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1. Introduction PTG IR SRR (S0 .
In nuclei

In neutron stars

Kaonic nuclei | FINUDA
Kaon condensation DISTO Collaboration

E15, E27 at J-PARC

Hyperon-mixed matter

Hypernuclel | J-PARC,
*Softening of EOS Jlab . ..

Rapid cooling of neutron stars . E — B, B-Bint.

Observational constraints
Detection of Gravitational waves from neutron star mergers (GW170817)

[B.P.Abott et al., (LIGO and Virgo Collaboration), Tidal deformabilities
Phys. Rev. Lett. 119, 161101 (2017) ; 121, 161101(2018). ]

of compact stars
— EOS, radius

X-ray observation by NICER — Mass and radius of neutron stars



M Roberts and J W.T. Hessels

Nature 467 (2010) 1081.]

[J. Antoniadis et al.,
M(PSR J0348+0432) = (2.01 £ 0.04) M, Science 340, 6131 (2013).]

\----

Coexistence of kaon condensation and hyperons
[(Y+K) phase] necessarily leads to very soft EOS

For hyperon-mixed matter (Hyperon puzzle)

Necessity of universal three-body force (UTBF)

[S Nishizaki, Y. Yamamoto,T.Takatsuka, Prog. Theor. Phys. 108 (2002), 703.]

We study repulsive effects of the UTBF || < parameters from saturation
on the EOS of the (Y+K) phase properties of symmetric matter

Effectlve chiral Lagrangian for kB and KK 1nteract10ns
model coupled with Relativistic Mean-field Theory for B-B int. !

[T. Muto, T. Maruyama, and T. Tatsumi, JPS Conf. Proceedings 17, 102003 (2017).]
[T. Muto, T. Maruyama,,T Tatsumi, and T. Takatsuka, JPS Conf. Proceedmgs 20,011038(2018).]



2. Formulation for the (Y+K) phase

1 K-BK-K ; : [ D. B. Kaplan and A. E. Nelson,
el T (SO OIS Phys. Lett. B 175 (1986) 57. ]
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2-2. Baryon-Baryon interaction Relativistic mean-field theory

-intermediate and long-range part — point-like : RMF
Baryons: (p,n,\,E7,E7) Mesons: O, w,p,0 , @

- Short range part — quark structure of Baryon :

String Junction Model (Flavor-independent three-body repulsion)
. [ R. Tamagakai,
Energy-barrier (~2 GeV) — Prog. Theor. Phys.119 (2008) 965.]

Repulsive core of B-B interactions

9B come in Fusioninto | B-B-B-interactions | .

‘short distance Deformation 6-quark state :
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W(ry,re,r3) = Wog(r1 —r3)g(ra —r3) Wy ~2GeV

g(r; — ;) = exp(—=A(r; — r;)?) |A=1/1 || 11c=0.5 fm for SIM2
(range of repulsive core)

Effective 2-body potential

short-range correlation function

Usom(r; pB) = pB /d3r3W(r1, ra, rs)é\fQ(n —r3) f*(r2 — 1'3)
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(MeV)

Importance of refitting the parameters to reproduce
the saturation properties of symmetric nuclear matter

Saturation of nuclear matter | (0,=0.16 fm=3)  (E,=16.3 MeV)

(K=240 MeV)  (§,=32.6 MeV) ;

Repulsive contribution (+ 4MeV)
from UTBF [E(SIM2)]

to the binding energy

[Nonlinear o self-int. potential]

1U(0) = bMn(g,50)°/3 + c(gon0)?/

M

<0> , <m>

9oN 5 GuN
as compared with the case

without SJM?2

Repulsive etfects of the mesons
on the EOS become moderate.

: small




3. Numerical Results



3-1. Effects of universal three-body repulsion with STM?2

Energy /baryon in pure hyperon-mixed matter
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3-1. Effects of universal three-body repulsion with STM?2

Energy /baryon in (Y+K) phase

Kaon condensates compete with
hyperons (A, = ,...).
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3-3 Gravitational mass — Radius

with universal 3-body force
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/\ ‘hyperon (A) appears

X :causality limit



4. Summary and concluding remarks

By refitting the parameters to reproduce the saturation properties of
symmetric matter including the repulsive energy contribution from the
UTBF at g,, we considered the effects of the Universal Three-Body
Force, based on the String Junction Model (SIM2, 3), on a possible
coexistence of kaon condensates and hyperons [(Y+K) phase ] .

Results | X =300 MeV case ( (N|3s|N) ~0)

*Onset density of hyperons (A and E7) is pushed up to higher densities,
Kaon condensation appears (~30, ) prior to hyperon-mixing.

In the (Y+K) phase, kaons compete with hyperons
rather than they coexist.

- Kaon-baryon attraction does not directly suffer from the repulsive
effects of the UTBF.

— Softening of the EOS of the (Y+K) phase is still large.



Future 1ssues

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

Consistent interaction model with UTBF within the RMF.

Quark Pauli effects [C. Nakamoto, Y. Suzuki, Phys.Rev. C94, 035803 (2016).] ]

Lattice QCD results (T. Hatsuda , Hal QCD)

______________________________________________________________________________________________________

. *Properties of kaon-condensates in hadronic phase
and quark (CFL) phase

____________________________________________________________________________________________________________________________

. *Connecting hadron phase and quark phase —

| taking into account of Crossover region |
. c.f. [ K. Masuda, T. Hatsuda, T. Takatsuka, Astrophys. J. Lett. 764, 12 (2013)]
' [ T.Kojo, P.D.Powel, Y.Song, G.Baym, Phys. Rev. 91, 045003 (2015).]
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Thank you !



