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K pp bound state

Prediction of the existence of deep and narrowbound state:
(T. Yamazaki and Y. Akaishi, Phys. Lett. B535 (R@02
Eg=-48 MeV,I" = 61 MeV

FINUDA collaboration: evidence for a deeply boutates:
(M. Agnello et. al., Phys. Rev. Lett. 94 (2005) 213)3
Eg=-115 MeV,I" = 67 MeV

another interpretations of the experiment, diffetbroretical results...

Basic antikaon-nucleon interaction, existing models:
* Potentials used in few-body (many-body) calculsio
too simple, poor reproducing of the experimentahg
« “Alone” potentials:cannot be used in few- or many-body calculations

We need a potential: 1. reproducing all existing experimental data
2. suitable for using in few-body calculation.



Existinginformation aboutKN interaction :

¢ Stronglycouplecwith zZ channe throughA (1405 resonanc
PDG: E, =14065—-i 25.0MeV, | =0
Usualassuption

aresonance | = 02 andaquasi boundstaten | = 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 Measure scatterinidate :

- Cross-sectionof K" p—> K pandK™ p — MB reactions,
- Thresholdoranchingatiosy, R_,andR

D.N. Toveeet al., Nucl. PhysB33(1971) 493

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



e K™ pscatteringlength (KEK)
a§?§ = —(0.78+ 015+ 003) +i (049+ 025+ 012)fm
M. Iwasaki et al., Phys.Rev. Lett. 78 (1997) 3067,
T.M. Ito et al., Phys.Rev. C58(1998) 2366

- obtained from Deser-Trueman formulaperimentally measured are:
strong interaction shift and width of the kaonic togen atonislevel state

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

e K™ pscatteringlength (DEAR) :
aE?ﬁR = —(0.468+ 0.090+ 0.015) +1 (0.302+ 0.135+ 0.036) fm
G. Beer etal., Phys.Rev. Lett. 94 (2005) 212302

Experimentally measured

AEPEAR = 193+ 37+ 6eV, IO = 249+111+30eV



Is it possible to construct a phenomenologigah — .~
potential with one- and two-pole structure &{1405) resonance,
equally properly reproducing:

e Measureds K p levelshiftandwidth (KEK or DEAR),

e Cross-section®of K" p— K™ pandK™ p — MB reactions,
I?C
1-R,(1-R,)’

e Thresholdoranchingatiosy andR _; =

and suitable for using in few-body calculations?

J. Révai, N.V. Shevchenko, Phys. Rev. C 79 (23620Q
| sospin-br eaking effects:

1. Kaonic hydrogen: direct inclusion Gloulomb interaction
2. Using of thephysical masses during all calculation:

m_,m_,,m ,m, insteadbf m_,my

KO!



Strongpartof thetotal potentialV, +V, :
V(K k) =g (k) 47 gl (K'7),
a, = K(KN channe) or z(zZchanne); | =0 or 1

e 1-poleA(1405):

1
0 1p0e(K) =— - fora=Kor x
T k)P (B
e 2-poleA(1405):
1
0/ 1poie(K”) = — p fora =K
T k)P (B
1 s(B)’

gla,Zpole(ka) — fora=nr

K+ (B LK)+ (B)T



One- and two-pole (dynamically generatad]l405)
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Experimental and theoretical 15Kevel shift and width
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The two-body result

both potentials describes the data equally well.



Three-body coupled-channels calculation

The same method as in
N.V. Shevchenko, A. Gal, J. Mares; Phys. Rev. 2&1{2007) 082301
N.V. Shevchenko, A. Gal, J. Mares, J. Révai; HRgs. C 76 (2007) 044004

Faddeewequationsn Alt - Grassberge Sandhaform:.

Uy, = T,GU,, + T,GU,,

U, = G‘o_1 +T,GU,, + T,.GUy,

U, =G,'+TGU,,+T,GU,, U 1+(23)—>1+(23)
defineunknownoperator$J, Uy 1+(23)—> 2+(31)

U,,: 1+(23)—> 3+(12)

7z channelsincludeddirectly. Particlechannelga) :
azl:‘Kl N, N3>, a=2:|73,Ny), a=3:|1, N,Z;)



i,j - usual Faddeev inde>1‘

Two - bodyT - matrices,T.* : @,p - channel indexes
TlN N O O T2K K O T2K V4 T3K K T3K V4 O
.=l 0 T 0 |T,={0 T/ O T3 = TS”K 5 0
o o T T® 0 T o o T

TW TN andT™ areusualT - matrices:
elementof 2-channel ™= : TK: KN > KN, T : 22— KN

T*: KNoZ, T2
FreeGreenfunctionsGy” = J,; Gy » transition operatorsre U o

Coulomb interactioms included in two-bodKN -z
but not in three-bod®NN - z=ZN calcuiati

(for the three-body system Coulomb interaction plays a minoaralecan be
omitted, only the strong part of isospin-mixing interaction is used)



Two-term NN (pp) potential
P. Doleschall, private communication, 2009

:izzll‘gi>ﬂ“i <gi -
Tpp=i Y >Tij <gj‘

i,j=1
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(with sign change!),
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VersionA : g*(k)=)_ /im =12

1(,6’Im) +k?

3

VersionB : g (k) = Z(,B 7;1”; , g2 (K) = Z( )+k2




NewZN(-AN) interactian J. Révai, N.V. Shevchenko, 2009

T™(k,k';2) correspondto

200 = Experiment

Theory

160 +

VN (kK) = A" g (k) g () |
1 1204

2 SN g
k+(|) o

E+p-+ Z+p

with g™ (k) =

All parameters were fittetb reproduce o

experimental cross-sections ' : . : . : :
100 150 200 250 300

1=3/2 P, (MeV)
Real parameters, one-channel case Purel=3/2 part
1=1/2

1. Two-channelN - AN potential, real parameters
2. One-channekEN potential, complex strength parameter
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New three-body calculations resulpseliminary):

* Isospin-breakingKN — 7%

interaction:

one- and two-pole structure af1405) resonance
 Two-term NN (pp) potential
e Newl =1/2 EN(-AN) and | =3/2 XN Interaction

1-pole A(1405) resonance

2-poleA(1405) resonange

NN A-version

—29.634 47.31

—59.50+4 41.13

NN B-version

—30.904 47.38

—59.66 4 41.31




