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• Statement of the problem

• Hamiltonian and potentials for the five-particle model of 14C, 14O, and 14N 

nuclei

• Method (variational method in Gaussian representation)

• R.m.s. radii and r.m.s. distances between particles

• Charge density distributions, and charge formfactors 

• Pair correlation functions

• Momentum distributions

• Probability density and two spatial configurations

• Formfactors of 12C, 16O, and 20Ne nuclei within the α–cluster model 

• Conclusions
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Structure of 6Li nucleus
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Structure of 6He nucleus
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The structure of the wave function

6Li (J=1+)                       6Li (J=0+)                           6He
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Light cluster nuclei 10C and 10Be
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The wave function of 10Be nucleus
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What is the structure of the mirror

nuclei 14С and 14О? And that of 14N?

?
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Hamiltonian for 14O

Similar form has the Hamiltonian for 14С (less number of Coulomb terms)
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Hamiltonian for 14N
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nα-interaction potential
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pα-interaction potential

0 10 20 30 40

60

80

100

120

140

160

180

R
m
=2.553 fm

R
ch

=2.560 fm

E(
6
Li)= -3.70 MeV

R
m
=2.568 fm

R
ch

=2.560 fm

E(
6
Li)= -3.70 MeV

S
1/2

I

II

 

 


, 

d
e
g

re
e
s

E,  MeV



14

αα-interaction potential
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Potentials used for 14C and 14O nuclei
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Potentials used for 14N nucleus
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nα-, pα- and αα- phase shifts

Variable phase approach leads to an equation with 
singularities:
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An approach without singularities:
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An approach without singularities:
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An approach without singularities:
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Variational method
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Suzuki Y., Varga K. Stochastic Variational Approach to Quantum Mechanical Few-

Body Problems // Springer-Verlag Berlin Heidelberg, 1998.
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Convergence



23

Root mean square (r.m.s.) radii 

and r.m.s. relative distances
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R.m.s. radii and relative distances
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R.m.s. radii and relative distances for 14N
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Charge density distributions 

and formfactors of 6He and 10Be nuclei
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Charge formfactor of 14C nucleus
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Charge formfactor of 14O nucleus
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Density distributions in 14C nucleus
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Charge density distribution
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Pair correlation functions
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Momentum distributions
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Probability density P(r,ρ,θ)
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Probability density P(r,ρ,θ) for 14N
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A schematic model of 14C or 14O nucleus
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Form factors of 12C, 16O, and 20Ne nuclei within the α-cluster model 

12C 16O
20Ne
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Statement of the problem



A few words about Helm approximation



Elastic form factors of  12C, 16O, and 20Ne in Helm approximation 







The role of the protons exchange effects and elastic form factor of  12C



Form factor of 12C nucleus with an account of the proton exchange
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Conclusions
1.    NN-, nα-, pα- and αα- interaction potentials are proposed in concordance with

       the energies of 14C and 14O, and with r.m.s. charge radius of 14C 

2. Within a five-particle model, the wave functions of 14C, 14N, and 14O nuclei are

      found in Gaussian representation using the variational method

4. Density distributions of extra nucleons as well as of α-particles are found, and

       r.m.s. radii and r.m.s. relative distances are calculated

5. The charge density distributions and charge form factors are found in Helm

      approximation

6.    The charge radius of 14O nucleus is predicted ( 2.415 fm )

7.    The pair correlation functions are calculated

8.    The momentum distributions are found and analyzed

9.    Two spatial configurations are revealed in the ground state of all the considered

       nuclei with two extra nucleons

10.  The form factors of 12C, 16O, and 20Ne nuclei are calculated within the Helm

       approximation

11.  The description of form factors with high precision needs some correction of the

       well-known Helm approximation
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THANK YOU !
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