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Work is devoted to theoretical research of influence of exchange interaction of identical particles on processes of
simultaneous their tunneling through a rectangular potential barrier. Expression for exchange integral has been
received and the analysis of dependence on parameters of identical particles and characteristics of a quantum barrier

is lead. It is shown, that as including of exchange energy changes phase characteristics of the wave functions describing

process of tunneling, exchange processes influence on the time characteristics of tunneling.

PACS: 03.65.-w, 03.65.Xp, 03.65.Nk

1. INTRODUCTION

As is known [1, 2], processes of interaction between
quantum objects in some cases can be approximated
precisely enough, having presented potential of inter-
action as a rectangular quantum barrier that allows
to simplify mathematical calculations considerably.

Such approximation has allowed solving a num-
ber of the important problems of quantum mechanics,
and also welling to describe behavior of some quan-
tum objects [2]. Therefore attractive is the use of it
and for the decision of other tasks which yet it is not
enough investigated.

To the number questions which to the present
tense in general was not explored, a question on influ-
ence of exchange interaction on the processes of par-
ticles tunneling in the field of rectangular potential
barrier belongs to theoretical development of which
the present work is devoted.

2. PASSAGE OF PARTICLES THROUGH
A RECTANGULAR QUANTUM
BARRIER: THE GENERAL
CONSIDERATION

In the beginning, let us consider a variant when on a
rectangular potential barrier in width 2a and height
U particles with a pulse p from left to right fall. Equa-
tion of Schrédinger for particles looks like:
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Time dependence of own functions is described by
expression:
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Therefore for various areas decisions can be functions:
Uy = Ap(x) expipir/h (1)
at r > a,
¥ = B exppar/h+ C exp —par/h (2)
at r € [—a,al,
U = Dexpipir/h+ Eexp —ipir/h (3)
at r < —a, where

p1=v 2mE7 b2 = (4)

Into a barrier to one particle correlations take place
[2]:

2m (U — E).
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Provided that these functions and their first deriva-
tives are continuous on border of a barrier, it is possi-
ble to get the exact decision of a task which is resulted
in [1, 2] and other the sources.
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3. EXCHANGE INTERACTION OF
IDENTICAL PARTICLES IN A FIELD OF
A RECTANGULAR QUANTUM BARRIER

Processes of collision are considered in system of
the center of weights, for which speed of two particles
before collision and after are opposite. Interaction of
particles takes place in the field of a rectangular po-
tential barrier (see figure).

Let us consider two cases. The 1-st case: let us
assume that the barrier is opaque to tunneling. In
this case A; in a formula (1) equals a zero. We will
assume that a barrier becomes opaque to tunneling at
some value of potential corresponding U’. We have:
Uy = Uy(r1)Pe(ra), where Wp(ry) is a solution of
equation of: HUy(r1) = Ep¥y(r1), answering a value
E,, and, similarly, for ¥.(rs), corresponding to a
value E.. Energy of the system: Ey = E. + Ep. Be-
cause at a change placed of particles nothing changes,
Uep = Up(re)We(r1) will correspond to the same en-
ergy Ey, i.e. we have double degeneration of power
level of the system.

Ul

The circuit of interaction of two identical particles
in a field of rectangular potential barrier

The 2-nd case: a barrier is transparent for tunnel-
ing. This case is realized, when the additional con-
stant field is enclosed to area of a barrier in opposite
to first direction, creating additional potential |AU|.
Then the size of potential of barrier will fall down on
a size |AU|, and have:

U=U"—|AU

Let us consider additional potential |[AU| as small
indignation in system of two particles, originally be-
tween itself not interactive because of opacity of a
barrier (a case 1).

The additional probability of particles to pass
through a barrier leads to removal of degeneration.

At simultaneous approaching of particles b and
¢ to the borders of a barrier there can be the ef-
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fects connected to exchange interaction of particles.
Such effects will take place only for identical particles
and their size is determined by “overlapping” of wave
functions, i.e. they are realized when wave functions
of particles will be distinct from zero in the same area
of space.

Taking to account that at interaction of identi-
cal particles symmetric or antisymmetric states are
realized only [1, 2], we shall have for symmetric or
antisymmetric wave function of expression:

Size |WU.|? - expresses probability of finding of the
system in the symmetric or antisymmetric state de-
pending on what particles are bosons or fermions.

If particles were not identical, the system would
be described a non symmetric function and we would
have:

(W1 of* = Wy (r1) We(ra)|*.

For identical particles there is an additional element:
[ Uy (r1)We(r2)|*Pe(r1)¥y(re), and, consequently, ad-
ditional energy, proper to energy of interaction of
identical particles, appears. This energy, taking to
account that a potential barrier has a form, indicated
on figure, it is possible to calculate, in accordance
with [1] on a formula:

V= IAUI/‘I’Z(Tl)‘I’i(w)‘I’b(Tz)‘Pc(ﬁ)- (8)

From equalization (2) evidently, that a size V is
determined by “overlapping” the wave functions W,
and V..

For values r < —a and r > a the value of inte-
gral is identically equally to zero, because for these
areas U = 0, therefore will conduct integration for
—a<r<a.

Into a barrier for one particle the ratio (2), (5)
and (6) are fair.

At paa/hi > 1 (i.e. provided that parameters an
exhibitor strongly change from one border of a barrier
to another) C' > B [2].

Then it is possible to do such approaching:

”
Ui(r) =C" exp(%) ,

T
W (ry) = C* exp(— 222,

h
r r
Wy(r2) = Bexp(F) + Coxp(~52).

r r
We(ri) = Bexp(—251) + Cexp(Z0).

In accordance with (8) have:
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From (9) follows, that V' =0 at

Ch
2poa

2])2(1
h

exp —

)

1Bl =|

i.e. exchange interaction at such parameters of tun-
neling is absent.

More exact values it is possible to get for the
proper parameters of tunneling, if to present the wave
function of a moving particle as a wave package [3].

During [3] time of tunneling it is determined as:

Ph Oarg Ay
OFE
As to exchange energy V there corresponds a certain

value w’ (V = hw') and, accordingly, ¥ passes in

U = Al exp(%+/2m(E £ V) that, hence, is received
also change of value of time of tunneling.

(10)

4. CONCLUSION

Within the framework of approximation of poten-
tial of interaction of particles as a rectangular poten-
tial barrier expression for exchange integral of identi-
cal particles, simultaneously tunneling through a bar-
rier towards each other is found.

* DT P21 [ b2t * _p2r
\AU\//C exp — C* exp o {B exp — + C*exp . }x

9)

It is shown, that the account of exchange in-
teraction changes time of tunneling. Such analysis
of processes of simultaneous tunneling is conducted
first.
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POJIb OBMEHHOTI'O B3AUMO/JAENCTBUS TOXKJIECTBEHHBIX YACTHIIL
JANCKPETHOT'O CITEKTPA ITP11 OJHOBPEMEHHOM TYHHEJIMPOBAHNUN X
YEPES3 IIOTEHIIMAJIBHBIVI BAPBEP, PASJEJIAIOIIINN 9TU YACTUIIHI

JI.C. Mapuewrox, C.II. Matidanrox, B.C. Oavroscrui

Pabora mocBsiimena TeopeTUIecKOMy HCCIEIOBAHUIO BIUSHUS OOMEHHOI'O B3aUMOJIEHCTBUS TOXKIECTBEH-
HBIX YaCTHI] Ha MPOIECCHl OJHOBPEMEHHOTO TYHHEJUPOBAHUS WX UYepe3 MPSIMOYTOJIbHBIN MOTEHITHATbHBIN
b6apbep. BbLio nmosydeno BbipakeHue it OOMEHHOIO MHTerpasja V U NpoBelleH aHaIu3 3aBUCAMOCTH V OT
[apaMeTpoOB TOXKJIECTBEHHBIX YACTHI[ M XapaKTePUCTHK KBAHTOBOro Oapbepa. IlokasaHO, YTO, IOCKOJIBKY
BKJIIOUEHHEe OOMEHHOIN SHepruy m3MeHseT (Da30Bble XapaKTEPUCTUKHU BOJHOBBIX (DYHKIIHN, OIMUCHIBAIONIIAX
MIPOIECC TYHHEJIMPOBAHUS, TO OOMEHHBIE IIPOIECCHI BIUSIOT HA BPEMEHHBIEC XapPAKTEPUCTUKY TYHHEJIUPOBa-
HUS.

POJIb OBMIHHOI B3AEMO/II TOTOXKHNX YACTOK JMCKPETHOI'O CIIEKTPA
P OTHOYACHOMY TYHHEJIFOBAHHI IX YEPE3 IIOTEHIIMHUN BAP’EP, 1110
PO3ALJIAE€ III YACTNTHKU

JI.C. Mapuewroxr, C.II. Matidanrox, B.C. Oavxoscvrut

Pobora npucssgena TeoOpeTUIHOMY JAOCJIII?KEHHIO BILIMBY OOMIHHOI B3a€MOJIil TOTOXKHUX TaCTOK Ha IPO-
[IECU OJHOYACHOI'O TYHHEJIIOBaHHsI IX Jepe3 NPsIMOKYTHUI HOoTeHIiiHuit bap’ep. By orpumanuit Bupas jijis
0bMIHHOTO iHTErpaJia V ii mpoBeJeHnil aHa i3 3aJexKHocTi V' Bij mapaMeTpiB TOTOXKHUX YACTOK 1 XapakKTe-
puctuk KBaHTOBOrO Oap’epa. [lokazamo, 1m0, OCKiIbKI BKJIFOUEHHST OOMIHHOI eHeprii 3MiHioe (ha30Bi Xapak-
TEPUCTUKU XBUJIBbOBUX (DYHKIIIH, 0 OMICYIOTH MPONEC TYHHEJIIOBAHHS, TO OOMIHHI IIPOIECH BIUIMBAIOTH HA
YaCOBI XapaKTEPUCTUKN TYHHEIIOBAHHS.
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