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Eigenvector distance:  Hilbert space distance 
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Eigenvector distance:  fidelity based distance 
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Driven dynamics: adiabatic driving
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Driven dynamics: counterdiabatic driving
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Metric tensor and curvature
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Berry’s phase 

Curvature can be measured 
by parallel transport

Parallel transport 
in the Hamiltonian 

eigenstate manifold is 
realized by adiabatic driving

Local phase (gauge) 
of the eigenvector𝑒𝑖𝛾(𝝀)



Berry’s phase 

Berry’s face 

Michael Berry *1941

𝑒𝑖𝛾(𝝀)

*1983



Berry’s phase 

https://michaelberryphysics.wordpress.com/

Ig Nobel Prize 2000
Levitation without Meditation
Michael Berry & Andrey Geim
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Degeneracies & avoided crossings  

For systems with 3 parameters degeneracies of a complex 
Hamiltonian are isolated points
(for real Ham. points in 2 param. space)

𝜆1
𝜆2
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For degeneracy one needs 
3 independent functions to vanish!



Degeneracies & avoided crossings  

𝜆2

For systems with 3 parameters degeneracies of a complex 
Hamiltonian are isolated points
(for real Ham. points in 2 param. space)

 no real crossing!
 multiple avoided crossings

𝜆

For degeneracy one needs 
3 independent functions to vanish!

𝜆3

𝜆1



Degeneracies & avoided crossings  

M. Kloc, P. Stránský, P. Cejnar
Annals of Physics 382 (2017) 85
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Degeneracies & avoided crossings extensions
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For systems with 1 parameter we seek for degeneracies in 𝜆 ∈ ℂ
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∝ 𝝀 − 𝝀0

Degeneracies & avoided crossings extensions
& complex

For systems with 1 parameter we seek for degeneracies in 𝜆 ∈ ℂ
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Degeneracies & avoided crossings extensions
& complex

For systems with 1 parameter we seek for degeneracies in 𝜆 ∈ ℂ

𝐑𝐞 𝜆 exceptional
points

Accumulation of exceptional points 
near Re𝜆, Im𝜆 = (𝜆c, 0) indicates 

a quantum critical point …

𝐈𝐦 𝜆
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