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Motivation
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0. q-bit

A single q-bit contains information about 

the position on a sphere (latitude and longitude), 

and because it is continuous, 

it can provide an infinite amount of information.
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Nonrelativistic space Relativistic space

(Galilei Algebra) (Lorentz Algebra)

≄

Mathematically totally different world !!!  



Nonrelativistic space Relativistic space

Would like to make two bridges between them.

















χEFT can be living in Covariant Form, no problem.
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Idenfication （Rel. ⇔ Nonrel.）

• Type1 : Scale transformation 

[ Kamada-Glöckle (KG transformation)]

H. K, W. Glöckle, 

→ Conservation: Deuteron binding energy, phase shifts

• Type2：Equivalent eigenvalue transformation 

[  Coester-Pieper-Serduke form (CPS transformation) ]

    → Conservation: Deuteron binding energy, phase shifts 

Phys. Rev. Lett. 80, 2457 (1998)

Phys. Rev. C11, 1 (1975)



Type1: Kamada - Glöckle (KG)  transformation



Phys. Rev. C11, 1 (1975)

Type2: 
Coester-Pieper-Serduke (CPS) transformation



Nonrelativistic space Relativistic space

On-shell properties (binding energy, phase shifts) are conserved.

On-shell properties (binding energy, phase shifts) are conserved.



← nonrelativistic potential 

← transformed relativistic potential (CPS) 



Boost : Kamada - Glöckle Method transformation
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H. K., W. Glöckle, Phys. Lett. B655, 119 (2007)
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H. K., W. Glöckle, Phys. Lett. B655, 119 (2007)



7. Unitary Clothing Transformations Method

• The 'Unitary Closing Transformation Method' is a powerful technique used in 
dealing with quantum many-body problems.

•  It involves transforming the system's Hamiltonian through a unitary 
transformation and introducing the concept of physically meaningful 
quasiparticles (particles dressed with an interaction layer), thereby making 
complex interactions more manageable.

• Expressing the field Hamiltonian through the creation (annihilation) 
operators 𝜶𝒄

†(for example, 𝒂𝒄
† [meson], 𝒃𝒄

†  [nucleon], 𝒅𝒄
†[antinucleon]) 

that create (annihilate) particles 'dressed' with the so-called 'clothing’

• UCT： 𝑊(𝛼𝑐) = 𝑊(𝛼) = exp(𝑅), 𝑅 = −𝑅†

• H ≡ H(α) = HF(𝛼) + HI(𝛼) =  𝑊(𝛼𝑐) H(𝛼𝑐) 𝑊†(𝛼𝑐) ≡ K(𝛼𝑐)

• R: Lie algebra prepared to avoid phenomena that are not expected to occur 
the selected process: e.g.

N+N ↛ N+N+𝜋
Okubo Theory



𝑏𝑐
† (𝑏𝑐) [clothed nucleon 

creation op.]
𝑎† (𝑎) [bear meson creation op.]、
𝑏† (𝑏) [bear nucleon creation op.]

UCT
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π

π

π



Kharkiv potential

• A relativistic potential； the state is described using a basis 
(Clothed Basis) that excludes the scattering states of the π-
meson in quantum field theory. 

(Application of Okubo‘s theory）

• A. Arslanaliev, J. Golak, H. Kamada, A. V. Shebeko, R. 
Skibiński, M. M. Stepanova, H. Witala, ISSN 1063-7796, 
Physics of Particles and Nuclei, 53, 87 (2022).

• A. Arslanaliev, P. Frolov, J. Golak, H. Kamada, A. Shebeko, R. 
Skibiński, M. Stepanova,H. Witala, Few-Body Syst. 62, 71 
(2021).

・Okubo S. Prog. Theor. Phys. 1954. Vol. 12. P. 603.



8.  Faddeev Calculations
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Phenomenological approach 
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Experimental Data

• 135MeV:   K. Sekiguchi et al., Phys. Rev. C 65, 034003 (2002).

• 250MeV:  Y. Maeda et al., Phys. Rev. C 76 ,014004 (2007).

• 450MeV: A. V. Crewe et al., Phys. Rev. 114, 1361 (1959).



250 MeV



450 MeV



ΧPT，AV18, CDBonn, Nijmegen etc

“Non-relativistic NN potential”
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Including 3-body force: Tucson-Melbourne force 



Long dashed: CPS
Short dashed: KG 



Long dashed: CPS
Short dashed: KG 



Long dashed: CPS
Short dashed: KG 



135MeV (Lab.)



Potential Relativistic Nonrelativistic DifferenceCD

Kharkiv －7.799 MeV －7.867 MeV 68keV

CDBonn －8.150 －8.248 98

Triton Binding Energy



9. Conclusion and Outlook

• Our calculations is in the Instant Form (Bakamjian-Thomas Theory).

• There are two transformations between Relativistic potential and 
Non-relativistic one (KG and CPS) to conserve on-shell properties.

• We control the boosted potential by KG method.

• There are small differences between the Relativistic Faddeev 
calculations and Non-relativistic one (Energy range < 300MeV).

• The shift of the triton binding energy between rel. and nonrel. is about 
50keV. 

• Relativistic 3-body force are needed.  (in progress)



北京盧溝橋：Marco Polo, who once visited China, 
praised the Lugou Bridge as the most beautiful bridge 
in the world. (1189, 1254)

Because it was difficult to count the number of lions 
while crossing the bridge, in China, the phrase 'Lugou
Bridge lions' is used to refer to something that cannot 
be counted. (499bodies?)

錦帯橋：The Kintai Bridge in Japan is beautiful with 
its arch, and its shape is a catenary curve, which 
provides the greatest strength. 
Japanese carpenters assembled the bridge with 
this curve without any calculations. (1673)

盧溝橋/獅子



Thank you for your attention.
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