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1. Introduction
1-1 S@ZENROVYEICBIFAIAN VO RR
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- Chemical equilibrium for weak processes Phys. Lett. B283 (1992) 165 ]

n=pk n=pe (V) . strangeness-nonconserving
"""""""""""""""""""""""""""""""""""""""""" system

AL DEE

*Rapid cooling through neutrino emission

- Softening of the equation of state (EOS) [ H. Fujii, T. Maruyama, T. Muto , T. Tatsumi,
Nucl. Phys. A597 (1996) 645. ]

>{Kaon dynamics in nuclear matter J

Deeply bound kaonic nuclear states
[ Y.Akaishi and T.Yamazaki, Phys.Rev. C65 (2002) 044005. ]

[A. Dote, H. Horiuchi et al., Phys. Lett. B 590 (2004) 51; Phys.Rev. C70 (2004) 044313. ]

K nuclear clusters
[T.Yamazaki, A. Dote and Y.Akaishi, Phys.Lett. B 587 (2004) 167. ]



1-2 Onset mechanism of kaon (K°) condensation

Role of weak interaction processes

[T. Muto and T. Tatsumi, Phys. Lett. B283 (1992) 165.]
| G. E. Brown, K. Kubodera, M. Rho, V. Thorsson,
Phys. Lett. B. 291 (1992) 355. ]

[ Charge neutrality | fp — PK — Pe = 0

[ Baryon number conservation | p + Pn = PB

Effective energy density

5““. =&+ //(/_)1, — PK — /_)(.) + I/(/)p + /_),,) M: charge chemical potential

v: baryon number
chemical potential

Ha = 85/81)0 (a=p,n,K ,e")

e = e = Iy — Ly = [ : ey
—> KK = He = Hn = [p =/ - Chemical equilibrivm oo
. | for weak processes: 1t = p 1§ '

I
|
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[ H. Fujii, T. Maruyama, T. Muto, T. Tatsumi, Nucl. Phys. A 597 (1996) 645. ]

Kaon energy in neutron-star matter  Gravitational mass-radius relations
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. . strangeness-nonconserving system
Critical density pBC =3~4 Po g g8y



1-3 Interplay between antikaons and hyperons

(N AEZHRDELDERBECEZSME  w(ost)=u
[P.J.Ellis, R.Knorren and M.Prakash, Phys. Rev. C52(1995),3470.
J. Schaffner and I.N.Mishustin, Phys. Rev. C53(1996), 1416. ]

A critical density of K- condensation is shifted to higher density
in the presence of (negatively charged) hyperons.

(2) S-wave kaon-baryon interactions

7 K- mesons*®® hyperons DHIRIC 400 N
RIXTR

Skn = 206 MeV -

scalar interaction 200}
simulated by Uy- (depth of K-
optical potential ) |
A0
vector interaction 80 SR A
(Tomozawa- Weinberg terms)




BRRZR(RFR)IC, ANV PR R S 2—EICLTER/2EE,
F D ground state [ 58S K- mesons & hyperon DE|GZ&Kk$H S,

A possible existence of antikaonic nuclear bound states
with hyperon-mixing for finite nuclei
within the RMF framework

Strangeness nuclear physics (J-PARC, JLab . . .)

\

Kaonic nuclel [ Y.Akaishi and T.Yamazaki, Phys.Rev. C65 (2002) 044005. ]
Multi kaonic nuclear cluster

: K+ K~ [M. Hassanvand, Y.Akaishi, T.Yamazaki,
[ngh energy] a4 Phys.Rev. C84, 015207 (2011
(pp— K*K*+ K Kp p) ys.Rev. ; ( ). ]
\AA hypernuclei, Z hypernuclei ... Y

K-meson ENARAVDEHBHEZRBIERELIL
multi-strangeness system
Relation to Kaon condensation in hyperon-mixed matter




2. Formulation 2-1 Outline of Kaon-condensed hypernuclei
[ Initial target nucleus |

Multi—ﬁ Nuclei

A =N + Z : mass number
Z: the number of proton |
ISI: the number of the embedded K

Assume : Spherical symmetry
Local density approximation for baryons

(p’n’ ‘\’ Z—9EH)

K- m e’s on | Strangeness conservation | \
@ hyperon | 5= [ dr (o (1) + oalr) + o5 () + 202 (1) = S
‘ proton [ Charge conservation |
'\:\, neutron | @ = /d37' (pp(r) = pr-(r) — pe-(r) — p=-(r)) = Z — |5
| Baryon number conservation |

N5 = / &r (pp(r) + palr) + pa(r) + ps-(r) + p=-(r)) = A/




2. Formulation Mesons: o,w, p,0", @

@H—Baryon@lg = (p,n, A, 5, 5")

“ 1 ¢ ]. " ¢ ¢
Lpy = E B(iv*D, — mp)B + 5 (8#00,0 — mio?) — U(o) + 5 (6#00,0" — mZ.0*?)
B
1, 1 . 1 ., 1 . 1, 1 .
— Zw“ Wy + Emf,w"wﬂ — ER" R, + §mf,R“Ru — qu” S + éméqﬁ”qﬁﬂ
1 = -
— ~F"E, , mp(r) = mp — g,80(T) — go-5o™(7)

-

D¥ = 0" +ig,pw" + 19,BT - R¥ + 1gspd" + 1Q A"

3K-NK-K in@ Nonlinear chiral effective Lagrangian
[ D. B. Kaplan and A. E. Nelson, Phys. Lett. B 175 (1986) 57. ]

____________________________________

Condensate assumption (K™) = ==6(r)
(K- mesons are condensed (OR— V2

in the lowest energy state
=Y ) Meson decay const. | =93 MeV



Kaonic part of the Lagrangian density

1 sin 0 * + - 1_(bm9)2 - 24 (K- +)2
Lxp = {1+ " K+0,K~ + {(K*0,K7)? + (K-9,K*)?}

———————— I o TEee (500/2)\° e
2 . +
o 3w (0) KK
-------- £ :’3.’3.‘.?._-_-5_-_-_-_-:::::"'
"""""" 1 0/2
pyHp + —nyHn — —E VYT — 2T RET sin(0/ ) (K+3#K_ o B”K“LK_)
92 S 6/2
. S-wavescalarint. \ __________ S-wave vectorint.
1, %2 2 ' '

X0 = gurwo + gox Ro + gsxdo |

— *
X =My — 20, kMK0 — 2ga-KmK0 i

P/(,— \K— K,— K- K-, K- K-,
\ 7 \\ 7/ 7 N 7
\\\ /// \\\ /// \\ // \\ //
! > A4 > o — el > Y S Y Y > \Y/ > Y
N 2KN N N  Tomozawa N ” ”
M —Weinberg I
[ N ’ (scalar) I(Vector)
_ ¢(scala_r) i( vector) K- K. K- -
\\gaK// nga ng K= N e \\\ //
~ -~ - S o o - N 7/
N O R RMF . w, P Y \:/0, 0* Y Y \:/ (D, p’ ¢ Y
N N N "N — : > — : >

g wN 3 g p.-V



2-4 Thermodynamic potential | ¢ _ / BrH(r) + psS + poO + vNp

0 =0 as Pa— pa—+9pq

I G@=rx.pnAas.=)

TR Wi~ + fp = pa
pp=—(ug +v) He- =HQ —Hs—V o
b = —1 he- = o — 2ty — v K-+ = i
pr = —(ps + ) WK- + B = pz-

Take into account of nonmesonic processes,

[ AMEZp A 2En ]

in addition to mesonic process K A & =




3. Numerical results

A=15,7=8 ( 30)

p; (fm=3)

3-1 density distributions

U= — 80 MeV

Multi-hypernuclei

Pn

Pp X
PA

No K- meson 1s bound.

' Central density pB(O)~ Po

(2N~ 330 MeV)
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Ug=— 180 MeV' | (oxtremely attractive)

Density distributions

0.5 ——————— 0.5
o Pp 1SI=2 1| &
E ] N T E
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" \ﬁ
~Pk-
0% 1 2 3 4 0% 1 2 3



K - Baryon interactions in K- field equation

o8/ Ji(r) =0 K- field equation Wk~ = wg- — Veoul
',"-‘ ------------------------------------------------------------------- \‘I
| V%0 =sinf | ( m% ) |
i . 25}( '(g\ng(] + 9pK 1 {Iﬁ] + _(](_;)[{@[]) - af{ COS 0:| i

———————————————————————————————————————————————————————————————————————

—————————————————————————————————————————————————————————

S-wave scalar int.

*2 c— 2 ! i
my = My — 20,kMK0T — 20 KMKOT " R |

Chiral symmetr
( Uk- = —0,50 — gurWo ) 1 ( }’1 1y
b )

repulsion for 2- and = hyperons

In the presence of K- mesons,

*Mixing of 2~ and = hyperons are unfavored.



Equations of motion for meson fields
Scalar mean fields

dU | .
~Vio+mjo = _%+gaN(p;s;+p;)+goAp‘7\+gaE—p6)3"+gaE— P +2f°goxmi (1 — cos6)
—V%0" 4+ m2.0" = go-aph + Gorx- P + gz pE + 2f%ge-xmi (1 — cos )
tor mean fields

—V2wotmZwo = gun(Ppt+pn)+9urPatgus-Ps-+9uz-p=-—2f gur@i (1 — cos 9\)

—V?Ro+m_Ry = gon(Pp—Pn)+9prPA—Gps-Ps-—Gp=- p=-—2f*gox@x (1 — cos 0)

\ —V2¢ + miho = goapa + Gsx-Ps- + Goz-p=- — 2f*gox@Wx (1 — cos ) y,
Coulomb field V?Vgou = 4m 62(Pp — Pz~ — p=- — PK-)

The presence of K- condensates (6) leads to a negative contribution

to vector mean fields (w,, By ¢y) . =X = gurwo + goxRo + gsxdo
<0

The number density of K- mesons

pr- = wg-fsin?0 +2f2X (1 — cosf) <0 for X,<<0 .




3-2 Strangeness fraction

-Si

A=15 Z=8 Uk= - 80 MeV

15+

10}

(multi-hypernuclei)

total S
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e

0L

| S|

15

15¢

A=15 Z=8 Uk= - 180 MeV

10+

(Kaon condensed nuclel

with Y)

total S

15




4. PEFERNBBDKHA
FEEEZEZ | N\UA K-E

Ug=-380 MeV

1 fa] F R RS DB R
"Bl FOZEEHhIEB CB]IESICTKES,

4

INUFA 2

E 0 ~0,

K
| | Chemical equilibrium for strong processes

Kp=2A K A==, Kn=X"

i 7=lIC<ey

—T

PEFENS | &

2FEDINY

A%

-

\

. L N\
chemical equilibrium for weak processes
n=p K~ pe=A(,) ne =X° (I/e)
n=pe () e" =2 () )

K- chemical potential :

Wg.= K= Hn— HKp < 0| for high densities




energy / particle (MeV)

EOS of kaon condensation in hyperonic matter

300
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kaon—condensed phase
(A=1.2 GeV)

non—-condensed phase

1206 MeV

1305 MeV

2.0




energy / particle (MeV)

Self-bound object with kaon condensates

Gravitational Mass - Radius relations
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5. Summary and outlook

We have considered a possible existence of kaonic bound nuclei
with hyperon-mixing in a framework of the RMF combined with
nonlinear effective chiral Lagrangian for K - B and K - K interactions.

For moderate Uy- (= - 80 MeV), the ground state is given by
multi-hypernuclei without bound K- mesons.

F -~ -mixing becomes dominant for large|S]|.

For extremely attractive Uy- (= - 180 MeV), K" mesons are bound
with slightly mixed A hyperons and =".

K- mesons: near the center , = : at the outer region

The presence of K- condensates () leads to a negative contribution
to vector mean fields (v, By, ¢,) .



EOS of kaon condensation in hyperonic matter

O hyperon-mixing
» S-wave and p-wave kaon-baryon interactions
=»  Considerable softening of the EOS
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