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Two-body system in center of mass framel
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Partial wave decomposition of the tinmelependent Schrodinger
equation
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I Two-body scattering in center of mass framis

Incoming and outgoing waves
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Partial wave decomposition of the scattering amplitude
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For potentials with finite range and not too singular at the origin,
the following Swave effective range expansion is convergent
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Dimensional analysis: Length dimensions of coefficients
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Weakly-interacting lowmomentum limit

Throughout this talk we consider lanomentasuch that
pPR¢ 1

A parameter I s called Anatural s

magnitude as the interaction range raised to the corresponding

length dimension.

In three dimensions the weaklyteracting lowmomentum limit
occurs when all of the coefficients of the effective range expansion
are of natural size. For thevfave case,

a(i)l » R 1; ro » R, P(()n) » R2n+3
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The terms contributing to the amplitude have a simple hierarchy
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Example: Stronghmnteracting Swave ford = 3

Vi(r) = j 1:49722¢ '
Jgod Vo(r) = i 5:67356e 4

V5(r) = i 443876rel 2

Tuned bound state energy to
E =i 0.005
Using units where the reduced mass equals 1
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S-wave scattering state
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S-wave scattering state
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S-wave (L=0) ford=3
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P cotdy(p)

S-wave (L=0) ford=3
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S-wave (L=0) ford=3
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Unitarity limit |

At low momentahe unitarity limit is reached when the entire real part
of the scattering amplitude can be neglected
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Scale invariance physics
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Dilute neutron matter

NeutronneutronS-wave
scatterindength is1 18 fm
while therangeis about 2
fm.

For neutrons with an
average separation of
about 7 fm (about 1% of
the density of the iron
nucleus), this is not far
from theunitarity limit.

This neutron density is
expected in the inner crust
of a neutron star.
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