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Abstract: The sign structure of quantum states is closely connected to quantum phases of matter, yet detecting such fine-grained prop
amplitudes is subtle. We employ as a diagnostic measurement-induced entanglement (MIE)-- the average entanglement generated betv
parties after measuring the rest of the system. We propose that for a sign-free state, the MIE upon measuring in the sign-free basis decays |
than correlations in the state before measurement. Concretely, we prove that MIE is upper bounded by mutual information for sign-free st
states (essentially CSS codes), which establishes a bound between scaling dimensions of conformal field theories describing measuremen
critical points in stabilizer systems. We also show that for sign-free qubit wavefunctions, MIE between two qubits is upper bounded by a ¢
two-point correlation function, and we verify our proposal in several critical ground states of one-dimensional systems, including the transvers
and tri-critical Ising models. In contrast, for states with sign structure, such bounds can be violated, as we illustrate in critical hybrid ci
involving both Haar or Clifford random unitaries and measurements, and gapless symmetry-protected topological states.
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Motivation

Sign structure: computational barrier for Monte Carlo approaches
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Sign structure: computational barrier for Monte Carlo approaches

How physical is sign structure?
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Motivation

Sign structure: computational barrier for Monte Carlo approaches

How physical is sign structure?

How to probe sign structure? What are observable manifestations?
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Sign Structure

Monte Carlo needs local basis in which
Hamiltonian off-diagonal matrix elements are real and non-positive

(x|H|y)<0 (x|e?H|y) >0
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Quantum phases of matter with “intrinsic” sign problem:

Every commuting projector Hamiltonian w/ double semion topological order has sign problem
Hastings (2015)
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Monte Carlo needs local basis in which
Hamiltonian off-diagonal matrix elements are real and non-positive
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Quantum phases of matter with “intrinsic” sign problem:

Every commuting projector Hamiltonian w/ double semion topological order has sign problem
Hastings (2015)

Extended to many other topological orders
Ringel, Kovrizhin (2017), Smith, Golan, Ringel (2020)
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Sign Structure

Monte Carlo needs local basis in which
Hamiltonian off-diagonal matrix elements are real and non-positive

(x[H|y)<0 (xle”P|y) 20
Quantum phases of matter with “intrinsic” sign problem:

Every commuting projector Hamiltonian w/ double semion topological order has sign problem
Hastings (2015)

Extended to many other topological orders
Ringel, Kovrizhin (2017), Smith, Golan, Ringel (2020)

R

Sign structure at level of ground state implies sign problem for parent Hamiltonian
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How to detect sign structure?

1d non-negative state with zero correlation length:

L Measure in reference basis
. 11 R | 1 ) -
l S(pa) < £(L)
F(L) decays rapidly to zero
st 1] I s S, e ] B e
A Hastings (2015)
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How to detect sign structure?

1d non-negative state with zero correlation length:
Rough picture:

L Measure in reference basis
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How to detect sign structure?

1d non-negative state with zero correlation length:
Rough picture:

L Measure in reference basis
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“measurement-induced entanglement” (MIE)

See also “localizable entanglement”

Verstraete, Popp, Cirac (2004)
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