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Introduction

Low-energy (s-wave) KN and QN interactions

KN interaction (J = 1/2)
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KN interaction

Strategy for K~ interaction

Above the KN threshold: direct constraints

- K~p total cross sections (old data)

- KN threshold branching ratios (old data)
- K p scattering length (new data: SIDDHARTA)

Below the KN threshold: indirect constraints
- 7. mass spectra (new data: LEPS, CLAS, HADES,...)
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Construction of the realistic amplitude

Chiral SU(3) coupled-channels (XN, X, zA, nA, 3z, KE) approach
Y. Ikeda, T. Hyodo, W. Weise, PLLB 706, 63 (2011); NPA 881 98 (2012)

Chiral perturbation theory

1) TW term 2) Born terms 3) NLO terms
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Best-fit results

[ o TW TWB NLO Experiment
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Accurate description of all existing data (,°/d.o.f ~ 1)
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Comparison with SIDDHARTA

TW |TWB | NLO
vo/d.of. |1.12 |1.15 |0.957
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TW and TWB are reasonable, while best-fit requires NLO.
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Subthreshold extrapolation

Uncertainty of kv — KN( = 0) amplitude below threshold
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Y. Kamiya, K. Miyahara, S. Ohnishi, Y. Ikeda, T. Hyodo, E. Oset, W. Weise,
NPA 954, 41 (2016)

- c.f. without SIDDHARTA
R. Nissler, Doctoral Thesis (2007)
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SIDDHARTA is essential for subthreshold extrapol
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Construction of kv potential

Local Kk~ potential is useful for
- Extraction of the wave function of A(1405)

- Applications to few-body K-nuclei/atoms, correlation fn., ...

Strategy
T.H ise, PRC 77, 035204 (2

- Equivalence of the scattering amplitude

Thin: chiral SU(3)
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Realistic kv potential

New single-channel potential (Kyoto K~ potential)

20

K. Miyahara, T. Hyodo, Phys. Rev. C93, 015201 (2016) 40
% 0

- Chiral SU(3) at NLO with SIDDHARTA

- Improvement of construction =
: pole positions in 1 MeV precision 6ol

- Wave function: ;. (r), wzo,(r) 100
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. _ deviation
Coupled-channels KN-z=-zA potential

K. Miyahara. T. Hyodo, W. Weise, PRC98, 025201 (2018)
- Real-valued potential strengths

- Wave function: yi—,(n), wgo, (), Was—(r), w,050(r), Wy—s+(r), 0, (r)

Realistic potentials (y°/d.o.f ~ 1) are now available. o
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Summary: KN interaction

; KN interaction is studied with chiral EFT.

& All existing data (scattering + K-hydrogen) are
reproduced with y’/d.o.f ~ 1.
Y. Ikeda, T. Hyodo. W. Weise, PLLB 706, 63 (2011); NPA 881 98 (2012)

& Realistic local potentials:

basic construction method
T. Hyodo, W. Weise, PRC 77, 035204 (2008)

effective single KN channel potential
K. Miyahara. T. Hyodo, PRC93, 015201 (2016)

coupled-channels potential KN-7X-zA
K. Miyahara. T. Hvodo, W. Weise, PRC98, 025201 (2018)
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QN interaction

QN interaction

Lattice QCD
T. Iritani, ef al., HAL QCD, Phys. Lett. B792, 284 (2019)
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Note:

- Effective single-channel framework
(inelastic/d-wave QN channels are not explicitly included)

- Not exactly at physical point (i, ~ 146 MeV)
- Physical origin (mechanism) of the potential?

Effective field theory can fill this gap.
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QN interaction

Long range part: known physical mechanisms

- A: one meson (1) exchange v————~
"

Q — t = Q
(a)

- B: correlated two-meson exchanges ~v——>—»—>—»

Q

- determined by empirical information

Short range part

- C: contact term ~ \/ N

(c)

- determined by lattice QCD (scattering length@m_~ 146 Mev)3
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Mechanism of QN interaction
Non-local potential (in momentum space, V(p,p))
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Quasi-bound state

Scattering length and quasi-bound state

mr | Vewong | Vo | a [fm] B [MeV] | I [MeV]

146 | real | off | 7.4 (input)

146 | comp | off | 4.1-3.1i

phys | real | off 0.3 0
phys | comp | off | 5.3-4.3I 0.1 1.5
phys | comp | Oon 1.0 2.0

- HAL QCD final: ¢ ~ 53 fm @ m_~ 146 MeV
- m, extrapolation: binding decreases

- Im V.., = dispersive repulsive shift

- V. = binding Iincreases ~ 1 MeV
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Equivalent local potential

Equivalent local potential A
- superposition of Yukawa fns '
) % 200 |
A2 E -300 |
Vieeat(r) = F.T. 3 ,
local( ) ; q2+m2 (A2+q2> & 00 | ; 1 ]
- fit nonlocal potential with ¢, ol e o]
r[fm]

Comparison with HAL QCD potential
J. Haidenbauer, U.G. Meissner, Eur. Phys. J. ASS, 70 (2019)
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Summary: QN interaction

QN(J = 2) interaction is studied.
long range: known meson exchanges
short range: contact term <— lattice QCD

Strong short-range attraction is needed on top
of meson exchanges.

>= and A= channels give small imaginary part
(absorption) of the potential.

Q~p quasi-bound state (with Coulomb)
B~1MeV, I ~2 MeV
T. Sekihara, Y. Kamiya, T. Hyodo, PRC98, 015205 (2018)
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