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degrHuH B.K. E17 - 12836

YacTryenonobHuie BO3GYNASHMA B CMCTEMAx, OMMCHBIEMbIX
mopentci Xabbappa npu oTkase or ycnoeus KMPanbHOCTH

NokasaHo, 4TO B ANMHHOBOMHOBOM Npegerne npY OTKase oT
YCSIOBWA KWMPANLHOCTM /HOPMWUPOBKK NNOTHOCTWM Ha KOHCTaHTy/
YPaBHeHWUA ANA WPEAMHIrepPOBCKUX aMNNuTyL4 B MOAenu Xa6b6appa
WMEDT Rapy JacTUuenofgobHeX peweHwi, 370 cywmecTeeHHO npm
ofCy®aeHnn CBOMCTE KBA3MOQHOMEPHEIX MEHUT HbIX CTPYKTYR, rpe
fofoBHule BO3OyKaeHus MOryT ONpeaensiTe CTaTMUeCKoe M guHa-
MUUESCKOE NOBEAEHWE CHCTEeMdl,

PaboTa BunonHexa B NaBopatopun TeopeTuueckodt
duamnwm OUAN.

Npenpanr O6reanHeHHOr0 MHCTHTYTA RAEPHBIX uccnegoraunnit, fyGua 1976

Fedyanin V.K. E17 - 12836

Particlte~Like Excitations in the Systems
Described by the Hubbard Model without
Chirality Condition

This note is devoted to consequencies of the refusal
from the chirality condition and assumptions on the
character of dynamics in the Hubbard model used in
paper/l/. A self-consistent pair of soliton solutions is
obtained for the switched off electron-phonon interaction
(1=0), and possible modifications are discussed for them
for T#0.

The investigation has been performed at the
Laboratory of Theoretical Physics, JINR.
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1. Paperfi/ hag dealt with the study of the one-dimen-
sional Hubbard model’®3/ in the continuum approximation,
where alongside with the electron system also the effects
of electron-phonon interaction have been taken into ac-
count. If one uses the Schrddinger wave function of the
system proposed inqual for the models, the dynamics of
which is essentially determined by the ground state, then
the Schrddinger wave function @oﬁat) obeys the following
system of equations

—pud (1)

i =TO” +(T-IS %@ )b +v|® |°®
a - CT' a - -G - a

a
(infl/ we have congidered, following’@/,that the ground
state in the Hubbard model is of the antiferromagnetic na-
ture). Here T=t+i.a-0-k)is the kinetic energy of electron,
renormalized by the effects of electron—-phonon interaction
I-a-{1-k),p is the chemical potential; v, the Coulomk re-
pulsion of electrons with opposite spins,I=4I%M"1(w2—m§)_1,
w® =a/M: deviations from the equilibrium states are assumed
to be small(wg%wﬁl Specific expressions for the parameters
in (1) in terms of the potential matrix elements and its
derivatives with respect toc the Wannier-states and also the
notation accepted can be found in /. The system (1) is a sys-
tem of four equatiops for ®,, ® , ©f, ®% (¢=1/2 corres-
ponds to ' ande=—3to , ). In deriving the system (1) we
have used in’Y (in passing from the equations of motion
for the Heisenberg operators to the eguations for the
Schrédinger amplitudes ¢a(§,t)) splitting 45/ of the
three-particle matrix elements via one-particle elements
and a particular choice of the dependence of the total shift
(& t) at point (£,t)x=(¢ - wt). (The latter is however
not necessary, but simplifies the derivation of the equa-
tion {see, e.g., ref. A4/ )).

Next, in paper A/ & possibility was analyzed for the
existence of soliton soluticons for the system (1). It was
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shown that in case 1) the chirality condition|®TF+1¢¢§2=conm
is fulfilled; 2) the change in dynamics with time of ¢0 is
determined by the change in amplitude |O__ |* and &,
{neglecting in the equation for ®o. in the sum over o

the term with ¢'=¢ )}, then (1) can be transformed to the
mutually independent equations for C 1), C (&), where

C, (a;f,t)=<1n(.§,z)+<1>l {£,1), C_(&,t)=D (g, t)-2 (& t), (2)
solutions of which describing the particle-line excitations
are given by the expressions ~

u
—_— N i iVt
C, (£1=y2h sech [\/VT -n(é-ut)le 2T F , o
- vl T T A
C_{&t)=y/2n tanh [/ o -n(£-ut)jle 27T ,

and the frequencies V. and V_ are expressed via the signal
velocity u  and model parameters

2 . e
V, =2T~y - —, V. =—2T e +(Vv-D)D + —. (43
+ © 4T g+ ) 4T

Physically C_(&¢) corresponds to the transition between
two domains {"domain wall"); and C,.{&1), to the full proba-
bility of the spin in this interval (see (2)).

In this note we shall analyze consequences of the refu-
sal from the conditions 1) and 2) and cbtain soliton solu-
tions for the "pure" Hubbard model.

2. Denoting I in eq. (1), before omitted in‘1:8/ terms,
via ¢ we can rewrite (1) in the form

o x re T 2
I(DO_ —T¢_0—2Tq-)_ﬂ —(V—I)|CI)_G_i <I>U +,uq)g =—a®;‘_q)_0¢_o . (5)

Passing from® and ® to C; by formulae (2)

, D =£+‘C-
2

by some algebraic computations we obtain for C4+ the fol-
lowing system of equations

AT S

iC, ~TC; ~(2T ~;1~(v—1)——--~——’2 JCp ~(v-DlC,l1°C, =

CELE

D (L=

(6)

=al-(C, [*+]c_|®) -éi+-i-|c+|2c+ N _4_*“031;



2 2
o 1G4 TG

iC_+TCL’—(—2T—#—-(v-—I)-—-—--2—- YC_ ~(v-Djc_|?C_ =

. (N

4

C
mal-(c, |*+ic 1P =+ 2jc_|%c_+ -=cf

If in (7) one postulates (posits) that
, . lCsP+icof®
®; " +1® | = ~———-—=n=const
3 & 2
and puts e =0, then cne naturally gets the equations for C+
of vef.’l which have the soliton solutions (3). Without
these constraints one arrives at the system (7) for four
comple§ functions C., C%.Along this way, a) the terms
< a|C+|"C +merely rencrmalize the effective potential

T 2 2 ~ 2
(v-D|C+|"C4: b) the terms ~a10$i C+.along with (v-I)|C+| C4,

represent the effects of modification of this effective
potential at the expense of the change in amplitude,
"another" soluticn, that results in the dependence of the
amplitude and phase C, on the amplitude C_ and vice versa
(for details see below); c) the terms ~oC*C2  result in
a "perturbed" system of equations. Note that in this case
the deviation from integrability {(perturbation) is fully
due to the effects of electron-phonon interaction (in/%/
it was related to the existence of anomalous terms in the
Hamiltonian ~ (a8, ,,~8,8,, {)}; and in//, to a different
contribution from the X~ and ¥-components of spin). The
term:ﬂJiCé changes gualitatively the behaviour of solutions
in a certain range of parameters that can be studied by
modifying the methods developed in /7+8/ as applied to

a more simple model”?’. For the "pure" Hubbard model

and things become much simpler: the system of equations
following from (7)

i€y = £TCY +(22T-04 + £(C4 |° -IC_1%)C, (8)
as will be shown below, admits soliton solutions which desc-
*
ribe the particle-like excitations. If the terms a__fcz
4 7F

in (7) are dropped, i.e., the effects of electron-phonon
interaction are taken into account only partially, then we
arrive at the following system of equations

v-T+a/2 v-léa

i€, = 4TCY + (£2T—4)Cy + ic.¥c, - |01120i(9)
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Soliton solutions can be obtained for (9) also. However, in
this case the amplitude of the second solutions modifies
the effective potential with the weight

_v-=l +a _ i

v-T +a/2 1-1/ov

that may turn out to be important in the use of these so-—
lutions for physical applications. The derivation of the
sclutions themselves for (9) may be carried out in close
analogy to their derivation for the system (8). For this
reason we will analyze this question conformabkly to the
system (8).

3. Introducing the new variables

; v 1/ . v
£ _(—Z—T-) &t —-2—~t {10)

we get for Ca+{£7,t7, instead of (8), the system

o . 2 2
1ci :ici_+AiCi +ﬂCt| —|C;| 1Cy . (11)

Further on we shall omit the prime of &t. Then, making
the phase transformation

~ =ik 4t
Ct »Cie - . (12}

we obtain for C, the simple system

iCi=iC’£+(iCi{2-—}01l2)C+, (13)

the tilde will be also cmitted. We shall look for solutions
of {13) in a particle-like form
talf-v, t) iB¢-v_1
C, (&n=glé-ute L CoE=t(g~ut)e . (14)

where ¢{&-ut), f(£-ut) are real function of (£-ut), «, B, u,
Vi + V. are parameters; the relation between them and
amplitudes ¢, fg will be established later. The substitu-
tion of (14) into (13) gives

~i(ue +iav Pl =+ Siagp ~ap + (i1 2)¢,'
{15)
_iquf T+igv_f) = —f 2181+ B7F + (£ F- ¢ D)1,



where the prime means the derivative with respect to (£-ut),
Requirung the relations (10) 2a=-u, 28=u hold, we arrive
at the following system of equations

av, p=0¢" ~a®p +{p -1 E)p,

16)
By_t =—1"+B% + (%~ 31, (

Let us try to fulfil the system {16) by the following choice
of BlE—~uty ana f(&-ut)

¢=¢Gsech[)\(§-ut)], f=f0tanh[)\(§--ut)]. (17)
The substitution of (17) into (16) gives

2
-%M:Az—m2mm2m@—mﬂ+%r—¢§%m2m@_mﬂ+

+f 20 tanh? [A(&-ut)];

(18)
_;_v_ = 23% sech [Alg&-up) + —‘i—z- + £ Ztanh #[AE - up)] -
—qﬁﬁ sech® [ (£ —ut)l.
Imposing on the requirement
oA 2= 2L 2, ,\z\/ﬁgtﬁ_, (19}

we arrive at the fellowing relation of v4 with the signal
velocity and amplitudes

2 .2
fo-d¢ a 2f%
v =—2—-+

1 —

Vy =t e (20)
2

+ " 1
Here the amplitude modulation of soliton phases C#§,t) is
clearly seen. The formulae (14), (16), (19), and (20} solve
the problem of derivation of the soliton solutions to the
system of equations (8); arbitrary parameters here are U,

.

0

Bpplving toc (10) and (12), we turn back tc the initial

variables. For C&t) we have



il: iVt
(£-utye 2T %

1/2 \/¢§+ r§

C, (&1 = ¢ sech[(%)

2
" ~ (21)
172 o+ 2 PR P
C_(f,t):fotanh[(-—%-) (g-utye 2T :
where
v, =T B8 Vg2 e
+ T TH T g e g )
- ~g (22)
u vV .o ~ vT, 1,2
V =-2T_ + o =u.{-—=
~ KT tger )

(the relations (20) have been used)}. The sclutions (21)
define a self-consistent pair of particle-like excitations
in the (£t) ~space, the amplitudes of which change conside-

rably at distances L~(:E) hg and phases are given by the

_ \/¢§+f§
formulae (22), Requiring ¢ f2=2n the formulae (21), (22)
convert to {3}, (4) for Ct’VE at I =0.
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