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and hyperons in dense matter
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1-2 highly dense matter and strangeness

Neutron-star matter
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Kaon condensation in neutron-star matter (without hyperons)
[ H. Fujii, T. Maruyama, T. Muto, T. Tatsumi, Nucl. Phys. A 597 (1996) 645. ]
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Multi-strangeness system 1n neutron stars

Hyperon-mixed matter | (A, 2, =, * - in the ground state)

Kaon condensation |(BEC of antikaons)
*Rapid cooling of neutron stars - Softening of EOS

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

Hyperon Theory Most of the models within 2-body B-B int.
including (Y+K) phase predict
puzzle M_ <2Mg
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e [ P. Demorest, T.Pennucci, S. Ransom, M. Roberts and J.W.T.Hessels,

- SQM: uds | Nature 467 (2010) 1081.]
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1-3 Possible Solutions to the “ Hyperon Puzzle”

Many-body repulsion effects on EOS at high densities

mmm) Stiffening the EOS at high densities

-Universal YNN, YYN, YYY repulsions
[ S. Nishizaki, Y. Yamamoto and T. Takatsuka, Prog. Theor. Phys. 108 (2002) 703. |

[R. Tamagaki, Prog. Theor. Phys. 119 (2008), 965. | : String-Junction model

 Multi-pomeron exchange potential

[Y. Yamamoto, T. Furumoto, N. Yasutake, and Th.A. Rijken,
Phys. Rev. C 90, 045805 (2014). |

-RMF extended to BMM, MMM type diagrams
[K. Tsubakihara and A. Ohnishi, Nucl. Phys. A 914 (2013), 438; arXiv:1211.7208.]

We consider the (Y+K) phase by taking into account the
universal three-body repulsion introduced by the String-
junction model.



2. Formulation

2.1 Interaction model

Baryon-Baryon interaction |Relativistic mean-field theory
B
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K-B,K-K interactions

SU(3)L>< SUQ3)g chlral effective Lagranglan

[ D. B. Kaplan and A. E. Nelson,
Phys. Lett. B 175 (1986) 57. ]
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3. Numerical 3-1 Lowest kaon energy w in hyperonic matter
Results and onset density of kaon condensation

--- without uni 1 3-body repulsions ---
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3. Numerical Results | 3.2 EOS in f-equilibrated matter

Energy per particle --- without universal 3-body repulsions ---
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3-3 Particle fractions  --- without universal 3-body repulsions ---
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4. Effects of universal three-body repulsion with
[ String Junction Modell (Flavor-independent three-body repulsion )

| R. Tamagaki, Prog. Theor. Phys.119 (2008) 965.]
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Effective 2-body potential

short-range correlation function

Usjm(r; p) = pB /d3P3W(1‘1, ra, r3)§f2(r1 —r3) f*(r2 — 1‘3)

\
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- Short range part — quark structure of Baryon : String Junction Model

*intermediate and long-range part — point-like : RMF



Effects of universal three-body repulsion with SIM?2

Energy per partlcle Mass-Radius relations
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5. Summary

Equation of state (EOS) with kaon condensation
in hyperon-mixed matter [ (Y+K) phase ]

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

e - Universal 3- -body repulsion leads to a stiff EOS with (Y+K) phase. \‘.
' *Kaon condensates appear in the center of the core i
. only for neutron stars near the maximum mass. M. > 2 Mdl\
' «For the canonical mass (~1.4M ) stars, even hyperons (A .. .) |
«do not appear in the core . ;
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Problem :

- derivation of universal 3-body repulsion at high densities

* Consistency of a stiff EOS at very high densities
with soft EOS for lower densities ( B ~ S 2p0 )

*Radius is too large (~14 km for 1.7M)



