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Abstract

We consider a model operator H associated with the system of three particles on
a d-dimensional lattice that interact via nonlocal pair potentials. We describe

the essential spectrum of H by the spectrum of two channel operators.

The location of the essential spectrum of the three-particle discrete
Schrodinger operators has been extensively studied in many works, see,
for example, [1, 2]. The main result of [1] is that the essential spectrum of
the three-particle discrete Schrodinger operator consists of only finitely
many bounded closed intervals, although the corresponding two-particle
operators might posses infinitely many eigenvalues for some value of the

two-particle quasi-momentum.

In the present paper, we consider a model operator H associated to a
system of three particles on a d-dimensional lattice. The spectrum of
channel operators are described by the spectrum of corresponding family

of Friedrichs models. We establish that the essential spectrum of H is the
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union of the spectra of two channel operators. The upper bound for the
number of closed intervals of the essential spectrum is found. We note
that the operator H can be considered as a non-compact perturbation of

the operators investigated in [3, 4].

Denote by T% the d-dimensional torus and by Lyo((T%)?) the Hilbert

space of square integrable (complex) functions defined on (Td )2.

Let us consider an operator H acting on the Hilbert space Ly((T%)?):
H = HO _Vl —V2,
where the operators H and V,, a =1, 2 are defined by

(Hof)(p, q) = w(p, ¢)f(p, q);

(Vi) (p. @) = Y wnila) [ oo (p. ),
)

1=1

n
(Vaf) (b, @) = Y 03i(p) [ 035(5)f 5, a)d.
i=1 T
Here f € Ly((T?)?), the number n is a positive integer with n > 3, the
functions vy;(),a=1,2,i=1,...,n and w(,-) are real-valued
continuous functions on T? and (’]I‘d )2, respectively. Under these

assumptions, the operator H is bounded and self-adjoint. We recall that

the operators V,, a =1, 2 are called nonlocal interaction operators.

Denote w;(p, q) = w(p, ¢) and wy(p, q) = w(q, p). To formulate

main results of the paper, we introduce the channel operators acting on

Ly((T?Y?) as H, = Hy -V, and two families of bounded self-adjoint

operators (Friedrichs models) A, (p), p € T, which acts in Ly(T?) as
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1=1

(ha(P))(@) = o (b, (@)~ Y v6i(a) [ vai(s)f(5)ds.
¢

For any fixed p e ’]I‘d, we define the analytic functions in

C\ [my(p); My(p)] by

04 (500 (5)ds

(@) o)
KRR I

T

’ i?j:17""n;

1, ifi=j,
Ay (p; 2) = det(s,:j - Ii(j“)(p; Z)XL RS
i, j=1 o
0, if i = J,
and the function A,(p; ‘) is the Fredholm determinant associated with
the operator h,(p), where the numbers m,(p) and M,(p) are defined
by

my(p) = mir& wy(p, q), My (p):= max wy (D, Q).
qeT qeT

The following lemma describes the relation between the eigenvalues

of the operator h,(p) and zeroes of the function A, (p; -).

Lemma 1. The number z € C\ [my(p); M,(p)] is an eigenvalue of
the operator hy(p) if and only if A,(p; z) = 0.

We denote by o(), Gees(*), and ogis.(-) the spectrum, the essential

spectrum, and the discrete spectrum of a bounded self-adjoint operator,

respectively, and set

m:= min w(p,q), M = max w(p, q).
p,qe’]I‘d p,qud

From Lemma 1, it follows that
Gdisc(ha(p)) = {Z e C\ [ma(p); M(x(p)] : Aoc(p; Z) = 0}-

Now we give the main results of the paper.
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The spectrum of the channel operator H, 1is described in the

following theorem:

Theorem 1. For the spectrum of the operator H,, the equality holds

o(Hy) = | oaise(ha(p)Um; M].

per

The following theorem describes the essential spectrum of the

operator H.

Theorem 2. The essential spectrum of H coincides with the union of

the spectrum of H, and Ho, that is, the equality . (H) = o(H;)U
o(Hgy) holds. Moreover, the set c..(H) consists of no more than 2n +1

bounded closed intervals.

Comparing Theorems 1 and 2, we conclude that

2

6ess(}I) = U U Gdisc(ha(p))U [m; M]

azlper

The subsets [m; M] and

2
U U caise(ra(p))

(‘L:lpETd

of Gee(H) are called three-particle and two-particle branches of the

essential spectrum of H.

It is obvious that for a given H, the operators H; and H, are

uniquely chooses by the property of decomposability into a direct

integral. Since the channel operators H; and H,; have a structure

simpler than that of H, and Theorems 1 and 2 play an important role in

further investigating the spectrum of the operator H.
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