Monitored Kitaev Models

Quantum circuits, entanglement dynamics, and synthetic fractionalization
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quantum
measurements



guantum measurements

Quantum measurements can
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joint measurements
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joint measurements

Ippoliti, Gullans, Gopalakrishnan, Huse & Khemani, PRX (2021)
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Hamiltonian vs. monitored dynamics

Hamiltonian dynamics measurement dynamics
* equilibrium dynamics of isolated systems * out-of-equilibrium dynamics of open systems
* unitary evolution * non-unitary evolution
* energy conserved * energy not conserved
* quantum ground states * long-time steady states
* area-law entanglement structures * plethora of entanglement structures
* macroscopic entanglement (spin liquids) * macroscopic entanglement (spin liquids)
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Nishimori physics

warm-up




commuting vs non-commuting measurements

Guo-Yi Zhu
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Kitaev spin liquid

e commuting e hon-commuting
* parallelized * sequential

* NO dynamics * dynamics
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thermal fluctuations and
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commuting vs non-commuting measurements
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Kitaev spin liquid

e commuting e hon-commuting
* parallelized * sequential

* NO dynamics * dynamics
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Kitaev circuits

Quantum Magnetism meets Quantum Computing



frustration and entanglement
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imaginary time vs. measurement-only dynamics

Hamiltonian ground state
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e no disorder
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Majorana interaction
— Majorana surface code

not (commuting)
plaguette flux

even interacting problem can be simulated in - - - -

polynomial time (in Heisenberg picture)
/ J /1249 X3X4Y5Ys

Nahum, Skinner 2020; Lavasani, Luo, Vijay 2023; Sriram, Rakovszky, Khemani, Ippoliti 2023; Zhu, Tantivasadakarn, ST 2023: + Majorana interaction
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entanglement phase diagram

quantum Lifshitz scaling
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entanglement & circult geometry

hexagonal geometry dodecagonal geometry

a) honeycomb Kitaev b) Kekulé Kitaev ¢) Kitaev w/ n.n. neighbor d) Yao-Kivelson
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Majorana loop models
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\ geometry (e.9. honeycomb) (e.g. Yao-Kivelson)
symmetry BDI D
class
O% ﬁ @ closed 8‘% loop symmetry orientable non-orientable
P 2 E  field theory cp! RP"™
g-/ Y aangement |
. g Ex scaling VD - Llog(L)
I | % e S e —— e e o ‘\
i 11 1 |
5 © dynamics P(f) ~ const. Pl)~(L—0)" 2 J
loop fugacity — e —————
circuit entzgg:ﬁ]rgent L +log L L — Ytopo
n=1 — . .
& \/5 Maj. spectrum gapless Dirac gapped Chern

© Simon Trebst



http://www.thp.uni-koeln.de/trebst/

pulk loop statistics

distribution of bulk loop lengths

. greater mobility of loops
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diffusion constant D

entanglement phase transitions

loop diffusion picture
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entanglement phase transitions

critical exponents
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imaginary time vs. measurement-only dynamics

Hamiltonian ground state

e Py
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 brickwall circuit

e no disorder

Floquet weak measurement
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 brickwall circuit

e Born disorder

random weak/strong measurement

 stochastic circuit
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round 1 round 2 round 3 round 4 round 5

dynamically generated logical qubits

* Floquet dynamics

* two-qubit Pauli operators

* quantum error correcting code
* two logical qubits

What happens when you turn stabilizers

from projective measurements into_

Hastings & Haah, Quantum 5, 564 (2021)

Kekulé pattern / color code

© Simon Trebst


http://www.thp.uni-koeln.de/trebst/

measurement-induced Majorana dimer crystals & RVB states
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Majorana liquid
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synthetic fractionalization — double-peaks

weak measurement-only circuit Hamiltonian at finite temperature

qubit spin

fractionalization fractionalization
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Hamiltonian vs. monitored dynamics

Hamiltonian dynamics measurement dynamics
* equilibrium dynamics of isolated systems * out-of-equilibrium dynamics of open systems
* quantum ground states * long-time steady states
* area-law entanglement structures * plethora of entanglement structures
* macroscopic entanglement (spin liquids) * macroscopic entanglement (spin liquids)
* finite-temperature fractionalization * weak-measurement fractionalization
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