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Self-introduction

my research subject: lattice gauge theory
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open problems in lattice gauge theory

quantum computer © Google



What's a quantum computer?

classical computer quantum computer
c-bit=0o0r1 q-bit = a|0) + b|1)
tion ~ {+ } tion (U1 Uz)
operation ~ {+,—,X, - operation ~
P P Us U,

superposition of 2V statesl!



What's a quantum computer?

eX. classical Markov-chain Monte Carlo
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What's a quantum computer?

eX. classical Markov-chain Monte Carlo

superposition is lost

accept f
update V&G‘S{f‘e new

[ old configuration decide accept/reject

no cloning theorem

( old configuration ]
reject l

classical algorithm # quantum algorithm



What's a quantum computer?

noisy infermediate-scale quantum (NISQ)
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Introduction

Let's make algorithms for lattice gauge theory!l

unfortunately, no physics discussion...



Introduction

Hamiltonian formalism Lagrangian formalism

E = (U|H|U)
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Introduction

contents of this presentation:

1. Hamiltonian formalism (prelude)

2. Lagrangian formalism



1. Hamiltonian formalism (prelude)

(o) = e W) )

real-time simulation quantum computer



1. Hamiltonian formalism (prelude)

Z, lattice gauge theory link variable (gauge field)

classical +1 or — 1

quantum al|+1) + b|—1) < 1 qubit



1. Hamiltonian formalism (prelude)

2-dim. Hamiltonian

H=—2X—zZZZZ X| 2 Z

link plaq /




1. Hamiltonian formalism (prelude)

2-dim. Hamiltonian

H=—2X—zZZZZ X| 2 Z

link plaq /

I Wigner duality

H=—zZZ—zX 17| %

link site




1. Hamiltonian formalism (prelude)

2-dim. Hamiltonian

H=—zX—zZZZZ N ~2L,L,

link plag 4-qubit operation

I Wigner duality

H=—zZZ—zX NNLxLy

link site
2-qubit operation




1. Hamiltonian formalism (prelude)

real-time simulation

(W(t)) = e |¥(0))
N (He—iZZStHe—iXSt)l w(0))
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1. Hamiltonian formalism (prelude)

real-time simulation

(W(t)) = e |¥(0))
N (He—iZZStHe—iXSt)l w(0))

= (gates)' |¥(0))

classical computational cost quantum computational cost

02Y) >  O(NP)



1. Hamiltonian formalism (prelude)

two static charges (two Wilson lines)

energy at a certain point

Yamamoto (2021)
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1. Hamiltonian formalism (prelude)

two static charges (two Wilson lines)

electric field ¢=0 magnetic field =0

|

energy at a certain poi

Yamamoto (2021)

ot=0.05 —+—
o0t=0.10 ——
o0tr=0.20 —~

electric field =5

magnetic field =35




1. Hamiltonian formalism (prelude)

Yamamoto (2021)
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2. Lagrangian formalism

Z=fDUe‘S —>

how to encode?

Euclidean path integral quantum computer



2. Lagrangian formalism

classical sampling (Monte Carlo)

Z = DU e_S ~ with weight e_S

gauge configuration 1

random number > gauge configuration 2 > ensemble average




2. Lagrangian formalism

quantum sampling

Z = DU e_S ~ with weight e_S

gauge configuration 1

quantum fluctuation

> gauge configuration 2 > ensemble average

of devices




2. Lagrangian formalism

quantum sampling algorithm  wild et a/ (2021)

matrix representation of classical action

l

H=N(I—-e>?Me%/?)

T

matrix representation of Markov chain

ground state <— classical ensemble



2. Lagrangian formalism

Z, lattice gauge theory U=+1




2. Lagrangian formalism

Z, lattice gauge theory U=+1
S=—,BZUUUU X 5=—,BZZZZZ
plaq matrix representation plaq

(U, U,,, Uy} U UZ) - |Up)



2. Lagrangian formalism

= Z % (I ~ tanh(FCr) Zn = coshéBCn) X")
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“staple” operator



2. Lagrangian formalism

= Z % (I ~ tanh(FCr) Zn = coshéBCn) X")
" T

“staple” operator

1
Ny =—2 e °/2|\UN|U,) - |U > {Up, Uy, -+, Up}
| ) \/E | 1>| 2> | N> measurement 1 2 N

gauge configuration !l



2. Lagrangian formalism

quantum adiabatic algorithm  Farhi er 4/ (2000)

ground state of full Hamiltonian ground state of solvable Hamiltonian

l l

w= || v
[=1,-L

T

U(1) = exp[—idtHy], -, U(L) = exp[—idtH]



2. Lagrangian formalism

benchmark test

v' noiseless simulator

v’ Z, pure gauge theory

v’ 2%_site lattice



2. Lagrangian formalism

vy = | | v v
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hot start
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2. Lagrangian formalism

1 . . . .
:.-
g.-
vy = | | v v | z
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2. Lagrangian formalism

Compared with Hamiltonian formalism...

past experience, Lorentz invariance, classical storage

Compared with classical simulation...

quadratic speedup  Wwild 7 a/ (2021)

fermion is more important



v' quantum sampling for Euclidean path integral

v' benchmark of Z, pure gauge theory

v' useful someday in the future...



