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The polaron theory is the simplest example of the nonrela-
tivistic quantum field theory where the sequential research
computational methods of physical parameters are developed
both for the case of strong interactions of a particle and a
field /Y and for weak interactioqs’zf . The best results in
the framework of the intermediate coupling theory have been
obtained in ref.’3 ., The solutions of the equations for the
strong coupling polaron
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have been found numerically in ref.’% . The solutions /1/
correspond to a discrete set of different self-consistent
states of a particle and a field, each possessing its own ef-
fective mass. The way to generalize the results was proposed
in ref, /8’ for the case of arbitrary electron-phonon coup-
ling constant. The generalized polaron model of Luttinger -
Lu /8/ has been taken as a starting point in ref.’5/ ., The
model with the arbitrary electron-phonon coupling constant
leades to the infinite system of nonlinear differential equa-
tions.
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It is to be noted that the strong and weak coupling limiting
cases are both correctly described by eqs. /2/.

Some results of the numerical solution of the system /2/
for "zero approximation" represented by the first three equa-
tions (see 3, 1) have been obtained in /7 . In the framework
of the simplest zero approximation the system /2/ leads to
the system of nonlinear differential equations /7 :
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The solution of eqs. /3/ determines polaron wave function and
arbitrary coupling energy; m(r) , HOu(n mean the polari-
zation potentials induced by electron in polaron state, €
is electron energy; a, a coupling constant.

The parameter 4 ¢ (0,1) is determined by the extremum
condition

850/ 85u=0 /4]

of the corresponding variational functional. From eqs. /2/ it
folloys that as y » | the system /2/ is transformed into the
polaron equations /1/ of a strong coupling limit.

The attempt to solve the variational problem for eqs. /3/
by means of the direct Ritz method has failed (see. ref.’8/),
This point was considered in detail in ref. /8/ . In particu-
lar, it was pointed out that the problem for eqs. /3/, /4/
has an exact solution when pu=1 for all the values of the
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coupling constant . The dissimilar result can be obtained
only by direct solution of the problem /3/.

The detailed description of the numerical methods used for
integration of the system /3/ is presented in ref. 77/, Below
we shall consider only the results obtained. In the figure
the curve corresponds to the dependence E(a) of the polaron
ground state energy obtained from the numerical solution of
eqs., /3/. The line 1 goes everywhere above the line 3 that
corresponds to the solution of eqs./2/ in the strong coupling
limit (eq./1/ 79/)

E,(a) =-0.1086a" . /5/
4

Reasoning from this fact the curve 1 could not be found by the
method 8/ . The curve 2 corresponds to the solution of the
equation which is the first order approximation to the self-
consistent equations /3/. To this end, the corresponding
eigenvalue problem has been solved
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The solution was used for more accurate definition of the
functional 9 = E, value. As can be seen from the figure,
there exists a small region of values of a, where the results
appear to be better than the strong coupling model results.
Finally, the curve 4 (see the figure) represents the Feinman
result /3/ that is the best one for not large a.

The results obtained show that the assumption in ref.’/®/ is
questionable. It was stated that the zero approximation of
eqs./3/ leads to the correct limiting transition Eg = -a for
a » 0. As is shown in our analysis the minimal value of the
coupling constant (the figure) is a = 2.5 in that case. There
are no solutions for a< 2.5 if p #1.

Thus, the detailed study of the zero approximation of
eqs./3/ gives higher ground-state energies than ref.’%/ for
all the values of a. Therefore, it is essential to proceed to
more complicated self-consistent equations which follow from
eqs./2/. The preliminary estimation of the first order appro-
ximation /6/ makes one to believe that at a resonable decoup-
ling stage /2/ one can obtain differential equations describ-
ing the state at intermediate g with sufficient accuracy.
Solution of the equations thus obtained yields a regular means
for studying the full discrete set of solutions’? as a<e .
In particular, one hopes to understand in more detail a strong
coupling polaron transition that has a complicated internal
structure within this limit into structureless weak coupling
polarons.
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AMupxanoB H.B. u Op. E17-88-257
K HMcnonb3soBaHui 0606meHHBIX HeJIHHeHHBIX MogelieH

B TE€OpHH TMOJIAPOHA

B paboTe o6CyxOanTcs HEKOTOpble pes3yJIbTAaTh YHCJIEHHOTI'O
pemeHHss CHCTeMbl TpeX HeJIHHEeHHbX OuddepeHIHaNnbHbIX ypaBHe-—
HHI B 0606WeHHONl MOonspoHHON MogenH Jlatuwxepa-ily. IlpuBe-
OeHO cpaBHeHHe C DaHee H3BeCTHHIMH OAHHHMH. [0JTy4YeHHBIH
pesyJbTaT CBULETEJILCTBYEeT O HeoO6XOOHUMOCTH mnepexoma kK 6o0-
Jlee CJOXHBIM CaMOCOI'TacoBaHHLIM ypaBHEHHAM OJis 6oJjiee Tou-—
HOrO OmHCaHHs saBHcHMocTH E(a) .

Pa6oTra BhnosHeHa B Jla6opaTopHH TeopeTHUYeCKOH HH3IHUKH
0)58315
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On Application of Generalized Nonlinear Models

in Polaron Theory

Some results of the numerical solutions to the system
of three nonlinear differential equations in the frame~
work of the generalized Luttinger-Lu polaron model are
discussed. The comparison with the known data is pPresen—
ted. For the more accurate description of the E(a) de-
pendence a processing to the more complicated self-con-
sistent equations should be done.

The investigation has been performed at the Laboratory
of the Theoretical Physics, JINR.
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