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1. Concepts of quantum simulation Rev. Mod. Phys. 86, 153 (2014)
Nature 534, 516-519(2016)

Quantum system:
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Kogut-Susskind Hamiltonian formulation of the Schwinger model
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1.1 Analog quantum simulation

Example: cold atoms in optical lattice
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Science 349, 842-845 (2015)
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1.2 Digital qguantum simulation PRXQuantum 3, 020324 (2022)
The Schwinger model: e_iﬁt _ (e_iﬁ5t)M t = MSt
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Suzuki-Trotter decomposition:
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1.3 Variational quantum simulation

Rev. Mod. Phys. 94, 015004 (2022)
Nature 569, 355-360 (2019)
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2. Superconductmg quantum processors

\ Transmission Line
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Science 364, /53-756 (2019)
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{>Bose Hubbard (BH) model: H = JZ ( & +hec. ) - ZZn ( 1) - Zhjﬁj

Jj=1 j=1 Jj=1

J2x ~12MHz  U/2n ~ — 240MHz ‘ (U /J ~ 20

Hard-core BH model:
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Example1: ladder-type circuit arXiv: 2207.11797

-a

)
\ e J%

E

-
- = B
é 2| IS
|
Dé C.%Qm,t@ﬁ%1ﬁ 1

Il

=
1
=
"
=
"
=
"
=
ot
=T
"
=
0

o

=

w =jl= i
24 da,.t Qyy ds,; Qs dm; a4 Qay Qo Qi1 Qig Qs
. - } . ) § ) - ) ¢ $

» ~ -
. . . »
* L

i | — . !
! . )
—s $ . S \ ¢ e T
. . / | —— . — ) -
L - * ] | - L { (
. . . - -*- - > | . \
1 . | . . . | ¢ . J 4 — ) ( . ) 1 — ) T
{ }
4 . 4 . . . 4 . y 1 0——) . ) 4 | Y )
. . . . . - ] *—
s 4 $ 4 - { B ( L ’ L !
. . . *—— . ! . | ! !
T . . . ! > | ¢ ' 1 - ! % —e ) 1 ?
i ! {
. ! » 4 . | . ) $ . y 1 . ) 1 ! $
. . . e ! . $ $
s | ' S $ - !
. . . . . . | |
ry )
. . | . { = — T e
! i i !
’ * * - * B b - * - 0 . . ) | !
) )
- . L - . B, . | B — e G * -
\
. . T B " B " B B 1 4
- - -

A

b Coupling strength for the 30-qubit experiment (MHz) Jij/ 2T
0640 0767 0654 0783 0697 0783 0718 0783 0669 0783 0673 0727  0.660

D s

At—@
AR AT e e T AT
R IR AN

0.803 0.673 0.802 0.693 0.765 0.684 0.878 0.641 0.765 0.666 0.758 0.646 0.784




Example2: the circuit with all-to-all connectivity
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Toolbox

Controllability of single qubits:
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Example3: the circuit with couplers between qubits

Science 360, 195-199 (2018)
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3. Analog quantum simulation of dynamical phase transitions

Hamiltonian of the superconducting circuit with all-to-all connectivity: Hi/f = 27‘1)(6 G; +0; 0; )+hxz G
1<j j=1

1
Uniform-coupling assumption: 7\2(0 o; +H.c.)=(J/N)[S*=(§9)7] S%= 5 Z o,  A=XY2

i<j

Initial state: |yp) =100...0) asthe eigenstate of  §% = ($9)? + (SY)* + (59 [§%,5%1 =0

exp [—i(Hy/A) ] | 00...0) o< exp(—i Hipg?) |00...0)  Hiyg = —(J/N) (8% + uS”*

J=NA U= 2h*  critical point: héc = NA/4

Sci. Adv. 6, eaba4935 (2020)



Sci. Adv. 6, eaba4935 (2020)
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4. Analog quantum simulation of strong and weak thermalization

An array of superconducting qubits

with transverse field
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Experimental data of local observable and entanglement entropy:
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5. Analog quantum simulation of energy-resolved many-body localization

Many-body localization (MBL) Nat. Phys. 17, 234-239 (2021)

Long-range XX model:

H / h = Z{m,n}EN]m" (6:10; T 0;10;'1_)
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V: strength of disorder

B Qubit Bus resonator [ Readout resonator XY line Z line Readout line




E — Emin
Normalized energy of initial states: &€= E = (yo| Hwp)

Emax Il Emin

Nat. Phys. 17, 234-239 (2021)

Mobility edge: the transition between thermalization and MBL is dependent on the normalized energy

Localized

Energy

Thermalized

i >
Disorder strengih Unitary time evolution



1.0

Nat. Phys. 17, 234-239 (2021)

Experiment
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