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Material 

• B.R. Martin: Nuclear and Particle Physics 

• J. Lilley: Nuclear Physics – Principles and 
Applications (Wiley, 2001) 

• Some lecture notes by David Watts. 

• Later on some slides from our local ”neutron 
star expert”, Stephan Rosswog 



Practical issues 

• Hand-in exercises will be distributed  October 
2, deadline will be October 9 

• Nuclear physics raises a few questions related 
to research ethics, the discussion of which 
therefore will be part of the hand-in exercise. 

• These will be also discussed in a seminar 
October 9. 



Letcure 1: Nuclear shapes and 
sizes, the Bethe-Weizsäcker 

formula 



Nuclear- and Particle Physics 

• Particle Physics: Two-body, or few body, 
mainly point-like 

• Nuclear physics: Many-body 

• In principle, it should be possible to calculate 
nuclear properties from Quantum Chromo 
Dynamics (strong force dominant in nuclei). In 
practice: semi-empirical and 
phenomenological models needed.  



Nuclear physics 

In house research: 
searches for Dark Matter! 



Course overview 



Scales 

which quarks make the proton? Exicted state of proton? 
1e-10 , what kind of radiation? 



Nuclear properties 



Nuclide chart:  

What does it show? 



Masses and binding energy 

 

 

Mass: 

Mass deficit:  

Binding energy:   



We will spend a signficant part of our 
lectures on understanding this chart. 

Martin, p 34: 
mass 
spectrometer 

How could you produce energy here?  



Nuclear force 

+ spin dependent 
 

~ .5 fm 
 



Nuclear shapes and sizes 

• Charge distribution 

 

 

• Mass distribution 

use electrons as probe  point like particles, experience 
electromagnetic interaction only and not strong (nuclear) force, 

use hadrons as probe  strong force  α-particle 





Electron scattering 

Consider angular distribution: 



Electron scattering 

In real life, the nucleus will not be a disk. 

E = 420 MeV ~ pc 
λ = h/p ~ 3 fm 

 

Θ = sin-1 (1.22λ/d) = 50o 

for 12C 

 

R(12C) =  2.5 fm 

Formula: 2.74 fm 



Rutherford cross-section and charge 
distribution. 

Spin0 point-like probe 
charged point-like target 

Including spin of electron:  

Including non-point like 
nature of the target:  

Fourier transform of charge 
distribution:   

p 27 in Martin 
Tutorial today. 



Example 



Nuclear sizes 

r0  ~ 1,2 fm 
This scaling implies that the volume per nucleon is roughly constant – like 
in an uncompressible fluid.  This would not be the case if the strong force 
had infinite range 



 



 



Bethe-Weizsäcker Mass Formula 

• aka Semi-Empirical Mass Formula 

Carl Friedrich von Weizsäcker 
(1912- 2007, rhs) Who is on the 
left? 

Hans Bethe (1906-2005) 
Los Alamos badge 

C.v. Weizsäcker: ”Zur Theorie der Kernmassen” (1935) 



Binding energy 

  



Bethe-Weizsäcker formula 

• The Bethe-Weizsäcker formula provides a 
formula for the mass of nuclei, inspired by the 
”Liquid drop Model” 

 



Mass term 

 



Volume term 

N.B: ”-” sign  positive contribution to binding energy 



Surface term 



Coulumb term 



Assymetry term 



Pairing term 



Contributions to the binding energy 



Summary 

Note (different notation 
used by MANY authors): 
 
- change in notation for 

assymetry term (x 4 for 
the coefficient) 

 
- δ =        
 



BW formula and magic numbers 



Summary of today’s lecture 

• Unlike particle physics, nuclear physics 
considers multi-body, composite objects  
phenomenolgical modelling  many 
applications. 

•  Typical sizes of nuclei: ~fm,  

     Typical energies ~MeV,   

     Typical densities: 1014g/cm3 



Summary of today’s lecture 

• The charge distribution (and size) of a nucleus 
can be experimentally determined by 
measuring the angular distirbution of electron 
scattering 

• The mass distribution can be determined by 
scattering of α particles (the original 

Rutherford scattering experiments) 

r0  ~ 1,2 fm 



Summary of today’s lecture 

• We started to talk about modelling the 
binding energy of nuclei. 

• Nuclear models should be able to explain the 
(i) the dependence of binding energy on 
nuclear mass and (ii) nuclear reactions 

• We discussed the Bethe-Weiszäcker formula, 
which is a parameterization of the binding 
energy as function of a with 4 free 
parameters. 



Summary of today’s lecture 

• In next lecture (”Decays and Reactions”) we 
will see how we can use the Bethe-Weizsäcker 
formula to predict the ”valley of stability”  
mass parabolas. 

•  We saw also that the B-W formula gives a 
good description of the binding energy , but 
there are features that we do not understand: 
e.g. magic numbers, This will lead us to 
consider corrections to the B-W formula 


