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K-pp bound state

Prediction of the existence of deep and narrow K- pp bound state
with EB = - 48 MeV, Γ = 61 MeV (optical        potential):
T. Yamazaki and Y. Akaishi, Phys. Lett. B535 (2002) 70

FINUDA collaboration: evidence for a deeply bound state
(correlated Λ and p) with EB = -115 MeV, Γ = 67 MeV:
M. Agnello et. al., Phys. Rev. Lett. 94 (2005) 212303

another interpretation of the experiment:
V.K. Magas, E. Oset, A. Ramos, H. Toki, Phys. Rev. C 74  (2006) 025206

Non-relativistic coupled-channel 3-body Faddeev equations in AGS form
for the                   system: EB = - (50-70) MeV, Γ ~ 100 MeV :
• N.V. Shevchenko, A. Gal, J. Mareš; Phys. Rev. Lett. 98 (2007) 082301
• N.V. Shevchenko, A. Gal, J. Mareš, J. Révai; Phys. Rev. C 76 (2007) 044004

Other theoretical calculations of K-pp system
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Obtained from Deser-Trueman formula:
S. Deser et al., Phys. Rev. 96 (1954) 774, T.L. Trueman, Nucl. Phys. 26 (1961) 57
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model-independent, but not accurate. There are many theoretical articles 
calculating corrections to the formula (quantum-mechanical, field theory)

Experimentally measured are:  strong interaction shift and width
of the kaonic hydrogen atom1s level state
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Our aim 

To construct                                         phenomenological potential, reproducing:     ) ( channelsotherNK −Σ−π

Isospin-breaking effects

1. Kaonic hydrogen: inclusion Coulomb interaction

2. Inclusion of the mass difference: 
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Strong interaction Strong interaction plus Coulomb

Coupled-channel equationsfor              system
plus Coulombinteraction in        subsystem (no mass difference)
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Isospin conserving:
Isospin mixing:
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For separable strong part of the total potential:

where states are vectors 4x1, operators – matrices 4x4

bound state conditionis

and T-matrix:
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Comparison with experimental cross-sections
(theoretical model includes Coulomb interaction in           subsystem):

- blue lines: mass difference effect is included,
- red lines: averaged masses are used
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Comparison with
experimental cross-sections

(continuation)
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MeV  6.49 3.62                   
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Calculated three-body pole energy of the I=1/2, Jπ=0- quasi-bound state
of the                      system with respect to the K-pp threshold:NNNK Σ− π

Coulomb interaction is included in two-body               ,
but not in three-body                     calculation.

For the three-body system it is assumed, that Coulomb interaction 
plays a minor role and can be omitted. Only the strong part of 
isospin-mixing interaction is used.
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Three-body calculation(averaged masses)



Conclusions

• Coupled-channel equations for strong isospin-dependent                   
interaction with direct inclusion of Coulomb interaction  in    subsystem 
were derived and solved using physical masses. Parameters of the potential
were found for one-resonance and two-resonance Λ(1405).

• KEK K-p scattering length, obtained from measured 1s level shift of kaonic
hydrogen atom is

• Strong part of isospin mixing               T-matrix provides more deep and 
narrow  I=1/2, Jπ=0- quasi-bound state in                    system, than pure strong

, fitted to Deser’sK –p scattering length
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