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INTRODUCTION BRIGHT SOLITON STATE

We have developed a novel approach for com-
puting reduced density matrices for superpo-
sitions of eigenstates of a Bethe-ansatz solv-
able model, using a diagrammatic approach
[1]. We present its application to the compu-
tation of the single-particle density matrix and
its eigenvalues (including the condensate frac-
tion) for a quantum bright soliton with up to

= 10 bosons. The underlying approach
is suitable for studying time-dependent prob-
lems and generalises to higher-order correla-
tion functions.
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RESULTS
We have computed three important quantities: 1.00
We consider the Lieb-Liniger model, describing o the largest eigenvalue ¢y of the density matrix as function of the 8:2
a one dimensional system of N bosons with co- spread A. ¢ 085l
ordinates x; interacting with a contact potential e for a given N, the maximum of this value, w.r.t. A. N oo}
of strength c. Its hamiltonian is e for a given N, the maximum of the spatial variance o2 of the den- 0.75¢
sity matrix, w.r.t. A. It is compared to the mean field Hartree-Fock 3;2 _
N 52 solution. 0.60 : : : : 10 12
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whose eigenstates are obtained with the coor-
dinate Bethe-ansatz as string states |p) . 0T e« Bethe Ansatz|
We construct a bright soliton of mean momen- 0997 e —— Hartree-Fock
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tum 7 as max(co/N) 0.97} / min o2
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In order the get the single-particle density ma-
trix, we have to compute the form factors (e.g.

2])
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which is done diagramatically in [1].




