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Solid Line: Adjusted mean field calculation assuming a 
difference in occupation probabilities of 0.7 in the 3s 
shell and 0 3 in the 2d shell

Measured charge density 
difference
between the isotones 206Pb 
and 205Tl 



Formalism

Experimentally, one measures density:

Single-particle Schrodinger Eq.







And using



Using the relation:



We get constant potential:

Harmonic Oscillator:

Examples of application of method for 3s1/2:

We get expected potential:



c ~ 0.2

For commonly used potential, Woods-Saxon potential:

Coulomb potential for equivalent uniform charge distribut

Spin-orbit potential:



Experimentally

Determining point proton distribution from charge dist



Define Fourier transform of density:

We get the point proton density:



Rearrangement effect :

The charge distribution of 205Tl is scaled so that the 
charge rms radius of the scaled density is equal to 
that of the 81 core protons in 206Pb.



Measured charge density difference

Calculated proton density difference



Calculated charge radial WF2 difference

Calculated proton radial WF2 difference



Measured charge density difference

Calculated proton radial WF2 difference



Potential from proton density difference

Potential from scaled proton density difference

Dashed line potentia





Fitted WS: V0= -167.95 MeV R1= -0.03 fm and a0 = 4.68 fm
Conventional WS: V0= -62.712 MeV R1= 7.087 fm and a0 = 0.6
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Conclusions
We have developed a new method of determining 
the single particle potential directly from the density 
distributions
The potential derived from the density distributions 
of 3s1/2 state in 206Pb shows large uncertainties 
around the nodes as the experimental error is larger 
than the value of the density
We carried out a least-squares fit of a potential that 
is fit to the density data which is a much better fit 
than the conventional Woods-Saxon potential 
especially near r = 0 fm
Clearly more accurate data is needed to better 
determine the potential and answer the question 
how well can the data be reproduced by a 
calc lated 3 f ti
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We present a novel method, using the single particle Schrodinger equation, to 

determine the central potential directly from the single particle matter density 
and its first and second derivatives. As an example, we consider the 
experimental data for the charge density difference between the isotones  
206Pb – 205Tl, deduced by analysis of elastic electron scattering measurements 
and corresponds to the shell model 3s1/2 proton orbit, and determine the 
corresponding single particle potential (mean-field). We also present results of 
least-square fits to parametrized single particle potentials. The 3s1/2 wave 
functions of the determined potentials reproduce fairly well the experimental 
data within the quoted errors. The fair agreement with fitted potentials may be 
an indication that effects of short range correlations on charge distributions due 
to shell model wave functions are not significant. More accurate experimental 
data, with uncertainty smaller by a factor of two or more, may answer the 
question how well can the data be reproduced by a calculated 3s1/2 wave 
function. 
  


