Nonstabilizerness in open XXZ spin chains
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Nonstabilizerness and the quantum advantage

SRE dynamics and universal scaling

Why do we need non-stabilizer states? AT,
» Stabilizer states: prepared by Clifford operations (CNOT, Pauli, Hadamard, ...) o 500
from |O>®L. . 600 .
> Stabilizer states are classically simulable in polynomial time (Gottesman—Knill : " ~F ! 1Y
theorem [1]). 100 ” /
» Computational hardness necessary to achieve quantum advantage requires a7 I“
“magic states” (non-stabilizer states) to obtain a universal gate set [2]. 0 ; = o ; xRk ; t
How to quantify the degree to which a state is non-stabilizer? la=00 A= A =20
Stabilizer Rényi Entropy (SRE) measures the distance of a state from the set | | |
of efficiently simulable stabilizer states [3]. Sl
Let L be the number of qubits and the set P, of Pauli strings P, SR 4
L = | L N I P £ P S x
Pe=AQQP I R e{l,X, Y, Z}}, [Pu] =4~ . 2 L 5
| J=1 - o | - 10! o 10 10! 10°% 102 tJ/L31/%1 107 10~ 10~ t }0/—22 10-! 100
The expectation values (|P)? form a probability distribution. For stabilizer o |
states, the distribution is peaked: (:|P|)2 = 1 (2L values), and (:)|P|y)2 = (Top) Magnetization and (bottom) SRE evolution for A € {0,1,2} at © = 0.05.
0 (4- — 2 values). Non-stabilizer states have a more spread-out distribution SRE generation is sensitive to the transport regime:
measured by the SRE: » Initial growth depending on the transport regime, similar to magnetization
’ (| P|) |2 dynamics.
Mn(lv)) = 37—, logz P; o0 (heren=2). » Universal scaling law for different system sizes and driving parameters.
L

» The exact scaling is preserved for small driving 1« < 0.1 [linear response].
Mo (|1)) = O iff |¢) is a stabilizer state and Ma(|)) > 0 for non-stabilizer states. Universal scaling law for SRE:

(t1/z t < LZ,

Mo(L, t) ~
The pre-NESS growth exponent z directly encodes the transport regime.

» |s nonstabilizerness preserved under system evolution with environmental

interaction?

» Are there non-trivial SRE NESSs in open quantum systems? Mean-field SRE

» Can SRE dynamics reveal transport properties of the system? _ e _

» Can we distinguish the contribution of quantum correlations to SRE? What is the contribution of quantum correlations to SRE? |
Eliminating correlations by performing a mean-field (MF) approximation on Paull
strings

L L
Model: Boundary-driven XXZ chain KR Py Q)P PiellX.Y.Z}
=1 =1
Infinite-temperature SRE dynamics in the open XXZ spin-% chain: SRE computed from local magnetization information.
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H = ! Z (XiXis1 + YjYje1 + AZiZ1.q), (Left) SRE MF dynamics in the three regimes and (right) total vs. MF NESS SRE.
j=—L/2 MF SRE yields the same scaling as the total SRE.
with hopping J > 0 and anisotropy A. The difference between total and MF SRE is maximal in the regime A < 1 where
The chain is driven at its boundaries by Lindblad operators injecting a spin-t quantum fluctuations are strongest.

current from left to right:

Fia=(1—p) Sy, Fio=+/~(1+p)S;,
Fii=+~(1+p) S, Flo=~(1 - S/, Summary

with driving parameter . < [0, 1]. | » SRE generation in the boundary-driven XXZ chain encodes the transport regime
The system evolves under the Lindblad master equation: through the universal growth law M, ~ t'/Z.

dp . P 1t » The NESS magic is extensive (M, ~ L)

— = —j[H,p| + Y (FpF —MF'F;, p}). 9 2 -

at . p Z( " al /o }) » M, scales quadratically with the driving parameter (M, ~ 1?).

J
The initial state is maximally disordered: p(t = 0) 1.

Transport regimes at 7 = oo characterized by the dynamical exponent z for the
steady-state spin current j ~ L7 [4]:

» Open quantum systems can host non-stabilizer NESSs.
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