Quantum state geometry in electronic platforms

Diego Frustaglia

Departamento de Fisica Aplicada Il
Universidad de Sevilla, Spain

A

Junta de Andalucia b GOBIERNO MINISTERIO )\I
g ™ DE ESPANA DE CIENCIA
E INNOVACION AGENCIA

ESTATALDE ,
INVESTIGACION

* *

* 4k
FEDER PID2021-127250NB-100

US-1380932 P20_00548

First i-link workshop:
Novel Trends in Topological Systems and Quantum Thermodynamics
Palma de Mallorca, June 5-6 2023.



Collaborators

E.J. Rodriguez (Seville)
Prof. J.P. Baltanas (Seville)
Prof. A. Cabello (Seville)

Prof. J. Nitta (Sendai)

Dr. D. Bercioux (San Sebastian)

Dr. A. Iniguez (San Sebastian)

Dr. A. Reynoso (Bariloche)

MPC

Donostia International Physics Center

aaaaaaaaaaaaaaa

UPV EHU

® ¢

COMISION NACIONAL lnST'TU.TO
DE ENERGIA ATOMICA Balseiro



Three parallel research lines

1.

Geometric resources
for spin control



Three parallel research lines

1. 2.

Geometric resources Spin-carrier dynamics
for spin control In non-Euclidean spaces

Elliptic geometry Euclidean geometry Hyperbolic geometry
positive curvature zero curvature negative curvature

sphere Euclidean plane saddle surface



Three parallel research lines

1. 2.

Geometric resources Spin-carrier dynamics
for spin control In non-Euclidean spaces

T Elliptic geometry Euclidean geometry Hyperbolic geometry
positive curvature zero curvature negative curvature

C=
(&)
i
P S //§:§5>\\\
)\4
Euclidean plane saddle surface

OUTPUT

> +|,+1

3.

Electron quantum optics I
for quantum contextuality é

v

RE R

> 1,1

7

—o2
\AMRA|
YY vy
L

1%}

b [T
X

v




1. Geometric resources for spin control

Elliptic circuit with
Rashba SOC

84

Hgp = %(—pxay + pyoz)
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Elliptic circuit with
Rashba SOC
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Circular circuit with
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Polygonal circuit with
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1. Geometric resources for spin control

Activation of spin
scattering centers
at vertices 1 and 3!

Polygonal circuit with Polygonal circuit with
Dresselhaus 110 SOC Dresselhaus 110 SOC +

inplane Zeeman

B

Hpi10 = —%paﬂz: spin helix
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1. Geometric resources for spin control

Polygonal circuit with Polygonal circuit with
Dresselhaus 110 SOC Dresselhaus 110 SOC +
inplane Zeeman
__5 o
Hpi10 = —%pa:Uz: spin helix
Ballistic conductance AAS correction (disorder)
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Activation of spin
scattering centers
at vertices 1 and 3!

E. Rodriguez,
A. Reynoso,

J.P. Baltanas,
J. Nitta, DF.

arXiv:2302.11271

Also a map for
the geometric
classification of
propagating
spin states.
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Regular heptagonal tessellation of the hyperbolic plane

Finite

Poincareé i
representation

disc

[Kollar et al., Nature (2019)]
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2. Spin-carrier dynamics in non-Euclidean spaces

Flat 2D circuit realization: Mercator-like projection

Central meridian
(selected by mapmaker)

Great distortion
in high latitudes

Examples of humb lines
(direction true between
any two points)

Equator touches cylinder
if cylinderis tangent

Reasonably true

shapes and distances
within 15° of Equator

Equilateral triangles
(geodesic curves)
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Flat 2D circuit realization: Mercator-like projection
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2. Spin-carrier dynamics in non-Euclidean spaces

Equilateral triangles
(geodesic curves)

Spin phase

n.|

Flat 2D circuit realization: Mercator-like projection

(o]
Rashba SOC Dresselhaus 110 SOC
o 5
Hp = %(—pxﬂy + pyog) Hpi10 = — 7 PO

such that the spin phase in a round trip vanishes

Conductance (ballistic) Conductance (disorder)
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Rashba [kRP ] E. Rodriguez, D. Bercioux, DF (2023).
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Flat 2D circuit realization: Mercator-like projection

o

Rashba SOC Dresselhaus 110 SOC

) ho spin-orbit on the sphere (zero spin phase)

Equilateral triangles
(geodesic curves)

Spin phase Conductance (ballistic) Conductance (disorder)
2n Tt 2 1.5 2n . 1.5
b4
e? e?
n n/2 n E - ﬁ
0 0 1.2
0 n 2n 0 0 T 2n 0 00 n 2n

Rashba [kRP ] E. Rodriguez, D. Bercioux, DF (2023).
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2. Spin-carrier dynamics in non-Euclidean spaces

Rashba SOC

Flat 2D circuit realization: Mercator-like projection

o

Dresselhaus 110 SOC

) ho spin-orbit on the sphere (zero spin phase)

Spin phase Conductance (ballistic)
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@ parallel transport (some Rashba on the sphere)

Conductance (disorder)
2n ‘

E. Rodriguez, D. Bercioux, DF (2023).
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2. Spin-carrier dynamics in non-Euclidean spaces

Flat 2D circuit realization: Mercator-like projection

o

Rashba SOC Dresselhaus 110 SOC

Dresselhaus 110
accounts for the

) ho spin-orbit on the sphere (zero spin phase)

Equilateral triangles

(geodesic curves) @ parallel transport (some Rashba on the sphere) holonomy!
Spin phase Conductance (ballistic) Conductance (disorder)
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Rashba [kRP ] E. Rodriguez, D. Bercioux, DF (2023).
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Flat 2D circuit realization: Mercator-like projection
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Equilateral triangles
(geodesic curves)

Hemisphere

E. Rodriguez, D. Bercioux, DF (2023).
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Equilateral triangles
(geodesic curves)

Hemisphere

Flat 2D circuit realization: Mercator-like projection
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Rashba SOC Dresselhaus 110 SOC
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Full sphere

E. Rodriguez, D. Bercioux, DF (2023).



2. Spin-carrier dynamics in non-Euclidean spaces

Equilateral triangles
(geodesic curves)

Hemisphere

Flat 2D circuit realization: Mercator-like projection

)
Rashba SOC Dresselhaus 110 SOC
o b
Hr = %(_pway + pyog) Hpi10 = — PO
Hemisphere
Full sphere (non periodic!)

E. Rodriguez, D. Bercioux, DF (2023).
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3. Electron quantum optics for quantum contextuality

Bell experiment

State preparation

spacelike separation |:> compatible observables A & B
A, B =0
E = (AB) + (A'B) + (AB'Y — (A'B’) CHSH-Bell parameter

E < 2 < 2y2 < 4

local quantum non
realism  mechanics signalling



3. Electron quantum optics for quantum contextuality

Sequential experiment
with compatible observables A & B.

State preparation

Results of partial ND measurements recorded in an external device.

(state recomposition/Luders rule).

E < 2 < 292

non-contextual quantum
realism mechanics



3. Electron quantum optics for quantum contextuality

Arborescent network
Compatible observables A & B.

A=+1,B=+1

A=+1,B=-1

State preparation

A=-1,B=+1

A=-1,B=-1

Results of partial measurements encoded in extra paths.

E < 2 < 922

non-contextual quantum
realism mechanics



3. Electron quantum optics for quantum contextuality

spacelike separated

A=+1 B=+1

sequential ND

A=+1
B=+1

ALWAYS
POSSIBLE

NOT ALWAYS
o POSSIBLE

A=+1,B=+1

A=+1,B=-1

A=-1,B=+1

A=-1,B=-1



3. Electron quantum optics for quantum contextuality

Sequential CHSH-Bell: correlator <bCL>
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Any finite dimensional unitary
operation realized by a BS array

[Reck et al., PRL (1994)].
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-1,-1 Experiments in optical and MW circuits.
[DF et al., PRL (2016)].
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[Shimizu et al., PRB (2020)
and PR Appl. (2023) after
Giovannetti, Taddei, DF &
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Any finite dimensional unitary
operation realized by a BS array
[Reck et al., PRL (1994)].

Experiments in optical and MW circuits.
[DF et al., PRL (2016)].

Aim: realization in multichannel
quantum Hall circuits.

J.P. Baltanas, A. Cabello, DF (2023).
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THANK YOU !



