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Introduction

@ Self-consistent calculations of K~ -nuclear quasi-bound states using
the following chiral meson-baryon interaction models:

e Prague (P NLO)
(A. Cieply, J. Smejkal, Nucl. Phys. A 881 (2012) 115)

o Kyoto-Munich (KM NLO)
(Y. lkeda, T. Hyodo and W. Weise, Nucl. Phys. A 881 (2012) 98)

o Murcia (M1 and M2)
(Z. H. Guo and J. A. Oller, Phys. Rev. C 87,(2013) 035202)

e Bonn (B2 and B4)
(M. Mai and U.-G. MeiBner, Nucl. Phys. A 900, (2013) 51)



Free-space K~ p amplitudes
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Fig.1: Energy dependence of real (left) and imaginary (right) parts of free-space K™ p
amplitudes in considered models.



Free-space K~ n amplitudes
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Fig.2:Energy dependence of real (left) and imaginary (right) parts of free-space K™ n
amplitudes in considered models.



Model

@ Klein-Gordon equation for K~
[w%( +v2 - m%{ - I_IK(:BKvavp):| ¢K =0

complex energy wx = mx — Bk —il'k /2 — Ve = &k — V¢

e self-energy operator
_ ~ — Vs 1 1
Mk = 2Re(x- ) Vg = —4m > (Fogpp + Fi (3pp +pn)) »
Fo and F; — isospin 0 and 1 scattering amplitudes

@ Nucleus described within the RMF model



Model

@ Free space amplitudes — in-medium amplitudes - WRW method
(T. Wass, M. Rho, W. Weise, Nucl. Phys. A 617 (1997) 449)

F = FK n(f) Fo = [2FK p(\[) FK n(\/g)]
1+ 266 F-a(v/5)p L+ 1622 [2Fk-p(V5) = Ficn(V3)]p
where
=2 4f°° 9t exp(igt)j2(t), q= i QX —mi_

@ P NLO + Pauli + SE model
(A. Cieply, J. Smejkal, Nucl. Phys. A 881 (2012) 115)

Folp.p'sv5) = ~E0ER ) [MM; [ (/). (5 - (vl

Arfif;
1M B g’ (p)
Gilvsip) = 25 Jaypy) @) p2 = p? = Ti(\/5,5:p) + 10



In-medium modified KN amplitudes
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Fig.3: Energy dependence of reduced free-space (dotted line) fgy = 3(f—p + fic—p)
amplitude compared with WRW modified amplitude (solid line), Pauli (dashed line),
and Pauli + SE (dot-dashed line) modified amplitude for po = 0.17 fm~3 in the

P NLO model.



Energy dependence

e Amplitudes as a function of available energy /s
(s = (En+Ex-)*—(Pn+Pk-)?)
o KN cms frame — K~ -nucleus frame py + pyx— # 0
(A. Cieply, E. Friedman, A. Gal, D. Gazda, J. Mares, PLB 702, 402 (2011))

Vs = my + mg- — 8.5 — EnBy- + Ex-ReVg—(r) — & m(ﬁ)z”

where V- = Vi + Vo, Ty =23 MeV, and -y = myc—)/(mn + mg-) .



K~ optical potential
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Fig.4: K~ optical potential in *°Ca calculated for self-consistent /s and at threshold
E:n in the KM NLO, P NLO, and M1 models.



K~ optical potential
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Fig.5: K~ optical potential in *°Ca calculated self-consistently for in-medium /s and at
threshold E., using WRW modified amplitudes in the P NLO model compared with
P NLO + Pauli + SE model.
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K~ 1s binding energies and widths
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Fig.6: 1s K~ binding energies (left) and corresponding widths (right) in various nuclei
calculated self-consistently in the P NLO, KM NLO, M1, and M2 models.
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K~ 1s binding energies and widths
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Fig.7: K~ binding energies (left) and widths (right) calculated using the WRW method
in the P NLO model compared with P NLO + Pauli + SE model.
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K~ spectrum in 4Ca
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Fig.8: K~ binding energies (left) and widths (right) in s, p and d levels in *°Ca
calculated self-consistently in the P NLO, KM NLO, and M1 models.



Effects not included in the present calculations

@ dynamic approach — core polarization effect up to ~¥5 MeV in K~
binding energies

@ P-wave interaction — weakly attractive ~ +5 MeV in binding energy,
~ —1 MeV in width

e 2N absorption KNN — YN

The effect of 2N absorption (CS30 model):

C 0] Ca Zr Pb

\/s+SE-+dyn. Bk 55.7 56.0 70.2 805 87.0
Nk 123 121 10.8 109 10.8

V/s+SE+dyn.+2N Bk 54.0 55.1 67.6 79.6 86.3
[k 449 533 653 48.7 473

(D. Gazda, J. Mares, NPA 881, 2012, 159)
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Conclusions

@ Calculations of K~-nuclear quasi-bound states based on chiral
meson-baryon interaction models:
o large model dependence of K~ binding energies
e small K~ widths (10 - 20 MeV) in P NLO and M1 models,
twice larger widths (~ 40 MeV) in KM NLO model
e 2N absorption important — adds up to 50 MeV to the widths
e no bound states found for B2 and B4 models
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