The Yukawa Theory Problem

® Yukawa’s theory of the nucleon-nucleon force

(1935)

Nucleons interact through a scalar field o(x,t) with
mass m. The range of the force is

range = h /(mc) =1 to 2 fm;
therefore the meson mass is in the range

mc? = hc /(range) from 100 to 200 MeV.

® The quantum field theory; ignore isospin

The Lagrangian density for the theory is
£=£ + £

nucleon meson interaction °

Lagrange’s equations including the interaction,

interaction - g \VT Ve,
are
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m Calculate the potential energy for a nucleon (N)
attracted to a heavy nucleus (U-238).
GW

Second step == calculate the potential energy for
the external nucleon.

First step == calculate the mean field creat
the nucleons in the heavy nucleus.

m Do a numerical calculation

r,=1.25fm R=r A3

mc? =140 MeV  pion mass

A =238 uranium

g=15 strong interaction

m Hand in a plot of the potential energy

V(r) = - g o,(r),

using these units: Vin MeV and r in fm.
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