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1. Introduction

People have focused on

K'pp, 'a prototype of Ko nuclei”
But, different theoretical studies give different results from each other...
Width (KbaNN— zYN) [MeV]
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Constrained by experimental data.
... Kba'N scattering data,
Kaonic hydrogen atom data,
“A(1405)” etc.
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1. Introduction

Experiments concerned to this subject...

* FINUDA (Run 2)
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Presence of a peak
260 significance
M = 2.267 +- 0.002
['=0.118 +- 0.008
with peak
~2 Ind

statistical confidence

Symmetric shape
- Ap dominance

DATA / SIMULATIO
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1. Introduction

v’ Variational method

... Investigate various properties
with the obtained wave function.

v Av18 NN potential

... a realistic NN potential
with strong repulsive core.

v’ KN potential based on Chiral SU(3) theory

... Well describe S=-1 meson-baryon scattering
and dynamical generation of A(1405)




_ Thanks,
2. Model wave fucntion Akaishi-san!

s Model wave function — Simple Correlated Model (Revised) —




_ Thanks,
2. Model wave fucntion Akaishi-san!

s Model wave function — Simple Correlated Model (Revised) — ~

NN correlation
IS directly treated.




2. NN potential

A realistic NN potential ... Av18 potential

» Use one-pion-exchange potential (Central and Spin-Spin) and
L2 potentials in addition to phenomenological central term
(= repulsive core).

Central potential

—Avi8 Av1s

——Av18-G4R

—Av18-G4R




2. Model

Influence of the improvement

T\y=1+ T,~0 T\=1only
SCM ver2 SCM ver1
Cmix Finite Zero

B. E.
(K N—->rY)

B(K)
Nucl. E

Kinetic
NN pot
K*'N pot

Rel (NN)
Rel (KN)

Mixing ratio

NN potential ... Tamagaki potential
Effective KP2'N potential ... Akaishi-Yamazaki potential




Cmix

B. E.

r— s1-bar ny

Nucl. E

Kinetic
NN pot
K**'N pot

Rel (NN)
Rel (KN)

Mixing ratio

v \/\

NN potential ... Tamagaki potential
Effective KP2'N potential ... Akaishi-Yamazaki potential




3. Local K?**N potential based on Chiral SU(3)

T. Hyodo and W. Weise, PRC77, 035204(2008)

Effective KPa'N potential ...

reproduce the scattering K?#"N amplitude obtained with Chiral unitary model

 Single channel
. only KPa'N channel, 72 is eliminated.

* Energy dependent and Complex potential

» [ ocal, Gaussian form

TCh.U. N V’k Gk TkCh-U- : Chiral unitary
l l l 2 o a
4 J 4 Relativistic / Coupled Channel

Tlfh'U' --+ T—-matrix for A?2"N channel

T, = U L B Gl T, : Effective Iocalfoten.tllal | |
Non-relativistic / Single Channel




3. Local KN potential based on Chiral SU(3)

[=0 KbarN scatteing amplitude

| Chiral Unitar
4 =0 y

Effective potential

T~

In Chiral unitary model,

Resonance position in /=0 Kba'N channel

mm) 1420 MeV

not 1405 MeV ! Y

1440

1420

Chiral unitary; T. Hyodo, S. I. Nam, D. Jido, and A. Hosaka, Phys. Rev. C68, 018201 (2003)




3. Local K?**N potential based on Chiral SU(3)

hiral unitary models:

*« “ORB” E. Oset, A. Ramos, and C. Bennhold, Phys. Lett. B527, 99 (2002)

* ‘HNJH” T.Hyodo, S. I. Nam, D. Jido, and A. Hosaka, Phys. Rev. C68, 018201 (2003)
* ‘BNW” B. Borasoy, R. Nissler, and W. Weise, Eur. Phys. J. A25, 79 (2005)

* “BMN”  B. Borasoy, U. G. Meissner, and R. Nissler, Phys. Rev. C74, 055201 (2006)
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3. Self-consistency of kaon’s energy

> Hamiltonian [/—} = f + I/}NN + Re[f}KN—S (\/E)J —%CM

~2

Vo = VC(F)+K5(F)81'82 +VL2(I”)L

Im[?ms (\E )J treated perturbatively.

v' Self-consistency for anti-kaon’s energy <—— I7KN_S(\/§)

Controlled by “Anti-kaon’s binding energy”

B(K) = —{ <ﬁ> — <ﬁNucl> } ﬁNucz : Hamiltonian of nuclear part

» Try two ansatz for \/E :

- | My+m-B(K)
Vs =M, +a)_{MN +m, —B(K)/2




of kaon’s energy

S):|_%CM
I/}NN = VC(I")-I-VSS (I") (/)\'1'8'2 +VL2 (I") EZ

perturbatively.

Kbar field surrounds two nucleons  47g energy <—— ﬁKN_S(\/E)
which are almost static.

Controlled by “Anti-kaon’s binding energy”

B(K) = —{ <1?I> — <ﬁNucl> } ﬁNucl : Hamiltonian of nuclear part

» Try two ansatz for \/E :
[ My +m;—B(K)

Vs =My+os (M, +my, —B(K)/2




3. Self-consistenc

> Hamiltonian [/;I — ZA“ + I7NN + Re|:f}KN—S ‘ B (K
Im[f}ms (\/E )J treate

v' Self-consistency for anti-kac Kb is bound by each nucleon
with B(K)/2 binding energy.

Controlled by “Anti-kaon’s binding energy”

B(K) = —{ <ﬁ> — <ﬁNucl> } ﬁNucl : Hamiltonian of nuclear part

» Try two ansatz for \/E :

( M, +m, —B(K)
=1 4= | M, +m, —B(K)/2



4. Result with effective s-wave K?*N potential

ORB, HNJH M, +m; -B(K)
BNW, BMN X \/;:{

M, +mg—B(K)/2

TotalB.E. : 20 = 3 MeV .- Shallow binding

_ ... Not so dependent on
[(KeoN—zy) 1 40 70 MeV chiral unitary models

NN distance ~ NN distance in normal nuclei
KbarN distance

[=0 KbtarN distance

[=1 KbarN distance

... I=0 Kba'N potential is more attractive
than /=1 one.




Structure of K'pp

Density distribution
KN pair in K'pp vs A(1405)

2 _Normalized
Normalize (l")

" Pgy

KbarN potential based on “HNJH”
“Corrected”, /s =M, +m, —B(K)

For comparison,
All densities are normalized to 1.

Very different.
The I=1 component

distributes widely.



KbarN potential based on “HNJH”

Structure of K'pp “Corrected”, s =M, +m, - B(K)

Density distribution
KN pair in K'pp vs A(1405)

For comparison,

2 _Normalized (l")
All densities are normalized to 1.

4 pEN

N /solated =0 KbafN
A(1405)

\ Rather similar.

A( 1405) almost survives in Kpp!



5. Other effects

Estimate other possible effects, perturbatively...

1. Dispersive correction
(Effect of imaginary part)

II. p-wave KN potential

III. Two nucleon absorption




1. _Dispersive correction  (Efectofimaginary potential )

Two-body system (/=0 K>?"N) case

Complex
Lippmann-Schwinger eq. Schroedinger eq.
with - U]Efg (r,\/;) » with
the complex potential only the real part

¥

B.E. ~15MeV B.E. ~ 10 MeV

=== Re (corrected)
—— Re (original)

1320 1360 1400 1440
$[MeV] 1420




1. _Dispersive correction  (Efectofimaginary potential )

Two-body system (/=0 K>?"N) case

Lippmann-Schwinger eq. Schroedinger eq.
with U]Efg (r, \/;) with
the complex potential only the real part

B.E. ~15MeV B.E. ~ 10 MeV

Dispersive correction for KPa"N system
~ +5 MeV to B. E.
X2 b Dispersive correction for KP"*"NN
Considering +6 ~ +18 MeV
FFour variants of models...




[I. P-wave K’ N potential

 Estimate its contribution perturbatively.
* Derived from “Full” scattering volume.

1 4zJs = 1
' Con (@)Y —7—exp| -

r —_
20 M, 7o ta,

K_rN’a)):

VKN,P—Wave (

Fora,= 0.4~0.9 fm,

vV Re Viyp ~ +3 MeV

...small and repulsive

v I =-21Im Vi p

p-wave

Kaon's energy w [MeV] T ]0 ~ 35 MeV

R. Brockmann, W. Weise and L. Tauscher,
Nucl. Phys. A 308, 365 (1978)




[II. Two nucleon absorption

* For mean-field model
... ho correlation between two nucleons

J. Mares, E. Friedman and A. Gal, _ _
Nucl. Phys. A 770, 84 (2006) * Contact interaction

N \/ N (Y)
i Y (N)




III. Two nucleon absorption

* For mean-field model
... ho correlation between two nucleons

J. Mares, E. Friedman and A. Gal,

Nucl. Phys. A 770, 84 (2006) - Contact interactiz
~ ~
Al — = — YN

Suppressed by Kbar ~= "

NN repulsive core — HNJH
— ORB

BMN
BNW
—o— Deuteron




[II. Two nucleon absorption

* For mean-field model
... ho correlation between two nucleons

J. Mares, E. Friedman and A. Gal,

Nucl. Phys. A 770, 84 (2006) * Contact interaction Ny
In our model, particles are N \/ (Y)
strongly correlated. N = Y (N)
The NN can'’t touch each other, - .

ar -~

due to the strong NN repulsion!!

* Finite range interaction (between NN)

Al pp — YN - :
/ d'r / dalp" (e, a)Glae — ria) N . I\ ( Y)
N == Y (N)
Kbar -~ -

Three-body Gaussian-type
correlation density  Interaction for NN




[II. Two nucleon absorption

* For mean-field model
... ho correlation between two nucleons

J. Mares, E. Friedman and A. Gal,

Nucl. Phys. A 770, 84 (2006) * Contact interaction Ny
In our model, particles are N \/ (Y)
strongly correlated. N = Y (N)
The NN can'’t touch each other, .

due to the strong NN repulsion!! Kbar =~

* Finite range interaction (between NN)
Al pp = YV

/ d / i’ a Ir..': 3) Ir roa)Gle —roal N ‘ N ( Y)

AT, = 4~ 12 MeV

Three-body Gaussian-type

correlation density  Interaction for NN for a = 0.6 fm,
B, = 0.85 ~ 1.5 fm*




6. Summary

» We studied Kpp with a variational method, using a realistic NN potential (Av18)
and a Chiral SU(3)-based K?2'N potential.

> We tried four variants of Chiral unitary models and two ansatz of Kba'N energy
in the three-body system. However, the result doesn’t depend so much on them.
Total binding energy and mesonic decay width are in the small window:

Binding energy and mesonic decay width of K'pp

» Total binding energy and mesonic decay width are in the small window:

Total Binding energy = 20 = 3 MeV

I (Kba'N — 17Y) =40 ~ 70 MeV
... Very shallow binding

Structure of K-pp

» NN distance in K-pp is smaller than that of deuteron, NN distance = ~2.2 fm
rather comparable to that in normal nuclei. KbarN  distance = ~2.0 fm

> The I=0 K*a"N component in K-pp is found to be very similar to A(1405).

Contribution of other effects

» Dispersive correction:  +6 ~ +18MeV to B.E.
« p-wave KPa'N potential: ~ -3MeV to B.E. 10 ~ 35MeV to width
» Two nucleon absorption: 4 ~ 12MeV to width




6. Summary

» We studied Kpp with a variational method, using a realistic NN potential (Av18)
and a Chiral SU(3)-based K?2'N potential.

> We tried four variants of Chiral unitary models and two ansatz of Kba'N energy
in the three-body system. However, the result doesn’t depend so much on them.
Total binding energy and mesonic decay width are in the small window:

Binding energy and mesonic decay width of K'pp

» Total binding energy and mesonic decay width are in the small window:

Total Binding energy = 20 = 3 MeV

I (Kba'N — 17Y) =40 ~ 70 MeV
... Very shallow binding

Structure of K-pp

» NN distance in
rather compatrz

distance = ~2.2 fm
N distance = ~2.0 fm

A(1405) almost survives in Kpp.
But, such a state is very short-lived.

» The =0 K®a'N

Contribution of other effects

By rough estimation,

Total Binding energy = 20 ~ 40 MeV
I (total ) = 55 ~ 120 MeV




6. Comment

* Difference from Faddeev calculation with a separable Kba'N potential
constrained with Chiral SU(3) theory

Total B.E. =79 MeV,

Decay width = 74 MeV by Dr. Ikeda and Prof. Sato

Separable potential?

Non-relativistic (semi-relativistic) vs relativistic?

Energy dependence of two-body system (Kb2'N) in the three-body system (K°a'NN)?

Important role of m2N thee-body dynamics? — Y. Ikeda and T. Sato, arXiv:0809.1285
L..?2?7?

2?1




6. Comment

* What is the object measured experimentally?

B(Kpp) | [GeV]
0.3 0.2 0.1 _D -0

Just a bound state of K'pp,

Presence of a peak
260 significance
M = 2.267 +- 0.002
I'=0.118 +- 0.008

should 2N be included???

ary scale)
no

with peak

%2 Indf = 34/24 =1.4
without peak

¥2 Indf = 947/27 = 35
overwhelmingly high
statistical confidence

Even if the experimental result is not an artifact,
only what we can say at the moment from this

| is
Symmetric shape gl “There is some object with B=2, S=-1, charge=+1"...

- Ap dominance

DATA / SIMULATION (arbitr.

» How to distinguish which is the dominant component, K:pp or m2N experimentally?

» Since the signal position is very close to m+2+N threshold,
it is more natural that the observed state is mainly the bound state of mT2N?

- Coupled channel calculation of KPea'NN-m2N , using a realistic NN potential
and a KN and 1Y potential derived from Chiral SU(3) theory. (NOT separable type)




Thank you
very much!!




