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Geometric Phases

H(R) R tH(R), R: parameters
R(t): slow curve in parameter space

Isolated, non-degenerate eigenstate:

H(R) |n;R> = En(R) |n;R> 

< n; R|n; R > = 1

SE:        i dψ(t)/dt = H(R(t)) ψ(t)

ψ(t=0) = |n; R(t=0)>ψ(t=0) = |n; R(t=0)>

ψ(t) ~ |n; R(t)>  (adiabaticity)



Geometric Phases II

Naive guess

does not work..

Berry tried

where 

Berry tried…

…and found



Geometric Phases III

For a closed loop in R-space, p p
γ may be nonzero - U(1) holonomy 
of Berry’s (Simon’s) connection

with curvaturewith curvature



Geometric Phases IV

A simple example: spin ½ in R

Eigenstate ‘up’

Berry’s connectiony

i.e., phase ~ solid angle

Berry’s curvature



QM on Hypersurfaces
•Intrinsic quantization: coordinates on M, ignore ambient space (unphysical)

with•Confining potential: with

F t S t

•Confining potential:

Frenet-Serret:

Metric:



QM on Hypersurfaces II
Total (3D) hamiltonian

giving rise to normal & tangent SE’s

(harmonic oscillator)

Effective hamiltonian for motion on M (Maraner, Destri 93)



Cables with quantum memory

Choose:  n, b frame, |+>, |-> states



Cables with quantum memory II

F t f th ff ti 1D h ilt iFeatures of the effective 1D hamiltonian

• Curvafilia

• Induced gauge field



Cables with quantum memory III

Pre-curve:

Length 2π
Arclength parametrization



Cables with quantum memory IV

Compute hamiltonian

Curvature, torsion

Zeroth and first order hamiltonian

1D wavefunction

2D normal wavefunction

3D total wavefunction





Cables with quantum memory V

(Notice: s, α, β, taken as functions of (X,Y,Z; x,y,z))( ( y ))

Initial state: |2,+> + |2,->

Cyclic change: x=cos t, y=sin t, z=2



Cables with quantum memory VI







Back reaction IBack reaction I

E l S i l d i iExample: Spin coupled to position

Adiabatic approximation:

Effective hamiltonian:

Noncommuting momenta



Back reaction IIBack reaction II

What if ?

Apply to wire quantization:Apply to wire quantization:



Back reaction IIIBack reaction III

L i d iLagrangian density

In terms of Fourier modesIn terms of Fourier modes

CCR’s



Back reaction IVBack reaction IV

Effective 1D particle hamiltonian



Back reaction VBack reaction V

1D f ti1D wavefunction

Berry’s curvature



Back reaction VIBack reaction VI

Deformed CCR’s:Deformed CCR s:


