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Two Paradigms: Erorr correction and NISQ
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“ Tell me something I didn’t know before ”
-a theoretical physicist



Jiscoverino

Discoveries made by NISQ processors,
which could also been made in theory or by
using classical computing resources.




Dynamics of magnetization at infinite temperture in a
Heisenberg spin chain
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Domain wall dynamics in a Heisenberg spin chain of 46 qubits
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Transferred magnetization ,/\/l(t)/2 = NR71 (bt) — NR,l (bz)
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Kardar-Parisi-Zhang (KPZ) Universality Class
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The KPZ conjecture :

KPZ Heisenberg spin chains
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Mean, (M)

Mean and Variance of M — consistent with KPZ
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=== Noiseless simulation agreement with

Noisy simulation cold atom experiments: Wei et al., Science 376, 2022
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Higher moments of the transferred
magnetization

| usually do not study universality classes
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But when | do, | measure higher moments too

Significance of studying higher moments in
determining dynamic universality classes ?
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NLFH = non-linear fluctuating hydrodynamics
(De Nardis, Gopalakrishnan, and Vasseur, 2023)

CLL = classical Landau-Lifshitz
(Krajnik, llievski, and Prosen, 2022)
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Realizing topologically ordered states on a quantum processor
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Z parity, (A)

Gate sequence to create ground-states

=0, ¥p,v > 16 = LI+ B0 L o taurations
0.9 @ ®n O)OPONO /N N
080006000 232508280 %2626 % - S Te%e
N Y Y Y ARY Y Y Y s®/®/‘4 N \3’.\34
r N
2 %N r&'&\ 70‘0‘0
o G2 o o %

X parity, (B)

1

A\ A\
L S8 eatest W




Topological entanglement entropy
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Stopo = 94 +SB +Sc — Sap — Sec — Sac + Sasc
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Abelian braiding statistics by Ramsey interferometry
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Non-Abelian braiding of graph vertices in a superconducting processor
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— “visualized” by stabilizer graph

Stabilizer set = { S (local operators) }, S| ¥)=+|¥)

{s,S,8S, ...,S,,S,} — Stabilizer set

Andersen et al. NACUIE 618, 264-269 (2023)



“quasi-particles” — Plaquette violations
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Unitarily modifying wavefunctions to have “defects”
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Unitarily modifying wavefunctions to have “defects”
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Recipe to modifying wavefunctions to have Degree-3 vertices A\
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Experimentally verifying the fusion rules
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Experimentally verifying the fusion rules

Step |

(ii)—> (iii)

Gate
U_(X2,1Z2 )

U_(X2,2Z2 3)

(ii)—>(iv)

Ny
(0

=
®
(m)
d
2
©
(o)
X
[m]
e
@
()
N

swil



Time

_ e : Fermion can
Experimentally verifying the fusion rules fuse into a D3V
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Time

_ e : Fermion can

Experimentally verifying the fusion rules ;. "~ ~"0ay
Step
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Two D3Vs can store (and
later reveal through fusion)
either zero or one fermion




Visualizing Dynamics of Charges and Strings in (2+1)D Lattice Gauge
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Visualizing Dynamics of Charges and Strings in (2+1)D Lattice Gauge
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Phase diagram of the LGT
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Confinement of electric excitations
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Confinement of electric excitations
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Dynamics of the string connecting two fixed electric particles
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Dynamics of the string connecting two fixed electric particles

Vacuum fluctuations
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“I have a feeling we are not in Kansas anymore ”




Improvement in fidelities from Sycamore to Willow
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Theoretical properties vs. physical properties
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