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Motivation

KN interaction
strongly attractive, highly non-perturbative, A(1405)
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K-nucleus interaction
strongly attractive and absorptive < kaonic atoms
7 optical potential depth:
phenomenology Vop:=(150-200) MeV X chiral models Vip:=(50-60) MeV

? existence of sufficiently narrow K~ bound states

D. Gazda et al. : Multi-K (hyper)nuclei Page 2 of 28



Hadronic Atoms and Kaonic Nuclei / Trento 2009

Motivation

KN interaction
strongly attractive, highly non-perturbative, A(1405)

y

K-nucleus interaction
strongly attractive and absorptive < kaonic atoms
7 optical potential depth:
phenomenology Vop:=(150-200) MeV X chiral models Vip:=(50-60) MeV

? existence of sufficiently narrow K~ bound states

kaon propagation in nuclear matter
heavy ion collisions

neutron star structure, ? kaon condensation
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Motivation

Kaon condensation in dense matter — neutron stars and heavy ion collisions.

@ neutron stars
weak interactions operative
nK = pe =~ 200 MeV = e~ — K~ 4 e

@ laboratory conditions ~ heavy ion collisions
strong interactions operative

Bi =2 240 MeV = my + my — my = precursor phenomena to kaon
condensation

Bi 2320 MeV = mi + my — mp = K’s relevant degrees of freedom for
self-bound systems

...does By in multi-K system increase enough?
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Model

Relativistic mean field model for a system of nucleons, hyperons, and K mesons
interacting through the exchange of o, 0*, w, p, ¢ and photon fields:

L = Ln+Ly+ Lk,

where

%y = standard relativistic mean field lagrangian density
Ly = Py[iP— (my — 8oy0 — gory o™ )by ,
Zx = (DuK) (DFK) = mAKTK — goxmk o KTK — ggecmi o* KK,

with D, given by:

Dy =0y +igukwp +i8ok [+ Fu+igsk du+ie(ls+3Y)AL.
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baryons (nucleons, hyperons):
[~ V4 (Mg — o8 0 — 8B 0% )B+8uB w+Eps 3 p+Essd+e(b+3Y)Als = cp

mesons:

(=V2+ m2)o = gonps + 820° — g30° + gok M K* K+goy psy
(=V2+m})o* = go-k Mk K*K+govy psy
(=V?+ m2)w = gunpPN — BukPK— +8uyYPY
(—=V2+m>2)p=gunps — 8ok Py~ +EoNP3Y
(=V?+ m})b =—gokpi—+8ovPY

—V?A=epy — epy—+epey

where py— = 2(Ex— + guk w + gok p + 8ok ¢ + e A)K*K
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+ antikaons:

(-V?—Ejp_ +mp+MNy-)K™ =0

ReMg- =~ gork Mk 0™ — 8ok Mk 0 — 2 Ex— (8uk w + 8ok P + 8k ¢ + € A)
—(ngw+ngP+g¢K¢+eA)2
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+ antikaons:

(-V?—Ejp_ +mp+MNy-)K™ =0

ReMg- =~ gork Mk 0™ — 8ok Mk 0 — 2 Ex— (8uk w + 8ok P + 8k ¢ + € A)
—(ngw+ngP+g¢K¢+eA)2

Im M- = (0.7 fix + 0.1 fin)Wo pn(r) + 0.2 fos Wo p23(r)/ o

fiy kinematical suppression factors
(phase space considerations)

W) constrained by kaonic atom data

Absorption through:

@ pionic conversion modes o pp(r)

KN — X490 MeV, 7A+170 MeV (70%, 10%)

@ nonmesonic modes o p3/(r)

KNN — YN4240 MeV (20%)
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Results

Calculations of 12C, 160, 40Ca, 907y, 208pp
Zy — NL-SH, NL-TM1(2), L-HS

.Z)y — 8Bvy — SU(6)
goM, 8o+p < fitted to single and double A hypernuclei
g,= « fitted to V= =~ —18 MeV

Lk — guk — SU(3):
2guk = V2gpK = 28pk = gpr = 6.04
8ok = 2.65 (f5(980) — KTK™)
gok coupling scaled < cover wide range of By
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Multi-K nuclei
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Multi-K nuclei
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Multi-K nuclei
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Multi-K nuclei
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Fig. 2 The K binding energies as functions of the number x of antikaons.

@ saturation pattern observed across the periodic table
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Multi-K nuclei
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Fig. 3 The K™ binding energies as a function
of the number x of K~ mesons for different
mean field compositions.
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saturation observed for any
field composition containing
w-meson

no saturation for purely
scalar interaction

substantial effect of ImIT —
for B~ < 100 MeV
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Multi-K nuclei
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Fig. 4 The K~ binding energies as a function
of the number x of K™ mesons for different
RMF models.
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Multi-K nuclei
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Fig. 5 Nuclear (py) and K (pg) density distributions for various numbers « of antiakons.

@ saturation of central nuclear and K densities

(hyper)nuclei Page 16 of 28



Hadronic Atoms and Kaonic Nuclei / Trento 2009

Multi-K nuclei
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Fig. 6 K effective mass in 28Pb+rK .

10

@ K effective mass my = \/my — goxmko affected only in the region ra2-3 fm

@ concept of nuclear matter far from being realized even in 208Pb
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Multi-K “exotic” configurations
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Fig. 7 K separation energy as a function

of the number k of antikaons.

(hyper)nuclei
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Multi-K “exotic” configurations
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Fig. 9 Total binding energy of multistrange
systems.
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Multi-K hypernuclei

We condidered self-bound systems consisting of SU(3) octet baryons {N,A, ¥, =}.

Only == p — AA and =1 — AA (Q = 26 MeV) can be overcome by binding effects
— {N, A\, =} configurations.

@ filling up A single-particle states up to the A Fermi level
@ adding = hyperons (=% =7) as long as both reactions:
[AN, A, 1=] — [(A— DN, A, (11 — 1)Z] + 27
[AN; A, pZ] — [(A+ 1N, (n = 2)A, (1 + 1)=]
are kinemalically blocked

— particle-stable configurations with highest |S|/B ratio for given core nucleus
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Multi-K hypernuclei
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Fig. 10 The K binding energy Bj in 160 as a function of the number & of antikaons and n of A hyperons.
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Multi-K hypernuclei

B e e L e e e e e S

112
110
108
106
104
102
100

Bye— (MeV)
B,- (MeV)

| ! !
1001 5 10 15 20
K

Fig. 11 The K binding energy Bi in 208p}, a5 a function of the number « of antikaons and n of A hyperons.
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Multi-K hypernuclei
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Fig. 12 K™ binding energies in hypernuclear configurations.
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Multi-K hypernuclei
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mesons in (hyper)nuclear medium
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Fig. 14 The effective energy of kaons as well as electrochemical potential
vs. the baryon densityfor neutron star matter.

(J. Schaffner, I.N. Mishustin Phys. Rev. C 53 (1996) 1416).
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K™ mesons in (hyper)nuclear
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Fig. 14 The K™ static potential in hypernuclear systems connected with 160 and 9zr.

@ presence of hyperons decreases Kt repulsion
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K™ mesons in (hyper)nuclear
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Fig. 15 The K static potential in hypernuclear systems connected with 160,

@ nuclei sustained by K~ mesons - immensely deep but short range K+ potential
— only weakly bound K™ states found for large number of K~ mesons
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Summary

@ calculations of nuclear systems containing several antikaons:
@ K binding energies 4 nuclear densities saturate with number of K mesons
@ saturation occurs also in the presence of hyperons

@ — no kaon condensation precursor phenomena observed
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Summary

@ calculations of nuclear systems containing several antikaons:
@ K binding energies 4 nuclear densities saturate with number of K mesons
@ saturation occurs also in the presence of hyperons

@ — no kaon condensation precursor phenomena observed

@ finite number of neutrons (protons) can be made self-bound by adding few K°
(K™); the resulting configurations are more tightly bound than ordinary nuclear
configurations but unstable against charge exchange reactions
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Summary

@ calculations of nuclear systems containing several antikaons:

o K binding energies + nuclear densities saturate with number of K mesons
@ saturation occurs also in the presence of hyperons

@ — no kaon condensation precursor phenomena observed

@ finite number of neutrons (protons) can be made self-bound by adding few K°
(K™); the resulting configurations are more tightly bound than ordinary nuclear
configurations but unstable against charge exchange reactions

@ hyperons reduce KT-nucleus repulsion, K™ mesons remain unbound even for
high |S|/B ratio
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