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LElTER TO THE EDITOR 

Standard spin-; quantum kicked rotor in the inhomogeneous 
magnetic field 
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Institute of Nuclear Sciences 'VinEa', Labratory for Theoretical Physics, PO Box 522, 
11001 Beograd, Serbia, Yugoslavia 

Received 1 December 1994 

Abstract. The problem of anti-unitary symmetry breaking in the model of a standard spin- 
; quantum kicked rotor in an inhomogeneous magnetic field is examined in relation to the 
localization properties. It is shown thar the functional form of the spindependent term in the 
kicking potential (not the anti-unitary symmetries) is responsible for Iodization length changes. 
Our numerical results for the proposed fonclional form yield evidence of a? anomalous and 
continuous growth of the localization length with an increase in the magnihlde of the magnetic 
field. 

Quantum mechanical periodically driven systems, usually represented by the quantum kicked 
rotor (QKR), have been extensively studied in recent years. It has been found that unbounded 
diffusion as a characteristic of deterministic chaos in classical systems was suppressed in 
the quantum case and this is known as the phenomenon of dynamical localization. The 
importance of time-reversal symmetry in QKR models with dynamical localization was 
especially examined in relation to the localization length changes. The various models 
were investigated [1,2] and the results obtained are compared with the known estimation 
of the localization length for quasi-one-dimensional disordered systems [3] in accordance 
with the confirmed similarity between the dynamical localization of QKR and the Anderson 
localization of disordered systems [4]. 

It was generally accepted that the localization length < f i r  finite QKR [21 satisfies 

where p is equal to 1 or 4 for the time-reversal invariant QKR with or without a spin degree 
of freedom (symplectic case) and 2 for QKR with broken time-reversal symmetry. This is 
in agreement with the prediction based on the random matrix treatment of localizati,on in 
quasi-onedimensional disordered systems [31. 

Result (1) suggests that the localization length of QKR is a universal function of symmetry 
class. Moreover, in their recent paper maha and Blumel 151 have shown that (1) holds only 
if the switching between symmetry classes is so performed that Kramers' degeneracy is 
preserved. Their main conclusion is that the localization length of the QKR may not be a 
universal function of its symmetry class. Concerning the non-universality features discussed 
in 1.51, there is a comment on this paper by Mirlin 161 in which the author explains the earlier 
results [5] and argues that the universality nevertheless exists. 

In a previous paper [7] we considered the standard QKR model augmented by a spin-4 
in a homogeneous magnetic field. On the basis of the mentioned analogy between the 
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dynamical localization in QKR and Anderson localization of disordered systems, the QKR 
model is mapped on the corresponding tight-binding model. Then it is shown, examining 
the latter one, that a magnetic field which breaks the conventional time-reversal symmetry 
(and trivial Kramer?.degeneracy), in agreement with [6], does not have an influence 
on localization. So it is reasonable to show how the localization length depends on the 
functional form of the spin dependent term in the kicking potential (formula (2). below), 
retaining the time-reversal exactly the same as in the previous case [7]. This is our primary 
motivation for studying the QKR model in an inhomogeneous magnetic field. A specific 
localization behaviour is also expected, rather than the one well known for the standard 
spinless QKR [8,9]. 

Let us suppose that the spin-; particle is in the ring located in the xOy plane and that the 
electric and magnetic fields are along the x axis making the magnetic field inhomogeneous 
across the ring. Following the'notation introduced in [71, the Hamiltonian has the form 

where r and k are the two standard parameters of a spinless QKR 141, H corresponds to the 
magnitude of the 0 dependent magnetic field, 1 is the (2 x 2) unit matrix and 0; is the Pauli 
spin matrix. 

The Hamiltonian (2) is invariant under the non-conventional time-reversal T [7] such 
that we have TUT-' = U+, where U is the corresponding Roquet operator defined as in 
[7] and T2 = 1, which means that the conventional time-reversal and Kramers' degeneracy 
are broken by the magnetic field. 

In order to study the quantal behaviour of the model we have to solve the eigenvalue 
problem Uu = e-'%, where U denotes the spinor and w is the quasi-energy. The behaviour 
of the model is completely determined by the so obtained quasi-energy states. 

Moreover, in this letter we have decided to follow the approach as in [7], mapping the 
Floquet eigenvalue problem on the tight-binding model of Shepelyansky's type [8]. Such a 
procedure is the most convenient and it leads to a new Hamiltonian with a band smcture as 
in solid-state physics. Then it is possible to exploit the band structure to study localization 
properties by standard means of transfer matrices [9]. 

Using the expansion rate 

e x p ( i k c o s ~ ) e x p ( i ~ l c o s ~ ~ )  =E ~ , ( k , ~ ) e x p [ i ( r ~ + r : ) ]  (3) 

we will get, by simple generalization of mapping procedure 181, the following tight-binding 
model: 

where qn = - $rn2 and X,, Y, are the real and imaginary parts of W: respectively. 
Since the Fourier components W, decay as a power law of r it is assumed that only X,, 
Y, with lrl < b differ from zero [9]. The signs + or - in (4) correspond to the case when 
the electric and magnetic, fields are in the same or opposite direction in the ring. We shall 
refer to these cases as (+) and (-) respectively. 

In order to demonstrate the localization length behaviour we will take the phase factors 
9" in (4) as randomly distributed in the interval [-n/2, n/2]. Assuming that the kicking 
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frequency is - 10 GHz and the applied magnetic field is a maximum, of 6 T, then the 
upper limit for the parameter H is - 50. Varying H up to 16, which is the limit of our 
computational possibilities, we can follow the localization length changes against parameter 
H. The main feature of the proposed model is the anomalous growth of the localization 
length with an increase H. Figure 1 shows the  dependence$/$^, where is the localization 
length for the spinless case, as a function of H for k = 8-12 (case (+)). Since agreement 
between the cases (+) and (-) has been found, only the results for the case (+) are given 
here. The best fit gives polynomial dependence of the localization length on H: 

6 / 6 0  W 0.01624H' - 0.07556H + 1.03209 (k = 8) 

which clearly shows that the estimation of the localization by Shepelyanksky, ( - bZ [SI, 
does not hold here. 

0 2 4 6 8 , 1 0  12 14 16 18 

H 

Figurr 1. t /& as a function of H fork = 8 (0). k = 10 (A) and k = I2 (U). 

In conclusion we can say that the breaking of the conventional time-reversal by magnetic 
field in the standard version of spin-; QKR does not have an influence on the localization 
length changes. The previous results [7] support this statement. The functional form of 
the spin-dependent term in the kicking potential is exclusively responsible for a possible 
difference in- behaviour of quasi-energy states. With the proposed functional form in (2) 
we have obtained the anomalous and continuous growth of the localization length for 
increasing value of H (H 2 k). All calculations indicate a polynomial of quadratic degree 
as the optimal approximation for the localization length dependence on H ,  so that the new 
behaviour co-exists in this model with the well known behaviour for the spinless QKR'[8.9]. 
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