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We consider an electron in a LD random adiabatically changing potential. We
demonstrate that the positions of the maxima of an electron cigenstate probability
density do not move even when the change of the potential is significant. We show
that at the same time the main maximun hops by a distance of the order of the
size of the system. We present arguments that. such hopping of clectron localization

position happens also in two and three dimensions.

It is well established that there are two main differ-
ent types of electron transport, which depend on the
extended or localized nature of the eigenstates ol elec-
trons. Since Anderson! demonstrated localization of
a quantum particle in a random potential, tliis phe-
nomenon was extensively studied analvtically. numeri-
cally and experimentally?=®. Studies incluced the zero-
temperature properties. effect of electron-electron and
spin-orbit interactions and finite temperature. linder
consideration were also the resonance tunneling. wave
function phase randomization, nature and stability of
ensemble averages: fluctuations®™: nonlinearities®. In
all these studies randomuess was related to atoms and
jons with only small thermal fluctuations around their

quenched positions.  An experimental observation of a

positron moving in a dense low temperature helium gas”
presented an extension of the localization problem '™,
Light quickly moving particle sees heavy slowly {adia-
batically) moving atoms as frozen. In the case, when the
energy of this light particle is below the mobility ecdge. it
is localized by a random potential. Still. slow motion of
atoms may lead to the diffusion of the localization posi-
tions and henceof the light particle itsell. The dynamics
of motion of localization positions of a light particle might
be interesting theoretically. The results of this investiga-

tion might be important for charge transfer in dense gases |

and liquids. .

In this paper we consider an electron in a set of ran:
domly located potential barriers. We show that in a 1
case adiabatic motion of these potential barriers leads to
hopping of the localization position of an electron. We
treat the electron localization position dynamics numer-
ically. We show that this position is not moving during
time interval # ~ 7. where 7 is the characteristic time.
when potential barriers shift on average by the distance
of the order of the distance « between them. Then the
electron localization position hops by the distance {; ~ L.
where [ is the size of the systeni. We suggest that such

hopping of electron localization position happens also in
two and three dimensions. :
Let us first consider an electron moving in a 1D ran-
dom set of infinite barriers. In this case electrons are con-
fined in potential wells between the barviers. When the
barriers move the width of the wells is changing. It results
in a considerable change of the electron eigenenergies
as the eigenenergy difference equals to AE ~.h*/2mi2.
where m is the electron mass. and { is the width of the
well. The motion of harriers results in their collisions and
reflections. Due to these collisions positions of the bar-
riers are fluctuating in a vicinity of a stationary position
with an amplitude which is of the order of the distance
between them. The same fluctuations arise for the posi-
tions of the wells and thus for the confined electrons.
Now let us suppose that the 1D barriers are high but
finite. The same reasoning related to the localization po-
sitions of individual well eigenstates remains valid also in
this case. The only difference is that the decay of each
eigenstate probability density is related to the superposi-
tion of all barriers outside the eigenstate well, i.e. to the
"barrier average™!?. It is almost unchanged by the diffu-
sion of the potential barriers. The new factor, imposed
by finite harriers. is the possibility of the nearest neighhor
interaction with adjacent wells. In virtue of the Sturm-
Liouville theorem, 1D levels never cross (thus, they may
be labelled and followed when a 1D potential adiabat-
ically changes). The corresponding eigenenergy change
is therefore o< 1/N (N is the number of sites) and very
small. However. wheu the eigenenergy increase switches
to decrease. the eigenstae changes the well®® (and typ-
ically moves a macroscopic distance ~ the size of the
system). '
Finally. let us assume low 1D potential barriers.
Their superposition vields self-consistent deep wells. and
thus very high total effective barriers'®. This reduces the
problem to the previous case. The same reasoning is ap-
plicable to any dimensionality, \We verify these results
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with numerical simulations for.a 1D case.

We perform the numerical simulations for a potential
V(). which is a sum of N identical é-function potential
barriers with an amplitude V5 > 0. These é-function
potential barriers are located at a random set of points
2, with an averaged distance a hetween them, i.e.

[\Y

Vi(x) =\.~bZ(S(.r—I,,). (M

n=1

We find, following?*!?, the transmittance T as a fune-
tion of the electron energy E. The maxima of the trans-
mittance correspond to the electron eigenenergies!®!.
We calculate the electron wave function U(x) at the
eigenenergies and find the eigenstate probability density
distribution p(a) = !Q’(.r)lz. The main maximum of p(x)
determine the electron localization position (with the ac-
curacy of the electron localization length £). We simulate
the adiabatic motion of the é-function potential barriers
simultaneously shifting their positions by the distance
d <« a. We choose the shift direction (to the right or to
the left) randomly for each of the é-function potential
barriers. We keep these directions to be the same un-
til a collision of two certain é--fuuction potential harriers
occurs after a sequence of shifts. We consider a model
where colliding é-function potential barriers. are elasti-
cally reflected from each other. Therefore. we change
the-shift direction for both colliding é-function poten-
tial barriers to opposite ones after a collision occurs.” We
calculate the transmittance T(E) for the resulting poten-
tial V{x) and trace the values of the eigenenergies and
electron localization position.

The accuracy of electron localization position can not
exceed the localization length € '2. The eigenstate proh-
ability density distribution p(x) course grained on the
scale @ & & —wg} < €. Is given by the equation

[ = 7ol 5
) (2)

where w¢ is electron localization position. and py is a
normalization constant. Thus. to calculate the value of
£ we use the relation:

pley=po e;l'p(—-

1— In [p(r)]de = Const — —h——_—-ﬂ

J—= 2o -2 E

Lo

(3)

which is valid for o — vo] > €.
The specific numerical simulations were done for N =
100, d = «/30. ¢ = 1 and the amplitude

hz
= ——, K]
2ma )
The initial positions of the.o-function potential barriers
were located in the interval 0 < < 100¢.
We choose the electron wave function ¥(x) in the
interval &,_; < * < I, in the form

U(a) = AP\p[G}Cos[l\(l—zu D=2 )

2
where & = 2mE/h is the wave vector and A is the
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the wave function U(x) are obtained by taking the initial
phase values to be equal to v; = 0 and p; = 7. The
initial-value for the exponent G, is Gy = 0. A straight-
forward calculation leads then to the following formulae
for the exponent (7, and the phase p,:

o _ kA,
exp(Gusr = G) = 1 +4a o+ tan 2 ) . (6)
L+ tanz(%"- - I:A,,)

tan("p";l) n+tan(——~lx$ ) (7) ’
Ay = = det (8
0 =5 ST

and the transmittance T(E) is given then by the
expressiont45: ' ’

- . (10)
[exp(G) + exp(G') + ‘2]

where (¢ and G’ are the values of x4y for vy = 0 and

@Y1 =T7.

Typical results of the numerical simulations are pre-
sented in Fig. 1. 2. For the data shown in Fig. 1. 2 the
initial eigenenergy corresponds to the initial wave vec-
tor & = ko = 1.83256/¢. Using Eq. {3) we calculate
the value of the localization length £. We find it to be
equal to € & 5 £ |. The characteristic dynamics of the
main maximum of the probability density distribution
pla) =‘[\ll(;r)J2 is presented in Fig. 1 for a sequence of 16
shifts of the é~function potential barrviers, It is seen {rom
Fig. 1. that within the accuracy of € = 3 the electron
localization positiou eather do not move. or hops by the
distance of the order of L. The characteristic dynamics
of the probability density distribution p{x) is presented
in Fig. 2 on a large scale for the same sequence of 16
shifts. We show in Fig, 2 the normalized ratio p(2)/puax
as a function of & in the interval 20 < & < 30, where
Pmax 1§ the maxinmum value of p{x) in the same interval.
Fig. 2 covers only the distance %€ from its center, i.e.,
just within the accuracy of the very definition of a local-
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Fig. 1. Position of the main maximum of p(z) (z-
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Fig. 2. Normalized probability density distribution
p(Z)/ pmax for the shifts #0, #4, #8, #12, #16 from the
sequence of 16 shifts, which are arbitrary lifted with
respect to each other.

ization position (hence little different heights of the p(x)
maxima). Multiple nods arve related to ~ 10 strongly
interacting potential wells. Nevertheless. it is seen from
Fig. 2, that within the accuracy of a small fraction of
the average distance between the potential barriers « the
maxima of p(a) are localized at the same positions while
the potential V() is changing significantly. The relative
heights of these maxima are changing with the shifts of
the é-~function potential harriers. which is the reason for
the hopping of the main maximum of p(z) i.e., of the
electron localization position.

As long as the electron localization position does not
change (i.¢.. on the time scale { ~ 7). adiabatic trans-
port on this time scale does not feel atomic motion and
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thus does not distinguish between gas. liquid and dis-
ordeved solid with quenched atoms. which were exten-
sively studied® ™. Since localization positions are ran-
domly situated in a system??, an electron randomly hops
in a system. and one should find how the time to dif-
fuse from one end of the system to another scales with
L. Slow atomic motion results also in the change in
motion of eigenenergies. It enhances or suppresses the
Mott hopping. and allows for the possibility of resonance
tunneling when eigenenergies in different wells coincide.
Since the eigenenergy width in localization is extvemely
smalll?. the equality of the eigencnergies with the accu-
racy of their width happens for a verv short time only.
even though atoms move slowly. The temperature. below
which the resonance tunneling becomes possible, may al-
low for the experimental measurement ot the resonance
tunneling time.

We consider in this paper the case of elastic scattering
of atoms which is true if the temperature of the system
is relatively low. Similar reasoning as above is applicable
to the case of nonelastic scattering of atoms leading to
the same results.

To summarize we show that for a 1D random adia-
batically changing potential the positions of the maxima
of electron eigenstate probability density distribution do
not move even when the change of the potential is signifi-
cant. We show that at the same time the main maximum
hops by a distance of the order of the size of the system.
We suggest that such hopping of electron localization po-
sition happens also in two and three dimensions.
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