1. Theory of elastic scattering: A general overview
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Scattering is elastic =) probability is conserved =) equal (by abs.value) coefficients in
front of the incoming, ~ exp(ikr)/r, and outgoing, ~ exp(- ikr)/r, waves
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Scattering amplitude expressed via partial-wave phase shifts
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Collisions of identical particles (in the same spin state)
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Exactly solvable model: scattering on a rectangular potential well
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The same conclusions hold for a general
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2. Macroscopic wave function of a BEC. Gross-Pitaevskii equation

The exact Hamiltonian of an N-particle system (bare Hamiltonian)
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Effective interaction (T-matrix) yields the correct ground state energy, but with a
factorizable wave function:
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Derivation of the GPE from the energy functional

W[y, ] = 5&35’ [T Y Hy Y, - E Jo S wy g,
Lagrangian multiplier £ has the meaning of the energy of the N-boson state
Ift 33 by ¥y = 4

Yy and ¥, are varied independently

A’
S owled=0 = E¥ = e,
Factorizable state, effective Hamiltonian:

Ve _ﬂ f, (%) /ae%/;écw/' =1

p—

e

P

~=> ~» e vl
W[‘/, ] jJ?h ‘ 54?;}_" @frj e}f— %‘1 - (‘«L, fcfz’ .‘fcjgtﬂ %N Y‘N
Lagrangian multiplier PA_ has the meaning of the chem.potential M= %%b
- )
e WIhl=0 =y =B ot v @Y+ g (- Ok,

~x N S Wi=v , JeE=W
L K Ve @)Y gl
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GPE can be written also for a non-stationary (time-dependent) case
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Uniform gas
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3. BEC description in the second-quantization formalism

A general case of a system of identical particles with pairwise interactions:
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Bose-Einstein condensation in the single-particle ground state:
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Number of non-condensate atoms:
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Linearized Hamiltonian
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Local density approximation (LDA) for a trapped BEC
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