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Motivation

* Question. Where (and when)
Is the complexity over the
entirety of position space
scattering simulations?

* Map the complexity in magic-
entanglement phase space.

Related works:

- Robin and Savage. arXiv:2510.23426 (2025).
- Greininger et al. arXiv:2601.08825 (2026).

- Zemlevskiy. arXiv:2603.15621 (2026). PRX Quantum 6, 020324
- Jha et al. arXiv:2606.09971 (2026).

- Hite and Siwach. arXiv:2606.14642 (2026).




Quantum Complexity



Bipartite Entanglement Entropy

e Definition:

S(pa) = —Tr(palnpa)

Traditional measure of quantum
complexity.
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Stabilizerness

e Stabilizer state — Generated by
the Clifford set{H,S, CNOT}.

* O(N) computational
complexity* (Gottesman-
Knill**).
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*Aaronson and Gottesman. PRA 70, 052328 (2004).
**Gottesman. arXiv:quant-ph/9807006 (1998).

Magic (Nonstabilizerness)

* Magic — Deviation from a
stabilizer state.

e Generated by {H,S,CNOT} +
{T}.

e Measure:

Ms([3)) = —log, (

(4| Plap)|*
y WPl )

PePn

« Computationally expensive (|Py| =

4Ny,
* Basis dependent.



Bipartite Non-local magic

Magic left in the

r—1
Mo ({\i}) = —log Z \/)\h Aig Aig Aig Niq Nig Ads correlations between

/v 5o B = Aand.BV\{hen basis
contributions are

Singular values minimized*.

{Of b } X A/ iy Aia Adg Nig Ais Aig )\ig/\ig/\i4) :

* Basis independent (~ Entanglement Entropy)
* Lower bounded by antiflatness

F="Tr () - Tr (b4)°

*Cao et al. PRXQUANTUM 6, 040375 (2025)



Magic vs. Entanglement Entropy
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Model



X(Y)Z Heisenberg Model

Hamlltonlan

BC):
Z( Zj) —QZZJ'ZJ'H
7 J



X(Y)Z Heisenberg Model

Ising Modelin
Particle Basis



Four-fermion Interaction (g —» —1/2)

X(Y)Z Heisenberg Model N
1) 8585854184
* Hamiltonian ; J
H={-)" (JXijH + Zj)} 9y ZiZjn
Ising Modelin j j
Particle Basis




Four-fermion Interaction (g —» —1/2)

X(Y)Z Heisenberg Model

ta sl a4
4 E C;CiCiy1Cjt1
e Hamiltonian J
H = 1+ Zj) 9 ZiZjs

Ising Modelin j
Particle Basis

Chaos TFIM XZ Heis. Inelastic

: : : : >
g<0 g=>0 g=1J g="h(1)



GWP State Preparation GraTAGRB.TB|())

* Free ground state is Ising limit:
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Ground state behavior -

* Average per site entanglement

0.10

entropy and antiflatness.

0.00

* Chaotic behavior ensues for g <=
0.2.
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Results



On Site Energy

Parameters: m
e N=16,1=0.5 -4
« k=+2Z,0,=0.75 (12
16
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Entanglement Entropy
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Maximum overlap corresponds to a
low magic regime.




Conclusion Future Work

* We mapped the quantum * Include 2-Stabilizer Rényi
complexity in position space Entropy as a measure of total
simulations of 1+1D magic.
scattering. - Larger N.

* Maximum overlap corresponds
to high entanglement/low non-
local magic.

* Approach criticality.

e Extend to fermion/anti-fermion
and multi-flavor models.



Questions

michaelhite@arizona.edu
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