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Quantum Geometry of Data

•
tools of quantum mechanics

+
noncommutative spaces

• data ⇒ geometry

Fig.: Quantum Geometry of Data,
A.Abanov et al., 2025

Corfu, September 18, 2026 | Quantum space visualisation
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Quantum Geometry of Data

Corfu, September 18, 2026 | Quantum space visualisation
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Quantum geometry of data

x ∈ R3 Ô⇒H(x) = 1
2

D

∑
a=1
(Xa − xaIN)

2

H(x)∣x⟩ = λ∣x⟩

if λ small Ô⇒ well localised quantum state ∣x⟩

Corfu, September 18, 2026 | Quantum space visualisation
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Quantum geometry of data
ei

ge
n

va
lu

e

|x Xx|

• λ small
⇓

• take ∣x⟩
(groundstate of H)
⇓

• (X(x))i = ⟨x∣Xi∣x⟩

⇓

• QCML point cloud
Raw data Feature space
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Raw vs. expectations

Fig.: Comparison of points with lowest eigenvalues and their computed
expectation values ⟨x∣Xi∣x⟩.
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Dynamics of a three-matrix model

Fig.: Dynamics of a system initialised in a hot state; y − z plane projection

Corfu, September 18, 2026 | Quantum space visualisation
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Dynamics of a three-matrix model
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Fig.: Dynamics of a system initialised in cold state; X-cut visualisation.
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What geometry is encoded in matrices?

A lot.

Corfu, September 18, 2026 | Quantum space visualisation
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Conclusions and outlook

• The displacement Hamiltonian → non-commuting matrix coordinates

• Expectation values → point of the quantum space

• Three matrix model : accretion, merges, dynamics

• What next? (ABNN, IKKT)

THANK YOU

Corfu, September 18, 2026 | Quantum space visualisation
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