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OutlineOutline

• Faddeev equations in coordinate space 

• Scattering calculations for 2 ’2, 3 processes

• S-matrix and resonance calculations
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                                            Definition of the Faddeev components

                                                               Faddeev equations

Faddeev Equations: Algebraic scheme
Three-body,  theory
            formalism

Equation H EΨ Ψ is equivalent to the Lippman-Schwinger eq.
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Meanwhile, applying                     to both sides of vectors definition one obtains0( )H E
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Or, after transfer of           from r.h.s. to l.h.s.:
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In the form                                                          they were introduced by L.D.Faddeev in 19601
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Faddeev Equations
Three-body,  theory
            formalism

H EΨ Ψ

0( )H V E Vα α α β
β α

Φ Φ   
can be written in the matrix form

0 1 1 1 1 1

2 0 2 2 2 2

3 3 0 3 3 3

H V V V

V H V V E

V V H V

Φ Φ    
    Φ Φ     
    Φ Φ    

Even the number of equation became tripled, in many respects these equations
are more convenient then the initial equation

In case of a three-body problem this is especially true in the scattering case 
since the Faddeev operator decouples two-body channels
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[4] - L.D.Faddeev,S.P.Merkuriev, 1993, Quantum scattering theory for several particles

Three-body,  theory
            formalism
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Three-body,  theory
            scattering

Let                                                                 be the three-body wave function corresponding to 

a (2’2,3) process, where in the initial state the pair subsystem β is bound in a state ψβxβ   with 

energy εβ   and the complementary particles asymptotically free, the relative momentum being 

pβ   The Faddeev components satisfy the differential equations
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and have asymptotic behavior [4]
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Where                      is energy of the system. For                                 is represents 

the amplitude for the elastic (α β ) or rearrangement (α≠ β) scattering, the functions

               provides us with the total breakup amlitude Α.

2E pαε  ˆ, ( )E aα α αε y

ˆ( )A Xα

[4] - L.D.Faddeev,S.P.Merkuriev, 1993, Quantum scattering theory for several particles

3

1
( )V r

r ε



E.Kolganova (Dubna)E.Kolganova (Dubna) Critical Stability 2008, EriceCritical Stability 2008, Erice

When the total angular momentum L of the system is fixed, the three-body dynamics is 
constrained onto three-dimensional internal space [5], which can be parametrized by coordinates

ˆ ˆ| |, | |, cos ( , )x y zα α α α α α α αθ   x y x y

[5] - V.V.Kostrykin,A.A.Kvitsinsky,S.P.Merkuriev, Few-Body Syst. 6 (1989) 97
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For zero angular momentum the Faddeev equations in internal space are given by the set of 
three coupled three-dimensional equations
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or in hyperspherical coordinates 
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For computational purposes, one can reduce the dimension by expanding the Faddeev 
components into an auxiliary basis, at the expense of dealing with an infinite number of 
partial equations. Expanding the function Fα in a series of bispherical harmonics
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One can obtain the partial equation
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The asymptotic boundary conditions for the partial-wave Faddeev components of the 2’2,3 
scattering wave function for and/or reads ρ’ and/or y’ reads
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Where p is the relative moment conjugate to Jacoby variable y, E is the scattering energy,

          stand for the spherical Bessel and Hankel functions
2

and' ',E p j hα λ λε 
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=



E.Kolganova (Dubna)E.Kolganova (Dubna) Critical Stability 2008, EriceCritical Stability 2008, Erice



E.Kolganova (Dubna)E.Kolganova (Dubna) Critical Stability 2008, EriceCritical Stability 2008, Erice



E.Kolganova (Dubna)E.Kolganova (Dubna) Critical Stability 2008, EriceCritical Stability 2008, Erice

Helium trimer
HFD-B potential
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The (2’2) component of the s-wave partial scattering matrix is given by expression

0 01 2 ( )S ia E 
Helium trimer
HFD-B potential

( ) ( ), 1HFD BV x V xλ λ 
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ResonancesResonances
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In [6] the explicit representations for analytic continuation of the T-matrix Faddeev 
components on unphysical sheets have been derived.

As follows from the representations constructed in [6], the nontrivial (i.e. differing from 
the poles at the discrete spectrum eigenvalues of the three-body Hamiltonian) 
singularities of the T-matrix, scattering matrices and resolvent situated on an unphysical 
sheet Πl, are singularities of the inverse truncated scattering matrix             .  Therefore, 

the resonances on the sheet Πl considered as poles of the T-matrix, scattering matrix 

and resolvent continued on Πl  are those values of the energy z  for which the matrix       

has zero as eigenvalue.

Thereby, to search for the resonances situated on a certain unphysical sheet Pl, one can 
apply any method allowing to compute analytical continuation on the physical sheet of 
the elastic scattering, rearrangement or breakup amplitudes necessary for construction 
of respective               . It is only necessary to go out in this formulation on the complex 
plane of z including the asymptotical boundary conditions.

ResonancesResonances

[5] - A. K. Motovilov, Mathmatische Nachrichten 187 (1997)147
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Surface of the function |S0(z)| in the model system of three bosons with the nucleon 
masses. The potential used with VG(r) the barrier Vb=1.5 MeV, V0=55 MeV, µ0=0.2 
fm-2,µb=0.01fm-2,rb=5 fm. Position of the resonance (-5.95-i0.403) corresponds to the 
zero value of |S0(z)| .
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[6] – E.Kolganova,A.Motovilov,Y.H.Ho Nucl.Phys.A 684 (2001) 623
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LimitsLimits
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