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K pp bound state

Prediction of the existence of deep and narrowbound state
with Eg = - 48 MeV,I' = 61 MeV  (opticalkN potential):
T. Yamazaki and Y. Akaishi, Phys. Lett. B535 (2002)

FINUDA collaboration: evidence for a deeply boutate
(correlatedA andp) with Eg=-115 MeV,I" = 67 MeV:
M. Agnello et. al., Phys. Rev. Lett. 94 (2005) 28230

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

Non-relativistic coupled-channel 3-body Faddeev éqoa in AGS form

for theKNN-7EN  systerlg = - (50-70) MeV,I" ~ 100 MeV :

* N.V. Shevchenko, A. Gal, J. Mares; Phys. Rev. 2&1{2007) 082301

* N.V. Shevchenko, A. Gal, J. Mares, J. Revai; FRgs. C 76 (2007) 044004

Other theoretical calculations ofpf system



Properie®f KN interaction:

e Stronglycouplecwith 7z channe throughA (1405 resonanc
PDG: E, =14065—-i 250MeV, | =0
Usualassuption

aresonance | = 07X andaquasi boundstatein | = 0 KN channel
Alternative version: A(1405)isaneffectof twoclosepoles

J. A. Olle, U. G. Meissner, BRys. LettB 500(2001) 263

D. Jido et al, Nucl Phys. A725(2003) 181

e Measuredcatteringlata:

- Cross-sectionof K" p—> K pandK™ p — MBreactions,
oK p>z'%2)
oK p>zZ)
from D.N. Toveeet al., Nucl. Phys. B33 (1971) 493

R.J. Nowalet al., Nucl. PhysB139(1978) 61

= 236

- Thresholdoranchingatioy =



e K™ pscatteringlength:
a"™ =—(0.78+ 015+ 003) +i (049+ 025+ 0.12) fm

K p

from M. lwasaki et al., Phys.Rev. Lett. 78 (1997) 3067,
T.M. Ito et al., Phys.Rev. C58(1998) 2366

Obtained from Deser-Trueman formula:
S. Deser et al., Phys. Rev. 96 (1954) 774, T.L.rame Nucl. Phys. 26 (1961) 57

'Fs (54 oulom
AE, +] é =20 u’a, , AE =E0 —E 00"

2p—1s 2p—1s

model-independent, but not accurate. There are tinoyetical articles
calculating corrections to the formula (quantum-hastcal, field theory)

Experimentally measured are: strong interaction shift and width
of the kaonic hydrogen atofislevel state

AEKE® = _323+63+11eV, TKEX = 407+ 208+100eV



OQur aim

To construckN - z=(-otherchannely phenomenological potential, reproducing:

e A(1405 resonanc:one-resonancanc two-resonancstructur
(dynamicaly generated)

e Measureds K p levelshiftandwidth,

e Cross-sectionof K'p— K" pandK™ p — MB reactions,
e Thresholdoranchingatio y

| sospin-breaking effects

1. Kaonic hydrogen: inclusio@oulomb interaction

2. Inclusion of themass differ ence:

m.,M,,m,,m, insteadbf m.,m,



Coupled-channel equatiof® KN —zx system

plus Coulomhnteraction inK p subsystem (no mass difference)

Strong interaction
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Isospin conserving:
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Stronq interaction plus Coulomb
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For separable strong part of the total potential:

VAL gf‘>/1|“ﬂ<gﬂ; a,f=K orz; |=0o0rl
bound state conditiois Det(2 - (g|G,|g))=0
andT-matrix Too=T.+{®;|0) (2" ~(g|G,|g)) " (g] @)

where states are vectatsl, operators — matriceb4
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NuclearA(1405)and atomicls K™ p states aredescribedby the sae equatias




Results

Theparametersf theKN — 7= (—otherchannel$ potentialwerefound
with one- andtwo- resonancdynamicaly generated\ (1405)

K™ p scatterindength:

strong ineraction:K ™ p scatlength,obtainedrom Deserformula
afg (Desel) = —-078+i 049fm

strong plis Coulomhnteraction (massdifference:
reproducim directlylslevelshift of kaonichydrogemtom

KEK :
ac, (accurate)=-084+1 062fm

Switchingoff masdifference afg(avegarednasseséc —~054+i 063fm



o (mb)

150

100

200 Fr——— T T
I = Ciborowski m  Ciborowski
* Kim - e Evans
A Sakitt . . A Kim
60 K'p—> Kn *  Kittel
L Theoretical, with mass difference
k K p— K P Tcs+Tc - Tcs | Theoretical:
AS without mass difference a with mass difference
N T AT ---T_ E, 10 —— without mass difference
o]
20
N P IR SR N P 0 'R R T T S S R R ST S S S S T SR A A S S S
50 100 150 200 250 300 50 100 150 200 250 300
Py (MeV) P (MeV)

Comparison with experimental cross-sections
(theoretical model includes Coulomb interactiorkinp subsystem):

- blue lines: mass difference effect is included,
- red lines: averaged masses are used
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Three-body calculatio(averaged masses)

Coulomb interaction is included in two-bodiyN - 7=
but not in three-bodxNN - z=N calcudati

For the three-body system it is assumed, that Qaluloteraction
plays a minor role and can be omitted. Only thergtipart of
ISOSpin-mixing interaction is used.

Calculated three-body pole energy of the I1=1720Jquasi-bound state
of the KNN —z=N  system with respedhi® Kpp threshold:

E=-55.3-151.1 MeV
(fit to DeserK ~ p scatteringlength)

E=-62.3-149.6 MeV
(fit to 1sstrong level shift of kaonic hydrogenatom)



Conclusions

» Coupled-channel equations for strong isospin-dé@etKN — 7% (-other)
Interaction with direct inclusion of Coulomb intet@n inK ™ p subsystem
were derived and solved using physical massesnieéess of the potential
were found for one-resonance and two-resonant405).

 KEK K'p scattering length, obtained from measutetevel shift of kaonic
hydrogen atom is

a"™(accurate)= —084+i 062fm

K™p

* Strong part of isospin mixingN -z T-matrix provides more deep and
narrow [=1/2, 3=0 quasi-bound state IKNN — zZN system {hare strong
KN -7z , fitted to Deser'K p scattering length



