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Main background

Quantum system described by a Hamiltonian
     which is periodic with respect to 
the first argument and has additional slow time dependence:

Expanding                                              and using extended 
space approach [1]                          , where               
is orthonormal basis, we transform  Eq (*) into:

with         and

               
The main task is to find block-diagonalizing operator
such that 

contains non-zero blocks only on a central diagonal [2]:

By expanding the operator            as a power series in terms of  
the inverse frequency, we obtain effective Hamiltonian:
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Problem formulation

If     the expansion (#) diverges. Before 
applying the block-diagonalization          one can reduce the 
order of  our Hamiltonian to               by using interaction picture 
defined by some unitary transformation

            .
The Hamiltonian in the interaction picture reads

How to choose                such that the blue term vanishes?
For the special case
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a(m) (t)

h(m) (t) = Ĥ (t) g (m)

operator number
a(m �=0) (t) = Ĥ (t)

g (m)

im

term represents 
non-Abelian 

geometric phase

a(0) (t) = 0

Non-Abelian geometric phase

The Hamiltonian describing the non-Abelian geometric 
dynamics obtained as a zero order effective Hamiltonian:

For the one harmonic case,                     , and           Lie algebra 
the effective Hamiltonian reads [3]:
        

See proposed experiment [4] and experimental realization [5].
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dĤ (t)

dt

G (θ) = sin θ su (2)

heff(0) (t) =
1− J0 (gFB/ω)

B2
[F×B (t)] · dB (t)

dt

The case of             Lie algebra

For the 8 dimensional Lie algebra            we need to perform a 
root space decomposition, assuming that at each time moment 
the vector                       is in the 2 dimensional Cartan subalge-
bra:
                   ,

where           is 6 roots. For each root space
   , the commutator
      .

Moreover,        .
Therefore, the series of  nested commutators gives

                ,

where         and        .
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Ĥ (t) ∈ h (t)

su (3) = h (t)⊕
⊕

α∈∆

gα (t)

∆ = {±α1,±α2,±α3}
V̂±α (t) ∈ g±α (t)[

Ĥ (t) , V̂±α (t)
]
= ±αV̂±α (t)

heff(0) (t) = 2�
3∑

j=1

1− J0 (αj (t))
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[
xjX̂j (t) + yj Ŷj (t)

]

V̂±αj
(t) = X̂j (t)± iŶj (t)
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dt
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dt
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