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Inelastic Excitation -
Coulomb or Nuclear

Transfer -
1n/2n/cluster
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r So angular momentum is 
conserved for a given b.

Conservation of Angular Momentum

Types of Reaction
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Calculation of the 
partial wave 
decomposition of 
the inelastic 
scattering cross 
section for 
12C+24Mg.

Reaction Processes
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How close do nuclei have to be to react?

16O+208Pb separated by the Strong absorption radius

Range of nuclear force ~ 1 fm 
RSA=r0(A1

1/3+ A1
1/3) + D    (D~2-3 fm) -

correspond to a grazing collision, nuclei just 
touching. 



The circular aperture
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J1 is a first order Bessel function
J1(x)=0 at x=0, 3.83, 7.018

note:
log scale
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208Pb 

12C and 16O 



Angular  Scattering  Scattering 
Momentum Angle   Amplitude 
l  > l g :       q < qg   |Sl|=1 
l  = l g :       q = qg   |Sl|=0.5 
l  < l g :       q > qg   |Sl|<<1 
Transmission coeff: Tl=1-|Sl|
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16O+60Ni @ 43 MeV 
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Sommerfeld parameter:  

Distance of closest approach:  cosec

Cross section:  
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Elastic Scattering
Coulomb Scattering

Low E, High Z

When 
q = 0, d=¥

q = 180, d=2h/k

d - depends on
1/k2, i.e. 1/E
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But… this is too simple…
-the scattering potential must reflect the forces 
involved - phase shifts and amplitude changes 
for each partial wave.

Would not expect a sharp cut-off as attenuation 
should increase exponentially we decreasing 
impact parameter, reflecting diffuseness.









How to parameterise the reflection coeffs and phase shifts?
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But… there are different 
scattering regimes 
depending on the 
magnitude of the Coulomb 
repulsion and the energy 
of the beam.
Sommerfeld parameter 
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Wave-like Approach
Need to Solve the Schrodinger eqn. to 
get scattering amplitude f(q). Solved 
using the Born approx. - scattering can 
be treated a perturbation and the 
scattered wave can be approximated 
using the incident wave.

Effective 
interaction 
Potential
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Refraction and Dispersion 
in optical media

Problem solved in optical 
refraction - where absorption (e.g. 
resonance absorption) modifies 
the refractive properties, using a 
complex potential.
Optical Model
Real Part:          Refraction     V(r)
Imaginary Part: Absorption    iW(r)
VN(r) = V(r) + iW(r)







Nuclear Vibrations





Coupled Oscillations





Resonant Scattering 28Si
28Si

28Si
28Si

p+27Al p+27Al
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