/\_/\

Quantum Simu)ation of- I’lfeﬁmb& M> de |

Masahity Yamazaky

— N . A ) .
% ? j( ? I P M U INSTITUTE FOR THE PHYSICS AND
/N MATHEMATICS OF THE UNIVERSE

C ’ THE UNIVERSITY OF TOKYO

J\Al)/ /3, 202 b

@uantHEP @ ‘~Qs’ Queen Mary

University of London



1 ntvo Au CHioln
T —




h /
We ove vow in the Uity Era’
with  0000) qubify
9 \
N

v pntum @ M PAT o’l‘fohg\

hord +v be Simu|sted CIMD




We ove vnow in The Uh\|—r7 Era
\VJ'H\ O (lov) o]“b"m

Quﬂl’)“'\dm MMF“TO_,,IDHS\

l'\0‘“’? +o be Summlo'r%l (/loﬁiléa

HO\\I 0}\7 )/D\). Mmake S\'\V‘e,

\quhmo MMfM'I‘G‘flow |5 m(re(/—’—j/\




/m, c)osSical 31 mu| ot ons Qe
3\ }9/ deac.vnﬂon o~ a\/d|}ﬁb‘ﬂ L\(V{/ ..

\




/m/ c)osSical 31 mu| ot ons Qe
3\ }9] dﬂa‘:wh Ton o~ ox\/éﬂ}ﬂb‘ﬁ L\Upe/ .

\

W hat ha\?yevw.s |5 He SysStum
cap be  Soled a‘ha\/ﬁcc«h/'?l




/m/ 6,6‘5-SIC“\ J.mu\e—rlnns Qe
3\ }9] &%V\VHO\O ot~ ox\/d|)ﬂb‘ﬁ L\Upe/ .

\
W hpt hapyevws |5 e SySTam
can be  Soled aha\/ﬁcall/ 7

\Wh ot Lom pdtey f—} Solwed alpready 2
Q\@\A m p }K%




;'V;Jrc[jmla}@ models as sTepping  Stohes




In*gaycb\_@ Msde g . ! 2)40{/‘)"7/ \Sol«\/chll
— —

¢ Some ob_Se\f\/a\o\Q¢ Coawn be/ U)W’P\I‘I’ecl -e)(oc/fy

» mary ConSevded  ch ovges i@n} : d Qy
aAx

=0

—

Me asue Qn on g4 ontum hovrdwoeve

[dvp <

\/



B

—

Tdep: Measwe Qn on quontum hordwoere

\/

p\ '
bench mark QU aitum ’ Stedy the pHY<icS o7C

| | Dy ) '
ol eni (e | ntegrebility (oreeki)
. heise | 0 /%ﬂﬁ\\'/’\}/_ PWMVbG‘I\o\A
® ovVDr m;-}{go—ﬁw | 4 ﬁdmaﬁfzo‘\‘\'bw

/ wwreection ‘ hon — 9uilibvi wm dynemicg

)



Why  guanty ater 5 <olved aolready 7
Y guentim  Lomp 'S' Ql/‘ea}‘lg\;

X T
\/\)e, Can

¥  Vevi 347 reSa\tc ¥ bardymark. dal cel

ul S’i’uo\)( w 3=V ed cbse_v\/a\a\@s

X break XKolyo bl'lﬁ'y b)f pertu V¥ beton

X S-I'ud)« Ty\eywﬁ,o;za.\_\'m (ETH bVquq'vxﬁ)
¥ wmpore with chashec Sysremgs

—




@\A&lvrl-um S,’mm\ a-Hon

—

_ZA'J‘eSer'Q,

M des




1 storted working on s in 202l

AT X1V > quant-ph > arXiv:2208.00576

Help | Advanced
Quantum Physics

[Submitted on 1 Aug 2022 (v1), last revised 3 Apr 2023 (this version, v2)]

Conserved charges in the quantum simulation of integrable spin chains
Kazunobu Maruyoshi, Takuya Okuda, Juan William Pedersen, Ryo Suzuki, Masahito Yamazaki, Yutaka Yoshida

When simulating the time evolution of quantum many-body systems on a digital guantum computer, one faces the challenges of
guantum noise and of the Trotter error due to time discretization. The Trotter error in integrable spin chains can be under
control if the discrete time evolution preserves integrability. In this work we implement, on a real quantum computer and on
classical simulators, the integrable Trotterization of the spin-1/2 Heisenberg XXX spin chain. We study how quantum noise
affects the time evolution of several conserved charges, and observe the decay of the expectation values. We in addition study
the early time behaviors of the time evolution, which can potentially be used to benchmark quantum devices and algorithms in
the future. We also provide an efficient method to generate the conserved charges at higher orders.
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