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Breit-Wigner Formula

CHAPTER 23 Scattering Theory 491

FIGURE 23.10 8y(E)
When the phase shift increases
through =/2 (a), the corresponding n

partial wave cross section achieves
a resonance (b).

The total cross section approaches a maximum value (fig. 23.10). This is called
a resonance (see below). If there is a bound state at zero energy and the phase
shift goes through /2, the cross section peaks, and we have a resonance.

Let’s examine the behavior of a cross section near a resonance. At the resonant
energy E,, the phase shift increases through /2, and we have

cos 6y(E,) =0 sindy(E,) =1
At E ~ E,, we can expand sin 6, and cos &, by means of Taylor series:

sin 8o(E) = sin o(E,) + cos b,(E) T00E) (B=E)
aEE

=i (23.54)




492 Quantum Mechanics

cos 8y(E) = cos 8o(E,) — sin §,(E) i) (E—-E,)
dE |gug,
déo(E) 2
AT b el o =—= - 23,55
aE £=£,(E E,) T (E-E) (23.55)

The last equation defines I', which we will interpret a little later.
The scattering amplitude is given by

So(8,E) = (1/k)exp[i8o(E)]sin 64(E) (23.56)

The 1/k-variation with energy is slow and uninteresting. The interesting, rapidly
varying part comes from the phase shifts; let’s call this part fo(8). We have

N . i 5 (E)
5) = e/o(E) e
Hlfime ) R )
: /2

T ENEAEYA=l . E=E)+imR {ahon

where we have used the Taylor-expanded values of cos &y and sin 8,. The total
cross section is now given by

_ 4 /4

Tk (E-E\+T¥4 s

4
or =13 /@)

which is the Breit-Wigner resonance formula (the resonance curve is shown in
fig. 23.10b). Clearly, I' represents the width of the resonant curve.

Low-Energy Neutron- Suppose we consider the scattering from a square-well potential with enough
Proton Scattering: depth that there is a bound state with a small binding energy. This is a model
Scattering Length and  for neutron-proton scattering; the neutron-proton system does indeed have a
Effective Range bound state near zero energy, namely deuteron. The square-well treatment of

deuteron was given in chapter 12, where we derived the following equation
(changing the notation slightly):

ki cotkia = —kp (12.37)
with

kg =2u(Vo— |E/R* ki =2p|E|/h?
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