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The quantum interferometry of normal metallic loops based on the Aharonov
Bohm effect is usually applied to measurements at low temperatures in the case of 
static or slowly time-varying magnetic fields (e.g., see [1]). Recently, an important 
case of an ac field of high frequency w :;:};> v F / R ( v F is the Fermi velocity and R 
is the radius of the metallic ring) has been considered [2]. This consideration is 
based on the assumption that the position dependent time-varying electromagnetic 
field produces the static electron energy mini bands in the ring which appear due to 
electron motion in a time-averaged electrostatic potential periodic with coordinate 
along the ring ~ircumference, produced by the square of an ac electric field [3]. it 
should be noted that, in the quantum case, an electron reflection from an oscillating 
potential causes a time-dependent phase shift, resulting in an effective chaotization 
of the phase of electron wave function, except at energy multiples of liw. 

The case of much higher frequency w > !l.E jli has been considered in [4]. 
Here !l.E is the width of the electron conduction band of the metal. Thus, it 
corresponds to the optical frequencies.This high-frequency Aharonov-Bohm effect 
can take place in the system, consisting of an optical fiber surrounded by a small 
metallic ring. Under the above condition, the elastic scattering of electrons in 
the metal is prohibited if the separation between the conduction band and higher 
nonoccupied band of the metal is larger than liw. In this case, the the phase 
shift of the electron wave function is mainly due to the magnetic component of 
the electromagnetic field, propagating through the fiber. Among the modes of 
the fiber field T E 01 modes produces the largest contribution to the oscillation 
of conductance. It is important to use an inhomogeneous ring to provide the 
concentration of the ac electric field near the narrowings (points A, B) of the ring. 
Hopping of electrons near these points is influenced by a phase factor emerging 
from the vector potential A(r, t) of the ac field. 
The model has been used for the description of the effect under consideration 
[4] considers a one-dimensional loop in the tight-binding approximation with two 
transmittance amplitudes t 1 , t 2 at the points A, B which are much smaller than 
the hopping amplitude t 0 between the nearest points inside upper and lower parts 

75 

G. Hunter et al. (eds.), Causality and Locality in Modern Physics, 75-78. 
© 1998 Kluwer Academic Publishers.



76 KULIK and SHUMOVSKY 

of the ring. The system is described by the Hamiltonian 

n 

(1) 

Here index n enumerates the sites along the ring and an, bn are the electron an
nihilation operators. The phases of transmission amplitudes at the contraction 
points n1, n2 are 

where ai is cl>dc = J B · dS and cl>0 = hcje. Hamiltonian (1) is Fourier-transformed 
into the following 

00 

H '"""' H~n)einwt 
int = L....t znt ' 

n=-oo 

2 

H(n)_ "t· iaoJ (A·) +b int - - L....t Je 1 n J anj nj 

i=l 
(2) 

where J n ( ·) is the Bessel function. Since the scattering events are forbidden under 

the condition 4t0 < hw, the contribution of nJ~£ at n = 0 can be omitted. By 
perturbation, the forward ( +) and backward (-) scattering protabilities between 
the plane-wave states are vV±k where 

2 

wk = I~~ 1-l I:){tjJo(Aj )) 2 + 2tjlo(Aj) cos(a + 2kL)]. 
i=l 

(3) 

Here L is the total length of the loop, the phase a = 27rcl>dc/cl>o, and fk = 
-2t0 cask. 

Taking into account that, in the steady state, the populations of electron states 
are obtained from the kinetic equation, describing emerging of the electrons from 
two thermal reservoirs [4] one can find the contribution into conductance due to 
the interchange scattering as follows 

G = e2(ti + t~)Wo r Wo[Wk + W_k + 2Wk W_k 
2ht } 0 [Wo + Wk][Wo + W_k] 

dk 
(4) 

This equation (4) is equivalent, in some sense, to the Landauer formula for the 
conductance at transmission probability ltl [5]. 

The largest contribution to the conductance oscillations in ( 4) with the typical 
magnitude of change of the order of 2e2 / h corresponds to the mode T Eo1 of the 
fiber field under consideration. To observe the effect, the size of the loop should 
be of the order of a few wavelengths of light. It follows from (3) and ( 4) that 



A.-B. EFFECT INDUCED BY LIGHT 77 

the dependence of G on phase a of the electromagnetic field leads to two different 
effects. First, the oscillatory dependence G(<l>dc) is the standard mesoscopic effect 
similar to that in the static electron interferometer [1]. In addition, we have 
oscillations of the type G(Aac) arise from the Bessel function in (2). Let us turn 
to quantitative estimation of the effects. If we choose L = lmJ.L the estimation of 
the magnitude of the magnetic field from (4) gives Hac......, 10-7T which corresponds 
to a quite reasonable power of the optical field of the order of P ......, 10-3 w. We 
can also estimate the minimum number of photons, passing through the ring and 
producing the necessary shift of the phase, as Nw ......, 1icfe2 • It corresponds to the 
case of optical soliton propagating through the fiber. 
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