllc07eGcmeBXcCubPvz7vdt/JXqZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMaBgXiRHnJaNqBvW+cth2E0jyh7ZH7uyNBXKk+900lR7qrprOheejz/+JGrIOCl1ARxZoIPP4riJmtQ3u4vd2mkmDN+gYQltSMa+Mukghrc6OMuYM7vfUsVI/y7nH+tOzkigUYKw07sAcH4MIJFOECSlABDDdwD4/wZEnrwXq2XsalKWvSsw1/ZL3+AKavlLM=</latexit>

⇒

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

s0

<latexit sha1_base64="ezVXRY4p09DTjkBGpqde9a0zycM=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNywr2Au1YMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjdZ3nykSrNI3ptRTH2B+5KFjGBjrZZ+6MSKCdotltyyOxVaBm8Opevv50yTWrf42elFJBFUGsKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LUosqPbT6bxjdGKdHgojZZ80aOr+7kix0HokAlspsBnoxSwzzwLxX9xOTHjpp0zGiaGSzP4KE45MhLL9UY8pSgwfWcBEMTsuIgOsMDH2SgV7B29x62VonJe9Svnqzi1VKzBTHo7gGE7Bgwuowi3UoA4EODzBC7w6xpk4b877rDTnzHsO4Y+cjx+oY5Xi</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

=

<latexit sha1_base64="o9n+HLsMlyefe6skmSf9IY+MWec=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRFAXasGNyxbsBdqhZNIzbWgyMyQZoZQ+gUt1I259JBe+hk9gOu1CW38IfPz/OeScEySCa+O6X87S8srq2npuI7+5tb2zW9jbr+s4VQxrLBaxagZUo+AR1gw3ApuJQioDgY1gcDfJG4+oNI+jBzNM0Je0F/GQM2qsVb3uFIpuyc1EFsGbQfH2O8xU6RQ+292YpRIjwwTVuuW5ifFHVBnOBI7z7VRjQtmA9rBlMaIStT/KBh2TY+t0SRgr+yJDMvd3x4hKrYcysJWSmr6ezybmaSD/i1upCS/9EY+S1GDEpn+FqSAmJpPFSZcrZEYMLVCmuB2XsD5VlBl7nry9gze/9SLUz0reeemq6hbLNzBVDg7hCE7Agwsowz1UoAYMEJ7gBV4d6Tw7b877tHTJmfUcwB85Hz9WBZFn</latexit>

s

<latexit sha1_base64="MbmE5YeO3OHKYYO28Dp1QKioaaQ=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsgV7gXYomfRMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooURQaNOKRagdEA2cSGoYZDu1YAREBh1Ywusvy1iMozSL5YMYx+IIMJAsZJcZadd0rltyyOxNeBW8Bpdvvt0zTWq/42e1HNBEgDeVE647nxsZPiTKMcpgUuomGmNARGUDHoiQCtJ/OBp3gM+v0cRgp+6TBM/d3R0qE1mMR2EpBzFAvZ5l5EYj/4k5iwms/ZTJODEg6/ytMODYRzhbHfaaAGj62QKhidlxMh0QRaux5CvYO3vLWq9C8LHuV8k3dLVUraK48OkGn6Bx56ApV0T2qoQaiCNATekGvjnCenanzPi/NOYueY/RHzscPQ8KSxQ==</latexit>

X

{s}

<latexit sha1_base64="DE7TZhLRejIsksCSloB6e03BSxY=">AAAB9nicbVDLSsNAFL2pr1pfVZdugkVwISWRgrqy4EKXFewDmlAm00k7dGYSZiZiCfkNl+pG3PoF/oUL8TtcCk4fC209cOFwzr3ce08QM6q043xYuYXFpeWV/GphbX1jc6u4vdNQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxhcjPzmLZGKRuJGD2Pic9QTNKQYaSN5nkp4J/VS5WVZp1hyys4Y9jxxp6RUPRdf35dvn7VO8d3rRjjhRGjMkFJt14m1nyKpKWYkK3iJIjHCA9QjbUMF4kT56fjmzD4wStcOI2lKaHus/p5IEVdqyAPTyZHuq1lvJB4F/D+7nejw1E+piBNNBJ7sChNm68geZWB3qSRYs6EhCEtqzrVxH0mEtUmqYHJwZ7+eJ43jslspn12bQCowQR72YB8OwYUTqMIV1KAOGGK4h0d4su6sB+vZepm05qzpzC78gfX6Ax3Fl+M=</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

k0

<latexit sha1_base64="LTKWotzurViSgiaJzX5Zv7izv+M=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsoK9QDuWTHqmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKAp1GvFItQKigTMJdcMMh1asgIiAQzMY3mR58xGUZpG8N6MYfEH6koWMEmOt1vChEysmoFssuWV3KrwM3hxK19/PmSa1bvGz04toIkAayonWbc+NjZ8SZRjlMC50Eg0xoUPSh7ZFSQRoP53OO8Yn1unhMFL2SYOn7u+OlAitRyKwlYKYgV7MMvMsEP/F7cSEl37KZJwYkHT2V5hwbCKc7Y97TAE1fGSBUMXsuJgOiCLU2CsV7B28xa2XoXFe9irlqzu3VK2gmfLoCB2jU+ShC1RFt6iG6ogijp7QC3p1jDNx3pz3WWnOmfccoj9yPn4Am/OV2g==</latexit>

k0

<latexit sha1_base64="LTKWotzurViSgiaJzX5Zv7izv+M=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXDjsoK9QDuWTHqmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKAp1GvFItQKigTMJdcMMh1asgIiAQzMY3mR58xGUZpG8N6MYfEH6koWMEmOt1vChEysmoFssuWV3KrwM3hxK19/PmSa1bvGz04toIkAayonWbc+NjZ8SZRjlMC50Eg0xoUPSh7ZFSQRoP53OO8Yn1unhMFL2SYOn7u+OlAitRyKwlYKYgV7MMvMsEP/F7cSEl37KZJwYkHT2V5hwbCKc7Y97TAE1fGSBUMXsuJgOiCLU2CsV7B28xa2XoXFe9irlqzu3VK2gmfLoCB2jU+ShC1RFt6iG6ogijp7QC3p1jDNx3pz3WWnOmfccoj9yPn4Am/OV2g==</latexit>

k

<latexit sha1_base64="gmGfkiKYOh5of/1Q1x88EDIiMVI=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcGNyxbsBdqhZNJMG5pkhiQjlKFP4FJdWNz6SC58DN/ATNuFtv4Q+Pj/c8g5J4g508Z1v5zc2vrG5lZ+u7Czu7d/UDw8auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO6yvPVIlWaRfDDjmPoCDyQLGcHGWvVRr1hyy+5MaBW8BZRuv98yTWu94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rEosaDaT2eDTtCZdfoojJR90qCZ+7sjxULrsQhspcBmqJezzLwIxH9xJzHhtZ8yGSeGSjL/K0w4MhHKFkd9pigxfGwBE8XsuIgMscLE2PMU7B285a1XoXlZ9irlm7pbqlZgrjycwCmcgwdXUIV7qEEDCFB4ghd4dYTz7Eyd93lpzln0HMMfOR8/N4qSvQ==</latexit>

Y †

<latexit sha1_base64="gkzspMP9V9vvt/oa32G1NN5imBc=">AAAB8HicbZC7SgNBFIbPxluMt6ilIItBsJCwK4KxMmBjmYC5SLKG2clsMmZmdpmZFcKS0t5SbcTWJ/BFLHwGbXwDJ5dCE38Y+Pj/c5hzjh8xqrTjfFipufmFxaX0cmZldW19I7u5VVVhLDGp4JCFsu4jRRgVpKKpZqQeSYK4z0jN750P89otkYqG4lL3I+Jx1BE0oBhpY1Wvrptt1Gllc07eGcmeBXcCubPvz7vdt/JXqZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMaBgXiRHnJaNqBvW+cth2E0jyh7ZH7uyNBXKk+900lR7qrprOheejz/+JGrIOCl1ARxZoIPP4riJmtQ3u4vd2mkmDN+gYQltSMa+Mukghrc6OMuYM7vfUsVI/y7nH+tOzkigUYKw07sAcH4MIJFOECSlABDDdwD4/wZEnrwXq2XsalKWvSsw1/ZL3+AKavlLM=</latexit>

Y

<latexit sha1_base64="k0xAcub229HRmZ8z8MXWyHE2Tho=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZEcG6suDGZQv2Iu1QMumZNjTJDElGKKVLVy7Vjbj1HXwRFz6DbnwD08tCW38IfPz/OeScE8ScaeO6H05qYXFpeSW9mllb39jcym7vVHWUKAoVGvFI1QOigTMJFcMMh3qsgIiAQy3oXY7y2i0ozSJ5bfox+IJ0JAsZJcZa5ZtWNufm3bHwPHhTyF18f97tv5W/Sq3se7Md0USANJQTrRueGxt/QJRhlMMw00w0xIT2SAcaFiURoP3BeNAhPrROG4eRsk8aPHZ/dwyI0LovAlspiOnq2WxkHgfiv7iRmLDgD5iMEwOSTv4KE45NhEeL4zZTQA3vWyBUMTsupl2iCDX2PBl7B29263monuS90/x52c0VC2iiNNpDB+gIeegMFdEVKqEKogjQPXpET45wHpxn52VSmnKmPbvoj5zXHwIvkps=</latexit>

Z = tr[T n]

<latexit sha1_base64="dm1DtT4Hk2PVNuWYWXW+z7CGaOM=">AAACAnicbVDLSsNAFJ3UV62vqCCCm8EiuJCSSEFdCAU3Liv0hWksk+mkHTozCTMTocTs/BKX6kbc+hsu/BunaRdaPXDhcM693HtPEDOqtON8WYWFxaXlleJqaW19Y3PL3t5pqSiRmDRxxCLZCZAijArS1FQz0oklQTxgpB2MriZ++55IRSPR0OOY+BwNBA0pRtpIPXvv9jLtSg61zLy0ixGDjexO+D277FScHPAvcWekXNsPc9R79me3H+GEE6ExQ0p5rhNrP0VSU8xIVuomisQIj9CAeIYKxIny0/z+DB4ZpQ/DSJoSGubqz4kUcaXGPDCdHOmhmvcm4knA/7O9RIfnfkpFnGgi8HRXmDCoIzjJA/apJFizsSEIS2rOhXiIJMLapFYyObjzX/8lrdOKW61c3JhAqmCKIjgAh+AYuOAM1MA1qIMmwOABPIEX8Go9Ws/Wm/U+bS1Ys5ld8AvWxzdSbJmW</latexit>

= tr[(Y Y †)n]

<latexit sha1_base64="A3S7hyEMDzSwSSxQs8IEDhJ1Wps=">AAACAnicbVDLSgMxFM3UV62vqiCCm2ARKkiZkYK6EApuXFawL2amJZNm2tAkMyQZoYzd+SUu1Y249Tdc+Demj4W2HrhwOOde7r0niBlV2ra/rczS8srqWnY9t7G5tb2T392rqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBEMbsZ+44FIRSNxr4cx8TnqCRpSjLSROvmD69STHGo5coutVtvrot5pW/idfMEu2RPAReLMSKFyGE5Q7eS/vG6EE06Exgwp5Tp2rP0USU0xI6OclygSIzxAPeIaKhAnyk8n94/giVG6MIykKaHhRP09kSKu1JAHppMj3Vfz3lg8C/h/tpvo8NJPqYgTTQSe7goTBnUEx3nALpUEazY0BGFJzbkQ95FEWJvUciYHZ/7rRVI/Lznl0tWdCaQMpsiCI3AMisABF6ACbkEV1AAGj+AZvII368l6sd6tj2lrxprN7IM/sD5/AK7QmS0=</latexit>

= tr[(Y †Y )n]

<latexit sha1_base64="5G3iT62XH6fw2aVox5lRViMCxic=">AAACA3icbVDLSgMxFM3UV62vqgsFN8EiVJAyIwV1IRTcuKxgX8xMSybNtKFJZkgyQhm69Etcqhtx62e48G9Mp11o9cCFwzn3cu89Qcyo0rb9ZeWWlldW1/LrhY3Nre2d4u5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDP1Ww9EKhqJez2Oic/RQNCQYqSN1CseXKee5FDLiVvudL0+GsDOaVf4vWLJrtgZ4F/izEmpdhhmqPeKn14/wgknQmOGlHIdO9Z+iqSmmJFJwUsUiREeoQFxDRWIE+Wn2QMTeGKUPgwjaUpomKk/J1LElRrzwHRypIdq0ZuKZwH/z3YTHV76KRVxoonAs11hwqCO4DQQ2KeSYM3GhiAsqTkX4iGSCGsTW8Hk4Cx+/Zc0zytOtXJ1ZwKpghny4AgcgzJwwAWogVtQBw2AwQQ8gRfwaj1az9ab9T5rzVnzmX3wC9bHNwvwmVc=</latexit>

T = Y Y † = U�2U †

<latexit sha1_base64="NlhHFsu8IIJUeG1W/3Kq8TKaGvU="></latexit>

e�!

<latexit sha1_base64="ahccU7TyLD3xDvIAW6vgi8b3nyw=">AAAB9XicbVC7SgNBFJ2NrxhfUUtBFoNgoWFXBGNlwMYyAfOAzRpmJzfJkJmdZWZWCUtKP8FSbcTW1h+x8Bu08Q+cPApNPHDhcM693HtPEDGqtON8WKm5+YXFpfRyZmV1bX0ju7lVVSKWBCpEMCHrAVbAaAgVTTWDeiQB84BBLehdDP3aDUhFRXil+xH4HHdC2qYEayN5cJ0cNQSHDh40szkn74xgzxJ3QnLn3593u2/lr1Iz+95oCRJzCDVhWCnPdSLtJ1hqShgMMo1YQYRJD3fAMzTEHJSfjE4e2PtGadltIU2F2h6pvycSzJXq88B0cqy7atobiocB/8/2Yt0u+AkNo1hDSMa72jGztbCHEdgtKoFo1jcEE0nNuTbpYomJNkFlTA7u9NezpHqcd0/yZ2UnVyygMdJoB+2hA+SiU1REl6iEKoggge7RI3qybq0H69l6GbemrMnMNvoD6/UHklyW8w==</latexit>

Identical spectrum!

SVDe�s
0s =

X

k

us0k�ku
†
ks

<latexit sha1_base64="hMNQTqIiwTl9se9iLWIRr9a6Quk="></latexit>

Y = U�W †

<latexit sha1_base64="TZB8sGAggxjiQX/Hj6kmBddCpgo=">AAAB/3icbVDLSsNAFJ3UV42vaJeCBIvgQkoignUhFty4bMG0lSaWyWTSDp1JwsxECKULF36HS3UjLvVDXPgNuvEPnD4W2nrgwuGce7n3Hj+hREjL+tByc/MLi0v5ZX1ldW19w9jcqos45Qg7KKYxb/pQYEoi7EgiKW4mHEPmU9zwe+dDv3GDuSBxdCmzBHsMdiISEgSlktpG4Uo/1R3dFaTDoN64dgPYaRtFq2SNYM4Se0KKZ9+fdzuvta9q23h3gxilDEcSUShEy7YS6fUhlwRRPNDdVOAEoh7s4JaiEWRYeP3R8QNzTymBGcZcVSTNkfp7og+ZEBnzVSeDsiumvaF44LP/7FYqw7LXJ1GSShyh8a4wpaaMzWEYZkA4RpJmikDEiTrXRF3IIZIqMl3lYE9/PUvqhyX7qHRSs4qVMhgjD7bBLtgHNjgGFXABqsABCGTgHjyCJ+1We9CetZdxa06bzBTAH2hvP321mOQ=</latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

Y †Y = A = W�2W †

<latexit sha1_base64="IEixzzi9EcX2R6OVEUCXjKHnyxQ="></latexit>

TN rep.

= tr[An]

<latexit sha1_base64="CDkKdtpZjd/M996AczIHdMWNfd0=">AAACAXicbVDLSsNAFJ3UV62vqAiCm8EiuJCSSEFdCBU3LivYBySxTKaTdujMJMxMhBKy8ktcqhtx63e48G+cpl1o9cCFwzn3cu89YcKo0o7zZZUWFpeWV8qrlbX1jc0te3unreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nJOBoIGhEMdJG6tl7l5kvOdQy9zIfIwav8nsR9OyqU3MKwL/EnZFqYz8q0OzZn34/xiknQmOGlPJcJ9FBhqSmmJG84qeKJAiP0IB4hgrEiQqy4vwcHhmlD6NYmhIaFurPiQxxpcY8NJ0c6aGa9ybiScj/s71UR+dBRkWSaiLwdFeUMqhjOIkD9qkkWLOxIQhLas6FeIgkwtqEVjE5uPNf/yXt05pbr13cmkDqYIoyOACH4Bi44Aw0wA1oghbAIANP4AW8Wo/Ws/VmvU9bS9ZsZhf8gvXxDX8GmR8=</latexit>



How to obtain spectrum using HOTRG

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

A[n�1]

<latexit sha1_base64="IV9l5YlRlvykznyoOmIAjP7V/4Y=">AAAB83icbVDLSsNAFL3xWeur6tJNsAgutCRSUFdW3LisYB+SxjKZTtqhM5MwMxFK6Fe48rURt36OCz/DP3DSdqGtBy4czrmXe+8JYkaVdpwva25+YXFpObeSX11b39gsbG3XVZRITGo4YpFsBkgRRgWpaaoZacaSIB4w0gj6l5nfuCdS0Ujc6EFMfI66goYUI22k24u71BNHrj9sF4pOyRnBniXuhBTPvx8zPFXbhc9WJ8IJJ0JjhpTyXCfWfoqkppiRYb6VKBIj3Edd4hkqECfKT0cHD+19o3TsMJKmhLZH6u+JFHGlBjwwnRzpnpr2MvEw4P/ZXqLDUz+lIk40EXi8K0yYrSM7C8DuUEmwZgNDEJbUnGvjHpIIaxNT3uTgTn89S+rHJbdcOrt2ipUyjJGDXdiDA3DhBCpwBVWoAQYOD/ACr1ZiPVtv1vu4dc6azOzAH1gfP4ZWlb0=</latexit>

HOTRG
⇥(n� 1)

<latexit sha1_base64="VnkvKmoEvELikxYh8Kp2EJGdWrc=">AAAB9nicbVDLSgNBEJyNrxhfUS+Cl8EgRNCwKwH1FvDiMYJ5QHYJs5PZZMjM7DLTK4Ylv+FRvYhXf8aDf+PkcdDEgoaiqpvurjAR3IDrfju5ldW19Y38ZmFre2d3r7h/0DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKh7cTv/XItOGxeoBRwgJJ+opHnBKwku8Dl8zgsrrwzrrFkltxp8DLxJuTUu0omqLeLX75vZimkimgghjT8dwEgoxo4FSwccFPDUsIHZI+61iqiF0VZNObx/jUKj0cxdqWAjxVf09kRBozkqHtlAQGZtGbiOeh/M/upBBdBxlXSQpM0dmuKBUYYjzJAPe4ZhTEyBJCNbfnYjogmlCwSRVsDt7i18ukeVnxqpWbextIFc2QR8foBJWRh65QDd2hOmogihL0jF7Rm/PkvDjvzsesNefMZw7RHzifPy6clHA=</latexit>

PBC2n

<latexit sha1_base64="LF0lI0P5CBWRDoFafSpyvcM788Q=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAyUwrqyoIblxXtBdqxZNK0Dc0kQ5IRytBHcKmiiFufyIWP4RuYabvQ1h8CH/9/DjnnBBFn2rjul5NZWl5ZXcuu5zY2t7Z38rt7dS1jRWiNSC5VM8CaciZozTDDaTNSFIcBp41geJnmjXuqNJPi1owi6oe4L1iPEWysdVO6E518wS26E6FF8GZQuPh+SfVa7eQ/211J4pAKQzjWuu W5kfETrAwjnI5z7VjTCJMh7tOWRYFDqv1kMuoYHVmni3pS2ScMmri/OxIcaj0KA1sZYjPQ81lqngThf3ErNr0zP2Eiig0VZPpXL+bISJSujrpMUWL4yAImitlxERlghYmxB8rZO3jzWy9CvVT0ysXza7dQKcNUWTiAQzgGD06hAldQhRoQ6MMDPMGzI51H5815n5ZmnFnPPvyR8/EDYrCTZA==</latexit>

space

time

L⌧ = 2n

<latexit sha1_base64="axf2y7Cny1gld3OBU994wvjel6c=">AAAB9HicbVC7SgNBFJ2NrxhfGy1thgTBQsJuCKiFELCxsIhoHphswuxkNhkyO7vM3A2EkA+wt1QbsfVvLPwbJ49CEw9cOJxzL/fe48eCa3Ccbyu1tr6xuZXezuzs7u0f2NnDmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHV/cD3160OmNI/kA4xi5oWkJ3nAKQEjPd52WkCSq2Jbduy8U3BmwKvEXZB82Q7aT7n7bKVjf7W6EU1CJoEKonXTdWLwxkQBp4JNMq1Es5jQAemxpqGShEx749nFE3xilC4OImVKAp6pvyfGJNR6FPqmMyTQ18veVDzzw//sZgLBhTfmMk6ASTrfFSQCQ4SnCeAuV4yCGBlCqOLmXEz7RBEKJqeMycFd/nqV1IoFt1S4vDOBlNAcaXSMcugUuegcldENqqAqokiiZ/SK3qyh9WK9Wx/z1pS1mDlCf2B9/gDGmpOU</latexit>

diagonalization

Ã[n]

<latexit sha1_base64="dgzWKPt///8gHDF3Gnewk2wqZH0=">AAACAHicbVDLSsNAFJ3UV62v+Ni5GSyCCymJFNSVFTcuK9gHpLFMJpN26GQSZiZCDdn4F7pyqW7Erf/hws/wD5y0XWjrgQuHc+7l3nu8mFGpLOvLKMzNLywuFZdLK6tr6xvm5lZTRonApIEjFom2hyRhlJOGooqRdiwICj1GWt7gIvdbt0RIGvFrNYyJG6IepwHFSGmpa+50FGU+STsYMXie3aQOd7OuWbYq1ghwltgTUj77fsjxWO+anx0/wklIuMIMSenYVqzcFAlFMSNZqZNIEiM8QD3iaMpRSKSbjq7P4L5WfBhEQhdXcKT+nkhRKOUw9HRniFRfTnu5eOiF/9lOooITN6U8ThTheLwrSBhUEczTgD4VBCs21ARhQfW5EPeRQFjpzEo6B3v661nSPKrY1crplVWuVcEYRbAL9sABsMExqIFLUAcNgMEdeAIv4NW4N56NN+N93FowJjPb4A+Mjx8DjZsQ</latexit>

Ã[n] = W [n]�[n]W [n]†

<latexit sha1_base64="hYc7sXZZfbKVk5nb0eN/w3zVju0="></latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

A

<latexit sha1_base64="HUzWF5rvdnV/jWS68Z9IgbnmncU=">AAAB8nicbZDLSgMxFIbP1Futt6pLQYJFcCFlRgTryoobly3YC7RDyaRpG5pkhiQjlKFLX8CluhG3PoAv4sJn0I1vYHpZaOsPgY//P4ecc4KIM21c98NJLSwuLa+kVzNr6xubW9ntnaoOY0VohYQ8VPUAa8qZpBXDDKf1SFEsAk5rQf9qlNduqdIslDdmEFFf4K5kHUawsVY9aRLM0eWwlc25eXcsNA/eFHIX3593+2/lr1Ir+95shyQWVBrCsdYNz42Mn2BlGOF0mGnGmkaY9HGXNixKLKj2k/G8Q3RonTbqhMo+adDY/d2RYKH1QAS2UmDT07PZyDwOxH9xIzadgp8wGcWGSjL5qxNzZEI02h+1maLE8IEFTBSz4yLSwwoTY6+UsXfwZreeh+pJ3jvNn5fdXLEAE6VhDw7gCDw4gyJcQwkqQIDDPTzCk2OcB+fZeZmUppxpzy78kfP6A/N3lW0=</latexit>

Ã[n] ⇡ AL⌧

<latexit sha1_base64="U2EVLzX/z5+874eTkUhZ1Vqd5xk="></latexit>

Gu+Wen 2008
Kao+ 2023

�
T = Ue�!U †�

<latexit sha1_base64="SqFCcbfnfvr5Gy1cJdTuST1xlV0="></latexit>

![n]
a ⌘ 1

L⌧
log

 
�[n]
0

�[n]
a

!
⇡ !a

<latexit sha1_base64="tXWcBRUrXxHQI8QC63eDf3qf2hI="></latexit>



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>

= (U†
T

�m
T

m
OqT

m+1
T

�(m+1)U)ba

<latexit sha1_base64="R64KF40LIvheOSsSeuAlzgWFhm4="></latexit>

�
* T T �1 = 1

�

<latexit sha1_base64="VoAaLevBdJmUpOpXFn0TMj8MBts=">AAACGnicbVDLSgNBEJyNr7i+oh49OBgEBQ27GlAPQiAXvSkYI2RjmJ30JoOzD2Z6hbDkLzz6JR7Vi3jVg3/jJFFQY8EwRVU33V1+IoVGx/mwchOTU9Mz+Vl7bn5hcamwvHKp41RxqPFYxurKZxqkiKCGAiVcJQpY6Euo+zfVgV+/BaVFHF1gL4FmyDqRCARnaKRWoeRJCHDL9nzgLNWQeZxJetH//q+zXbd/7NqeEp0ubrcKRafkDEHHiftFihW6X106PV0/axXevXbM0xAi5JJp3XCdBJsZUyi4hL7tmZkJ4zesAw1DIxaCbmbDu/p00yhtGsTKvAjpUP3ZkbFQ617om8qQYVf/9Qbijh/+ZzdSDA6bmYiSFCHio1lBKinGdJATbQsFHGXPEMaVMOtS3mWKcTRp2iYH9+/V4+Ryr+SWS0fnJpAyGSFP1sgG2SIuOSAVckLOSI1wckceyBN5tu6tR+vFeh2V5qyvnlXyC9bbJ2jMoUA=</latexit>

m = L⌧/2

<latexit sha1_base64="F91Qk4V6WrTE82k/TAscA4osDUg=">AAAB9HicbVA9SwNBEJ2LXzF+RW0Em8UgWEi8CwG1EAI2FhYRzAcmIext9pIlu3vH7l4gHPkXlmojtv4bC/+Nm0sKTXww8Hhvhpl5fsSZNq777WRWVtfWN7Kbua3tnd29/P5BXYexIrRGQh6qpo815UzSmmGG02akKBY+pw1/eDv1GyOqNAvloxlHtCNwX7KAEWys9CRu7rttg+OLUjdfcItuCrRMvDkpVI6CFNVu/qvdC0ksqDSEY61bnhuZToKVYYTTSa4daxphMsR92rJUYkF1J0kvnqBTq/RQECpb0qBU/T2RYKH1WPi2U2Az0IveVDz3xX92KzbBVSdhMooNlWS2K4g5MiGaJoB6TFFi+NgSTBSz5yIywAoTY3PK2Ry8xa+XSb1U9MrF6wcbSBlmyMIxnMAZeHAJFbiDKtSAgIRneIU3Z+S8OO/Ox6w148xnDuEPnM8fS0ST/Q==</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

A0

<latexit sha1_base64="hIgUg/ESclXMRafEBzfEqULK+C8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXHjsoK9QDuWTJppQ5PMkJwRytCXcGd1I259HRc+hm9gpnWhrT8EPv7/HHLOCWLBDbjup5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1geJ3lzQemDY/UHYxi5kvSVzzklIC1Wlf3nVhzybrFklt2p8KL4P1A6fLrKdOk1i1+dHoRTSRTQAUxpu25Mfgp0cCpYONCJzEsJnRI+qxtURHJjJ9O5x3jI+v0cBhp+xTgqfu7IyXSmJEMbKUkMDDzWWaeBPK/uJ1AeO6nXMUJMEVnf4WJwBDhbH/c45pRECMLhGpux8V0QDShYK9UsHfw5rdehMZp2auUL27dUrWCZsqjA3SIjpGHzlAV3aAaqiOKBHpEz+jFAWfivDpvs9Kc89Ozj/7Ief8GWqeVsA==</latexit>

roughly speaking

T �1 = Ue+!U†

<latexit sha1_base64="1SHlwsxONZ55+v9D+35xdQMvjnc=">AAACEXicbVBNS8NAEN34bfyqevSyWARBLYkI6kEsePFYwajQtGWyndalu0nY3Qgl5Bd49KT/wqN6Ea+ePfgz/AcmrQe/Hgw83pthZl4QC66N47xbI6Nj4xOTU9P2zOzc/EJpcelMR4li6LFIROoiAI2Ch+gZbgRexApBBgLPg95R4Z9fodI8Ck9NP8aGhG7IO5yByaVWaS31GQh6mjXTLTezD2zPxma64UcSu5DZXtNvQ9dulcpOxRmA/iXuFykfftwWuKu1Sm9+O2KJxNAwAVrXXSc2jRSU4UxgZvuJxhhYD7pYz2kIEnUjHbyT0bVcadNOpPIKDR2o3ydSkFr3ZZB3SjCX+rdXiJuB/M+uJ6az10h5GCcGQzbc1UkENREt4qFtrpAZ0c8JMMXzcym7BAXM5CEWObi/v/5LzrYr7k5l/8QpV3fIEFNkhaySdeKSXVIlx6RGPMLINbknj+TJurEerGfrZdg6Yn3NLJMfsF4/AWTYn+E=</latexit>

one-point function

impurity tensor



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>

= (U†
T

�m
T

m
OqT

m+1
T

�(m+1)U)ba

<latexit sha1_base64="R64KF40LIvheOSsSeuAlzgWFhm4="></latexit>

�
* T T �1 = 1

�

<latexit sha1_base64="VoAaLevBdJmUpOpXFn0TMj8MBts=">AAACGnicbVDLSgNBEJyNr7i+oh49OBgEBQ27GlAPQiAXvSkYI2RjmJ30JoOzD2Z6hbDkLzz6JR7Vi3jVg3/jJFFQY8EwRVU33V1+IoVGx/mwchOTU9Mz+Vl7bn5hcamwvHKp41RxqPFYxurKZxqkiKCGAiVcJQpY6Euo+zfVgV+/BaVFHF1gL4FmyDqRCARnaKRWoeRJCHDL9nzgLNWQeZxJetH//q+zXbd/7NqeEp0ubrcKRafkDEHHiftFihW6X106PV0/axXevXbM0xAi5JJp3XCdBJsZUyi4hL7tmZkJ4zesAw1DIxaCbmbDu/p00yhtGsTKvAjpUP3ZkbFQ617om8qQYVf/9Qbijh/+ZzdSDA6bmYiSFCHio1lBKinGdJATbQsFHGXPEMaVMOtS3mWKcTRp2iYH9+/V4+Ryr+SWS0fnJpAyGSFP1sgG2SIuOSAVckLOSI1wckceyBN5tu6tR+vFeh2V5qyvnlXyC9bbJ2jMoUA=</latexit>

T = Y Y †

<latexit sha1_base64="+yHWGwyBVf9ENLeYRtk2paGka6Q=">AAAB/nicbVDLSsNAFJ34rPEV69LNYBFcSEmkoC7EghuXFfqkiWUymbZDZ5IwMxFLKPgbunCpbsStP+LCz/APnLRdaOuBC4dz7uXee/yYUals+8tYWFxaXlnNrZnrG5tb29ZOvi6jRGBSwxGLRNNHkjAakpqiipFmLAjiPiMNf3CZ+Y1bIiSNwqoaxsTjqBfSLsVIaalj5VMXIwarI/PcbLVu3AD1OlbBLtpjwHniTEnh4vshw2OlY326QYQTTkKFGZKy7dix8lIkFMWMjEw3kSRGeIB6pK1piDiRXjq+fQQPtBLAbiR0hQqO1d8TKeJSDrmvOzlSfTnrZeKRz/+z24nqnnopDeNEkRBPdnUTBlUEsyxgQAXBig01QVhQfS7EfSQQVjoxU+fgzH49T+rHRadUPLu2C+USmCAH9sA+OAQOOAFlcAUqoAYwuANP4AW8GvfGs/FmvE9aF4zpzC74A+PjB67PmQ4=</latexit>

A = We�!W †

<latexit sha1_base64="E4mlzMjJqY2NDwVG60iar5G9SCE=">AAACDHicbVA9SwNBEN2L3+dX1NJmMQgWGu5EUAsxYmMZwRghl4S5zSRZsnt37O4J4Uhraa+/wVJtxNZ/YOHP8B94l1ho9MHA470ZZub5keDaOM6HlZuYnJqemZ2z5xcWl5bzK6uXOowVwwoLRaiufNAoeIAVw43Aq0ghSF9g1e+dZn71GpXmYXBh+hHWJXQC3uYMTCo18zTxGAh6MrCP7KqNjWTHCyV2YGBXG14LOnYzX3CKzhD0L3G/SeH48y7DfbmZf/daIYslBoYJ0LrmOpGpJ6AMZwIHthdrjID1oIO1lAYgUdeT4ScDupkqLdoOVVqBoUP150QCUuu+9NNOCaarx71M3Pblf3YtNu2DesKDKDYYsNGudiyoCWmWDG1xhcyIfkqAKZ6eS1kXFDCT5pfl4I5//Zdc7hbdveLhuVMo7ZERZsk62SBbxCX7pETOSJlUCCM35IE8kWfr1nq0XqzXUWvO+p5ZI79gvX0Bv7id7g==</latexit>

=

<latexit sha1_base64="90ZJhE53h6FWCD3JcnN4VEi5iJY=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagLseDGZQv2Au1QMumZNjTJDElGKEOfwKW6sLj1kVz4GL6BmbYLbf0h8PH/55BzThBzpo3rfjkrq2vrG5u5rfz2zu7efuHgsKGjRFGo04hHqhUQDZxJqBtmOLRiBUQEHJrB8C7Lm4+gNIvkgxnF4AvSlyxklBhr1W66haJbcqfCy+DNoXj7/ZZpUu0WPju9iCYCpKGcaN323Nj4KVGGUQ7jfCfREBM6JH1oW5REgPbT6aBjfGqdHg4jZZ80eOr+7kiJ0HokAlspiBnoxSwzzwPxX9xOTHjlp0zGiQFJZ3+FCccmwtniuMcUUMNHFghVzI6L6YAoQo09T97ewVvcehkaFyWvXLquucVKGc2UQ8foBJ0hD12iCrpHVVRHFAF6Qi/o1RHOszNx3melK8685wj9kfPxA/E5ko8=</latexit>

m = L⌧/2

<latexit sha1_base64="F91Qk4V6WrTE82k/TAscA4osDUg=">AAAB9HicbVA9SwNBEJ2LXzF+RW0Em8UgWEi8CwG1EAI2FhYRzAcmIext9pIlu3vH7l4gHPkXlmojtv4bC/+Nm0sKTXww8Hhvhpl5fsSZNq777WRWVtfWN7Kbua3tnd29/P5BXYexIrRGQh6qpo815UzSmmGG02akKBY+pw1/eDv1GyOqNAvloxlHtCNwX7KAEWys9CRu7rttg+OLUjdfcItuCrRMvDkpVI6CFNVu/qvdC0ksqDSEY61bnhuZToKVYYTTSa4daxphMsR92rJUYkF1J0kvnqBTq/RQECpb0qBU/T2RYKH1WPi2U2Az0IveVDz3xX92KzbBVSdhMooNlWS2K4g5MiGaJoB6TFFi+NgSTBSz5yIywAoTY3PK2Ry8xa+XSb1U9MrF6wcbSBlmyMIxnMAZeHAJFbiDKtSAgIRneIU3Z+S8OO/Ox6w148xnDuEPnM8fS0ST/Q==</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

A0

<latexit sha1_base64="hIgUg/ESclXMRafEBzfEqULK+C8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXHjsoK9QDuWTJppQ5PMkJwRytCXcGd1I259HRc+hm9gpnWhrT8EPv7/HHLOCWLBDbjup5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1geJ3lzQemDY/UHYxi5kvSVzzklIC1Wlf3nVhzybrFklt2p8KL4P1A6fLrKdOk1i1+dHoRTSRTQAUxpu25Mfgp0cCpYONCJzEsJnRI+qxtURHJjJ9O5x3jI+v0cBhp+xTgqfu7IyXSmJEMbKUkMDDzWWaeBPK/uJ1AeO6nXMUJMEVnf4WJwBDhbH/c45pRECMLhGpux8V0QDShYK9UsHfw5rdehMZp2auUL27dUrWCZsqjA3SIjpGHzlAV3aAaqiOKBHpEz+jFAWfivDpvs9Kc89Ozj/7Ief8GWqeVsA==</latexit>

= e!(m�1/2)W †Ã0We!(m+1/2)

<latexit sha1_base64="TSAuyonpm6JRlOOji4bKjrYOfV4="></latexit>

Ã0

<latexit sha1_base64="nJ1o6LpEmWpGNEeqiShF0sFHN3M=">AAACBXicbVDLSgMxFM3UV62vUVfiJlgEF1JmpKCurLhxWcE+oDOWTCZtQ5PMkGSEMhSXfoPuXaobcetXuPAz/AMzbRfaeuDC4Zx7k3tPEDOqtON8Wbm5+YXFpfxyYWV1bX3D3tyqqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0LzK/cUukopG41oOY+Bx1Be1QjLSR2vaOpykLCUw9jBg8H96kXiwpJ8NC2y46JWcEOEvcCSmefT9keKy27U8vjHDCidCYIaVarhNrP0VSU8zMg16iSIxwH3VJy1CBOFF+OjphCPeNEsJOJE0JDUfq74kUcaUGPDCdHOmemvYy8TDg/9mtRHdO/JSKONFE4PFfnYRBHcEsEhhSSbBmA0MQltSsC3EPSYS1CS7LwZ2+epbUj0puuXR65RQrZTBGHuyCPXAAXHAMKuASVEENYHAHnsALeLXurWfrzXoft+asycw2+APr4wcqOZy/</latexit>

T �1 = Ue+!U†

<latexit sha1_base64="1SHlwsxONZ55+v9D+35xdQMvjnc=">AAACEXicbVBNS8NAEN34bfyqevSyWARBLYkI6kEsePFYwajQtGWyndalu0nY3Qgl5Bd49KT/wqN6Ea+ePfgz/AcmrQe/Hgw83pthZl4QC66N47xbI6Nj4xOTU9P2zOzc/EJpcelMR4li6LFIROoiAI2Ch+gZbgRexApBBgLPg95R4Z9fodI8Ck9NP8aGhG7IO5yByaVWaS31GQh6mjXTLTezD2zPxma64UcSu5DZXtNvQ9dulcpOxRmA/iXuFykfftwWuKu1Sm9+O2KJxNAwAVrXXSc2jRSU4UxgZvuJxhhYD7pYz2kIEnUjHbyT0bVcadNOpPIKDR2o3ydSkFr3ZZB3SjCX+rdXiJuB/M+uJ6az10h5GCcGQzbc1UkENREt4qFtrpAZ0c8JMMXzcym7BAXM5CEWObi/v/5LzrYr7k5l/8QpV3fIEFNkhaySdeKSXVIlx6RGPMLINbknj+TJurEerGfrZdg6Yn3NLJMfsF4/AWTYn+E=</latexit>

one-point function

A0

<latexit sha1_base64="EwEgz/W9ROurVdAsQX3GP5Ns6m0=">AAAB/nicbVDLSgMxFM3UV62vsS7dBIvgQsqMFNSVFTcuK9gHdMaSSTNtaJIZkoxYhoK/oQuX6kbc+iMu/Az/wEzbhbYeuHA4597k3hPEjCrtOF9WbmFxaXklv1pYW9/Y3LK3iw0VJRKTOo5YJFsBUoRRQeqaakZasSSIB4w0g8FF5jdviVQ0Etd6GBOfo56gIcVIG6ljF1MPIwbPRzepF0vKyajQsUtO2RkDzhN3Skpn3w8ZHmsd+9PrRjjhRGjMkFJt14m1nyKpKWbmQS9RJEZ4gHqkbahAnCg/He8+gvtG6cIwkqaEhmP190SKuFJDHphOjnRfzXqZeBjw/+x2osMTP6UiTjQRePJXmDCoI5hlAbtUEqzZ0BCEJTXrQtxHEmFtEstycGevnieNo7JbKZ9eOaVqBUyQB7tgDxwAFxyDKrgENVAHGNyBJ/ACXq1769l6s94nrTlrOrMD/sD6+AEITZnr</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>

= (U†
T

�m
T

m
OqT

m+1
T

�(m+1)U)ba

<latexit sha1_base64="R64KF40LIvheOSsSeuAlzgWFhm4="></latexit>

�
* T T �1 = 1

�

<latexit sha1_base64="VoAaLevBdJmUpOpXFn0TMj8MBts=">AAACGnicbVDLSgNBEJyNr7i+oh49OBgEBQ27GlAPQiAXvSkYI2RjmJ30JoOzD2Z6hbDkLzz6JR7Vi3jVg3/jJFFQY8EwRVU33V1+IoVGx/mwchOTU9Mz+Vl7bn5hcamwvHKp41RxqPFYxurKZxqkiKCGAiVcJQpY6Euo+zfVgV+/BaVFHF1gL4FmyDqRCARnaKRWoeRJCHDL9nzgLNWQeZxJetH//q+zXbd/7NqeEp0ubrcKRafkDEHHiftFihW6X106PV0/axXevXbM0xAi5JJp3XCdBJsZUyi4hL7tmZkJ4zesAw1DIxaCbmbDu/p00yhtGsTKvAjpUP3ZkbFQ617om8qQYVf/9Qbijh/+ZzdSDA6bmYiSFCHio1lBKinGdJATbQsFHGXPEMaVMOtS3mWKcTRp2iYH9+/V4+Ryr+SWS0fnJpAyGSFP1sgG2SIuOSAVckLOSI1wckceyBN5tu6tR+vFeh2V5qyvnlXyC9bbJ2jMoUA=</latexit>

T = Y Y †

<latexit sha1_base64="+yHWGwyBVf9ENLeYRtk2paGka6Q=">AAAB/nicbVDLSsNAFJ34rPEV69LNYBFcSEmkoC7EghuXFfqkiWUymbZDZ5IwMxFLKPgbunCpbsStP+LCz/APnLRdaOuBC4dz7uXee/yYUals+8tYWFxaXlnNrZnrG5tb29ZOvi6jRGBSwxGLRNNHkjAakpqiipFmLAjiPiMNf3CZ+Y1bIiSNwqoaxsTjqBfSLsVIaalj5VMXIwarI/PcbLVu3AD1OlbBLtpjwHniTEnh4vshw2OlY326QYQTTkKFGZKy7dix8lIkFMWMjEw3kSRGeIB6pK1piDiRXjq+fQQPtBLAbiR0hQqO1d8TKeJSDrmvOzlSfTnrZeKRz/+z24nqnnopDeNEkRBPdnUTBlUEsyxgQAXBig01QVhQfS7EfSQQVjoxU+fgzH49T+rHRadUPLu2C+USmCAH9sA+OAQOOAFlcAUqoAYwuANP4AW8GvfGs/FmvE9aF4zpzC74A+PjB67PmQ4=</latexit>

A = We�!W †

<latexit sha1_base64="E4mlzMjJqY2NDwVG60iar5G9SCE=">AAACDHicbVA9SwNBEN2L3+dX1NJmMQgWGu5EUAsxYmMZwRghl4S5zSRZsnt37O4J4Uhraa+/wVJtxNZ/YOHP8B94l1ho9MHA470ZZub5keDaOM6HlZuYnJqemZ2z5xcWl5bzK6uXOowVwwoLRaiufNAoeIAVw43Aq0ghSF9g1e+dZn71GpXmYXBh+hHWJXQC3uYMTCo18zTxGAh6MrCP7KqNjWTHCyV2YGBXG14LOnYzX3CKzhD0L3G/SeH48y7DfbmZf/daIYslBoYJ0LrmOpGpJ6AMZwIHthdrjID1oIO1lAYgUdeT4ScDupkqLdoOVVqBoUP150QCUuu+9NNOCaarx71M3Pblf3YtNu2DesKDKDYYsNGudiyoCWmWDG1xhcyIfkqAKZ6eS1kXFDCT5pfl4I5//Zdc7hbdveLhuVMo7ZERZsk62SBbxCX7pETOSJlUCCM35IE8kWfr1nq0XqzXUWvO+p5ZI79gvX0Bv7id7g==</latexit>

=

<latexit sha1_base64="90ZJhE53h6FWCD3JcnN4VEi5iJY=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagLseDGZQv2Au1QMumZNjTJDElGKEOfwKW6sLj1kVz4GL6BmbYLbf0h8PH/55BzThBzpo3rfjkrq2vrG5u5rfz2zu7efuHgsKGjRFGo04hHqhUQDZxJqBtmOLRiBUQEHJrB8C7Lm4+gNIvkgxnF4AvSlyxklBhr1W66haJbcqfCy+DNoXj7/ZZpUu0WPju9iCYCpKGcaN323Nj4KVGGUQ7jfCfREBM6JH1oW5REgPbT6aBjfGqdHg4jZZ80eOr+7kiJ0HokAlspiBnoxSwzzwPxX9xOTHjlp0zGiQFJZ3+FCccmwtniuMcUUMNHFghVzI6L6YAoQo09T97ewVvcehkaFyWvXLquucVKGc2UQ8foBJ0hD12iCrpHVVRHFAF6Qi/o1RHOszNx3melK8685wj9kfPxA/E5ko8=</latexit>

m = L⌧/2

<latexit sha1_base64="F91Qk4V6WrTE82k/TAscA4osDUg=">AAAB9HicbVA9SwNBEJ2LXzF+RW0Em8UgWEi8CwG1EAI2FhYRzAcmIext9pIlu3vH7l4gHPkXlmojtv4bC/+Nm0sKTXww8Hhvhpl5fsSZNq777WRWVtfWN7Kbua3tnd29/P5BXYexIrRGQh6qpo815UzSmmGG02akKBY+pw1/eDv1GyOqNAvloxlHtCNwX7KAEWys9CRu7rttg+OLUjdfcItuCrRMvDkpVI6CFNVu/qvdC0ksqDSEY61bnhuZToKVYYTTSa4daxphMsR92rJUYkF1J0kvnqBTq/RQECpb0qBU/T2RYKH1WPi2U2Az0IveVDz3xX92KzbBVSdhMooNlWS2K4g5MiGaJoB6TFFi+NgSTBSz5yIywAoTY3PK2Ry8xa+XSb1U9MrF6wcbSBlmyMIxnMAZeHAJFbiDKtSAgIRneIU3Z+S8OO/Ox6w148xnDuEPnM8fS0ST/Q==</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

A0

<latexit sha1_base64="hIgUg/ESclXMRafEBzfEqULK+C8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXHjsoK9QDuWTJppQ5PMkJwRytCXcGd1I259HRc+hm9gpnWhrT8EPv7/HHLOCWLBDbjup5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1geJ3lzQemDY/UHYxi5kvSVzzklIC1Wlf3nVhzybrFklt2p8KL4P1A6fLrKdOk1i1+dHoRTSRTQAUxpu25Mfgp0cCpYONCJzEsJnRI+qxtURHJjJ9O5x3jI+v0cBhp+xTgqfu7IyXSmJEMbKUkMDDzWWaeBPK/uJ1AeO6nXMUJMEVnf4WJwBDhbH/c45pRECMLhGpux8V0QDShYK9UsHfw5rdehMZp2auUL27dUrWCZsqjA3SIjpGHzlAV3aAaqiOKBHpEz+jFAWfivDpvs9Kc89Ozj/7Ief8GWqeVsA==</latexit>

= e!(m�1/2)W †Ã0We!(m+1/2)

<latexit sha1_base64="TSAuyonpm6JRlOOji4bKjrYOfV4="></latexit>

HOTRG
Ã0[n]

<latexit sha1_base64="JwG7n5jx/HVjb3uoGH2nCfRBkpw=">AAACCHicbVC7SgNBFJ2NrxhfUUstBoNgIWFXAmplxMYygnlAdg2zk5tkyMzsMjMrhCWNpX+gX2CpNmLrP1j4Gf6Bu0kKTTxw4XDOvdx7jx9ypo1tf1mZufmFxaXscm5ldW19I7+5VdNBpChUacAD1fCJBs4kVA0zHBqhAiJ8DnW/f5H69VtQmgXy2gxC8ATpStZhlJhEauV3XcN4G3DsUsLx+fAmdkPFBDSlN8y18gW7aI+AZ4kzIYWz74cUj5VW/tNtBzQSIA3lROumY4fGi4kyjHIY5txIQ0hon3ShmVBJBGgvHn0xxPuJ0sadQCUlDR6pvydiIrQeCD/pFMT09LSXioe++M9uRqZz4sVMhpEBSce7OhHHJsBpKrjNFFDDBwkhVLHkXEx7RBFqkuzSHJzpr2dJ7ajolIqnV3ahXEJjZNEO2kMHyEHHqIwuUQVVEUV36Am9oFfr3nq23qz3cWvGmsxsoz+wPn4AeMieAw==</latexit>

Ã0

<latexit sha1_base64="nJ1o6LpEmWpGNEeqiShF0sFHN3M=">AAACBXicbVDLSgMxFM3UV62vUVfiJlgEF1JmpKCurLhxWcE+oDOWTCZtQ5PMkGSEMhSXfoPuXaobcetXuPAz/AMzbRfaeuDC4Zx7k3tPEDOqtON8Wbm5+YXFpfxyYWV1bX3D3tyqqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0LzK/cUukopG41oOY+Bx1Be1QjLSR2vaOpykLCUw9jBg8H96kXiwpJ8NC2y46JWcEOEvcCSmefT9keKy27U8vjHDCidCYIaVarhNrP0VSU8zMg16iSIxwH3VJy1CBOFF+OjphCPeNEsJOJE0JDUfq74kUcaUGPDCdHOmemvYy8TDg/9mtRHdO/JSKONFE4PFfnYRBHcEsEhhSSbBmA0MQltSsC3EPSYS1CS7LwZ2+epbUj0puuXR65RQrZTBGHuyCPXAAXHAMKuASVEENYHAHnsALeLXurWfrzXoft+asycw2+APr4wcqOZy/</latexit>

T �1 = Ue+!U†

<latexit sha1_base64="1SHlwsxONZ55+v9D+35xdQMvjnc=">AAACEXicbVBNS8NAEN34bfyqevSyWARBLYkI6kEsePFYwajQtGWyndalu0nY3Qgl5Bd49KT/wqN6Ea+ePfgz/AcmrQe/Hgw83pthZl4QC66N47xbI6Nj4xOTU9P2zOzc/EJpcelMR4li6LFIROoiAI2Ch+gZbgRexApBBgLPg95R4Z9fodI8Ck9NP8aGhG7IO5yByaVWaS31GQh6mjXTLTezD2zPxma64UcSu5DZXtNvQ9dulcpOxRmA/iXuFykfftwWuKu1Sm9+O2KJxNAwAVrXXSc2jRSU4UxgZvuJxhhYD7pYz2kIEnUjHbyT0bVcadNOpPIKDR2o3ydSkFr3ZZB3SjCX+rdXiJuB/M+uJ6az10h5GCcGQzbc1UkENREt4qFtrpAZ0c8JMMXzcym7BAXM5CEWObi/v/5LzrYr7k5l/8QpV3fIEFNkhaySdeKSXVIlx6RGPMLINbknj+TJurEerGfrZdg6Yn3NLJMfsF4/AWTYn+E=</latexit>

W [n]

<latexit sha1_base64="dHqxUpCJ/0MriZUCtHMxTOwdguA=">AAAB8XicbZDNSsNAFIVv6l+tf1WXbgaL4EJKIgV1ZcGNywq2KaSxTKaTduhkEmYmQgl9CJetG3Hr87jwMXwDJ20X2npg4OOce5l7b5BwprRtf1mFtfWNza3idmlnd2//oHx41FJxKgltkpjHsh1gRTkTtKmZ5rSdSIqjgFM3GN7luftMpWKxeNSjhPoR7gsWMoK1sVz3KfOEP+6WK3bVngmtgrOAyu33JNe00S1/dnoxSSMqNOFYKc+xE+1nWGpGOB2XOqmiCSZD3KeeQYEjqvxsNu4YnRmnh8JYmic0mrm/OzIcKTWKAlMZYT1Qy1luXgTRf7GX6vDaz5hIUk0Fmf8VphzpGOXrox6TlGg+MoCJZGZcRAZYYqLNkUrmDs7y1qvQuqw6terNg12p12CuIpzAKZyDA1dQh3toQBMIDOEFpvBqKWtivVnv89KCteg5hj+yPn4AyjyVYQ==</latexit>

HOTRG

A0

<latexit sha1_base64="EwEgz/W9ROurVdAsQX3GP5Ns6m0=">AAAB/nicbVDLSgMxFM3UV62vsS7dBIvgQsqMFNSVFTcuK9gHdMaSSTNtaJIZkoxYhoK/oQuX6kbc+iMu/Az/wEzbhbYeuHA4597k3hPEjCrtOF9WbmFxaXklv1pYW9/Y3LK3iw0VJRKTOo5YJFsBUoRRQeqaakZasSSIB4w0g8FF5jdviVQ0Etd6GBOfo56gIcVIG6ljF1MPIwbPRzepF0vKyajQsUtO2RkDzhN3Skpn3w8ZHmsd+9PrRjjhRGjMkFJt14m1nyKpKWbmQS9RJEZ4gHqkbahAnCg/He8+gvtG6cIwkqaEhmP190SKuFJDHphOjnRfzXqZeBjw/+x2osMTP6UiTjQRePJXmDCoI5hlAbtUEqzZ0BCEJTXrQtxHEmFtEstycGevnieNo7JbKZ9eOaVqBUyQB7tgDxwAFxyDKrgENVAHGNyBJ/ACXq1769l6s94nrTlrOrMD/sD6+AEITZnr</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>

A

<latexit sha1_base64="VunVJ4rnfjIQYl9S2rozYyAUW5E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNSTES8eI5iHJEuYncwmQ2Zml5lZISz5Ck++LuLVz/HgZ/gHziYeNLGgoajqprsriDnTxnU/ndzC4tLySn61sLa+sblV3N5p6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMLzO/eUeVZpG8MaOY+gL3JQsZwcZKt2mHYI4uxoVuseSW3QnQPPF+SOn86yHDY61b/Oj0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj208nBY3RglR4KI2VLGjRRf0+kWGg9EoHtFNgM9KyXiUeB+M9uJyY89VMm48RQSaa7woQjE6EsANRjihLDR5Zgopg9F5EBVpgYG1OWgzf79TxpHJe9Svns2i1VKzBFHvZgHw7BgxOowhXUoA4EBNzDM7w4ifPkvDpv09ac8zOzC3/gvH8DRIOVkQ==</latexit>

![n],

<latexit sha1_base64="mgsKMuAerMaeQAGrdkub4RlT2Lw=">AAAB93icbVC7SgNBFJ2Nrxhf0ZQ2g0GwCGFXAmoXsLGMYB6wWcPsZJIMmcc6MyssS0r/QLCMWoitH2Phf/gBTh6FJh64cDjnXu69J4wY1cZ1v5zMyura+kZ2M7e1vbO7l98/aGgZK0zqWDKpWiHShFFB6oYaRlqRIoiHjDTD4eXEb94TpakUNyaJSMBRX9AexchYKWhLTvroNvVFMCp18kW37E4Bl4k3J8Vq4Xv8+BC81jr5z3ZX4pgTYTBDWvueG5kgRcpQzMgo1441iRAeoj7xLRWIEx2k06NH8NgqXdiTypYwcKr+nkgR1zrhoe3kyAz0ojcRSyH/z/Zj0zsPUiqi2BCBZ7t6MYNGwkkIsEsVwYYlliCsqD0X4gFSCBsbVc7m4C1+vUwap2WvUr64toFUwAxZcAiOwAnwwBmogitQA3WAwR14As/gxUmcsfPmvM9aM858pgD+wPn4ARQ6lw4=</latexit>



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>

= (U†
T

�m
T

m
OqT

m+1
T

�(m+1)U)ba

<latexit sha1_base64="R64KF40LIvheOSsSeuAlzgWFhm4="></latexit>

�
* T T �1 = 1

�

<latexit sha1_base64="VoAaLevBdJmUpOpXFn0TMj8MBts=">AAACGnicbVDLSgNBEJyNr7i+oh49OBgEBQ27GlAPQiAXvSkYI2RjmJ30JoOzD2Z6hbDkLzz6JR7Vi3jVg3/jJFFQY8EwRVU33V1+IoVGx/mwchOTU9Mz+Vl7bn5hcamwvHKp41RxqPFYxurKZxqkiKCGAiVcJQpY6Euo+zfVgV+/BaVFHF1gL4FmyDqRCARnaKRWoeRJCHDL9nzgLNWQeZxJetH//q+zXbd/7NqeEp0ubrcKRafkDEHHiftFihW6X106PV0/axXevXbM0xAi5JJp3XCdBJsZUyi4hL7tmZkJ4zesAw1DIxaCbmbDu/p00yhtGsTKvAjpUP3ZkbFQ617om8qQYVf/9Qbijh/+ZzdSDA6bmYiSFCHio1lBKinGdJATbQsFHGXPEMaVMOtS3mWKcTRp2iYH9+/V4+Ryr+SWS0fnJpAyGSFP1sgG2SIuOSAVckLOSI1wckceyBN5tu6tR+vFeh2V5qyvnlXyC9bbJ2jMoUA=</latexit>

m = L⌧/2

<latexit sha1_base64="F91Qk4V6WrTE82k/TAscA4osDUg=">AAAB9HicbVA9SwNBEJ2LXzF+RW0Em8UgWEi8CwG1EAI2FhYRzAcmIext9pIlu3vH7l4gHPkXlmojtv4bC/+Nm0sKTXww8Hhvhpl5fsSZNq777WRWVtfWN7Kbua3tnd29/P5BXYexIrRGQh6qpo815UzSmmGG02akKBY+pw1/eDv1GyOqNAvloxlHtCNwX7KAEWys9CRu7rttg+OLUjdfcItuCrRMvDkpVI6CFNVu/qvdC0ksqDSEY61bnhuZToKVYYTTSa4daxphMsR92rJUYkF1J0kvnqBTq/RQECpb0qBU/T2RYKH1WPi2U2Az0IveVDz3xX92KzbBVSdhMooNlWS2K4g5MiGaJoB6TFFi+NgSTBSz5yIywAoTY3PK2Ry8xa+XSb1U9MrF6wcbSBlmyMIxnMAZeHAJFbiDKtSAgIRneIU3Z+S8OO/Ox6w148xnDuEPnM8fS0ST/Q==</latexit>

= e!(m�1/2)W †Ã0We!(m+1/2)

<latexit sha1_base64="TSAuyonpm6JRlOOji4bKjrYOfV4="></latexit>

⇡ e!
[n](m�1/2)W [n]†Ã0[n]W [n]e!

[n](m+1/2)

<latexit sha1_base64="ZjFPwK9pDCtuGZgSOIC+G54cReY="></latexit>

all building blocks are computed from
tensor network representations

T = Y Y †

<latexit sha1_base64="+yHWGwyBVf9ENLeYRtk2paGka6Q=">AAAB/nicbVDLSsNAFJ34rPEV69LNYBFcSEmkoC7EghuXFfqkiWUymbZDZ5IwMxFLKPgbunCpbsStP+LCz/APnLRdaOuBC4dz7uXee/yYUals+8tYWFxaXlnNrZnrG5tb29ZOvi6jRGBSwxGLRNNHkjAakpqiipFmLAjiPiMNf3CZ+Y1bIiSNwqoaxsTjqBfSLsVIaalj5VMXIwarI/PcbLVu3AD1OlbBLtpjwHniTEnh4vshw2OlY326QYQTTkKFGZKy7dix8lIkFMWMjEw3kSRGeIB6pK1piDiRXjq+fQQPtBLAbiR0hQqO1d8TKeJSDrmvOzlSfTnrZeKRz/+z24nqnnopDeNEkRBPdnUTBlUEsyxgQAXBig01QVhQfS7EfSQQVjoxU+fgzH49T+rHRadUPLu2C+USmCAH9sA+OAQOOAFlcAUqoAYwuANP4AW8GvfGs/FmvE9aF4zpzC74A+PjB67PmQ4=</latexit>

T �1 = Ue+!U†

<latexit sha1_base64="1SHlwsxONZ55+v9D+35xdQMvjnc=">AAACEXicbVBNS8NAEN34bfyqevSyWARBLYkI6kEsePFYwajQtGWyndalu0nY3Qgl5Bd49KT/wqN6Ea+ePfgz/AcmrQe/Hgw83pthZl4QC66N47xbI6Nj4xOTU9P2zOzc/EJpcelMR4li6LFIROoiAI2Ch+gZbgRexApBBgLPg95R4Z9fodI8Ck9NP8aGhG7IO5yByaVWaS31GQh6mjXTLTezD2zPxma64UcSu5DZXtNvQ9dulcpOxRmA/iXuFykfftwWuKu1Sm9+O2KJxNAwAVrXXSc2jRSU4UxgZvuJxhhYD7pYz2kIEnUjHbyT0bVcadNOpPIKDR2o3ydSkFr3ZZB3SjCX+rdXiJuB/M+uJ6az10h5GCcGQzbc1UkENREt4qFtrpAZ0c8JMMXzcym7BAXM5CEWObi/v/5LzrYr7k5l/8QpV3fIEFNkhaySdeKSXVIlx6RGPMLINbknj+TJurEerGfrZdg6Yn3NLJMfsF4/AWTYn+E=</latexit>



Numerical results for 2D Ising model



Energy spectrum

Ã[n]

<latexit sha1_base64="dgzWKPt///8gHDF3Gnewk2wqZH0=">AAACAHicbVDLSsNAFJ3UV62v+Ni5GSyCCymJFNSVFTcuK9gHpLFMJpN26GQSZiZCDdn4F7pyqW7Erf/hws/wD5y0XWjrgQuHc+7l3nu8mFGpLOvLKMzNLywuFZdLK6tr6xvm5lZTRonApIEjFom2hyRhlJOGooqRdiwICj1GWt7gIvdbt0RIGvFrNYyJG6IepwHFSGmpa+50FGU+STsYMXie3aQOd7OuWbYq1ghwltgTUj77fsjxWO+anx0/wklIuMIMSenYVqzcFAlFMSNZqZNIEiM8QD3iaMpRSKSbjq7P4L5WfBhEQhdXcKT+nkhRKOUw9HRniFRfTnu5eOiF/9lOooITN6U8ThTheLwrSBhUEczTgD4VBCs21ARhQfW5EPeRQFjpzEo6B3v661nSPKrY1crplVWuVcEYRbAL9sABsMExqIFLUAcNgMEdeAIv4NW4N56NN+N93FowJjPb4A+Mjx8DjZsQ</latexit>

= W [n]�[n]W [n]†

<latexit sha1_base64="/+GEqZpAmU/bANTZyxr27/4jAX0=">AAACEHicbVC9TsMwGHTKXyl/AUaWiILEgKoEVQIGRCUWxiLRHykJleM4qVXHiWwHqYr6Aoxs8BSMwIJY2Rl4DN4Ap+kALSdZOt99J/s7L6FESNP80kpz8wuLS+Xlysrq2vqGvrnVFnHKEW6hmMa860GBKWG4JYmkuJtwDCOP4o43uMj9zi3mgsTsWg4T7EYwZCQgCEol9fS9s85NZjN35FAV8mFxKTTHh2GI+ajS06tmzRzDmCXWhFTPvx9yPDZ7+qfjxyiNMJOIQiFsy0ykm0EuCaJ4VHFSgROIBjDEtqIMRli42XibkbGvFN8IYq4Ok8ZY/Z3IYCTEMPLUZARlX0x7uXjoRf/ZdiqDEzcjLEklZqh4K0ipIWMjb8fwCcdI0qEiEHGivmugPuQQSdVh3oM1vfUsaR/VrHrt9MqsNuqgQBnsgF1wACxwDBrgEjRBCyBwB57AC3jV7rVn7U17L0ZL2iSzDf5A+/gBWV6hzQ==</latexit>

after n HOTRG steps

L = L⌧

<latexit sha1_base64="EolbbkS4VXI+onPF8DkZP0uHrWM=">AAAB83icbVC7SgNBFJ2NrxhfGy1thgTBQsKuBNRCCNhYpIhoHpKsYXYymwyZmV3mIYSQD7C2VBux9XMs/BtnkxSaeODC4Zx7ufeeMGFUac/7djIrq2vrG9nN3Nb2zu6em99vqNhITOo4ZrFshUgRRgWpa6oZaSWSIB4y0gyHV6nffCRS0Vjc6VFCAo76gkYUI22l++pltdvRyOS6btEreVPAZeLPSbHiRg9Phdt8ret+dXoxNpwIjRlSqu17iQ7GSGqKGZnkOkaRBOEh6pO2pQJxooLx9OAJPLJKD0axtCU0nKq/J8aIKzXioe3kSA/UopeKJyH/z24bHZ0HYyoSo4nAs12RYVDHMA0A9qgkWLORJQhLas+FeIAkwtrGlObgL369TBqnJb9curixgZTBDFlwCArgGPjgDFTANaiBOsCAg2fwCt4c47w4787HrDXjzGcOwB84nz+cm5Li</latexit>

� = 100

<latexit sha1_base64="9O17cVhpPS7YGD+p+fRTk2mFh+U=">AAAB8nicbVDLSgNBEOyNrxhf0Ry9DAbBg4RdCagHIeDFYwTzgGQJs5PZZMjM7DIzK4QlR39APKkg6tXf8eB/+AFOHgdNLGgoqrrp7gpizrRx3S8ns7S8srqWXc9tbG5t7+R39+o6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4pUqzSN6YYUx9gXuShYxgY6Vmm/TZhee6nXzRLbkToEXizUixUvh+ebjz36qd/Ge7G5FEUGkIx1q3PDc2foqVYYTTUa6daBpjMsA92rJUYkG1n07uHaFDq3RRGClb0qCJ+nsixULroQhsp8Cmr+e9sXgciP/sVmLCMz9lMk4MlWS6K0w4MhEa/4+6TFFi+NASTBSz5yLSxwoTY1PK2Ry8+a8XSf2k5JVL59c2kDJMkYV9OIAj8OAUKnAFVagBAQ738ATPjnEenVfnfdqacWYzBfgD5+MHLEmULQ==</latexit>

![n]
a ⌘ 1

L⌧
log

 
�[n]
0

�[n]
a

!
⇡ !a

<latexit sha1_base64="tXWcBRUrXxHQI8QC63eDf3qf2hI="></latexit>



Energy spectrum
� = 100

<latexit sha1_base64="U1H0VdglmBkJp+O5fZOgCwLeYBA=">AAAB8nicbVDLSgNBEJz1GeMjUY+5DAbBg4RdEVRQCXjxGME8IFnC7GQ2GTIzu8z0CmHJT3hUL+LVm9/iwQ/wmm9w8jhoYkFDUdVNd1cQC27Adb+cpeWV1bX1zEZ2c2t7J5ff3auZKNGUVWkkIt0IiGGCK1YFDoI1Ys2IDASrB/2bsV9/YNrwSN3DIGa+JF3FQ04JWKnRoj1+5bluO190S+4EeJF4M1IsF0aj3OXHd6Wd/2x1IppIpoAKYkzTc2PwU6KBU8GG2VZiWExon3RZ01JFJDN+Orl3iA+t0sFhpG0pwBP190RKpDEDGdhOSaBn5r2xeBzI/+xmAuG5n3IVJ8AUne4KE4EhwuP/cYdrRkEMLCFUc3supj2iCQWbUtbm4M1/vUhqJyXvtHRxZwO5RlNkUAEdoCPkoTNURreogqqIIoEe0TN6ccB5cl6dt2nrkjOb2Ud/4Lz/AFRulFM=</latexit>

�f =

����
f � fexact,L
fexact,L

����

<latexit sha1_base64="a35U7ewr2GsX8+y4iPlDHuCMD1U="></latexit>

T = 2.264

<latexit sha1_base64="mpIPDHlsbTrz8eg6bG2UuNQdu5I=">AAAB8XicbZDLSsNAFIZPvNZ6q7p0M1gEFxKSUrwsxIIblxV6gzaUyXTSDp1MwsxEKKEP4bJ1I259Hhc+hm/gpO1CW38Y+Pj/c5hzjh9zprTjfFlr6xubW9u5nfzu3v7BYeHouKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf/iQ5c1nKhWLRE2PYuqFuC9YwAjWxmrW7kp26arcLRQd25kJrYK7gOL99yTTtNotfHZ6EUlCKjThWKm268TaS7HUjHA6zncSRWNMhrhP2wYFDqny0tm4Y3RunB4KImme0Gjm/u5IcajUKPRNZYj1QC1nmXnph//F7UQHN17KRJxoKsj8ryDhSEcoWx/1mKRE85EBTCQz4yIywBITbY6UN3dwl7dehUbJdsv27ZNTrJRhrhycwhlcgAvXUIFHqEIdCAzhBabwailrYr1Z7/PSNWvRcwJ/ZH38ANUzlBs=</latexit>

�! =

����
! � !exact,L

!exact,L

����

<latexit sha1_base64="au7ebNv5kihsZwrr47pnAj1bm/0="></latexit>

Kaufmann 1949Kaufmann 1949



Determination of quantum number

h⌦|sx=0|ai 6= 0 =) qa = �

<latexit sha1_base64="alhXPUoLlrpe0+Z2yQagSV0rd38="></latexit>

Z2 : +

<latexit sha1_base64="qzhRH/oxa2eTjTcIKTco+fXsleU=">AAAB73icbVDLSgNBEOz1GeNro0cvQ4IgKGE3BHycAl48RnSTYLKG2clsMmR2dp2ZFULIB3jyqF7Eqx/kwb9x8jhoYkFDUdVNd1eQcKa043xbS8srq2vrmY3s5tb2zq6d26upOJWEeiTmsWwEWFHOBPU005w2EklxFHBaD/qXY7/+SKVisbjVg4T6Ee4KFjKCtZG8u3bp4rhtF5yiMwFaJO6MFCp2eP+Uv8lV2/ZXqxOTNKJCE46VarpOov0hlpoRTkfZVqpogkkfd2nTUIEjqvzh5NgROjRKB4WxNCU0mqi/J4Y4UmoQBaYzwrqn5r2xeBJE/9nNVIdn/pCJJNVUkOmuMOVIx2j8POowSYnmA0Mwkcyci0gPS0y0iShrcnDnv14ktVLRLRfPr00gZZgiAweQhyNw4RQqcAVV8IAAg2d4hTfrwXqx3q2PaeuSNZvZhz+wPn8AlwyRJg==</latexit>

�

<latexit sha1_base64="mbtsxLLsVGCCZHxykMuCvNMXfzo=">AAAB63icbVBNSwMxEJ2tWmv9qnoUJLQIHrTsSkW9Fbx4bMF+SLuUbJq2oUl2SbJCWfoLPKoX8Sb+JA/+Fw+mHwdtfTDweG+GmXlBxJk2rvvlpFZW19LrmY3s5tb2zm5ub7+uw1gRWiMhD1UzwJpyJmnNMMNpM1IUi4DTRjC8mfiNB6o0C+WdGUXUF7gvWY8RbKxUPevkCm7RnQItE29OCuV0/uj9/uK70sl9trshiQWVhnCsdctzI+MnWBlGOB1n27GmESZD3KctSyUWVPvJ9NAxOrZKF/VCZUsaNFV/TyRYaD0Sge0U2Az0ojcRTwPxn92KTe/KT5iMYkMlme3qxRyZEE0eR12mKDF8ZAkmitlzERlghYmx8WRtDt7i18ukfl70SsXrqg2kBDNk4BDycAIeXEIZbqECNSBA4RGe4cURzpPz6rzNWlPOfOYA/sD5+AEDS5Br</latexit>

qa

<latexit sha1_base64="6/7Wec9S0cIEUVonUbvFGs4LNz8=">AAAB7XicbVC7SgNBFL3rM8ZXNKXNYBAsJOxKQO0CNpYRzQOSJcxOZpMhMzvrzKwQlpSWdj4aUbDxiyz8Dz/AyaPQxAMXDufcy733BDFn2rjul7OwuLS8sppZy65vbG5t53Z2a1omitAqkVyqRoA15SyiVcMMp41YUSwCTutB/3zk12+p0kxG12YQU1/gbsRCRrCx0tVNG7dzBbfojoHmiTclhXL+++3hzn+vtHOfrY4kiaCRIRxr3fTc2PgpVoYRTofZVqJpjEkfd2nT0ggLqv10fOoQHVilg0KpbEUGjdXfEykWWg9EYDsFNj09643Eo0D8ZzcTE576KYvixNCITHaFCUdGotHrqMMUJYYPLMFEMXsuIj2sMDE2oKzNwZv9ep7UjoteqXh2aQMpwQQZ2IN9OAQPTqAMF1CBKhDowj08wbMjnUfnxXmdtC4405k8/IHz8QOfLJLO</latexit>

 0.001

 0.01

 0.1

 1
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a

T = 2.44

<latexit sha1_base64="0jiNbbhebcGn0Bty6c/aSZKghag=">AAAB8HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEBdiAU3Liv0Bm0ok+mkHTuZhJmJUELfwaXtRtz6Pi58DN/ASduFtv4w8PH/5zDnHD/mTGnb/rJya+sbm1v57cLO7t7+QfHwqKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3if5c1nKhWLRE2PYuqFuC9YwAjWxmrUbi/LrtstluyyPRNaBWcBpbvvSaZptVv87PQikoRUaMKxUm3HjrWXYqkZ4XRc6CSKxpgMcZ+2DQocUuWls2nH6Mw4PRRE0jyh0cz93ZHiUKlR6JvKEOuBWs4y88IP/4vbiQ6uvZSJONFUkPlfQcKRjlC2PeoxSYnmIwOYSGbGRWSAJSba3Khg7uAsb70Kjcuy45ZvHu1SxYW58nACp3AODlxBBR6gCnUg8AQvMIGpJa1X6816n5fmrEXPMfyR9fEDX3+T3Q==</latexit>

L = 64

<latexit sha1_base64="bfC1xCFZ5KDQqFZAQkffI52paVk=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAyI8XLQiy4ceGigr1AO5RMmmlDk8yQZIRS+gouvYG49YVc+Bi+gZm2C239IfDx/+eQc04Qc6aN6345mYXFpeWV7GpubX1jcyu/vVPTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfpXn9nirNInlnBjH1Be5KFjKCTWrdXJyU2vmCW3THQvPgTaFw+f2S6rXSzn+2OhFJBJWGcKx103Nj4w+xMoxwOsq1Ek1jTPq4S5sWJRZU+8PxrCN0YJ0OCiNlnzRo7P7uGGKh9UAEtlJg09OzWWoeBeK/uJmY8MwfMhknhkoy+StMODIRSndHHaYoMXxgARPF7LiI9LDCxNgL5ewdvNmt56F2XPRKxfNbt1AuwURZ2IN9OAQPTqEM11CBKhDowQM8wbMTO4/Om/M+Kc04055d+CPn4wd3oJNj</latexit>

� = 80

<latexit sha1_base64="JTOXf5TNLdazLrGJgpyLt04NZlw=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4kLArAeNBCHjxGME8IFnC7GQ2GTIzu8zMCmHJ0Q8QvKgHJVe/x4P/4Qc4eRw0saChqOqmuyuIOdPGdb+cldW19Y3NzFZ2e2d3bz93cFjXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcT/zGPVWaRfLODGPqC9yTLGQEGys12qTPrspuJ1dwi+4UaJl4c1Ko5L/fnh78cbWT+2x3I5IIKg3hWOuW58bGT7EyjHA6yrYTTWNMBrhHW5ZKLKj20+m5I3RilS4KI2VLGjRVf0+kWGg9FIHtFNj09aI3Ec8C8Z/dSkxY9lMm48RQSWa7woQjE6HJ+6jLFCWGDy3BRDF7LiJ9rDAxNqSszcFb/HqZ1M+LXql4eWsDKcEMGTiCYzgFDy6gAjdQhRoQGMAjvMCro51n590Zz1pXnPlMHv7A+fgBxoGT+g==</latexit>

|h⌦|s|ai|

<latexit sha1_base64="q61eYuFRK8haK8LKVrQA40Z9UOk=">AAACBnicbVDLSgNBEJz1bXzFx0kviyJ4kLArgnoTvHgQTMBoIBtC76STDJmZXWZmhbAb8Cj4Hx7Vi3gV/AYP/oWf4CTxoMaChqKqm+6uMOZMG8/7cMbGJyanpmdmc3PzC4tL+eWVSx0limKZRjxSlRA0ciaxbJjhWIkVggg5XoWdk75/dY1Ks0hemG6MNQEtyZqMgrFSPb+eBRxki2NwLrAFmc4gUAMhq+e3vII3gDtK/G+ydbxW+nw7W78r1vPvQSOiiUBpKAetq74Xm1oKyjDKsZcLEo0x0A60sGqpBIG6lg5+6LnbVmm4zUjZksYdqD8nUhBad0VoOwWYtv7r9cXdUPxnVxPTPKylTMaJQUmHu5oJd03k9jNxG0whNbxrCVDF7LkubYMCamxyOZuD//frUXK5V/D3C0clG4hHhpghG2ST7BCfHJBjckqKpEwouSH35JE8ObfOg/PsvAxbx5zvmVXyC87rF3WJnKg=</latexit>



Bethe-Salpeter wave function
T = 2.44

<latexit sha1_base64="0jiNbbhebcGn0Bty6c/aSZKghag=">AAAB8HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEBdiAU3Liv0Bm0ok+mkHTuZhJmJUELfwaXtRtz6Pi58DN/ASduFtv4w8PH/5zDnHD/mTGnb/rJya+sbm1v57cLO7t7+QfHwqKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3if5c1nKhWLRE2PYuqFuC9YwAjWxmrUbi/LrtstluyyPRNaBWcBpbvvSaZptVv87PQikoRUaMKxUm3HjrWXYqkZ4XRc6CSKxpgMcZ+2DQocUuWls2nH6Mw4PRRE0jyh0cz93ZHiUKlR6JvKEOuBWs4y88IP/4vbiQ6uvZSJONFUkPlfQcKRjlC2PeoxSYnmIwOYSGbGRWSAJSba3Khg7uAsb70Kjcuy45ZvHu1SxYW58nACp3AODlxBBR6gCnUg8AQvMIGpJa1X6816n5fmrEXPMfyR9fEDX3+T3Q==</latexit>

L = 64

<latexit sha1_base64="bfC1xCFZ5KDQqFZAQkffI52paVk=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAyI8XLQiy4ceGigr1AO5RMmmlDk8yQZIRS+gouvYG49YVc+Bi+gZm2C239IfDx/+eQc04Qc6aN6345mYXFpeWV7GpubX1jcyu/vVPTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfpXn9nirNInlnBjH1Be5KFjKCTWrdXJyU2vmCW3THQvPgTaFw+f2S6rXSzn+2OhFJBJWGcKx103Nj4w+xMoxwOsq1Ek1jTPq4S5sWJRZU+8PxrCN0YJ0OCiNlnzRo7P7uGGKh9UAEtlJg09OzWWoeBeK/uJmY8MwfMhknhkoy+StMODIRSndHHaYoMXxgARPF7LiI9LDCxNgL5ewdvNmt56F2XPRKxfNbt1AuwURZ2IN9OAQPTqEM11CBKhDowQM8wbMTO4/Om/M+Kc04055d+CPn4wd3oJNj</latexit>

� = 80

<latexit sha1_base64="JTOXf5TNLdazLrGJgpyLt04NZlw=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4kLArAeNBCHjxGME8IFnC7GQ2GTIzu8zMCmHJ0Q8QvKgHJVe/x4P/4Qc4eRw0saChqOqmuyuIOdPGdb+cldW19Y3NzFZ2e2d3bz93cFjXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcT/zGPVWaRfLODGPqC9yTLGQEGys12qTPrspuJ1dwi+4UaJl4c1Ko5L/fnh78cbWT+2x3I5IIKg3hWOuW58bGT7EyjHA6yrYTTWNMBrhHW5ZKLKj20+m5I3RilS4KI2VLGjRVf0+kWGg9FIHtFNj09aI3Ec8C8Z/dSkxY9lMm48RQSWa7woQjE6HJ+6jLFCWGDy3BRDF7LiJ9rDAxNqSszcFb/HqZ1M+LXql4eWsDKcEMGTiCYzgFDy6gAjdQhRoQGMAjvMCro51n590Zz1pXnPlMHv7A+fgBxoGT+g==</latexit>

(0  x < L)

<latexit sha1_base64="131tqg0FExqlJ+N+1cIMCUfAT/I=">AAAB9nicbVBNS8NAEN3Ur1q/ql4EL4tFqCAlkYIKHgpePHioYD+gCWWznbRLN5uwu5GW0L/hUb2IV/+MB/+N27QHbX0w8Hhvhpl5fsyZ0rb9beVWVtfWN/Kbha3tnd294v5BU0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD26nfegKpWCQe9TgGLyR9wQJGiTaSW7ZdDniEb/D9WbdYsit2BrxMnDkp1Y6CDPVu8cvtRTQJQWjKiVIdx461lxKpGeUwKbiJgpjQIelDx1BBQlBemt08wadG6eEgkqaExpn6eyIloVLj0DedIdEDtehNxXM//M/uJDq48lIm4kSDoLNdQcKxjvA0A9xjEqjmY0MIlcyci+mASEK1SapgcnAWv14mzYuKU61cP5hAqmiGPDpGJ6iMHHSJaugO1VEDURSjZ/SK3qyR9WK9Wx+z1pw1nzlEf2B9/gAgApPD</latexit>

 a(x) = h⌦|sx|ai

<latexit sha1_base64="5TvDRFX7kDbFR3SuJH3hseX1Jl8=">AAACEHicbVDLSgNBEJyN7/iKehG8LD5AQcKuBNSDIHjxpoJRIRuW3klvMmRmdpmZlYQkP+DRL/GoXsSrdw/+jZONB18FDUVVN91dUcqZNp734RTGxicmp6ZnirNz8wuLpaXlK51kimKVJjxRNxFo5Exi1TDD8SZVCCLieB21T4b+9S0qzRJ5abop1gU0JYsZBWOlsLQZpJqFsN3ZOQo4yCbH4ExgE/o67PQhULkUlja8spfD/Uv8L7JxvBrnOA9L70EjoZlAaSgHrWu+l5p6D5RhlOOgGGQaU6BtaGLNUgkCdb2XfzNwt6zScONE2ZLGzdXvEz0QWndFZDsFmJb+7Q3F3Uj8Z9cyEx/Ue0ymmUFJR7vijLsmcYfpuA2mkBretQSoYvZcl7ZAATU2w6LNwf/99V9ytVf2K+XDCxtIhYwwTdbIOtkmPtknx+SUnJMqoeSOPJAn8uzcO4/Oi/M6ai04XzMr5Aect0+fHJ/Q</latexit>



Bethe-Salpeter wave function
T = 2.44

<latexit sha1_base64="0jiNbbhebcGn0Bty6c/aSZKghag=">AAAB8HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEBdiAU3Liv0Bm0ok+mkHTuZhJmJUELfwaXtRtz6Pi58DN/ASduFtv4w8PH/5zDnHD/mTGnb/rJya+sbm1v57cLO7t7+QfHwqKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3if5c1nKhWLRE2PYuqFuC9YwAjWxmrUbi/LrtstluyyPRNaBWcBpbvvSaZptVv87PQikoRUaMKxUm3HjrWXYqkZ4XRc6CSKxpgMcZ+2DQocUuWls2nH6Mw4PRRE0jyh0cz93ZHiUKlR6JvKEOuBWs4y88IP/4vbiQ6uvZSJONFUkPlfQcKRjlC2PeoxSYnmIwOYSGbGRWSAJSba3Khg7uAsb70Kjcuy45ZvHu1SxYW58nACp3AODlxBBR6gCnUg8AQvMIGpJa1X6816n5fmrEXPMfyR9fEDX3+T3Q==</latexit>

L = 64

<latexit sha1_base64="bfC1xCFZ5KDQqFZAQkffI52paVk=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAyI8XLQiy4ceGigr1AO5RMmmlDk8yQZIRS+gouvYG49YVc+Bi+gZm2C239IfDx/+eQc04Qc6aN6345mYXFpeWV7GpubX1jcyu/vVPTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfpXn9nirNInlnBjH1Be5KFjKCTWrdXJyU2vmCW3THQvPgTaFw+f2S6rXSzn+2OhFJBJWGcKx103Nj4w+xMoxwOsq1Ek1jTPq4S5sWJRZU+8PxrCN0YJ0OCiNlnzRo7P7uGGKh9UAEtlJg09OzWWoeBeK/uJmY8MwfMhknhkoy+StMODIRSndHHaYoMXxgARPF7LiI9LDCxNgL5ewdvNmt56F2XPRKxfNbt1AuwURZ2IN9OAQPTqEM11CBKhDowQM8wbMTO4/Om/M+Kc04055d+CPn4wd3oJNj</latexit>

� = 80

<latexit sha1_base64="JTOXf5TNLdazLrGJgpyLt04NZlw=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4kLArAeNBCHjxGME8IFnC7GQ2GTIzu8zMCmHJ0Q8QvKgHJVe/x4P/4Qc4eRw0saChqOqmuyuIOdPGdb+cldW19Y3NzFZ2e2d3bz93cFjXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcT/zGPVWaRfLODGPqC9yTLGQEGys12qTPrspuJ1dwi+4UaJl4c1Ko5L/fnh78cbWT+2x3I5IIKg3hWOuW58bGT7EyjHA6yrYTTWNMBrhHW5ZKLKj20+m5I3RilS4KI2VLGjRVf0+kWGg9FIHtFNj09aI3Ec8C8Z/dSkxY9lMm48RQSWa7woQjE6HJ+6jLFCWGDy3BRDF7LiJ9rDAxNqSszcFb/HqZ1M+LXql4eWsDKcEMGTiCYzgFDy6gAjdQhRoQGMAjvMCro51n590Zz1pXnPlMHv7A+fgBxoGT+g==</latexit>

(0  x < L)

<latexit sha1_base64="131tqg0FExqlJ+N+1cIMCUfAT/I=">AAAB9nicbVBNS8NAEN3Ur1q/ql4EL4tFqCAlkYIKHgpePHioYD+gCWWznbRLN5uwu5GW0L/hUb2IV/+MB/+N27QHbX0w8Hhvhpl5fsyZ0rb9beVWVtfWN/Kbha3tnd294v5BU0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD26nfegKpWCQe9TgGLyR9wQJGiTaSW7ZdDniEb/D9WbdYsit2BrxMnDkp1Y6CDPVu8cvtRTQJQWjKiVIdx461lxKpGeUwKbiJgpjQIelDx1BBQlBemt08wadG6eEgkqaExpn6eyIloVLj0DedIdEDtehNxXM//M/uJDq48lIm4kSDoLNdQcKxjvA0A9xjEqjmY0MIlcyci+mASEK1SapgcnAWv14mzYuKU61cP5hAqmiGPDpGJ6iMHHSJaugO1VEDURSjZ/SK3qyR9WK9Wx+z1pw1nzlEf2B9/gAgApPD</latexit>

 a(x) = h⌦|sx|ai

<latexit sha1_base64="5TvDRFX7kDbFR3SuJH3hseX1Jl8=">AAACEHicbVDLSgNBEJyN7/iKehG8LD5AQcKuBNSDIHjxpoJRIRuW3klvMmRmdpmZlYQkP+DRL/GoXsSrdw/+jZONB18FDUVVN91dUcqZNp734RTGxicmp6ZnirNz8wuLpaXlK51kimKVJjxRNxFo5Exi1TDD8SZVCCLieB21T4b+9S0qzRJ5abop1gU0JYsZBWOlsLQZpJqFsN3ZOQo4yCbH4ExgE/o67PQhULkUlja8spfD/Uv8L7JxvBrnOA9L70EjoZlAaSgHrWu+l5p6D5RhlOOgGGQaU6BtaGLNUgkCdb2XfzNwt6zScONE2ZLGzdXvEz0QWndFZDsFmJb+7Q3F3Uj8Z9cyEx/Ue0ymmUFJR7vijLsmcYfpuA2mkBretQSoYvZcl7ZAATU2w6LNwf/99V9ytVf2K+XDCxtIhYwwTdbIOtkmPtknx+SUnJMqoeSOPJAn8uzcO4/Oi/M6ai04XzMr5Aect0+fHJ/Q</latexit>

(n = 0, 1, 2, · · · )

<latexit sha1_base64="S0suTxpqL9jJ5pKpoKTZP0u4l0I=">AAAB/HicbVDLSsNAFJ34rPUVdSO4GSxChVCSUlAXQsGNywr2AW0ok8mkHTozCTOTQgn1S1yqG3Hrn7jwb5ymXWjrgQuHc+7l3nuChFGlXffbWlvf2NzaLuwUd/f2Dw7to+OWilOJSRPHLJadACnCqCBNTTUjnUQSxANG2sHobua3x0QqGotHPUmIz9FA0IhipI3Ut+2yuHUdz6k6PRzGWl327ZJbcXPAVeItSKl+GuVo9O2vXhjjlBOhMUNKdT030X6GpKaYkWmxlyqSIDxCA9I1VCBOlJ/ll0/hhVFCGMXSlNAwV39PZIgrNeGB6eRID9WyNxOdgP9nd1MdXfsZFUmqicDzXVHKoI7hLAkYUkmwZhNDEJbUnAvxEEmEtcmraHLwlr9eJa1qxatVbh5MIDUwRwGcgXNQBh64AnVwDxqgCTAYg2fwCt6sJ+vFerc+5q1r1mLmBPyB9fkDgCWVmg==</latexit>

p =
2⇡

L
n

<latexit sha1_base64="giFaK3eKAfFe9osZb+kNd/xaRLQ=">AAAB/3icbVC7SgNBFJ2NrxhfqyltBoNgoWE3BtRCCNhYWEQwD8guYXYymwyZnV1mZoVl2cLWD7C1sFAbsfVDLPwA/8PJo9DEAxcO59zLvfd4EaNSWdaXkVtYXFpeya8W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhxchv3RIhachvVBIRN0B9Tn2KkdJS1yxG544vEE4rTkSz9CqDHHbNklW2xoDzxJ6SUu3oqfnwfX9c75qfTi/EcUC4wgxJ2bGtSLkpEopiRrKCE0sSITxEfdLRlKOASDcdH5/Bfa30oB8KXVzBsfp7IkWBlEng6c4AqYGc9UbioRf8Z3di5Z+6KeVRrAjHk11+zKAK4SgM2KOCYMUSTRAWVJ8L8QDpOJSOrKBzsGe/nifNStmuls+udSBVMEEe7II9cABscAJq4BLUQQNgkIBH8AJejTvj2Xgz3ietOWM6UwR/YHz8APVtmQQ=</latexit>

/ eipx

<latexit sha1_base64="ansx27tavaueEDoiNzdoL2jBgCs=">AAAB+3icbVDLSgMxFM3UV62Pjrp0EyyCCykzUlBXFty4rGAf0I4lk2ba0EwSkoxYhn6IulQ34tZPceFn+Adm2i609cCFwzn3cu89oWRUG8/7cnJLyyura/n1wsbm1nbR3dltaJEoTOpYMKFaIdKEUU7qhhpGWlIRFIeMNMPhZeY374jSVPAbM5IkiFGf04hiZKzUdYsdqYQ0ApLblMr7cdcteWVvArhI/BkpXXw/ZHisdd3PTk/gJCbcYIa0bvueNEGKlKGYkXGhk2giER6iPmlbylFMdJBODh/DQ6v0YCSULW7gRP09kaJY61Ec2s4YmYGe9zLxOIz/s9uJic6ClHKZGMLxdFeUMGh/zYKAPaoINmxkCcKK2nMhHiCFsLFxFWwO/vzXi6RxUvYr5fNrr1StgCnyYB8cgCPgg1NQBVegBuoAgwQ8gRfw6oydZ+fNeZ+25pzZzB74A+fjB6m0mTs=</latexit>

n = 0

<latexit sha1_base64="oKJpiOpZzpTBPiMsRx5hCPdc/kk=">AAAB7XicbZDLSgMxFIYz9VbrrV52boJFcCElI4K6EAsu7LKivUA7lEyatqG5DElGqEMfwaW6EbfufBsXLn0E38D0stDWHwIf/38OOeeEEWfGIvTppebmFxaX0suZldW19Y3s5lbFqFgTWiaKK10LsaGcSVq2zHJaizTFIuS0GvYuh3n1jmrDlLy1/YgGAnckazOCrbNu5DlqZnMoj0aCs+BPIHfxffW+c/9VLDWzH42WIrGg0hKOjan7KLJBgrVlhNNBphEbGmHSwx1adyixoCZIRqMO4L5zWrCttHvSwpH7uyPBwpi+CF2lwLZrprOheRiK/+J6bNunQcJkFFsqyfivdsyhVXC4OmwxTYnlfQeYaObGhaSLNSbWHSjj7uBPbz0LlaO8f5w/u0a5AgJjpcEu2AMHwAcnoACKoATKgIAOeABP4NlT3qP34r2OS1PepGcb/JH39gPtrZJS</latexit>

n = 1

<latexit sha1_base64="NncJn6LserFQSlToNJY8QFSHFTI=">AAAB7XicbZC7SgNBFIbPxluMt3jpbBaDYCFhVwS1EAMWpoxoLpAsYXYySYbMZZmZFeKSR7BUG7G1820sLH0E38DJpdDEHwY+/v8c5pwTRoxq43mfTmpufmFxKb2cWVldW9/Ibm5VtIwVJmUsmVS1EGnCqCBlQw0jtUgRxENGqmHvcphX74jSVIpb049IwFFH0DbFyFjrRpz7zWzOy3sjubPgTyB38X31vnP/VSw1sx+NlsQxJ8JghrSu+15kggQpQzEjg0wj1iRCuIc6pG5RIE50kIxGHbj71mm5bansE8Ydub87EsS17vPQVnJkuno6G5qHIf8vrsemfRokVESxIQKP/2rHzDXSHa7utqgi2LC+BYQVteO6uIsUwsYeKGPv4E9vPQuVo7x/nD+79nIFD8ZKwy7swQH4cAIFKEIJyoChAw/wBM+OdB6dF+d1XJpyJj3b8EfO2w/vNJJT</latexit>

n = 2

<latexit sha1_base64="vO8lb2TbC7XAAuohy8oNKSlp0S4=">AAAB7XicbZDLSgMxFIbPeK31Vi87N8EiuJAyUwR1IRZc2GVFe4F2KJk004ZmkiHJCLX0EVyqG3Hrzrdx4dJH8A1MLwtt/SHw8f/nkHNOEHOmjet+OnPzC4tLy6mV9Ora+sZmZmu7omWiCC0TyaWqBVhTzgQtG2Y4rcWK4ijgtBp0L4d59Y4qzaS4Nb2Y+hFuCxYygo21bsR5vpnJujl3JDQL3gSyF99X77v3X8VSM/PRaEmSRFQYwrHWdc+Njd/HyjDC6SDdSDSNMeniNq1bFDii2u+PRh2gA+u0UCiVfcKgkfu7o48jrXtRYCsjbDp6OhuaR0H0X1xPTHjq95mIE0MFGf8VJhwZiYaroxZTlBjes4CJYnZcRDpYYWLsgdL2Dt701rNQyee849zZtZstuDBWCvZgHw7BgxMoQBFKUAYCbXiAJ3h2pPPovDiv49I5Z9KzA3/kvP0A8LuSVA==</latexit>

n = 3

<latexit sha1_base64="MInFLDzlracBc8qT3Y68jLKl5sQ=">AAAB7XicbZC7SgNBFIbPeo3xFi+dzWIQLCTsqqAWYsDClBHNBZIlzE4myZC5LDOzQlzyCJZqI7Z2vo2FpY/gGzi5FJr4w8DH/5/DnHPCiFFtPO/TmZmdm19YTC2ll1dW19YzG5tlLWOFSQlLJlU1RJowKkjJUMNINVIE8ZCRSti9HOSVO6I0leLW9CIScNQWtEUxMta6EedHjUzWy3lDudPgjyF78X31vn3/VSg2Mh/1psQxJ8JghrSu+V5kggQpQzEj/XQ91iRCuIvapGZRIE50kAxH7bt71mm6LansE8Ydur87EsS17vHQVnJkOnoyG5gHIf8vrsWmdRokVESxIQKP/mrFzDXSHazuNqki2LCeBYQVteO6uIMUwsYeKG3v4E9uPQ3lw5x/nDu79rJ5D0ZKwQ7swj74cAJ5KEARSoChDQ/wBM+OdB6dF+d1VDrjjHu24I+ctx/yQpJV</latexit>

n = 4

<latexit sha1_base64="1i3387NiyYKxWQGFRvP2xF5z1KQ=">AAAB7XicbZDLSgMxFIbPeK31Vi87N8EiuJAyIwV1IRZc2GVFe4F2KJk004ZmkiHJCLX0EVyqG3Hrzrdx4dJH8A1MLwtt/SHw8f/nkHNOEHOmjet+OnPzC4tLy6mV9Ora+sZmZmu7omWiCC0TyaWqBVhTzgQtG2Y4rcWK4ijgtBp0L4d59Y4qzaS4Nb2Y+hFuCxYygo21bsR5vpnJujl3JDQL3gSyF99X77v3X8VSM/PRaEmSRFQYwrHWdc+Njd/HyjDC6SDdSDSNMeniNq1bFDii2u+PRh2gA+u0UCiVfcKgkfu7o48jrXtRYCsjbDp6OhuaR0H0X1xPTHjq95mIE0MFGf8VJhwZiYaroxZTlBjes4CJYnZcRDpYYWLsgdL2Dt701rNQOc55+dzZtZstuDBWCvZgHw7BgxMoQBFKUAYCbXiAJ3h2pPPovDiv49I5Z9KzA3/kvP0A88mSVg==</latexit>



Momentum identification
T = 2.44

<latexit sha1_base64="0jiNbbhebcGn0Bty6c/aSZKghag=">AAAB8HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEBdiAU3Liv0Bm0ok+mkHTuZhJmJUELfwaXtRtz6Pi58DN/ASduFtv4w8PH/5zDnHD/mTGnb/rJya+sbm1v57cLO7t7+QfHwqKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3if5c1nKhWLRE2PYuqFuC9YwAjWxmrUbi/LrtstluyyPRNaBWcBpbvvSaZptVv87PQikoRUaMKxUm3HjrWXYqkZ4XRc6CSKxpgMcZ+2DQocUuWls2nH6Mw4PRRE0jyh0cz93ZHiUKlR6JvKEOuBWs4y88IP/4vbiQ6uvZSJONFUkPlfQcKRjlC2PeoxSYnmIwOYSGbGRWSAJSba3Khg7uAsb70Kjcuy45ZvHu1SxYW58nACp3AODlxBBR6gCnUg8AQvMIGpJa1X6816n5fmrEXPMfyR9fEDX3+T3Q==</latexit>

L = 64

<latexit sha1_base64="bfC1xCFZ5KDQqFZAQkffI52paVk=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAyI8XLQiy4ceGigr1AO5RMmmlDk8yQZIRS+gouvYG49YVc+Bi+gZm2C239IfDx/+eQc04Qc6aN6345mYXFpeWV7GpubX1jcyu/vVPTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfpXn9nirNInlnBjH1Be5KFjKCTWrdXJyU2vmCW3THQvPgTaFw+f2S6rXSzn+2OhFJBJWGcKx103Nj4w+xMoxwOsq1Ek1jTPq4S5sWJRZU+8PxrCN0YJ0OCiNlnzRo7P7uGGKh9UAEtlJg09OzWWoeBeK/uJmY8MwfMhknhkoy+StMODIRSndHHaYoMXxgARPF7LiI9LDCxNgL5ewdvNmt56F2XPRKxfNbt1AuwURZ2IN9OAQPTqEM11CBKhDowQM8wbMTO4/Om/M+Kc04055d+CPn4wd3oJNj</latexit>

� = 80

<latexit sha1_base64="JTOXf5TNLdazLrGJgpyLt04NZlw=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4kLArAeNBCHjxGME8IFnC7GQ2GTIzu8zMCmHJ0Q8QvKgHJVe/x4P/4Qc4eRw0saChqOqmuyuIOdPGdb+cldW19Y3NzFZ2e2d3bz93cFjXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcT/zGPVWaRfLODGPqC9yTLGQEGys12qTPrspuJ1dwi+4UaJl4c1Ko5L/fnh78cbWT+2x3I5IIKg3hWOuW58bGT7EyjHA6yrYTTWNMBrhHW5ZKLKj20+m5I3RilS4KI2VLGjRVf0+kWGg9FIHtFNj09aI3Ec8C8Z/dSkxY9lMm48RQSWa7woQjE6HJ+6jLFCWGDy3BRDF7LiJ9rDAxNqSszcFb/HqZ1M+LXql4eWsDKcEMGTiCYzgFDy6gAjdQhRoQGMAjvMCro51n590Zz1pXnPlMHv7A+fgBxoGT+g==</latexit>

“𝑞 = −” sector only

continuum:

lattice:

X

x

e�ipxh⌦|sx|ai 6= 0 =) p : momentum of |ai

<latexit sha1_base64="sXWkNY8+rGYmnL5HlDRuvXM4LkI="></latexit>

!(p) = cosh�1(1� cos p+ coshm)

<latexit sha1_base64="VMuXr/cGk7WGSIQeqoVRgh3iaps="></latexit>

!(p) =
p
m2 + p2

<latexit sha1_base64="e4ObGwtnuA6zF8C6Im1HOB8LQGc=">AAACBHicbVC7SgNBFJ2Nrxhf66MQbQaDEFHCbhDUQgjYWFgkYB6Q3YTZySQZMrO7zswKYYmljb9hqTZia+M3WPgXfoKTR6GJBy4czrmXe+/xQkalsqwvIzEzOze/kFxMLS2vrK6Z6xtlGUQCkxIOWCCqHpKEUZ+UFFWMVENBEPcYqXjdi4FfuSVC0sC/Vr2QuBy1fdqiGCktNcxtJ+CkjTLhwbkjb4SKeT13GNZz/YaZtrLWEHCa2GOSzm8Vvz+udh4KDfPTaQY44sRXmCEpa7YVKjdGQlHMSD/lRJKECHdRm9Q09REn0o2HH/ThvlaasBUIXb6CQ/X3RIy4lD3u6U6OVEdOegPxyOP/2bVItU7dmPphpIiPR7taEYMqgINEYJMKghXraYKwoPpciDtIIKx0bimdgz359TQp57L2cfasqAOxwAhJsAv2QAbY4ATkwSUogBLA4A48gmfwYtwbT8ar8TZqTRjjmU3wB8b7D/d9mpA=</latexit>



Summary

• We develop a spectroscopy scheme of Lagrangian tensor 
network approach

• Quantum number of eigen state is judged by looking at 
associated matrix elements (one-point function)

• BS wave function for low-lying states can be computed 

• Relatively higher momentum states and dispersion 
relation are clearly observed



Future

• Application to other quantum field theories
• Two-particle state
• Scattering phase shift



Backup slides



How to compute matrix elements
hb|Ôq|ai = (U†

OqU)ba

<latexit sha1_base64="+VSBaZU7ng9D5ExtzfGIM+WB2jI="></latexit>

�
T = Ue�!U †�

<latexit sha1_base64="wvMiQyxNXfpr6wZEuHIJ9Lcbxcs="></latexit>

= (U†
T

�m
T

m
OqT

m+1
T

�(m+1)U)ba

<latexit sha1_base64="R64KF40LIvheOSsSeuAlzgWFhm4="></latexit>

�
* T T �1 = 1

�

<latexit sha1_base64="VoAaLevBdJmUpOpXFn0TMj8MBts=">AAACGnicbVDLSgNBEJyNr7i+oh49OBgEBQ27GlAPQiAXvSkYI2RjmJ30JoOzD2Z6hbDkLzz6JR7Vi3jVg3/jJFFQY8EwRVU33V1+IoVGx/mwchOTU9Mz+Vl7bn5hcamwvHKp41RxqPFYxurKZxqkiKCGAiVcJQpY6Euo+zfVgV+/BaVFHF1gL4FmyDqRCARnaKRWoeRJCHDL9nzgLNWQeZxJetH//q+zXbd/7NqeEp0ubrcKRafkDEHHiftFihW6X106PV0/axXevXbM0xAi5JJp3XCdBJsZUyi4hL7tmZkJ4zesAw1DIxaCbmbDu/p00yhtGsTKvAjpUP3ZkbFQ617om8qQYVf/9Qbijh/+ZzdSDA6bmYiSFCHio1lBKinGdJATbQsFHGXPEMaVMOtS3mWKcTRp2iYH9+/V4+Ryr+SWS0fnJpAyGSFP1sgG2SIuOSAVckLOSI1wckceyBN5tu6tR+vFeh2V5qyvnlXyC9bbJ2jMoUA=</latexit>

T = Y Y †

<latexit sha1_base64="+yHWGwyBVf9ENLeYRtk2paGka6Q=">AAAB/nicbVDLSsNAFJ34rPEV69LNYBFcSEmkoC7EghuXFfqkiWUymbZDZ5IwMxFLKPgbunCpbsStP+LCz/APnLRdaOuBC4dz7uXee/yYUals+8tYWFxaXlnNrZnrG5tb29ZOvi6jRGBSwxGLRNNHkjAakpqiipFmLAjiPiMNf3CZ+Y1bIiSNwqoaxsTjqBfSLsVIaalj5VMXIwarI/PcbLVu3AD1OlbBLtpjwHniTEnh4vshw2OlY326QYQTTkKFGZKy7dix8lIkFMWMjEw3kSRGeIB6pK1piDiRXjq+fQQPtBLAbiR0hQqO1d8TKeJSDrmvOzlSfTnrZeKRz/+z24nqnnopDeNEkRBPdnUTBlUEsyxgQAXBig01QVhQfS7EfSQQVjoxU+fgzH49T+rHRadUPLu2C+USmCAH9sA+OAQOOAFlcAUqoAYwuANP4AW8GvfGs/FmvE9aF4zpzC74A+PjB67PmQ4=</latexit>

m = L⌧/2

<latexit sha1_base64="F91Qk4V6WrTE82k/TAscA4osDUg=">AAAB9HicbVA9SwNBEJ2LXzF+RW0Em8UgWEi8CwG1EAI2FhYRzAcmIext9pIlu3vH7l4gHPkXlmojtv4bC/+Nm0sKTXww8Hhvhpl5fsSZNq777WRWVtfWN7Kbua3tnd29/P5BXYexIrRGQh6qpo815UzSmmGG02akKBY+pw1/eDv1GyOqNAvloxlHtCNwX7KAEWys9CRu7rttg+OLUjdfcItuCrRMvDkpVI6CFNVu/qvdC0ksqDSEY61bnhuZToKVYYTTSa4daxphMsR92rJUYkF1J0kvnqBTq/RQECpb0qBU/T2RYKH1WPi2U2Az0IveVDz3xX92KzbBVSdhMooNlWS2K4g5MiGaJoB6TFFi+NgSTBSz5yIywAoTY3PK2Ry8xa+XSb1U9MrF6wcbSBlmyMIxnMAZeHAJFbiDKtSAgIRneIU3Z+S8OO/Ox6w148xnDuEPnM8fS0ST/Q==</latexit>

= (U†(Ue!U †)m(Y Y †)mOq(Y Y †)m+1(Ue!U†)m+1U)ba

<latexit sha1_base64="Dw7DFJFXL34BpBtIA/evyaRW8lg="></latexit>

T �1 = Ue+!U†

<latexit sha1_base64="1SHlwsxONZ55+v9D+35xdQMvjnc=">AAACEXicbVBNS8NAEN34bfyqevSyWARBLYkI6kEsePFYwajQtGWyndalu0nY3Qgl5Bd49KT/wqN6Ea+ePfgz/AcmrQe/Hgw83pthZl4QC66N47xbI6Nj4xOTU9P2zOzc/EJpcelMR4li6LFIROoiAI2Ch+gZbgRexApBBgLPg95R4Z9fodI8Ck9NP8aGhG7IO5yByaVWaS31GQh6mjXTLTezD2zPxma64UcSu5DZXtNvQ9dulcpOxRmA/iXuFykfftwWuKu1Sm9+O2KJxNAwAVrXXSc2jRSU4UxgZvuJxhhYD7pYz2kIEnUjHbyT0bVcadNOpPIKDR2o3ydSkFr3ZZB3SjCX+rdXiJuB/M+uJ6az10h5GCcGQzbc1UkENREt4qFtrpAZ0c8JMMXzcym7BAXM5CEWObi/v/5LzrYr7k5l/8QpV3fIEFNkhaySdeKSXVIlx6RGPMLINbknj+TJurEerGfrZdg6Yn3NLJMfsF4/AWTYn+E=</latexit>

A

<latexit sha1_base64="CuU3FXh9/XpMtQihTXp5L/tLtt8=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuJAyIwV1ZcWNywr2Au1QMmmmDU0yQ5IRytCXcGd1I259HRc+hm9gpu1CW38IfPz/OeScE8ScaeO6X05uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhrdZ3nykSrNIPphRTH2B+5KFjGBjrVbaIZijm3G3WHLL7lRoGbw5lK6/nzNNat3iZ6cXkURQaQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atiixoNpPp/OO0Yl1eiiMlH3SoKn7uyPFQuuRCGylwGagF7PMPAvEf3E7MeGlnzIZJ4ZKMvsrTDgyEcr2Rz2mKDF8ZAETxey4iAywwsTYKxXsHbzFrZehcV72KuWre7dUrcBMeTiCYzgFDy6gCndQgzoQ4PAEL/DqGGfivDnvs9KcM+85hD9yPn4ADWOVfQ==</latexit>

A0

<latexit sha1_base64="bkYqsRJ3/3LYHftfRdvG0UxxiiE=">AAAB+3icbVDLSsNAFJ3UV62PRl26GSyCCymJFNSVFTcuK9gHNLFMppN26MwkzEyEEvIh6lLdiFs/xYWf4R84abvQ1gMXDufcy733BDGjSjvOl1VYWl5ZXSuulzY2t7bL9s5uS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdJX77XsiFY3ErR7HxOdoIGhIMdJG6tnl1MOIwcvszosl5aRnV5yqMwFcJO6MVC6+H3I8Nnr2p9ePcMKJ0JghpbquE2s/RVJTzEhW8hJFYoRHaEC6hgrEifLTyeEZPDRKH4aRNCU0nKi/J1LElRrzwHRypIdq3svF44D/Z3cTHZ75KRVxoonA011hwqCOYB4E7FNJsGZjQxCW1JwL8RBJhLWJq2RycOe/XiStk6pbq57fOJV6DUxRBPvgABwBF5yCOrgGDdAEGCTgCbyAVyuznq03633aWrBmM3vgD6yPH/uWmMs=</latexit>

e�!/2W †

<latexit sha1_base64="x6xJnlIzKD1/JVX+rFmjwvVLD7w=">AAACAHicbVDLSsNAFJ34rPUVHzs3wSK40JqUgrqy4MZlBfuAJi2TyU07dCYJMxOhhm78C125VDfi1v9w4Wf4ByZtF9p64MLhnHu59x43YlQq0/zS5uYXFpeWcyv51bX1jU19a7suw1gQqJGQhaLpYgmMBlBTVDFoRgIwdxk03P5l5jduQUgaBjdqEIHDcTegPiVYpVJH34V2cmyHHLr4pDRstG0Pd/MdvWAWzRGMWWJNSOHi+yHDY7Wjf9peSGIOgSIMS9myzEg5CRaKEgbDvB1LiDDp4y60UhpgDtJJRtcPjYNU8Qw/FGkFyhipvycSzKUccDft5Fj15LSXiUcu/89uxco/cxIaRLGCgIx3+TEzVGhkaRgeFUAUG6QEE0HTcw3SwwITlWaW5WBNfz1L6qWiVS6eX5uFShmNkUN7aB8dIgudogq6QlVUQwTdoSf0gl61e+1Ze9Pex61z2mRmB/2B9vEDsYqaNg==</latexit>

We�!/2

<latexit sha1_base64="PxGhgLgtv/Ascl/Nk0BvTR5RDbI=">AAAB+3icbVDLSsNAFJ3UV62PRl26CRbBhdakFNSVBTcuK9gHtLFMpjft0JkkzEyEEvIh6lLdiFs/xYWf4R84abvQ1gMXDufcy733eBGjUtn2l5FbWl5ZXcuvFzY2t7aL5s5uU4axINAgIQtF28MSGA2goahi0I4EYO4xaHmjq8xv3YOQNAxu1TgCl+NBQH1KsNJSzyy24C456YYcBvi0khZ6Zsku2xNYi8SZkdLl90OGx3rP/Oz2QxJzCBRhWMqOY0fKTbBQlDBIC91YQoTJCA+go2mAOUg3mRyeWoda6Vt+KHQFypqovycSzKUcc093cqyGct7LxGOP/2d3YuWfuwkNolhBQKa7/JhZKrSyIKw+FUAUG2uCiaD6XIsMscBE6biyHJz5rxdJs1J2quWLG7tUq6Ip8mgfHaAj5KAzVEPXqI4aiKAYPaEX9GqkxrPxZrxPW3PGbGYP/YHx8QPyT5ge</latexit>

⇣
* Y = Ue�!/2W †

⌘

<latexit sha1_base64="j/IZcvm/nFCZ4Yv7FyqU0mYS3S8="></latexit>

= (e(m�1/2)!W †Am�1A0AmWe(m+1/2)!)ba

<latexit sha1_base64="mpajuPd8bAkrSQfa+4nExaNFsWg="></latexit>

= (em!U†Y (Y †Y )m�1Y †
OqY (Y †Y )mY †Ue(m+1)!)ba

<latexit sha1_base64="rWac5vQma2jEnIsLVY5u30QU+Mc="></latexit>

Ã0

<latexit sha1_base64="luR9jt655j+SkNQIWUvwGwvmBaw=">AAACAXicbVDLSsNAFJ34rPUVFVduBovgQkoiBXVlxY3LCvYBTSyT6W07dCYJMxOhhK78Ct25VDfi1u9w4Wf4B07aLrT1wIXDOfdy7z1BzJnSjvNlzc0vLC4t51byq2vrG5v21nZNRYmkUKURj2QjIAo4C6GqmebQiCUQEXCoB/3LzK/fgVQsCm/0IAZfkG7IOowSbaSWvetpxtuQepRwfDG89WLJBLTsglN0RsCzxJ2Qwvn3Q4bHSsv+9NoRTQSEmnKiVNN1Yu2nRGpGOQzzXqIgJrRPutA0NCQClJ+Ozh/iA6O0cSeSpkKNR+rviZQIpQYiMJ2C6J6a9jLxKBD/2c1Ed079lIVxoiGk412dhGMd4SwO3GYSqOYDQwiVzJyLaY9IQrUJLW9ycKe/niW146JbKp5dO4VyCY2RQ3toHx0iF52gMrpCFVRFFKXoCb2gV+veerberPdx65w1mdlBf2B9/AC7Upt1</latexit>

A

<latexit sha1_base64="100JuaV0JGZueEY+5euNb3X7hXA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRbBhZQZKagrK25ctmAv0A4lk55pQ5PMkGSEMvQJXKoLi1sfyYWP4RuYabvQ1h8CH/9/DjnnBDFn2rjul7Oyura+sZnbym/v7O7tFw4OGzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkM77K8+QhKs0g+mFEMviB9yUJGibFW7bZbKLoldyq8DN4cijffb5km1W7hs9OLaCJAGsqJ1m3PjY2fEmUY5TDOdxINMaFD0oe2RUkEaD+dDjrGp9bp4TBS9kmDp+7vjpQIrUcisJWCmIFezDLzPBD/xe3EhFd+ymScGJB09leYcGwinC2Oe0wBNXxkgVDF7LiYDogi1Njz5O0dvMWtl6FxUfLKpeuaW6yU0Uw5dIxO0Bny0CWqoHtURXVEEaAn9IJeHeE8OxPnfVa64sx7jtAfOR8/91WSkw==</latexit>

A0

<latexit sha1_base64="hIgUg/ESclXMRafEBzfEqULK+C8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAILqTMSEFdWXHjsoK9QDuWTJppQ5PMkJwRytCXcGd1I259HRc+hm9gpnWhrT8EPv7/HHLOCWLBDbjup5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1geJ3lzQemDY/UHYxi5kvSVzzklIC1Wlf3nVhzybrFklt2p8KL4P1A6fLrKdOk1i1+dHoRTSRTQAUxpu25Mfgp0cCpYONCJzEsJnRI+qxtURHJjJ9O5x3jI+v0cBhp+xTgqfu7IyXSmJEMbKUkMDDzWWaeBPK/uJ1AeO6nXMUJMEVnf4WJwBDhbH/c45pRECMLhGpux8V0QDShYK9UsHfw5rdehMZp2auUL27dUrWCZsqjA3SIjpGHzlAV3aAaqiOKBHpEz+jFAWfivDpvs9Kc89Ozj/7Ief8GWqeVsA==</latexit>


