
PHYS 40622 NUCLEAR FORCES AND REACTIONS FORMULA SHEET

You may assume the following formulae without proof:

The partial-wave expansion of a plane wave is

eikz =
∑
l

√
4π(2l + 1) il jl(kr)Yl0(θ),

where the regular spherical Bessel functions have the asymptotic forms for large x

jl(x)→ sin(x− lπ/2)

x
.

The differential cross section for elastic scattering in the centre-of-mass frame is

dσ

dΩ
= |f(θ, φ)|2

where, for a central interaction,

f(θ, φ) =
1

k

∑
l

√
4π(2l + 1) eiδl sin δl Yl0(θ).

Here the Yl0 are normalised spherical harmonics,

Yl0(θ) =

√
2l + 1

4π
Pl(cos θ),

with

P0(cos θ) = 1, P1(cos θ) = cos θ, P2(cos θ) =
1

2
(3 cos2 θ − 1).

In terms of the amplitudes ηl for the outgoing waves, the elastic-scattering and reaction cross sections
are

σel =
π

k2

∑
l

(2l + 1)|1− ηl|2, σre =
π

k2

∑
l

(2l + 1)
(
1− |ηl|2

)
.

The spherical Bessel functions jl(x) have maxima at the values of x given in the table below.

l = 0 l = 1 l = 2 l = 3 l = 4
0.00 2.08 3.34 4.51 5.65
4.49 5.94 7.29 8.58 9.84
7.73 9.20 10.61 11.97 13.30

The energy of the Gamow peak is

E0 = 1.22(Z2
aZ

2
bµT

2
6 )1/3 keV, where T = T6 × 106 K and µ has units of u.

The reaction cross section in the sharp-cut-off model is

σsco = πR2

(
1− Eb

E

)
.

The atomic mass unit is 1 u = 931.5 MeV/c2.
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