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= scattering theory
* Schrodinger’s equation for scattering:
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* asymptotic solution: R ~ Y Sln(krr Lim+6))
* scattering amplitude: f; = ﬁ (623'51 B 1)

* slow particles — low energy — low temperature

* phase §; ~ k21

* just care about s-wave scattering (I = 0)

* replace interaction potential by pseudo potential
Ver(r) = g - 0(r)(9, 1)

* s-wave scattering length as = =159

* — use perturbation theory for scattering

®» Hamiltonian for interaction:
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= equation of motion: ih%‘i’(r,t) = {i’(r,t), ﬂ]

= Gross-Pitaevskii:
* macroscopic occupation of one mode
* pseudo potential & lowest order approximation
 Gross-Pitaevskii equation:

ih2 Wy (r,t) = ( —ENE V(s t) + g\xpg(r,m?) Wo(r, 1)
. descrlbes interacting gas in external field




= Bogoliubov theory
* Hamiltonian:
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= Bogoliubov lowest order approximation:
*neglect all particles with p # 0

* pseudo potential with first Born approximation Vp = g =
e ground state energy: Fy = 59
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* compressibility: — =

* — sound velocity: c=

= Higher order approximation
* neglect quadratic terms of p # 0
* pseudo potential with higher order: Vo = ¢ (1 + % Zp;é() 1%)
* Hamiltonian before transformation:
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* Hamiltonian after transformation:
H=FEy—+ Z 6(p)b};bp
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e ground state energy: Eo = g]QV_V {1 + 1%3/8;(71@3)1/2]
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» dispersion law: e(p) = [%p + (QL) ]
* characteristic healing length: £ = ﬁ = \%%

* occupation quasi particles: Np = <6L6p> = W

* occupation particles: X
Np = <&L&p> lv_p|?* + |up|? ( > + |v_p|? (bT b_p)

* number of particles in the condensate at 1’ = 0K :
N() =N — Z Np
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