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Project outline and aims:
The goal of this project is to implement the Eikonal approximation for elastic scattering when non-local
potentials are considered. As a first approximation, the Frahn-Lemmer form for the non-local potential will
be used. This potential was later refined, and a partial wave decomposition was derived by Perey and Buck.

Methodology:
The Eikonal Approximation: Local Potential(
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eik·r = 0 (3)

Neglecting ∇2w(r) and assuming that k = kẑ so that k · ∇w(r) = k dw
dz(
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eik·r = 0 (4)

The above equation will always equal zero only when what is inside the parentheses always equals zero, thus
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Dividing by w(r), multiplying by dz, integrating, then exponentiating the result

w(b, z) = exp
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The Eikonal Approximation: Non-Local Potential
Making the same approximation for Ψ(r), but assuming a non-local potential(
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)
eik·r = 0 (7)

The integral over dr′ is over all space, so r′ = (b′, z′) where b′ =
√
x′2 + y′2. Multiplying the integral

term by eik·re−ik·r, neglecting the ∇2 term, and treating k · ∇w(r) as we did before.(
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Multiplying the top and bottom of the integral term by w(r)
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eik·r = 0 (9)

So that (
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With

U(r) =
e−ik·r
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At this point we can formally solve for w(r) = w(b, z) in the same way we did with a local potential. This
results in

w(b, z) = exp
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(12)

The notation being used here is that r′′ = (b, z′′), with b =
√
x2 + y2. Unfortunately, solving this equation

is not so straight forward since w(r) appears on both sides of the equation. Restoring all the factors to make
this more explicit, we have
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The way to go about solving this equation is through iteration. We will first evaluate the local version of
w(r) by using (6) with some suitable local equivalent potential. Calling this function wo(r) and plugging it
into the right hand side of the above equation, we can calculate the first iteration of the non-local w(r). In
full, with n labeling the step in the iteration process, we have
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The iteration scheme proceeds until wn(r) agrees with wn−1(r) within a desired level of accuracy. Of
course, certain technical aspects need to be worked out in order to evaluate the nasty expression above.
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