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Interest to antikaon-nucleon systems: quasi-bound state in the K~ pp system
[Y. Akaishi, T. Yamazaki, Phys.Rev.C65, 044005 (2002)]
— experimental and theoretical efforts with different results

Our contribution: series of dynamically exact calculations of three-body
antikaon-nucleon systems

@ Quasi-bound states in KNN, spin 0 (K~ pp/K%np) and KKN systems -
binding energy and width

@ No quasi-bound state in KNN, spin 1 (K ~np/K%mn) - proven

@ Near-threshold scattering in KNN, spin 1 (K~d)
(Faddeev-type AGS equations with coupled KNN — XN channels)

@ 1s level shift and width of kaoninc deuterium (Faddeev-type equations
with directly included Coulomb interaction)

[N.V. S., Three-Body Antikaon—Nucleon Systems, Few Body Syst. 58, 6 (2017)]

Nina V. Shevchenko On a quasi-bound state in K~ d 2/17




_

| No quasi-bound state in K NN, spin 1 (K~ np) - proven |

K™~ np quasi-bound state caused by strong interactions: <> kaonic deuterium
(an atom, Coulomb is the main interaction, is known)

FEvidence
Faddeev calculations of the K ~d scattering length ax -, — evidence that a
”strong” quasi-bound state in K " np could exists:

@ Analytical continuation of the effective range formula below the K ~—d
threshold — K ~np quasi-bound state with binding energy 14.6 — 19.6
MeV, width 15.6 — 22.0 MeV should exist

@ Systematic search for these states using three-body coupled-channel AGS
equations — no (corresponding) poles in the complex energy plane

The reason of discrepancy: effective range formula is valid in the vicinity of

the corresponding threshold (ezpected large binding energy and width - out of
the validity region)
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Fig: Pole trajectories in the K ~np system for increasing absolute value of the
MEE strength constant of the phenomenological VA5 PP and v257PD
potentials. The numbers along the trajectories indicate the multiplication
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Next step — four-body calculations of the K NNN system using Faddeev-type
equations. New NN potential constructed and used (Viyny by P. Doleschall
was used before) — quasi-bound state in the K~ np subsystem caused by
strong interactions was found
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Two-term Separable New potential (TSN) of nucleon-nucleon interaction

2
Van (k k) = Z 9m (k) Ay gm (K')
m=1
3 v
gm(k):glm, form=1,2

fitted to Argonne V18 potential [R.B. Wiringa, V.G.J. Stoks, R. Schiavilla,
Phys. Rev. C 51, 38 (1995)] phase shifts

Triplet and singlet scattering lengths a and effective ranges 7eg

alSN = _5.400 fm, rISN = 1.744 fm

np eff,np
apN =16.325fm,  rJFT, = 2.792fm,

deuteron binding energy Fqe, = 2.2246 MeV.
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Fig: Phase shifts of np and pp scattering calculated using the new
potentials plus phase shifts of Argonne V18
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Antikaon-nucleon interaction

Three potentials
@ phenomenological KN — w% with one-pole A(1405) resonance
@ phenomenological KN — ¥ with two-pole A(1405) resonance
@ chirally motivated KN — 7% — wA potential, two-pole A(1405)
reproduce (with the same level of accuracy):

@ 1s level shift and width of kaonic hydrogen (SIDDHARTA)
direct inclusion of Coulomb interaction, no Deser-type formula used

@ Cross-sections of K~ p — K~ p and K~ p — M B reactions
@ Threshold branching ratios v, R, and R,

o A(1405) resonance (one- or two-pole structure)
M{PGs) = 14051215 MeV, TRRG) = 50.5+ 2.0 MeV [PDG (2016)]
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Fig: Experimental and theoretical 1s level shift and width of kaonic
given by the three K'N potentials
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Table: Strong poles (A(1405)) given by the three antikaon-nucleon potentials
(MeV)

Zpolel Zpole2
VPP 1426 — 48 -
VauPP 1414 — 058 1386 —i104
vEhial 1417 —i33 1406 — i 89

”Experimental” value:

1.3
MERG = 1405.17}3 MeV, DEBG . =50.5 4 2.0 MeV
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Fig: Elastic 79%° cross-sections of the chirally motivated potential Vlg]}:;’al -
A(1405) resonance.
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Three-body Faddeev-type Alt-Grassberger-Sandhas equations,

solved separtely
3

Ul =00p (1—0i) (GO + Y. (A =6u) TP GJULY, inj=1,2,3,

. k=1
particle channels:

a=1: |K1N2N3>, a=2: |7T122N3>, a=3: |7T1N223>

Input: two-body T-matrices, corresponding to Vg n_rx(_ra) (three versions),
VESN (new), Vs N(=AN) (isospin-dependent and spin-independent, parameters
fitted to experimental cross-sections)

Quantum numbers:

spin S = 1, orbital momentum L = 0, isospin [ = 1/2:
@ KNN system with J™ = 1~ (isospin representation)

o K np/K%n system (particle representation)
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Table: Binding energy By -, (MeV) and width I'x—,,,, (MeV) of the
quasi-bound state in the K~ pn system: coupled-channel K NN — XN
calculation and one-channel K NN with exact optical Vgﬁt;

Zth,K_d =Mmpg + 2mN + Edeu-

Coupled-channels  With exact optical

calculation K N potential

Bk-np Tk-np Br-np Tr-np
o - 0.8 68.3
V2Pl 0.9 59.4 3.8 63.2
vEhal 1.3 41.8 0.9 43.6

[N.V. S., Few Body Syst. 61, 27 (2020)]
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Table: Binding energy By -, (MeV) and width ', (MeV) of the
quasi-bound state in the K~ pp system: coupled-channel KNN — XN

calculation and one-channel K NN with exact optical VI%I\’,t;

Zth,K—pp = Mi + 2mpy.

Coupled channels  With exact optical Our previous
calculation KN potential coupled-channel results
BK*pp Cre—pp BK*pp Cre—pp BK*pp Cre—pp
vayPP 5218 671 53.20 633 53.29 64.9
VARIPP 4656 512 46.65 474 4745 49.8
vohiral 9943 464 3001 466  32.24 48.6
o = = = T 9acr
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Summary

quasi-bound K ~np state caused by strong interactions was predicted,
@ |its binding energy is small (1 —2 MeV), while the width (40 — 60 MeV)
is comparable with the width of the K ~pp quasi-bound state

@ the particular model of Vi plays a minor role in the K~ pp system

@ the same is true for the K~ np system, but since the quasi-bound state
there is situated so close to the threshold, Vi can resolve the question
of the K~ np quasi-bound state existence

@ the quasi-bound K ~np state caused by strong interactions is stronger
bound and is much broader than kaonic deuterium, therefore, the atomic
and the strong quasi-bound states cannot be misidentified
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