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Our paper is devoted to the study of transform (1) in the weighted spaces £; - summable
functions f(x) = f(z1,22,...,2,) on R} ={x:x € R*| 21 > 0,2, > 0,...,z, > 0}, such

that
| fllzr = {/ gl {/ gyt
RY RL
X [/ Y Fay, w7 T dag YR Y Tt g AW < oo
il
(T: (Tl’r%.”’rn) < Rn’ 1 §?< o0, V= (V17V27"'7Vn) € an V=V = ... :Vn).

The functional and compositional properties of the integral transformation (1) and some
of its modifications in spaces €53 (2=1(2,2,...,2), V= (v1,v2,....,0) ER", 1y =1y = ... =
= 1, ) have been studied in the works [1], [2], [5] and [6]. We continue this research. Theory of
the considered integral transformation (1) in weighted spaces £ ¢ is constructed. Mapping
properties such as the boundedness, the range, the representation and the inversion of the
transform (1) are established. The results presented generalize those obtained in [7, Chapter
4.1] for one-dimensional case.
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SPECTRA OF THE ENERGY OPERATOR OF SIX-ELECTRON SYSTEMS
IN THE HUBBARD MODEL. SECOND SINGLET STATE

S.M. Tashpulatov

We consider the energy operator of six-electron systems in the Hubbard model and
investigated the structure of essential spectra and discrete spectrum of the system in the
second singlet state. Hamiltonian of the system has the form

H=A Z Oy + B Z Oy + U Z by O 1Oy | G, | (1)

m?’y m7T’,\/ m
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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 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, v =1 or v =/ . and a,fw and a,,, are the respective
electron creation and annihilation operators at a site m € Z".

The Hamiltonian H acts in the antisymmetric complex Foc’k space (Hs, ()3,.). Suppose
that ¢y is the vacuum vector in the space H,s. The second singlet state
corresponds to the free motion of six electrons over the lattice and their interactions with the
basic functions s) .,y ez = @y an alfial af at o The linear subspace *HY, correspon-
ding the second singlet state is the set of all vectors of the form

2,10 2.0
1/15 = Z f(pv q,7t, kv n) Sp.q,ritknezvs f € 1587

p,q,myt,k,nEZY

where [$° is the subspace of antisymmetric functions in the space l5((Z")%. We denote by
2H? the restriction of operator H to the subspace 2HY.

Let F : 1((Z27)% — Ly((T)® = *H° be the Fourier transform, where 7" is the v—
dimensional torus endowed with the normalized Lebesgue measure dA, i.e. A(T%) = 1. We

set 2HO = F2HO F1.
Theorem 1. The Fourier transform of operator *H? is an operator *H? = F2H? F~!
acting in the space L3*((T")%) be the formula

2HO 290 = h(\, 1,7, 0,1, €) F O 11,7y, 0,17, €)+

+U/[f(ta)‘+,u_t7’7a0an7€)+f(t7/’['777/\+0_t777a§)+

TY/
0 A+ E =)+ fNtu+y—t,0,n,8)+
+f(>\,t>%9aﬂ+77—taf)+f<)\7ll>t,7+‘9—t777,§)+

It 0,y +E—0) + fO 7, t,04+n0—6,8) 4+ F(A 17,0, t,n+&—t))dt, (2)

where h(\, p,7,0,n,8) = 6A+ 2B . [cos\; + cosp; + cosry; + cosb; + cosn; + cosé;], and
L3 s the subspace of antisymmetric functions in Lo((T")°).

Theorem 2. a). Let v =1, and U < 0, then the essential spectrum of operator Qﬁfg 15 the
union of seven segments: Oegs(2H®) = [a-+c+e, b+d—+ flU[a-+c+ 23, b+d+23)U[a+e+ 29, b+ f+
+29]U[a+ 29423, b+ 20+ 23]U[cte+ 21, d+ f+21|U[c+ 21+ 23, d+ 21+ 23]U[e+ 21+ 22, f+21+22],
and discrete spectrum of operator 2H? is consists of a unique eigenvalue: o450(2H®) = {2 +

+ 294 23}, what lies to the below than the left edge of the essential spectrum of operator 2]:]2.
Here, and hereafter a = 2A—4Bcos, b=2A+4Bcos, ¢=2A—4Bcos %, d=2A+

2 2
+4Bcos%, e = 2A—4BCOS%, f =2A+4Bcoshs, 2 =24 — \/9U2+16320082%,

2
29 = 2A — \/9U2 + 16320082%,
23 = 2A — \/QU2 + 16320052%.

b). Let v =1, and U > 0, then the essential spectrum of operator 2?[2 s the union of
seven segment’s: 0ess(PHY) = [a+c+e,b+d+ flU[a+c+Z3, b+ d+Z3)Uja+e+ 2, b+ f+ 2] U
U[a+52+53,b+52+53]u[c+e+51,Ci—l—f—i—El]U[c—i—Eﬁ—fzvg,d+51+53]u[e+51 —|—52,~f—|—51 +52],

and discrete spectrum of operator 2H? is consists of a unique eigenvalue: og5.(*H?) = {21 +
+ 2y + Z3}, what lies to the above than the right edge of the essential spectrum of operator
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2}72. Here z; = 2A + \/9U2 + 16320032%, Zy = 2A+ \/9U2+ 16320032%, z3 = 2A +

+ \/QU2 + 16 B2cos?42.
We consider the case v = 3, and A} = (A?,A?,AO) A2 (A9, A, A9), Az = (AS, AS, A9).

We let W denote the Watson integral: [1] W = &5 [ [ Sdodydz ~ 1,516 . Becase
0 JoO 0 3—cosr—cosy—cosz ?
the measure \ is normalized, J = f f I8 dodydz =W
T 3—CO0ST—COSY—COS2 3
AO
4Bcos—+ A9 A9 A
Theorem 3. A). If U < 0, and U < ———=3%, and cos=5+ > cos5* > cos=:, or
A9
A7 A A3 4Bcos— A3 A A
cos5- > coszt > cos, or U < 0, U < — o and cos— > cos=t > cos=, or
A
A9 A A9 4Bcos—3 A A A9
cos=2 > cos5 > 60371, or U <0, U< ———2, and cos3* > cos= > cos=, and

cos4 > cosA— > COSA—, then the essential spectrum of operator 2HS consists of the union of
seven segments: aess(2ﬁg) = [a1+c1+eq, by+di+ fi]lUlar+c1+ 23, by +dy +23]U[a; +e1+ 22, b1+
+fit U [ar+2+ 23,01+ 22+ 23U ja Her+21,di + fi + 2] Ufen + 210+ 23, dy + 21 + 23]U
ler + 21 + 22, f1 + 2 + 29|, and the discrete spectrum of operator *H? consists of unique
eigenvalue: adzsc(2 8) {z1 + 20 + 2z3}. Here and hereafter ay = 2A — 12B cos & b =

— 24+ 12Bcos & 2, 61—2A—12BCOSA20, d1:2A+12BCOST, 61:2A—1QBCOSA73,

fi=2A+ 128 cos 7, and z1, zs, and z3 are the same concrete numbers.

A9 A0 AO

4Bcos 4B cos =2 A A9 4B cos =+
B). IfU<0, — <U<——=2, and cos 3 >cos 3, or U <0, T <

Boos A 4B AO 4B cos M 0

4B cos > A cos == cos —- A
U< — WQ,cmdcos—>cos 2 or U <0, w S U < ——7*, and cos 5 >

A9 A9
AO 4B cos =2 4B cos =3 A9 A9

>cos3, or U <0, —— 2 < U < ——2, and cos 3+ > cos5, or U < 0, —
__ 4Bcos 3 AO 4BCOSA—8 A A? 4BCOSA—g 4BCOSA—(1)
7 S U < ——72, and cos 32 > cos5, or U <0, —— =2 < U < ——+,

and COSA—? > COSA—, then the essential spectrum of operator 2?[3 consists of the union of
four segments: aess(zﬁg) =la;+c1+e,by +di+ f1] Ulay + 1+ 23, by + dy + z3) U a1 +
+e1 + 29,01 + f1 + 29 U fay + 20 + 23,01 + 22 + 23], or 0ess(PHY) = a1 + ¢ +e1,b0 + dy +
Jrfl] U [a}v—l—cl +23,b1 +d1 +23] U [Cl + e +Zl,d1 —|—f1 +21] U [Cl + 2 —|—23,d1 + 21 +23],
or Oess(PHY) = a1+ 1+ €1,b1 +di + fi] Ular + e + 22,01 + fi + 2] U ey + €1 + z1,dy +
+ i+ 21| Uler + 21 + 29, f1 + 21 + 22|, and discrete spectrum of operator 2[?2 is empty set:
Jdisc<2ﬁg) - @
4Bcos 22 AO 4B cos A3 A9 A9 4B cos A3
C). If U<0, ——— 2> <U< ——%, and cos 3+ >cos 5, or U <0, ——2 <
4BcosA—(2) A 4BcosA—0

U< — WQ,andcos—>cosA,orU<O, — 7

A9 A9

A9 4B cos = 4B cos —- A9 AY

=, or U <0, —— < U< ———2, and cos3 > cos5, or U < 0,
A9 A0 0 A0
4Bcos— 4B cos =+ 4B COST2

= < U < — s
and COSA—g > COSA—, then the essential spectrum of operator 2?]2 consists of the union
of two_segments: Oess(? 1::]2) = [a1 + 1 +e,b1 +di + fi] U far + ¢ + 23, bL+ dy + z3], or
Oess(CHY) = a1+ c1 +e1,by +di + fi] Uar + €1+ 22,01 + fi + 22], or 0ess(CHY) = [a1 + 1 +
+e1,b1 +di + fi]U e + e + 21, dy + f1 + 21], and the discrete spectrum of operator 2?[2 is
empty set: adisc(Qﬁ[S) = 0. )

A
4B cos = 0 0
D). If U < 0, —% < U <0, and COS% >cosA7 >cosA7, or U < 0, —

AO
4B cos =2 A9
<U< ——2, and cos 3 >

> COS

A
A A 4Bcos—
WQ,andcos—>c037,0rU<O, —— = <U <~
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A9 AQ
4B cos =2 A9 A9 A9 4B cos =3
—— = < U <0, and cos5t > cos 35t > cos*, or U <0, ——— = < U <0, and
AO
A9 A9 A9 4B cos =+ AY A9 A9
cos 3 >cos5t >cos3k, or U <0, ———=2 <U <0, and cos 35+ > cos 3+ > cos 3, or
A9 A0
4B cos =L A9 A9 A9 4B cos =2
U<0, ——==* <U <0, and cos 5> > cos 5 > cos 4, or U <0, ————=2 < U <0,

A9 AY AY : ~ .
and cos 5 > cos 5 > cos =, then the essential spectrum of operator 2H? consists of the

union of unique segment: 0658(2[:72) = [a1 + 1 + e, by +dy + fi], and the discrete spectrum

of operator 2HY is empty set: ogise(2H®) = 0.
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