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Abstract The action of blocks of Hamiltonians in the basis of wavelets

We demonstrate the method of creating blocks of Hamil- A general form of the Hamiltonian for r = 2 spin deviations (j' - n.n. configurations of j):
tonian matrices for Heisenberg rings with /N nodes and

— 2 overturned spins, depending on total quasimo- H L]> - Z(|J/> — |J>)
mentum k. Initial problem of dimension (];7) reduces, J’

imately, N-tuply, d di N and k - . . . . : : 1 :
APPTOTIHAEL P, CERERNEILS O AT Al L The Hamiltonian in the basis of wavelts (a single Fourier transform within a one orbit)

bers. We consider block Hamiltonians using a particu-

laral basis, called wavelet basis. Here, these blocks take o =1

I:I‘taak> — (1+w—k)|ta+1ak> _2|t047k>
o 0422,3,...,[%} —1forNodd;a:2,3,...,%—2forNeven

three-diagonal form.

Introduction

Hlta, k) = (14 ") [ta—1, k) + (14w 7") [tas1, k) — 4]ta, k)

In general:

e Bethe Ansatz: the diagonalization of the e a=[3] for N odd

Heisenberg Hamiltonian of a ring of N nodes )

e Invariance of sectors with a given number of Hlta, k) = (1 +Wk) ta—1,k) + (Wkta +w(k+1)ta) to, k) — 4[ta, k)
magnons with respect to H

e H-invariance of the subspaces with a given o a = —1 for N even, k even

wavenumber k )

e Decomposition of the Hilbert space H, as well Hlto, k) = (1 + Wk) ta—1,k) + V2 (1 + w_k) tat1, k) — 4[ta, k)

as H, with respect to r and k:

o o = % for N even, k even
e @t - D :
K . > .
’ Hlto, k) = % S W M H ta) = V2 (W8 + 1) [bast, k) — 4]t k)
In details: j=1
e two-magnon sector (r = 2), N nodes N
e Geometry of a ring, as well as Heisenberg e a= 7 —lior N even, k odd

Hamiltonian, displays the symmetry of the
cyclic group Cp, isomorphic with Zy group,
and even reacher Dy group

e The focus: Cp subgroup which enables to
describe the basis of orbits and the Fourier
transform from the basis of orbits to the basis
of wavelets

Hlta, k) = (14 w") [ta—1, k) — 4lta, k)

Hamiltonian matrices

Hamiltonian matrices depending on the parity of N and k (c=1+ wk, cF =1+ w‘k)

. . . N
e The goal: matrices of block Hamiltonians * N odd
Hs ;. incl. their parity, in the wavelet basis ;*2 C’Z CO
L — k
0 ¢, —4
0 0 -
Bases 7 — K dj, = (—1)F (w% +w—§)
A magnetic configuration: o V
X . . . c o —4 Ck
{31,792} 1 71,92 € ZN,  J1 # Jo ; ; L e de—4 ) et
& 2 ]x[7]
Then, basis of positions: e N even, k even
. . . . . —2 Cl 0
J=WHiJ2)), 1<j1<j2 <N c;, —4 ¢y
0 ¢, —4
Basis of orbits: elements labeled by the one of 00 )
the number of nodes, and by the vector of rela- H= T % |
tive positions of nodes t, (defining the orbit): 3 3 Loon e 0
N : : : : —4  \2cy
« - the distance between two spin deviations in o N even, k odd
a configuration, 5 € Zy, except of N even and ;*2 E’Z (S{
o = % - when 5 =1,..., % (rarefied orbit) 0 ¢t —4
Basis of wavelets formed by a single, discrete . 0 0 ¢
Fourier transform with respect to the first index N o0
of the basis of orbits j:
—4 CL
% T (F-nx(E-)

N
1 |
to, k) = —=» w7F|j ta), fora#
VN =

Y _ o Remark: In the theory of three-diagonal matrices, it is a well known fact, that their determinants
and |t0&7 k> — N Z '2: w_Jk‘.]7ta>7 Ww=¢en : :
V N £uj=1 are expressed by means of Chebyshev polynomials. For more details please see references.
for a = %, and N even, only for k even,
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