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• Object - Four-particle system ( Helium-4 )

• Goal - Research within the framework of relativistic formalism

• Motivation - Recent successful results of the relativistic study of three-nucleon 

nuclei
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Faddeev equation Relativistic Faddeev equation
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case

Faddeev-Yakybovsky equation

Relativistic generalization of the 

Faddeev-Yacubovsky equation
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FY equation in operator (symbolic) form

Bethe-Salpeter equation for a four-particle T matrix

Only pair interaction
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Jacobi variables for a four-particle system 6



System integral equation
System integral equation for  TM and TN

Integral equation for N

Integral equation for M

t -- two-particle T matrix

S -- nucleon propagator

Integral equation for  two-particle t matrix 
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• replacement of nonrelativistic Green's functions by scalar nucleon 

propagators

• replacement of 3-momenta by 4-momenta

• replacement of 3-momentum integration by 

4-momentum integration

Difference between relativistic and non-relativistic cases 8



Separable potential of NN interaction

monopole

dipole

Separable two-particle matrix
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Equation with the separable potential

System of integral equations 

for  Q and R

Integral equations for X and  Y
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Partial states 11

Spin-isospin recoupling 

coefficient



Singularities. Wick rotation

Poles from tau 

Cuts from tau 

Poles from propagators S 

Poles from potential (g) 
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13Method of solution

Iteration method

Homogeneous integral equation with 

parameter

in our case parameter - bound state energy

solvability condition



Convergence of the ratio of 

two subsequent iterations 

with an increase in the 

iteration number (i)

Convergence of iteration method 14



Ratio of two subsequent 

iterations as a function of 

parameter value( bound state 

energy in our case)

Parameter value(bound state 

energy) at which:

gives the true binding energy of 

the nucleus

Search of bound state energy 15



q (q4) convergence

qi,ai - nodes and weights of 

Gaussian quadrature
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Result of calculation
NN potential Y

NN potential Y2 Experiment:

28.3 MeV

Triton binding energy

(Exp = 8.48 MeV)



Outlook: 

• Using the found amplitudes of the state, calculate the form factors

of the helium-4 nucleus;

• Calculation using more accurate multi-rank potentials.

Summary

• The Faddeev-Yakubovsky equation was generalized to the relativistic case;

• The equation was solved numerically by the iteration method;

• The binding energy value of helium 4 has been obtained.




