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Definition of the Faddeev components

Faddeev equations

Faddeev Equations: Algebraic scheme Three-body,  theory

formalism

Equation H E   is equivalent to the Lippman-Schwinger eq.
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We introduce the vectors
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Meanwhile, applying                     to both sides of vectors definition one obtains
0( )H E
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Or, after transfer of           from r.h.s. to l.h.s.:

0( )H V E V   

 

     


In the form                                                            they were introduced by L.D.Faddeev in 1960
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Let us deal with Hamiltonian of the form                          with0H H V  1 2 3V V V V  
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Three-body,  theory

formalism

[4] - L.D.Faddeev,S.P.Merkuriev, 1993, Quantum scattering theory for several particles
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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 z          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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The potential energy is invariant with respect to rotation and it makes possible to separate out the 

degrees of freedom corresponding to rotation of the system expanding the Faddeev components 

in term of the Wigner functions

Three-body,  theory

formalism
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 Asymptotic conditions
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Three-body,  theory

computer code

6

The purpose of the code is performing quantum calculation of scattering and 

bound states of atomic three-body systems.

The code consists of two parts. The first part is a configurator that simplifies 

composing the necessary configuration files.

The second part is the 3-body computational kernel that performs the actual 

calculations.
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Three-body,  theory 

computer code    

4He3
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Java code

by V.Roudnev
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Two-body, theory

Potential models: Aziz et al. – HFD-B (1987), LM2M2 (1991),Tang et al. – TTY (1995)

4He2

where
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Two-body, theory

Potential models: Aziz et al. – HFD-B (1987), LM2M2 (1991),Tang et al. – TTY (1995)

4He2

( ), the dimer 
wave function

d r

4He – 4He potential (LM2M2)
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First observation by Luo et al. (1993) and Schöllkopf, Toennies (1994)

First measurement of the bond length by Grisenti et al.(2000)

Estimation of the binding energy and scattering length

Two-body and three-body, experiment4He - 4He 
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Experiment – Toennies et al. JCP 104, 1155 (1996), JCP 117, 1544 (2002)
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Potential models: Aziz et al. – HFD-B (1987), LM2M2 (1991)

Two-body, theory

results
4He - 4He 

Tang et al. – TTY (1995)
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Helium dimer
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Two-body, theory

results

4He - 4He 

Potentials

Potentials
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Tree-body, theory

results
4He3

Convergence of the binding energy on number of grids x,y

E, mK
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Three-body,  theory

results
4He3

2nd South Africa – JINR Symposium, September 8 – 11, 2010



• Diploma student – A.Korobitsin

• Alexander von Humboldt  foundation
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Thank you!
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Outgoing results and future directions

• To test the program for scattering calculations

• To test the program for calculation of other three-body systems
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