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measurement-pased state preparation

N Lieb Robinson bounds, Bravyi, Hastings, Verstraete 2006;
Raussendorf 2001; Cirac 2008; Cirac 2021; Vishwanath 2022
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preparing cat states
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circuit imperfections

coherent noise

/ gate imperfections

C/ ~ e_’%ZZ weaken measurement
finite depth o /

iIncomplete rotation
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conceptual question

Does the formation of | leiple - =lale = <ii=he == In these engineered states

entail a similar_as known fromqguantum ground states”?
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circuit imperfections

coherent noise
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post-measurement state

unitary evolution times
lock temperature & coupling
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post-measurement state
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random bond
Ising model

/b Nishimori (1981) T
thermal fluctuations and disorder “temperature”

disorder are locked

RG scaling axis
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internal energy is analytic
correlation (in-)equalities
free energy = frustration entropy

unstable multi-critical point
separate FM / PM / SG phases
reentrant phase boundary

Nishimori physics
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Nishimori pnhysics

Nishimori (1981) T
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decoding Nishimori physics
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decoding Nishimori physics
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tensor network
calculations



hybrid tensor network & Monte Carlo Py & 4

two degrees of freedom

{s} traced by Monte Carlo

{sigma} traced by tensor network Pisy = -
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Monte Carlo
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devices

|IBM quantum clouo

NISQ devices built on transmon qubits

heavy-hexagon geometry
Lieb lattice
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ongoing collaboration with Havard & IBM teams
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decoding versus order parameter
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stabilizer codes




measuring stabllizers

unitaries + measurements non-unitaries + randomness
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measuring stabllizers
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monopole disorder flux loop detects
9 G (DD
0 71'/4 tA
0 + 00 p

t, ~ 0.192x

random plaquette Ising gauge model on [/ L

_y Z ¢ B uncorrelated RPGM
Pisy X Loy = Z,e prr .~ 0.033
¢ Dennis, Kitaev, Landahl, Preskill 2002;
{o} Ohno, Arakawa, Ichinose, Matsui 2004
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summary



summary

arxiv:2208.11136

* shallow deterministic quantum circuits

stable long range entanglement and quantum criticality

e analytical solution

Lieb lattice geometry

e experimental realization

go-to: IBM’s heavy-hexagon transmon platform

e Qutlook

* topological orders (twisted, non-Abelian, fracton, chiral, ...)
e universe of conformal quantum critical points — unitary and non-unitary

 Floquet codes

Guo-Yi’s talk
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