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Phases in quantum mechanics
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1D ND
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Holonomy

Berry. Proc. R. Soc. Lond. A 392, 45-57 (1984). Wilczek, Zee. Phys. Rev. Lett. 52, 2111-2114 (1984).
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2. Tunable parameter space Coupling space {kq, k5, ... }

| @k (1)) = | Py (K(t)))

3. Cyclic evolution | Py (K0)) = | Py (Kena))

Non-Adiabatic Holonomy
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Femtosecond-laser-written waveguides Heralded single-photon measurement

avalanche
photodiodes

herald

BiB5;Og crystal

cw laser
(407 nm)

Szameit, et al. J. Phys. B. 43, 163001 (2010).
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Non-adiabatic holonomic condition: (W (2)|H (2)|¥;(2)) = 0
Parametrization: k1 (2) = Q(2) sin= e'?

kr(z) = Q(2) Cosg
Cydlicity condition: & = fZZifQ(z)dz =1

Holonomy:

( cos 6 —e~1? gin 9)
—e'? sin 0 —cos 6
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Ol (z2) = sin(9/2)ei¢a; — COS(@/Q)CL}E,
Ol (z) =€) (cos 5(z)BT —isin 5(2)0%),

Bf(z0) = sin(6/2)e"%al + cos(6/2)al,

0
(Av)ki — <q)k OrV q)i>

A=1Q(2)|b)b
|b) = ki |1L) + Kkgr|1R)
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4 Abelian U(1) N\ ( Non-Abelian U(N) )
Berry phase: a(y)

Non-Abelian holonomy: U(y)

explia(y)} = exp{i§, A,dx"} 0() =Pexp(§, 4,dr"}

Abelian gauge field: [4,,4,] =0 Non-Abelian gauge field: [4,,4,] # 0

Single eigenstate: |D(x)) Degenerate eigenspace: {|D;(k))}-
\ / \ l =1 /
£S5 :J ()
E=25=

Berry. Proc. R. Soc. Lond. A 392, 45-57 (1984).
Wilczek, Zee. Phys. Rev. Lett. 52, 2111-2114 (1984).
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r N\ “
Adiabatic U(N) Non-Adiabatic U(M)
Degenerate eigenspace: Geometric Subspace:
Heig = {I¥; (1))}, Hoeo = {1P; ()N},
H(2)|¥;(2)) =0 (0,(2)|H(2)|®;(2)) = 0
M=N
N J \ y
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