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Hamiltonian formulation of Wilson’s lattice gauge theories
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Wilson’s lattice gauge model is presented as a canonical Hamiltonian theory. The structure of the e

model is reduced to the interactions of an infinite collection of coupled rigid rotators. The

gauge-invariant configuration space consists of a collection of strings with quarks at their ends. The 20

strings are lines of non-Abelian electric flux. In the strong-coupling limit the dynamics is best described @
in terms of these strings. Quark confinement is a result of the inability to break a string without 0

producing a pair. 1975 1987 1999 2011 2023
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Kogut and Susskind (1975)
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M.Rigobello et al., arXiv:2308.04488

WFI7TILZIAY-> AEVZEE (Jordan-Wigner Zi)
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Nf=1 Schwinger model
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Variational algorithm, A. Yamamoto Phys. Rev. D 104, 014506 (2021), Tomiya arXiv:2205.08860
Entangelement entropy, K.lkeda et al. arXiv:2305.00996
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Lagrangian in continuum
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Hamiltonian in continuum

Hamiltonian on lattice (staggered fermion, link variable)

Remove gauge d.o.f. (OBC and Gauss law constraint)
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Spin Hamiltonian using Pauli matrices(Jordan-Wigner trans.)
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Ex) Schwinger model with open b.c.

g@

Canonical momentum: I1=9,A' + ;
T

Link variable: L, < —TI(x)/g, U, < ¢~asA'®),
w,(X) n:even

Staggered fermion: 4= <—>{

Va

w,(x) n:odd

Gauss law: [ —(=1)"
0=0Il+gy'y— L, —L,,=xx-
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- Xn o Yn o :
Jordan-Wigner trans.: 1, = H(_lzi)
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# of qubits
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IBM released
cloud QC.

Google started QC
device
development.
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Quantum
Computational
Supremacy

Hello quantumworld! Google publishes
landmark quantum supremacy claim

The company says thatits quantum computer is the first to performa
calculation that would be practically impossible for a

@ 53Q@IBM
53Q@goo¢ 2!
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classical machine.

.................................................................................................................................

IBM
>100 qubits

....................................................................

lonQ 32qubit
QV: 4x1068

https://jp.newsroom.ibm.com/
2021-11-17-IBM-Unveils-
Breakthrough-127-Qubit-Quantum-
Processor?Iink=jphpv18I1&Ink2=learn

https://www.forbes.com/sites/moorinsights/

2020/10/07/ ong-relea se -a-new-32-qubit-tra pped
ion-quantum-com puter-wi ith-massive -quantum-

volume-claims/?sh=632a 87163b39

........................................................

IBM
>400 qubits

https://newsroom.ibom.com/2022-11-09-IBM-
Unveils-400-Qubit-Plus-Quantum-Processor-and-
Next-Generation-IBM-Quantum-System-Two

2021 2022 2023 2024

Figure given by Keisuke Fujii @QIQB, Osaka U.
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Hello quantumworld! Google publishes
landmark quantum supremacy claim
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>100 qubits
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N qubits = 2" Hilbert space

Fugaku supercomputer T

(No.1 in world ranking) i
. 5 >400 qubits
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Total memory:
4 .85P1Byte

50 3 te TN ” ' : | T T S—— - ........................... : ---.-----------.----.---..-.:-..--...--..--..---.---..--.:.----.--.----.----.---..---i ................ Unveils-400-Qubit-Plus-Quantum-Processor-and-
‘ w | =8 = 2 Next-Generation-IBM-Quantum-System-Two
2 Y o | P | 2070 207 202 202 202

..............................................................................................................................

Figure given by Keisuke Fujii @QIQB, Osaka U.

40



charge-qg Schwinger model ('t Hooft anomaly matching)
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Pseudo-Scalar condensate
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charge-q Schwinger model ('t Hooft anomaly matching)
Staggered fermion®massfiiE

- » - 1
masslessOFElogREITIEOTIFARW?  sree=— T )
m/1+ (ua) /1 + (ua)?

INZ )L ZTF7 VERICE T Bstaggered fermionDEFEIR R & DXL IC O@) DHEIENEL B

Dempsey, Klebanov, Pufu, Zan:arXiv:2206.05308

Scalar cond.
Peudo-Scalar cond.

Condensates

o 0.02 0.04 0.06 0.08 0.1 0.12 N0 0.04 0.08 0.12 0.16 0.2



