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Exercices

9.1 Effecitve Theory Questions
(a) Explain the Yukawa's idea (for NN interaction)

(b) Explain what an effective theory is and indicate the four pillars where the power of an effective theory
lies in.

(c) Explain the many-body problem (for NN interaction)

9.2 Gradient Coupling

Consider the pseudo-vector (or gradient coupling) to the nucleon described by the Lagrangian

L= TN Gy 0,50, 1)

s

and compute the contribution of the following diagram to the one-pion exchange potential (OPEP)



[ —————
g=(m'-m)

Some hints:

e You should compute u(p), s1)Tannu(p1, s1), with Tryy = (i)Qf“NN Yv57q,, for the incoming pion.

Mz

Note that i is the imaginary unit, (v#,75) are the gamma matrices, 7 is the isospin vector, ¢ is the
four-momentum carried by the pion (g, = p| — p1), frnn is the TN N coupling and m is the pion
mass.

e Consider the static limit (qo — 0)

e The Dirac spinors u(p, s) in the non-relativistic approach are given by u(p, s) = ( %S ) , with x4 the
two-component Pauli spinor.

e The gamma matrices are defined as

o (1 0 v [ 0 o* 5 (01
7= 0_177— ok 0 V== 1 0

with o* the three Pauli matrices (k running from 1 to 3). Also {7*, 7"} = 2g"* and {v5,7"} = 0,
with 1 and v running from 0 to 3. The metric tensor is goo = +1, grr = —1, guzw = 0.

9.3 Nucleon-nucleon potential with scalar meson exchange
Calculate the nucleon-nucleon potential due to scalar meson exchange. Things to be considered:
e you have to reproduce the expression on the slides;
e the scalar propagator is given by '
where my is the scalar mass and ¢ the four-momentum;

e work in the center-of-mass frame.
If p1 y pa are the momenta of initial particles 1 y 2, respectively, and p’; y p’y are the momenta of
the final particles 1 y 2, respectively, then we can define

p1r = —p2=Dp,

pho= —pay=vp.
With these definitions, we define

ko= 1/2(5+p),

q = p-p

e work in the non-relativistic approximation: E + M ~ 2M;

e the angular momentum L is defined as L =i (k x ).
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