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① σ has an energy dependent structure.

② σ=0 is a Coulomb-like potential

③  ０＜σ is satisfied in the following regions
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(7) Is satisfied for all the energy region

Therefore, 0<|σ| is satisfied for all the energy region.
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Since V0 is independent of σ, therefore Ω is analytically obtained

We call this formulae a “quantized general particle transfer” 

potential from an atom-molecule system to a quark-gluon 

system.
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Comparison indecies

Let us call the present new quantization of a particle transfer potential (or 

a primitive potential) “the GPT potential” and also for this treatment 

“the GPT theory”.

Therefore, we can conclude:

Electron transfer: covalent bond,  zero mass transfer: ion bond

The quantum number is defined 

by the exchange particle mass
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Pion transfer potentials
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Confinement potential
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For the NN scattering by pion transfer larger than 2=n, however for a higher energy NN 

scattering nucleon could be considered by a quark cluster where a quark-quark  

interaction could be realized and mass less gluon or n=1 could occur.   The left hand cut 

is defined bellow the Q2T (n=1)，while the right hand cut is defined above the Q2T(n=1).   

Therefore, the integral contour goes into the second Riemann sheet where the quark and 

gluon could not be observed because of unphysical sheet.
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Usual hadron-π-hadron systems

Borromean systems
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The Pade approximation & the continued fluxion method;
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Definition of three-body GPT potential by two-body GPT potentials

by the [0/1] Pade:
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A definition of Operator-Production is given by a complete set of hadron

which makes a short range 3-body potential with a small angular dependence.

makes an AGSーBorn

Make 3-body GPT potential by 2-body GPT potential by a Pade

A linearity of potential condition

Let us convert
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Pade 法に依っ
て

A 3-body short range potential by a complete hadron set

Ｓｏ, the Green‘s function is modified by the three-body force.
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Fig. C represents usual three-body Green’s function between     

two-body form factors for the three-nucleon systems.

Fig. D illustrates the well-known Δ-isobar transition Green’s 

function between two-body form factors.

Fig. A is one nucleon transfer which wears several pions.

Fig. B indicates a special Green’s function with three nucleons 

and some pions where a time ordering of pion creation and 

annihilation crossovers with the two-body interactions 

Vα and Vβ. 

1) Fig. C is the Green’s function of original Faddeev equation.

2) Fig. D is the origin of the Fujita-Miyazawa three-body force.

3) Fig. A  is one of the Green’s function which includes an excited hadron.

4) Figs. C, D, A belong to a linear three-body Green’s function.

5) Fig. B belongs to a nonlinear Green’s function where the 3BF cannot be 

separated into the two-body forces where pions occur an entanglement in 

the three-body systems.
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Non-diagoinal 3BLF

For n＝ν 

truncation for short range part by b

3BLF Appl.
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OPEP: (with Yukawa’s statistic approximation)

This is the simplest form of Eq.(16) in Page 20.

where two-nucleon’s recoil effects are omitted.

E – (H0+ωｋ)≒ – ωｋ
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3BLF should be added to the traditional AGS-Born terms

where H1 is the Heaviside step function which is defined in page 37

for the short range truncation.
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4He+n+n

→
6He

Thompson et al

Thompson like

Neutron transfer GPT n→ν =7.962π-transfer

where V3 and ρ3 should be analytically obtained.  

Therefore, the GPT theory is completed, coherent and predictable.
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The results show that the pion transfer effects in the two-body form factors (or the 

two-body GPT potentials) are very small.

TABLE II   Pion effects for the 6He binding energy and the matter radius of 

neutron transfer case in TABLE I with respect of two-body GPT potentials 

in the Hamiltonian of page 23.

nmax is defined by Eq.(17) of page 20.
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Summary

① There are two-types of 3-body forces, one is the 3-body short 

range force: 3BSF and another is the 3-body long range 

force: 3BLF.

② The three-body Coulomb force (3BCF) is generated by

a kind of “photon entanglement” in the long range region.

Therefore,  the 3BCF can not be separated into 

the two-body Coulomb potentials, but a 3BLF

in the three-body systems.

③ By the same way, the 3BSF and 3BLF occur in the three-

body very short renge and a very long range region.

They can not be separated into two-body potentials.
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④ The 3-body Faddeev equation is only used for a linear three-

body space in the middle range region.     

Therefore, the three-body forces are additional force 

in the entire region.

The three-body primitive potential given by the three-body 

Faddeev kernel is generalized by using a quantized 3-body 

GPT potential.

⑤ The 3-body Faddeev equation is represented by a multi-

channel quantized Lippmann Schwinger equation.
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⑥ A quantized potential is made from a primitive potential with 

Eqs. (1),(2） of page 3 by our GPT method, where the 

quantized particles and their dynamics are defined.    

The new concept may be a counter part to the traditional 

thought that “a particle exchange makes a potential”.

⑦ The quantized potential is defined in an entire space (from 

a very short range to a very long range) where the Faddeev

equation is verified in a linear space of a middle range.

The quantum hadronic meshed area could be represented 

by a pion-gage, while the quantum electro-magnetic area 

could be defined by an electron-photon-gauge.
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END

Page 32



Appendix
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Hyper radius formular
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where the 3GPT potential is a linear potential as the Faddeev’s kernel.

The definition of three-body potential:Page 35



17

page 20

for n=2
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The 3BLF from the α-channel to β-channel should not be a symmetric form 

but an asymmetric form like (23).    

However, the traditional 3BSF in the three-nucleon system adopts almost 

symmetric form which started from the Fujita-Miyazawa (Δ-isobar bases) 

type and a point-like interaction.   Therefore, even if we adopt a chiral 

perturbation 3BSF, they are almost symmetric 3BSF as seen in Eqs (21) and 

(22). 
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① a neutron transfer potential makes a long range 

potential with ν＝７．９６.

an alpha particle transfer GPT potential has almost 

no effect for the long range.

② The 2GPT based 3GPT potential generates 

an asymmetric 3BF potential. 
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