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Kaonic nuclear cluster K pp with quantum numbers
1(JF) = %(O ). Theoretical approaches

@ Potential model: Akaishi, Yamazaki, Wycech:
B2y 50MeV,IT)  60MeV,
K K

@ Chiral dynamics: Weise et al.:
B2y = 20(3)MeV, (V) = (40 70) MeV
K K

@ Faddeev’'s equation: Gal et al., Ikeda, Sato:
B2y, (55 80)Mev, i) (75 110)MeV
K K
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Kaonic nuclear cluster K pp with quantum numbers

1(JP) = 2(0 ). Experimental data

@ M. Agnello et al. (FINUDA): PRL 94, 212303 (2005)
BZIZH = 115(7) MeV, F%H = 67(14) MeV
These data have been obtained from stopped K~ meson
reactions on °Li, ’Li and *2C by measuring the
invariant-mass spectrum of A%p pairs in the final state.
These data have been heavily criticised by Oset et al.

@ T. Yamazaki et al. (DISTO), arXiv: 0810.5182 [nucl-ex]
B2y = 105(2) MeV, 'z, = 118(8) MeV
K K

These data have been obtained from the pp ¥ K*A%p
reaction at the laboratory momentum of the incident proton
Pmn = 2.85 GeV by measuring the pn™ invariant-mass
spectrum and the pK* missing-mass spectrum.

These data have not been yet criticised, isn't it?
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Molecule model for kaonic nuclear cluster K pp with

quantum numbers I(J?) = (0 ): (K p)=o p =ZH

Wave function of (K™p)= = zH

I S
KRl = 2B, (k)

1
K

d%k; d3k, (Z’PSJQ’)('@ ki ko)
(2n)3 (2m)3 IZE};(@ZEp(@

ok Mkl oyon

Mg + Mp
Harmonic oscillator wave function of ~ ®. ()
K

Clyn A 1 g2 OO

4 MACQA &P PATUNGO N
upee —KMo 354 Mev

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



Molecule model for kaonic nuclear cluster K pp with

quantum numbers I(J?) = 3(0 ): p (K p)i=o = 2H

Wave functionof p (K7p)=o = %H

jig HOH =
L1

1]
~ A%, dk, d%s . g
= B4 G Gme e @V IO Kk k)

o ()

" 2Ep(K1)2Ep (K2)2Ex (k3)

aﬁ(@%)aé(l@ %)cf(_(@jm

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



Molecule model for kaonic nuclear cluster K pp with

quantum numbers I(J?) = 3(0 ): p (K p)i=o = 2H

Harmonic oscillator wave function of GJ;H(IQ%'I@@
K

‘Dz,H(@q—,‘@@:
%K"'mp)@ mp(@"@:l q @ mpl@:l
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TIN=— M+ M 3 € AT My + 2my 568 Mée

Democracy of nuclear forces
2 — E@Z
MA QA G = HATQA =



Width of kaonic nuclear cluster ”RH forn=1,2,...

where n is the number of nucleons

Quantum field theoretic definition of total width of %H I X
decays
1
My = @) 8@ (kx ko)X jTiz HON}
K ZMQH K K
K X
Unitarity condition and definition of total width of ”}ZH X
decays: T Ti=iTT!
1
Moy = @M 8@ (kx ke pINXJTIEHEN] =
K 2MI1H X K K
K
21mh HEHTIZH(OHN
= lim
V,T - o0 2M %HVT

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



“Binding energy” and width of kaonic nuclear cluster

”RH forn=1,2,..., where n is the number of nucleons

“Binding energy” BHRH = H and width r"RH of 2 H

Toy  hEHONTIEHGY
Boy+ it = lim
K 2 V,T - oo ZM%HVT

Comment on “binding energy” B "H

“Binding energy” BnRH ¥ “Coalescence energy” BnRH
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Technique for calculation of matrix elements

h2 H@OWTILHEN of T-matrix

@ Chiral Lagrangian with derivative meson—baryon couplings
invariant under SU(3) SU(3) chiral symmetry

L[B(x), P ()]int = hB(X)iyH[s(x), B(x)]i

gah(@  ap) BOOYH[Pu(x), B(X)] + ap B(X)yHFpu(x), B(x)gi

@ Heavy—baryon approximation equivalent to large N¢
expansion in multicolour QCD with SU(N¢) for Nc ¥ 1
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Properties of kaonic nuclear cluster H

Chiral Lagrangians

WT —
L(K Pi=o - (K™p)i= O(X) -

3 i - - -
=7 =5 POOY'POOT(KTT0)0K ™00 auK~T0K ™ (x))
T[
wWT =
Ltk pico - Emyco ) =
1 3 -
=2 5z EOOYRPOO] (0K~ (0)  OuERK ™ (X))
T[
“Binding energy” and width
5 §i ALQ/\‘—’@ _ 3 mgms kan
H™ 4F % T HT 8mn MlH FZ «H

Numerical values of “binding energy” and width

® Qpr+= 50MeV: B1y = 32MeV My =27MeV
K K

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



Mo d ” a 2
Binding energy” of kaonic nuclear cluster < H

Reh2H Ti2H
Boy = lim REHOYTEHON _
K V,T - o0 2M2HVT
K

WT 2 _
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Mo d ” a 2
Binding energy” of kaonic nuclear cluster < H

Analytical expression of B,
K

BgH =
K
_3 1 e 3 1 Mo e 1 _
— 2 = HARRAC ° 2 — —
4 F% T 4 FT% Tt 1+ H/\L_P]Q/\LT?' l_,l/z\zl:llﬂ'/‘b
HACQAD Mg
= 58 MeV

Numerical value B, = 58 MeV is calculated
K

—1
for Qar= 50MeV and Qg = Qa1 paApparg = 38 MeV
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Non—pionic modes of kaonic nuclear cluster

Decay mode ZH ¥ pA°

p : N0 p 3 P

Figure: The Feynman diagrams of the amplitude of the reaction
K~pp ¥ pA® in the Molecule model of the KNC ZRH
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Non—pionic modes of kaonic nuclear cluster ZRH

Amplitude of decay mode 2ZH ¥ pA°

MGEH ¥ pA?) =

—1_ Mk (Mzyy + Mpo + Mp)
(E/\O + on)(Ep + m )2mK

3gAmp'%'n2aD 122 @Qacikho) 3 _dap Y (@acikghod)
P

4 F3 '3 m2 6 m2
[0 (@Tkso)Xo ]
Width of decay mode 2ZH ¥ pA°
R — jksoj
FEH ¥ pA%) = e IMGH 1 pA%)j? pZA =11Mev
00,0p=%3 <M

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



Non—pionic modes of kaonic nuclear cluster ZRH

Amplitude of decay mode 2H ¥ nX*

2
K
2 +\ —
MGH ¥ n3*) =
1 mK(MzH + Mz« +Mmy)
" (Ez+ + Mz+)(En + Mp)2my

3 gamp %R 1R @acdkd) 1 G2 @nnikad)

4 F3 "2 m2 3 m2
[0%+ (6 Tkt )Xn]
Width of decay mode ZH ¥ nz™
 —
rEH ¥ nz*) = % MZH ¥ nZ*)JZJ@ J 211 Mev
O'Z+,O'n=+% H
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Non—pionic modes of kaonic nuclear cluster ZRH

Amplitude of decay mode 2H 1 p>°

MGH 1 p30) =

1 mK(MzH + Mxz+ +My)
(Ezo + mzo)(Ep +m )2mK

3 gamp %a D f,%’o " (@nciksdod) A P2 Qs ko)
4 F3 D m2 6 mz
[6L o (@ Tksdo )Xp]

Width of decay mode ZH ¥ pz°

R m— ko]
FrGH ¥ pz°%) = e iMGH 1 pz9%);j? p2 =3MeV
050.0p==%3 RH

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



Meson propagators " (Qacq)
[ |
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Non—pionic modes of kaonic nuclear cluster ZRH

Total width of non—pionic decay modes H T NY

2
K

r™ =25Mev

2
«H

Estimate of total width of non—pionic decay modes
ZH ¥ NY by Akaishi and Yamazaki

r®  12Mev

2
H
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Pionic modes of kaonic nuclear cluster ZRH

Pionic decay mode ZH ¥ p=m

Figure: The Feynman diagram of the pionic decay mode ZRH ¥ pxn
of the KNC ZH with the structure p  (K™p)i=o
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Pionic modes of kaonic nuclear cluster ZRH

Amplitude of pionic decay mode H Y p>n

2
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Pionic modes of kaonic nuclear cluster ZRH

Width of pionic decay mode ZH ¥ pn
3MZ, MZ msmy
M = jWAr0)}%] PArp(0)j —<—X foxn(Qa =
K

24
Bz  Bip)’Fr
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Total width of kaonic nuclear cluster ZRH

Moy =50 + 100 = (25 + 56) MeV = 81 MeV
K K K
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Theoretical analysis of kaonic nuclear cluster ZH,
observed by Yamazaki et al. (DISTO), arXiv:

0810.5182 [nucl-ex]

Experimental data
by Yamazaki et al. (DISTO), arXiv: 0810.5182 [nucl-ex]

BP =105(2)Mev P = 118(8) Mev
K K

Peculiarity of KNC 2 H, observed
by Yamazaki et al. (DISTO), arXiv: 0810.5182 [nucl-ex]

Only non—pionic decay modes ZRH T NY are allowed
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Molecule model for kaonic nuclear cluster ZRH,
observed by Yamazaki et al. (DISTO), arXiv:

0810.5182 [nucl-ex]

Experimental data
by Yamazaki et al. (DISTO), arXiv: 0810.5182 [nucl-ex]

BIP =105(2)Mev P =118(8) MeV
K K

Theoretical “binding energy” and width of KNC ZRH,
observed by Yamazaki et al. (DISTO), arXiv: 0810.5182
[nucl-ex] for model parameter Qac= 85MeV

B, = 109 MeV
K

M2y =Tppo + Mis+ +Mps0 = (45 + 48 + 15) MeV = 108 MeV
K
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KNC 1+ZH in Molecule model for kaonic nuclear cluster
H, observed by Yamazaki et al. (DISTO), arXiv:

0810.5182 [nucl-ex]

Properties of KNC L H
B, =72MeV T, =39MeV M., = 1362MeV
K K K

Possible interpretation of H

1
K
@ KNC 1|ZH is one of two resonances, producing the observed

A°(1405) resonance

® My, = (1362 + sm>
K

L ) MeV

Andrei lvanov On Molecule model for kaonic nuclear cluster K™ pp



We have shown that

@ Molecule model of kaonic nuclear clusters describes well
the properties of kaonic nuclear clusters 1RH and ZRH,
predicted by Akaishi and Yamazaki

@ Molecule model of kaonic nuclear clusters describes the
experimental data by Yamazaki et al. (DISTO), arXiv:
0810.5182 [nucl-ex] on the “binding energy” and width of
kaonic nuclear cluster %H

Perspective

@ Molecule model of kaonic nuclear clusters can be
extended on the description of kaonic nuclear clusters
%H and %RH withS= 1andS = 2 andn nucleons
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The results, expounded in this talk, have been

obtained in Collaboration with

@ Manfried Faber, Atomic Institute of the Austrian
Universities, TUWien, Vienna, Austria

@ Paul Kienle, Stefan Meyer Institute of Austrian Academy of
Sciences, Vienna, Austria

@ Hans Marton, Stefan Meyer Institute of Austrian Academy
of Sciences, Vienna, Austria

@ Mario Pitschmann, Atomic Institute of the Austrian
Universities, TUWien, Vienna, Austria
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Thank You for Attention
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