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Summary

Throughout the thesis, we study the correlations of adjacent spin pairs in the one-
dimensional S = 1/2 Heisenberg spin chain.

The Heisenberg model

The Heisenberg model is made of spin-1/2, intrinsic quantum magnetic moments
of which the measured value is either up |↑〉 or down |↓〉. The spins are arranged
in a row and every spin undergoes with its two nearest neighbors an interaction
which tends to align (ferromagnetic model) or anti-align (antiferromagnetic model)
the spins. In the Heisenberg model, this interaction between two spins is isotropic,
i.e. the same in the three spatial directions.

We determine the correlation of adjacent spin pairs in the antiferromagnetic Heisen-
berg spin chain at zero temperature. This result can be interpreted as the proba-
bility to measure the same values of an adjacent spin pair at two different positions
along the spin chain and within a given time interval.

Realization and measurement

Such one-dimensional magnetic systems exist in nature and can be realized by
crystal insulator compounds. Therefore arises the question of measuring the adja-
cent spin correlations with a realistic experiment. We explain how using x-rays in
a precise range of frequencies, a scattering process, namely the K-edge Resonant
Inelastic X-ray Scattering, occurs and that the measurement of the out-coming
x-ray is proportional to the spin-exchange, one adjacent spin operator correlation
function.

Expression for the correlation functions

In order to solve the dynamics of the spin chain, its eigenstates are constructed with
the coordinate Bethe Ansatz, yielding an expression for the energy and the momen-
tum of each state. We recall then the Bethe equations in the Orbach parametriza-
tion and the Bethe-Takahashi equations. A classification of the fundamental exci-
tations above the groundstate is made and the densities of states of the so-defined
excitation types are calculated for a finite spin chain.
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In order to determine adjacent spin operator correlation functions, a short intro-
duction to the algebraic Bethe Ansatz is given and we remind the reader of the
essential algebraic expressions that allow one to compute the form factors of two
adjacent spin operators: the algebraic form of an eigenstate, the representation of
local spin operators, the norm of a state and the scalar product of two states.

On this basis, determinant formula for the form factor of the operators S−j S
−
j+1 and

Szj S
z
j+1 are determined and these last results allow us to express the adjacent spin

operator correlation functions S−−++(q, ω), S4z(q, ω) and Sexch.(q, ω) for a finite
spin chain. Additionally, we calculate the sum rules for the three corresponding
correlation functions: the integrated intensities and the first frequency moments.

Evaluation of the correlation functions

The expressions are then evaluated numerically for the interpretations of the results
and to determine the contribution of each excitation type previously classified.

Within the extensive analysis of the signal made for S−−++(q, ω), S4z(q, ω) corre-
lation functions in several external magnetic fields, we find a large contribution of
the 4-spinon states in the S4z(q, ω) at zero magnetic field. In addition, in regions
of momentum-energy, the signal can be clearly attributed to 4-spinon excitations
and distinguished from the 2-spinon signal.

The numerical evaluation of Sexch.(q, ω) provides the response function of K-edge
Resonant Inelastic X-ray Scattering measurement and these results are compared
with Szz(q, ω), the response function of the inelastic neutron scattering that is the
commonly used method to probe the the dynamics of the spin chain. The spin-
exchange correlation function reveals the same shape as the single spin correlation
function and is made of almost only 2-spinon signal. At low energy, however,
the response vanishes and makes the comparison with low energy effective results
almost impossible.

The explicit and detailed content presented in the thesis allows one to construct,
in principle, any other adjacent spin operator correlation function.
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