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Question 1: Inelastic scattering

The boundary conditions for inelastic scattering are given by
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fn′←n(r̂, k̂)

where n stands for all quantum numbers of the collision partners, kn is the wave vector and r the vector
connecting the centers-of-mass, f is the scattering amplitude, k = |k|, k = kk̂, r = |r|, and r = rr̂, and vn
is the velocity.

Using the partial wave expansion of the plane wave
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and the spherical harmonic addition theorem
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the boundary conditions can be written in S−matrix form
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The S-matrix is related to the T -matrix by

Sn′l′m′
l;nlml

= δn′nδl′lδm′
lml
− Tn′l′m′

l;nlml
. (1)

1a. Derive an expression of the scattering amplitude fn′←n(r̂, k̂) in terms of T -matrix elements.

The state-to-state differential cross section is given by

dσn′←n

dΩ
(r̂, k̂) =

jout
jin

= |fn′←n(r̂, k̂)|2 (2)

and the state-to-state integral cross section is given by

σn′←n =

∫∫
dσn′←n

dΩ
(r̂, k̂)dr̂. (3)

1b. Derive and expression for the integral cross section. Use the orthonormality of spherical harmonics
Ylm. Also, take the incoming direction to be the z-axis k̂ = ez and use

Ylm(ez) ≡ Ylm(0, 0) =

√
2l + 1

4π
δm,0. (4)
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