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Motivation

* Simple example of topology:
spin-1/2 in radial magnetic field. TOPOLOGICAL

INSULATORS
AND TOPOLOGICAL
SUPERCONDUCTORS

H = H (sin 6 cos ¢, sin 8 sin ¢, cos 6)

0 .0
_ .COS B) _ Sll’l )
¥-) (e'“b sin g) [+) (—e'qus COS Q)

2

ground state

T



« Simple example of topology:
spin-1 /2 in radial magnetic field. | TOPOLOGICAL
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Motivation

One can measure topology
from time-evolution of qubits
from North to South poles.
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L. Henriet, A. Sclocchi, P. P. Orth, and K. Le Hur, Phys.
Rev. B 95, 054307 (2017).

» Works for Two qubits as well.
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Motivation

e Total Chern number 0,1,2
measured experimentally.
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* Can be interpreted as 0 ——
number of degeneracy 1 FTTFR
monopoles contained in
parameter sphere. quantum circuits
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e Does there exist a Chern
number for each spin?

- well-defined.

- gauge Invariant.

- robust to symmetry-
preserving
deformations.
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Ising entanglement model
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Ising Entanglement Model
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Radial magnetic fields (angle-dependent) Ising interaction

H = (Hsinfcos ¢, Hsin0sin ¢, cos 0 + M)T

North: A
Product state

South:
Entangled state

l (can also be obtained with
________ ‘_"_ ________T interaction that increases with angle)
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Ising Entanglement Model

* Time-dependent sweep protocol 0 = vt M H
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Ising Entanglement Model

* Time-dependent sweep protocol

r=0.20H




Ising Entanglement Model

* Access partial Chern numbers from poles
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Ising Entanglement Model

* Access partial Chern numbers from poles

1 . . . .
C * Landau-Zener diabatic transitions
1 . besatansansnnsnsannangas 3H
T Ml = M2 — T Non-AdiabaticCrossing of Energy Levels.
0 95 By Crarence Zener, National Research Fellow of U.S.A.
: f (9> — 1 (Communicated by R. H. Fowler, F.R.S.—Received July 19, 1932.)
0.8} 1. Introduction.

i The crossing of energy levels has been a matter of considerable discussion.*
0.7¢ The essential features may be illustrated in the crossing of a polar and homo-
polar state of a molecule.
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Fie. 1.—Crossing of polar and homonolar states.
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Ising Entanglement Model

* Access partial Chern numbers from poles
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Ising Entanglement Model




Generalized spin models
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Generalized Interactions
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Generalized Interactions
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Observation of topological transitions in interacting
quantum circuits
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Higher Spins

¢ Check with 2nd-order / 1-pP
perturbation theory to et = P P T,

find g.s. at south pole:

(a) (b) (c)
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Higher Spins

e Models that admit fractional invariants:

- 2-spin Ising coupled
- 2-spin XY coupled

- 2-spin Heisenberg

- 2-spin anisotropic Heisenberg

- Inversion symmetric
- 4-spin ZXZ box

- 4-spin ZXZX box

- Even-N Ising chain

- Odd-N Ising chain
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L attice Model

* Mapping between 2 qubits and bilayer:

Hexagonal lattice Spheres
1st BZ S?
K, K’ N, S
Haldane hopping elements Radial magnetic field
Bilayer (2 flavours) 2 spins
C ~(0°(0=0) —o*(8 = m)
NkA — NkB o
Semenoil mass Offset magnetic field

density-density interaction Ising interaction
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| attice Model

* Mapping between 2 qubits and bilayer:

Hexagonal lattice Spheres
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L attice Model

« Compute the total Chern number:

Hexagonal lattice Spheres




L attice Model

e Is the fractional invariant observable
in a lattice model?

* Nodal ring semimetal




L attice Model

e Is the fractional invariant observable
in a lattice model?

N

K

* Nodal ring semimetal

* Circular light transitions
forbidden at K’
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P. Klein, A. Grushin, and K. Le Hur, arXiv e-prints ,
arXiv:2002.1742 (2020).

D. T. Tran, A. Dauphin, A. G. Grushin, P. Zoller, and
G. N., Sciences Advances 3, e1701207 (2017).




L attice Model

e Is the fractional invariant observable
in a lattice model?
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Entanglement

entropy
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| attice Model

e Is the fractional invariant observable
in a lattice model?
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Entanglement sublattice

entropy magnetization
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| attice Model

* Mapping between 2 qubits and bilayer:

Hexagonal lattice Spheres
1st BZ S?
K, K’ N, S
Haldane hopping elements Radial magnetic field
Bilayer (2 flavours) 2 spins
C ~((0*(6=0) 0" (8 = m))
NkA — NkB o
Semenoff mass Offset magnetic field

density-density interaction Ising interaction
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L attice Model

e Is the fractional invariant observable
in a lattice model?
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L attice Model

» Edge states in ribbon geometry
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L attice Model

» Edge states in ribbon geometry

M/|d.|

* Edge currents split
between layers - | | v
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Conclusions

* There is a gauge invariant topological partial Chern number for
each spin in interacting models with a radial magnetic field.

e This is rational-valued for models that yield entanglement at one
pole.

* Spin models are topologically dual to fermion models on a
hexagonal lattice, observable via: sublattice magnetization,
entanglement entropy, circler dichroism, edge states.



QMC guestions

 Does the nodal ring semimetal survive
interactions?

Semenoff mass
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