
Global properties of atomic nuclei



Binding

€ 

m(N ,Z) =
1
c2
E(N ,Z) = NMn + ZMH −

1
c 2
B(N,Z )

The binding energy contributes significantly (~1%) to the mass of a nucleus. This implies that the constituents 
of two (or more) nuclei can be rearranged to yield a different and perhaps greater binding energy and thus 
points towards the existence of nuclear reactions in close analogy with chemical reactions amongst atoms.

B is positive for a 
bound system!



https://physics.aps.org/synopsis-for/10.1103/PhysRevLett.119.033001

Proton Loses Weight

Their new proton mass measurement—with a precision of 32 parts per 
trillion—disagrees by 3 standard deviations with the CODATA value

Phys. Rev. Lett. 119, 033001 (2017)



The sharp rise of B/A for light nuclei comes from increasing the number of nucleonic pairs. 
Note that the values are larger for the 4n nuclei (a-particle clusters!). For those nuclei, the 
difference

divided by the number of alpha-particle pairs, n(n-1)/2, is roughly constant (around 2 (MeV). 
This is  nice example of the saturation of nuclear force. The associated symmetry is known as 
SU(4), or Wigner supermultiplet symmetry.
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ΔE ≡ B(N ,Z) − nB(2,2)
4He

Consequence: possible alpha clustering in low-density regions



Odd-even effect



• For most nuclei, the binding energy per nucleon is about 8MeV.
• Binding is less for light nuclei (these are mostly surface) but there are 

peaks for A in multiples of 4. (But note that the peak for  8Be is slightly 
lower than that for 4He.

• The most stable nuclei are in the A~60 mass region
• Light nuclei can gain binding energy per nucleon by fusing; heavy nuclei 

by fission.
• The decrease in binding energy per nucleon for A>60 can be ascribed 

to the repulsion between the (charged) protons in the nucleus: the 
Coulomb energy grows in proportion to the number of possible pairs of 
protons in the nucleus Z(Z-1)/2

• The binding energy for massive nuclei (A>60) grows roughly as A; if the 
nuclear force were long range, one would expect a variation in 
proportion to the number of possible pairs of nucleons, i.e. as  A(A-1)/2. 
The variation as A suggests that the force is saturated; the effect of the 
interaction is only felt in a neighborhood of the nucleon.

Binding (summary)

http://amdc.in2p3.fr/web/masseval.html
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Nuclear liquid drop
The semi-empirical mass formula, based on the liquid drop model, considers five 
contributions to the binding energy (Bethe-Weizacker 1935/36)
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pairing term

Leptodermous
expansion

B. Grammaticos, Ann. Phys. (NY) 
139, 1 (1982) 



The semi-empirical mass formula, based on the liquid drop model, 
compared to the data


