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Hyperon Puzzle

Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
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Massive Neutron Stars with Hyperons
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Symmetry Energy Constraints
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Many of EOSs in active astrophysical use do not satisfy
recent symmetry energy constraint or 2 M _ constraint.
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s Universal 3 &)

s Chiral EFT based: X ¥ e
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s Quark cluster #E TD 3 KA T

Nakamoto, Suzuki ('16), AO, Kashiwa, Morita ('17)
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3B potential from KMT interaction

Kobayashi, Maskawa ('70), 't Hooft ('76)

Kobayashi-Maskawa-'t Hooft 3q int. — 3 baryon int.
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AO, Kashiwa, Morita, PTEP('17); arXiv:1610.06306
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Ohnishi @ JPS, Utsunomiya, Sep.13, 2017 7



Relativistic Mean Field with Multi-body couplings

# Naive dimensional analysis (NDA) and naturalness

Manohar, Georgi ('84)

The vertex is called “natural” if C ~ 1 (consistent with pQCD).
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Relativistic Mean Field with Multi-body couplings

8 ocop model +std. non-linear terms + multi-body couplings

Scalar polarizability
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Simultaneous Fit to EOS and Finite Nuclei
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Hypernuclei and Neutron Star MR
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Can we distinguish ?
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Summary
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A-S y relation
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Mean Field + Attractive Orbit

Nara, Niemi, AO, Stocker ('16)

111.9 GEVE protons pions

l-ﬂ__l

_II-

1-:_S_oftenin|g !
L

-
I

et e e

0 0oL JAMMS
0'02- —JAMIMS: Attractiv

. . i
—1 0 1 —1 0 1

Yy y
MF+Attractive Orbit make dv /dy negative at \/SNN ~ 10 GeV

E=
= Qs
Y TP AR
-1-- - - YUKAWA INSTITUTE FOR 1 £l
- | I | THEORETICAL PHYSICS YITP Km ;‘l‘(

Ohnishi @ JPS, Utsunomiya, Sep.13, 2017 17



Softening of EOS by Attractive Orbits
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Pressure in simulated EOS ~ EOS-Q (e.g. Song, Heinz ('08))
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OCD Phase Diagram
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Fitting “Ab initio” EOS via RMF

RMF EOS with Multi-Body Coupling
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RMF fitting EOS does not necessarily describe finite nuclei....

AQO, Tsubakihara, Harada ('16, NIC proc.)
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Relativistic Mean Field with Multi-body couplings

8 ocop model +std. non-linear terms + multi-body couplings
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