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A(1405) and KN interactions

A(1405) and KN scattering

A(1405) does not fit in standard picture —> exotic candidate
N. Isgur and G. Karl, PRD 18, 4187 (1978)
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A(1405) and KN interactions

A(1405) and KN scattering

A(1405) does not fit in standard picture —> exotic candidate
N. Isgur and G. Karl, PRD 18, 4187 (1978)
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Resonance in coupled-channel scattering

- Coupling to MB states
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Detailed analysis of KN-zx scattering is necessary



A(1405) and KN interactions

Strategy for K~ interaction

Above the K~ 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 K~ threshold: indirect (reaction model needed)
- 7. mass spectra (LEPS, CLAS, HADES, J-PARC, ...)

A(1405)

energy

9 >




A(1405) and KN interactions

Strategy for K~ interaction

Above the K~ threshold : direct constraints
- K~p total cross sections (old data)

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

Y. Ikeda, T. Hyodo, W. Weise, PLLB 706, 63 (2011); NPA 881, 98 (2012)

Below the K~ threshold: indirect (reaction model needed)
- 7. mass spectra (LEPS, CLAS, HADES, J-PARC, ...)

Chiral SU(3)
A(1405)
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A(1405) and KN interactions

Best-fit results by chiral SU(3) dynamics
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x2/d.o.f 1.12 1.15 0.96

Y. Ikeda, T. Hyodo, W. Weise, PLLB 706, 63 (2011) ., ]
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A(1405) and KN interactions

PDG has changed

2020 update of PDG

Y. Ikeda, T. Hyodo, W. Weise, PLB 706, 63 (2011); NPA 881, 98 (2012): A
Z.H. Guo, J.A. Oller, PRC 87, 035202 (2013); X

M. Mai, U.G. MeiBner, EPJA 51,30 (2015) m O 0
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T. Hyodo, M. Niivama, PPNP 120, 103868 (2021
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A(1405) and KN interactions

PDG has changed

2020 update of PDG

Y. Ikeda, T. Hyodo, W. Weise, PLB 706, 63 (2011); NPA 881, 98 (2012): A
Z.H. Guo, J.A. Oller, PRC 87, 035202 (2013); X

M. Mai, U.G. MeiBner, EPJA 51,30 (2015) m O 0
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T. Hyodo, M. Niiyama, PPNP 120, 103868 (2021
- “A(1405)” is no longer at 1405 MeV but ~ 1420 MeV.

- Lower pole : two-star resonance A(1380) p
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A(1405) and KN interactions

Construction of kv potentials

Local kN potential is useful for various applications

meson-baryon amplitude
(chiral SU(3) EFT)

T. Hvodo., W. Weise, PRC 77, 035204 (2008
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Kyoto KN potential Kyoto KN-7Z-zA potential
(single-channel, complex) (coupled-channel, real)
K. Miyahara. T. Hyodo, K. Miyahara, T. Hyodo, W. Weise
PRC 93, 015201 (2016) PRC 98, 025201 (2018)
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A(1405) and KN interactions

NNLO analysis

New analysis at NNLO! (k~ and zn included)
J.-X.Lu, L.S. Geng, M. Doering, M. Mai, PRL 130, 071902 (2023)
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A(1405) and KN interactions

NNLO analysis

New analysis at NNLO! (k~ and zn included)
J.-X.Lu, L.S. Geng, M. Doering, M. Mai, PRL 130, 071902 (2023)
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A(1405) and KN interactions

Coupled-channel scattering by lattice QCD

Lattice calculation of KkN-zX scattering
Talk by D. Mohler on 22nd June
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K p femtoscop

Correlation function and hadron interaction
High-energy collision: chaotic source S(r) of hadron emission
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S — = pPk--Pp) (= 1 in the absence of FSI/QS)

Ng-(px-)N,(p),)
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K p femtoscop

Correlation function and hadron interaction
High-energy collision: chaotic source S(r) of hadron emission

4 é) Wg\%) &g%b y CK?Drelative
(r) %%?J FSI { momentum g
Q %@%3 m @

- Definition
Ng-,(Pg-» !

8 — = pPk--Pp) (= 1 in the absence of FSI/QS)

Ng-(px-)N,(p),)

- Theory (Koonin-Pratt formula)
S.E. Koonin PLB 70,43 (1977); S. Pratt, PRD 33, 1314 (2986)

Clg) =~ Jd% S ¥ 2
Source function s() <—> wave function ") (FSI) .



K p femtoscogp

Experimental data of Kk—p correlation

K—p total cross sections
Y. Ikeda, T. Hyodo, W. Weise, PLLB 706, 63 (2011)

- Old bubble chamber data
- Resolution is not good

0 ‘ ‘ ‘ Prap

- Threshold cusp is not visible 50 100 150 200 250 [MeV/c]
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K p femtoscogp

Experimental data of Kk—p correlation

K—p total cross sections

a
Y. Ikeda, T. Hyodo, W. Weise, PLB 706, 63 (2011) = **|

- Old bubble chamber data
- Resolution is not good
- Threshold cusp is not visible

K~p correlation function
ALICE collaboration, PRL 124, 092301 (2020)

- Excellent precision (K"z cusp)
- Low-energy data below °x
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K—p femtoscopy

Coupled-channel effects

Schrodinger equation (s-wave)
(
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K—p femtoscopy

Coupled-channel effects

Schrodinger equation (s-wave)
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K—p femtoscopy
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Coupled-channel effects

Schrodinger equation (s-wave)
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Kp femtoscop
Coupled-channel correlation function

Coupled-channel Koonin-Pratt formula

R. Lednicky, V.V. Lyuboshitz, V.L.Lyuboshitz, Phys. Atom. Nucl. 61, 2950 (1998);

J. Haidenbauer, NPA 981, 1 (2019);
Y. Kamiva, T. Hvodo. K. Morita, A. Ohnishi, W. Weise, PR1.124. 132501 (2020

Coe@) = | d'r S, 019,
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Kp femtoscop
Coupled-channel correlation function

Coupled-channel Koonin-Pratt formula

R. Lednicky, V.V. Lyuboshitz, V.L.Lyuboshitz, Phys. Atom. Nucl. 61, 2950 (1998);

J. Haidenbauer, NPA 981, 1 (2019);
Y. Kamiva, T. Hvodo. K. Morita, A. Ohnishi, W. Weise, PR1.124. 132501 (2020

Cy-(q) = Jd3r Sk MY OF + ) o, J &r S ¥ [
i#K ™ p
- Transition from K%, z+x~, 2%, z= =+, z0A

- w; - weight of source channel ; relative to kp
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Kp femtoscop

Coupled-channel correlation function

Coupled-channel Koonin-Pratt formula

R. Lednicky, V.V. Lyuboshitz, V.L.Lyuboshitz, Phys. Atom. Nucl. 61, 2950 (1998);
J. Haldenbauer, NPA 981, 1 (2019),

C-(@) = Jcﬂr S ¥ OF + ) w,-[d% S W)@ |

i#K ™ p

- Transition from K%, z+t2~, 220, 2~ 2+, #

OA

- w; - weight of source channel ; relative to k- P
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Coupled-channel effect is enhanced for small sources
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Kp femtoscop

Correlation from chiral SU(3) dynamics

Wave function ¥{ ) : coupled-channel KnN-z=-zA potential

K. Miyahara, T. Hyodo, W. Weise, PRC 98, 025201 (2018)
- Source function S() : Gaussian, R ~ 1 fm in K*p data

- Source weight o_; ~ 2 by simple statistical model estimate

| ' ALICE (pp 13 TeV, HM

Cﬁt(R = 0.9 fm
Cﬁt(R = 1.6 fm

|

reduced ,°

Correlation function by ALICE is well reproduced

[ :102
-410°

-410°
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K—p femtoscopy

Source size dependence

New data with Pb-Pb collisions at 5.02 TeV
ALICE collaboration, PLB 822, 136708 (2021)
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Correlation is suppressed at larger R, as predicted



Kp femtoscop

Systematic study of source size dependence

Correlations in pp, p-Pb, Pb-Pb by Kyoto KN-z2-zA potential
ALICE collaboration, EPJC 83, 340 (2023)
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ALICE Collaboration arXiv: 2205.15176

More strength is needed in the £» channel
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Summary

; Kp scattering and kaonic hydrogen are well
described by NLO chiral SU(3) dynamics.

Y. Ikeda, T. Hyodo, W. Weise, PL.B 706, 63 (2011); NPA 881, 98 (2012)

- NNLO, scattering on the lattice, ...

J.-X. Lu, L.S. Geng, M. Doering, M. Mai, PRL 130, 071902 (2023);
Talk by D. Mohler on 22nd June

; Global structures of k—p correlation functions
are reproduced by Kyoto KkN-z2-zA potential.

Y. Kamiya, T. Hyodo, K. Morita, A. Ohnishi, W. Weise. PRI1.124, 132501 (2020

- Source size dependence

ALICE collaboration, PRL 124, 092301 (2020); PL.B 822, 136708 (2021);
EPJC 83, 340 (2023)

18


https://inspirehep.net/literature/927436
https://inspirehep.net/literature/1086833
https://inspirehep.net/literature/1762829
https://inspirehep.net/literature/2088954

