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Introduction

The Hubbard model is currently one of the most extensively studied
multielectron models of metals. But little is known about exact results for the
spectrum and wave functions of the crystal described by the Hubbard model,
and obtaining the corresponding statements is therefore of great interest.
The spectrum and wave functions of the system of two electrons in a crystal
described by the Hubbard Hamiltonian were studied in [1]. The structure
of essential spectrum and discrete spectra of the energy operator of three-
electron and four-electron systems in the Hubbard model were investigated
in the work [2, 3|. We consider the energy operator of five-electron systems
in the Hubbard model and described the structure of essential spectrum
and discrete spectra of the system in the doublet states. Hamiltonian of
considering system has the form

H=A Z af{%,yam,V + B Z a;ﬁamm + U Z a:;ﬁamﬁa:mamvi.
m.y

m, T,y m

Here, A is the electron energy at a lattice site, B is the transfer integral
between neighboring sites (we assume that B > 0 for convenience), 7 which
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means that summation is taken over the nearest neighbors, U is the parameter
of the on-site Coulomb interaction of two electrons, 7 is the spin index, and

at - and a, , are the respective electron creation and annihilation operators
at a site m € Z”. In the five-electron systems exists five type doublet states.
The Hamiltonian H acts in the antisymmetric Fo'ck space H,s. Let ¢y be
the vacuum vector in the space H .

Main results

The first doublet state corresponds the basis functions 1dnﬁ7p g =
+, ! :Lr ! ;T ;FT ;FTQO() The subspace 1’Hf 5, corresponding to the first doublet
state is the set of all vectors of the form/
1/2 .
1w1/2 - Zm,n,p,q,reZ” f(m n,p,q,r )1dmn,pqr, f ~ 537 Where lgs 1S the

subspace of antisymmetric functions in the space ly((Z")°).

Theorem 1. The subspace 1#‘11/2 is invartant under the operator H, and

the restriction 1Hf/2 of H to the subspace 1ﬁf/2 s a bounded self-adjoint

operator. It generates a bounded self- adjoint operator 1ﬁf/2, acting in the
space 15°.

In the quasimomentum representation, the operator 1ﬁil/2 acts in the
Hilbert space L3*((T")%) as (1Hf/2f)()\ v, 0,m) = {bA+2A> 7 [cos \; +
cos,uﬁ—cos%—%cose+Cos772]}f()\ i, 7y, 0,m +Uny[f S,y A+y—s,0,1n)+

F(s, 7 A 40 = 5,0+ +F (s, 1,7, 0, + 0= 8) + FO 8,1+ — 5,0,m)+
f()\ S, Y, 1+ 0 —s, 77)+f()\ $,7,0, u+mn—s)]ds, where L§* is the subspace
of antisymmetric functions in Lg((TV)5).

Theorem 2. Let v = 1 and U < 0. Then the essential spectrum of
operator 1Hf/2 s the union of four segments and the discrete spectrum is
empty.

Let v=3, A1 =X+, Ao =p+0, \; = (A AV AY) i =1,2;

GBCOSAT? 0 A9
TheoremO 3. a) If U < o —,cos5 > cos 5, or
A
6B cos =2 AY A9
U < ——=7=%, cos5 < cos—, then the essential spectrum of operator

1Hf/2 is the union of four segments and the discrete spectrum of operator
1Hf/2 15 empty.

A9 A0 A0
6B cos 6B cos =2 A AY 6B cos =2
2<U<— 7, Cos 5 > cosF, or ——— = S U <

b). If —
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0
65 cos 5 AY 1
—— =, C0s 5 < cos— then the essential spectrum of operator H1 /9 8

the unton of two segments and the discrete spectrum of operator 1H1/2 18
empty.
0

AJ 68 cos =2 A

6B
c). If—&<U<O COSA—<0057 or —— =

COSA— then the essential spectrum of 1H 1/ 15 the single segment and the

<U<OcosA7>

discrete spectrum of operator 1H1 /2 15 empty.
. : 2

The basis functions Qdm/m’pqr = +7 ! :;T ; ia;T ;FTgoo corresponds
to the second doublet state. The subspace 27—[1 5, corresponding to
the second doublet state is the set of all vectors of the form
2%1/2 = Zm S flm,n,p,q,r )2dm/n7pq,a Denote 2H1/2 the restriction
of operator H to the subspace 27—[1/2 Let Ay =X+ pu, Ao =~v+0.

Theorem 4. I[f v = 1 and U < 0, then the essential spectra of the
operator 2]—[1/2 i1s the union of seven segments and the discrete spectrum of
operator 2]—[1/2 1S consists of no more one point.

_ _ _ __(AD AD AOY
Let v =3, As = A+, Ay =7 +0, Aj = (A9, A2 A9),j =3.4.
Theorem 5.

A9 A9
a). ]fV—BandU<—W,cos <2,COS3’>COSQ,O7“U<—%,
AO
AO AO A() 6B 23 AO AO A()
Cos—4< cos 3<cos— or U < — cos 3 co > cos 3>cos—

2 2 W ) 27 2
then the essentzal spectra of operator 2]—[1/2 18 the union of seven segments

and the discrete spectrum of operator 2]—[1/2 s consists of no more one point.

0

A
o 63 cos 5 AJ 1 A9 A9
b). [fI/ 3 and — §U<—T, cos 3+ < 3, CO8 5 206087, or
A
_ 6B cos 2 3B A9 1 AY A9 63 cos 5+
—w <U<—W, C087>§, COST?COST, OT—OTSU<
A A
3B A_g 1 A A} 6B cos =2 _ 6Bcos A§ 1
WA,COS > , cos 5 < cos 3t or ——— = S U < ——%, cos 3 > 3,
cos > cos s , then the essential spectra of operator 2H1/2 i1s the union of
2
four segments cmd the discrete spectrum of H1 /9 15 empty.
6B cos A3 6BcosA—2 A9 1 3B 6B COSA—g
2 2
c). If—— <U< ——— -+, 00302 <5, 0or =37 SU < ——+,
A
A9 1 A9 A9 63 cos 5 3B Ag 1
cos 5t < g, cosG < cost, or —— = S U < —37, cos 5t < 5, then

the essential spectra of operator 2H 12 s the union of two segments and the
discrete spectrum of operator 2H 1/2 15 empty.
1 A A9 __6B COSATg

< 3, CO8 5+ > cos ', or

A9
6B cos =+ 2 <

< U A
< 0, cos = 7 <

2

d). If —2s
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A9 1 A9 A9 3B A9 A9
U <0, cos3t <35, cos3 <cos3t, or =57 < U < 0, cos3t > cos 3,

cOS %2 > %, then the essential spectra of operator 2Hfl/2 is single segment and
the discrete spectrum of QHf/Q 15 empty.
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