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4 The additions to the energy from the terms of the 7
INTRODUCTION 1 STRONG COUPLING intermediate bond are determined as follows:
-0’38_' SE,. =) V7k* P (K)° OoE . = 2V,° P (K)°
The energy of two-dimensional (2D) bipolaron was 10,40~ k‘”_zk: K [P (k)+k2]2’ i”t__; “P,(k)+k*’
obtained by the Buimistrov-Pekar method. Variational | e ,
calculations were carried out taking into account the 0,42 g SE, :ZVKZ P2 (k) _ P,=2+2W, -W/,
direct dependence of the wave function (WF) of the [—'6'44_' @) (1):a,,=0a3;, 0,,=0, k [Plz(k)jukz}

(2):a,,#205,0,=0,
(3):ay,=03, 0,20,

system on the interelectron distance. The variational
functions have been chosen in the form of a sum of

| @) W, = jdzrldzr2 [exp(ikr,) +exp(ikr2)]|\P12|2 ’

-0,46 -
Gaussian functions with correction multipliers. The region _ (4): a,;# 05, 05,20, ,
of existence of a 2D bipolaron (BP) is determined as a 048] ¥ W, :szrldzrz exp(ik(r, —r,))[¥,| .
function of the crystal parameters. It is shown that only a 53 TR & 3 _ N _
single-center configuration is stable. The minimum We introduce additional notation:
corresponding to the two-center configuration is a side  Fig- 2. Energy (in units £,"=h?/m’a"?) of 2D bipolaron on the C'_E +l E' B _E 49F E_E 4E
of the wave function of the system on the distance e’
> SY -0,25 - 7 = 0.2 E =<(D |H |‘D > E :<(Do| |(D0>'
between electrons are taken into account. The study of - int 1217 T2e-f | 12/ e c |r1_r2|
-0,30 1 .

the fulfillment of the virial theorem (VT) for (bi)polaron
functional is carried out. The variational calculations are
compared with the calculations performed by other -
authors using the Buimistrov-Pekar method [1]. 13’40__

Currently, 2D (bi)polaron are studied in connection with -0,45 -
the possibility of applying of the (bi)polaron theory to
graphene [2-5]. Both gapless graphene models [2, 3] and
traditional 2D systems with a wide bandgap and a
guadratic dispersion law of a band electron are considered
[4,5].

Table 1 illustrates that for an arbitrary coupling VT has the
form 1:3:4 | inthe strong-coupling limit the VT holds as
1:2:3:4:
E.. =—-F,E; =-2F',-E, =-3F',—E =-4F,

where E! =E,-E

-0,35 1

-0,50 - ee’

-0,551 The prime at the notation denotes expressions that

contain the electron-electron Coulomb repulsion.
Table 2 shows the dependence of the BP energy and
the parameters that minimize the BP functional.
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Fig. 3. Dependence of doubled polaron and bipolaron
energies on the ionicity parameter n for WF (3), N=5.

BASIC RELATIOS 2 INTERMEDIATE COUPLING 5 Table 2. The bipolaron energy.(in units of hw) and variation 8
_ _ _ parameters of WF (6) for different values of a. Feynman
We consider two electrons in the phonon field of a 2D oT Y 2oV units are used, 2m=1 h=1, w = 1.
crystal. The energy £, of the ground state of the E_- min{Jbi}, J,=—2+ 12 4 2eh =+0J, (5) o« | s | v 1 =& ]
considered system has the form: N, (1—77) N, (1—77) N, D 2.87219-10° 0.17308
E = <(I)12 | H, |(I)12> (1) The first three terms in expression (5) correspond to a Il 2065201 0.702054
1 1 strong coupling, the last term determines the addition of an D 4585443 0.707788
H, = _E(Al +A, ) +——+Hy ; +H, (2)  intermediate coupling. The eq. (5) is written using Feynman IR 6.190659 0.708639
€tz units: 2m =1, h=1, w=1. Then the unit of energy is hw. 10 1572%33 0677008993442 gg;gi:g
- - + 20 [ -
H,. . :Z\/k [exp(—lkr1)+exp(—|kr2)] A 0—- DT 23.547991 0.709413
” tHec _ D 7856928 0.709470
270 504 157.14982 0.709470
H, = Zha)ka;ak Vi =, / — _ DT 157.14982 0.709470
” SK 40 - 300 | 23572786 | 0.709470 | 88122.240
5 « V2 o -

o = 1 €, (1_77) 2m w | n :goo/go, L .60 - | CONCLUS'ONS
ho 2¢, h . For the region of existence of a 2D bipolaron, the two-
+ -80 - center configuration of a 2D BP is unstable. The only
G, =%y, exp(_sl B SZ)’ S, = Z fk (ak _ak) - minimum corresponds to a one-center bipolaron. The
K -100 - addition of an intermediate coupling 6E,; only slightly
82 =ng(rl,r2)exp(—ikri)a; + H.c. 120' lowers the energy of the BP in comparison with the

strong-coupling limit. In the region a < 1.8, the addition
6E,, becomes dominant. This phenomenon can be
characterized as a transition from a localized to a
delocalized state of 2D (bi)polaron. The exchange energy

0, = ¢, (exp(-ikr,) + exp(—ikr,)) 0 2 4 6 8 10,

Fig 4. Doubled polaron 2E,; and single-center bipolaron 2E,,
energies (in units hw ) as a parameter a function for n =0,

The electron WF is determined by:
Y, =¥, 1,0,).

N=4 in WF (3). of two 2D polarons is antiferromagnetic in nature.
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Table 1. Energy and virial relations for 2D bipolaron
for n=0. E,"=h*/m"a"? the electron WF is determined by:

Wyo (1,5,) = N2 (L4 0763 exp| =67 (1 + 1) | (6)

o | 2 | 3 | 6 8 | 10 | 20 _

a R2 "0 Rpn b > _Et: 8'7823 8'5963 8'5?6 8'5042 8'4989 8'4918 doi:10.1016/j.physe.2020.114154
Fig. 1. Two i’énter coordinates syjs"iem. EF 02322 0.3320 0.2822 Oj:gg 02222 03222 3. Fobasso M. F. C. Lifetime and dynamics of polaron and
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¥, = 2 (1+ P2 ) Ciexp(—ayri =28, (1K) ~ 8352 ). (3) _E',/3 03926 0.4860 04893 04895 04895 0.4895 Fai // Eur. Phys J. Plus. —2020. —V. 135, No6. —P. 471 (18
where C, a,;, a,, a;; are variation parameters . Ei /4 03926 0.4860 0.48935 0.4895 0.4895 0.4895 pp) doi:10.1140/epjp/s13360-020-00500-x
The strong coupling energy of BP in a 2D crystal is : o 30 50 100 200 300 4. Fobasso M.F.C.. Stability and coherence of strong-
_ T V., Vi —E, 0.4905 0.4899 0.4896 0.4895 0.4895 0.4895 coupling magnetobipolaron in asymmetric quantum dot
E, = mln{‘]b}’ Jp = N + N + N2’ (4) _F 04895 04895 04895 04895 04895 0.4895 under laser field effect / M.F.C. Fobasso, A.J. Fotue, S.C.
. R E 04895 04895 04895 04895 04895 04895  Kenfack G.N.Bawelr, D. Akay and L.C. Fai// Physics
where the first, second and third terms in the right side Letters A. — 2018. —=V. 382 No48. —P. 3490-3499
L. —E"/2 0.4890 0.489 0.4895 0.4895 0.4895 0.4895 , , ’
of eq. (4) for J, , correspond to the kinetic energy, the , doi:10.1016/j.physleta.2018.10.009
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interaction respectively; N, — is the normalization Various contributions to the bipolaron energy functional

Fonseca, R.T. de Sousa Jnior, G.M.E. Silva // Sci. Rep. —

integral: are defined by the expressions: 2019.-V. 9, Nel1. —P. 2909 (8 pp.). doi:10.1038/s41598-
E, =Ey +0E, =B, + 0, + B + Ejy + 6E;, + Ef +5E, 015-39774-2
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