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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, PRD18, 4187 (1978)
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Resonance in coupled-channel scattering
A

- Coupling to MB states —— KN threshold

T A(1405)

energy

7~ threshold

Detailed analysis of KN-zx scattering is necessary



A(1405) and KN interactions

Current PDG

Analysis by NLO chiral SU(3) dynamics
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
n L] ] ] / _20 I
- Particle Listing section:
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Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
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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(1330) A
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A(1405) and KN interactions

NNLO analysis and lattice QCD

Analysis at NNLO chiral SU(3) dynamics (kv and =N included)
J.-X. Lu, L.S. Geng, M. Doering, M. Mai, PRL 130, 071902 (2023)

Lattice QCD calculation of KkN-7= scattering (7, ~ 200 MeV)
J. Bulava, et al. (BaSc), arXiv:2307.10413 [hep-lat]; arXiv:2307.13471 [hep-lat]
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Pole positions (MeV)

A(1380) 1392 + 8 — (102 + 15)
A(1405) 1425 + 1 — (13 + 4)

Two states are confirmed at NNLO and lattice QCD
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By =1392(9)(2)(16) MeV,
Ey =[1455(13)(2)(17) — i11.5(4.4)(4)(0.1)] MeéV,
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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) at NLO)

T. Hvodo., W. Weise, PRC 77, 035204 (2008

) -

" ¢

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

Correlation functions and femtoscopy

K~p correlation function C(g) / @
N, (Pk-»
C(q) _ K p(pK pp) ~ Jd3r S(I‘) | \P;_)(r) |2 %%%ngo @

Nig-(px-)N,(P),) S(r)

- Wave function ¥"(r) : Kyoto KN-7Z-zA potential

3
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2:5 Ao = 2SS WO 0 S 1.2 | —— Kp ® PK’, 30-40% N
!- — = SIDDHARTA Borasoy et al.
L §. lkeda et al. Liu et al.
1 X 17 i Ito | lkeda et al.
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S. Acharya et al. (ALICE), PRL 124, 092301 (2020)

Y. Kamiva, T. Hvodo, K. Morita, A. Ohnishi, W. Weise. PR1.124, 132501 (2020

S. Acharya ef al. (ALICE), PLB 822, 136708 (2021)
Correlation functions are well reproduced and predicted
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Compositeness

Weak-binding relation for stable states

Compositeness x of stable bound state
S. Weinberg, Phys. Rev. 137, B672 (1965);

T. Hyodo, Int. J. Mod. Phys. A 28, 1330045 (2013 - @ @
0<X<1

|d)=\/)_(|NN)+\/2|others), X+7Z=1, f
range of interaction

:
aTO_R{IZJrXXJr@(%)}, Ifz\/zlpTB

Scattering Iength radius Of State (i) Th ticl t be stable; else Z is undefined.

(However, it may*SeS eI e approximation to

ignore the decay modes of a very narrow resonance.)
(i) The particle must couple to a two-particle

channel with threshold not too much above the particle

- applicable on Iy to Stable bou nd States mftgi) It is crucial that this two-body channel have

zero orbital angular momentum /, since for /70 the
factor (£)'? in the integrands of (24) and (32) would

- for shallow bound state R>> R, X < (ag, B) iz e i i ot

Problem: quantitative estimation —> X =1.68 ? 10


https://inspirehep.net/literature/1256957

Compositeness

Uncertainty and interpretation

Uncertainty estimation with 6(r, /R) term
Y. Kamiya, T. Hyodo, PTEP2017, 023D02 (2017) e

Y2 —g/R—E ' 2—ay/R+E R

Interpretation (with finite range correction)

Compositeness X

T. Kinugawa, T. Hyodo, PRC 106, 015205 (2022) L
- exclude region outside 0 < x < 1 —
Ryyp = max{Riy, Ry} y ——
X (3872)
- X of hadrons, nuclei, and atoms oot
- X of deuteron is reasonable gg baryon
- X > 0.5 in all cases studied fi dimer

074 <X < 1
053< X <1
0.81 <X < 1
055< X <1
0.80 < X < 1
0.79 < X < 1
074 <X < 1

093<X <1

Near-threshold bound states are mostly composite
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Compositeness

Weak-binding relation for unstable states

Compositeness x of unstable quasibound state
Y. Kamiya, T. Hyodo, PRC93, 035203 (2016); PTEP2017, 023D02 (2017

- complex eigenenergy: -B - E, € C
| A(1405)) = /X | KN) ++/Z|others), X+Z=1
- complex q,, X

® @

A(1405)

© O

1
4

$ 1
2 R — b
)} \/ —2uE, \/2uv

- correction from threshold energy difference

~

« <>

- for near-threshold quasibound state [R| > (R, .. ?), X < (a,. E})

typ’

Interpretation of complex x

1 -1Z]+|X|
2

—> Poster by T. Kinugawa
1 -|X|+|Z]

> . X+Z=1, 0<X<1

X= . Z:

12
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Compositeness

Compositeness of A(1405): central values

Generalized weak-binding relation

2X 1 1
ao =R + 5 R = 5 Z/ﬂ =
(ay, E;) determinations by several groups
- Neglecting correction terms:
E, [MeV] ay [fm] Xy Xey  UJ2
Set 1 ~10—i26  139-i085 124i01 1.0 03
Set 2 —4—i8 181—-i092 06+i01 06 0.0

2—1i10 1.21 —il1.47 0.6 +i0.0 0.6 0.0

[35]
[36]
Set 3 [37] —13 —i20 1.30 —i0.85 0.9 —-1i0.2 0.9 0.1
[38]
[38] — 3—1il2 1.52 —i1.85 1.0 +1:0.5 0.8 0.3

-In all cases, X~ 1and X~ 1

A(1405): KN composite dominance <— observables 3



Compositeness

Compositeness of A(1405): uncertainties

Estimation of correction terms: |R| ~2 fm

{ 2X ( ) <
1+X

- p meson exchange picture: R, ~ 0.25 fm
- Energy difference from zx: 7 ~ 1.08 fm

Riyp
R

Z
R

0 | | | | |
Set 1 Set2 Set3 Set4 Setbh

KN composite dominance holds even with correction terms |,
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Kaonic nuclei

KNN system

: simplest kaonic nucleus

Theoretical calculation with realistic Kk interaction

- Fit to Kk p cross sections and branching ratios

- SIDDHARTRA constraint of kaonic hydrogen
[1]J. Reval, N V. Shevchenko PRC 90 034004 (2014)

Potential | A(1405) [MeV] A(1380) [MeV] | Biyy [MeV] Tirynvoryn [MeV]
1,SIDD . — —
VSPD ] 1426 — 48i [3] - 53.3 [1] 64.8 [1]
V2D | 1414 —58i [3] 1386 — 104i [3] | 47.4 [1 49.8 [1]
Vbl | 1417 — 330 [4] 1406 — 89i [4] 32.2 [1] 48.6 [1]
Kyoto KN | 1424 —26i [5] 1381 —81i [5] | 25.3-27.9 [2] 30.9-59.4 [2]

[3] N.V. Shevchenko, NPA 890-891, 50 (2012)
[4] N.V. Shevchenko, J. Revai, PRC 90, 034003 (2014)

[5] K. Miyahara. T. Hyodo, PRC 93, 015201 (2016)
- Caution: 2§ absorption (I'y,) is NOT included!!
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Kaonic nuclei

Kaonic nucleiuptoA=6

Rigorous few-body approach up to A = 6 systems
S. Ohnishi, W. Horiuchi, T. Hoshino, K. Miyahara. T. Hyodo, PRC95, 065202 (2017

- Stochastic variational method with correlated gaussians
V = VE¥(Kyoto KN) + V*¥(AV4)  (single channel)

Results for kaonic nuclei with A =2, 3, 4, 6

KNN [ KNNN | KNNNN|[KNNNNNN
I(J"7) 1/2(07) | 0(1/27) | 1/2(07) 1/2(07,17)
B [MeV] 25.3-27.9 | 45.3-49.7 | 67.9-75.5 69.8-80.7
Thes. [MeV] | 30.9-59.4 | 25.5-69.4 | 28.0-74.5 23.7-75.6

- for A = 6 system, 0~ and 1~ are almost degenerated
- quasi-bound state below the lowest threshold
- decay width (without multi-~ absorption) ~ binding energy,,


https://inspirehep.net/literature/1510887

Kaonic nuclei

Interplay between ~NN and KN correlations 1

Two-nucleon system

00O

bound ()

00

unbound

A(1405)
(quasi-)bound unbound
KN(I = 0) . KNI=0) 1
ENI=1) ENI=1) 3

NN correlation < KN correlation



Kaonic nuclei

Interplay between nNN and KN correlations 2

Four-nucleon system with /" =0, 1=1/2, , =+ 1/2

| KNNNN) = C,

- KN correlation
[ =0 pair in K—p (3 pairs) or K% (2 pairs) : |C,|>*> |, |?

- NN correlation
ppnn forms o @ | C, 1 < |C2|2

- Numerical result
|C,|*=0.08, |C,|*=0.92

NN correlation > KN correlation 0



Summary

S A(1405) and KN interactions
- precise determination of A(1405) and A(1380)
- K—p correlation function

« Compositeness
- applicable to nuclei, atoms, ...
- KN molecule picture for A(1405)
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- realistic calculations
- interplay between NN and KN
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