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Massive NS Puzzle (or Hyperon Crisis)

Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
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Massive Neutron Stars with Hyperons
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Two ways to probe QCD phase transition
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Net-Proton Number Cumulants & Directed Flow
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What is directed flow ?

X
‘ s v, or <p_> as a function of y
g is called directed flow.

# Created in the overlapping
stage of two nuclei

— Sensitive to the EOS
in the early stage.

# Becomes smaller at higher

Attraction )
energies.

Vl < px> (Softening)
; A

How can we explain
non-monotonic dependence

of dv /dy ?
— Softening or Geometry

v, =(p,/p)=(cos@)
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Softening Effects via Attractive Orbit Scattering

8 Attractive orbit scattering simulates softening of EOS
P. Danielewicz, S. Pratt, PRC 53, 249 (1996)
H. Sorge, PRL 82, 2048 (1999).

P =P+ = ,ﬂ"‘[ Z (qi-Ti +qj - T5)

(Virial theorem)

# With attractive orbit, particle trajectories are bended toward
denser region.

— Attractive orbit scattering simulates
time evolution with softer EOS !

Let us examine the EOS softening effects,
which cannot be explained in hadronic mean field potential,
by using attractive orbit scatterings !

Y. Nara, H. Niemi, AO, H. Stocker, PRC, in press; arXiv:1601.07692 [hep-ph]
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Directed Flow with Attractive Orbits
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Time-dependence of density
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Time-dependence of density

Anisotropy correction
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J-PARC IR )LF¥—T®D OGP IFE

s J-PARC TRILF— (Vs =3-10 GeV) [ZHIVT,
BRRGOTFIVHERBEBLGRSIEFE OV EZRE TS,

s Directed flow DIRIILF—KEEIIEFERET
EOS O softening B> TS EZTRELTLVS,

s \FOVBHEBEOHWR7T—FEETEF+57THY.
Cascade-Hydro Integrated model
DRENBELEDNS (cf. RESADER)

s HEEBORITEICIIEREERD EOS LELTFICHRBRLYIEESR
Eo(-ré_&b‘: vH (cf. IRAZA ., LIRSADEE) .
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Hyperon puzzle EEA 7122
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Hyperon Flow at J-PARC-HI
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Quark Matter TXAZBDIFE : Crossover vs Ist order
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3D Phase Diagram
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Binary Neutron Star Merger

s T ~40 MeV, pg~ 1015 g/cm3 ~4 py ( po ~2.5 x 10" g/cm3),
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Courtesy of K. Kiuchi

Data are from Y. Sekiguchi, K. Kiuchi, K. Kyotoku, M. Shibata, PRD91("'15)064059.
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Summary
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NS matter Grant-in-Aid Study in Japan(2012-)

Hyperons, mesons, quarks

High p (Group A)
head: Tamura, Takahashi

Hypernuclei, Kaonic nuclei
YN & YY int.,
Eff. Interaction
(Heavy-ion collisions)/

Asym. nuclear matter
+elec.+p

Nuclei+neutron gas+elec.
Nuclei + elec.

Low p (Group B)
head: Murakami,
Nakamura, Horikoshi

Sym. E, Pairing gap,

NS Obs. (Group C)
head: Takahashi

N ‘ BEC-BEC cross over,
Radius, Mass, Cold atom, Unitary gas
Temp. (Cooling), i
Star quake, Pasta |

Theory (Group D)
head: Ohnishi

US: UNEDF, ICNT, FRIB, RHIC, NICER...
| Europe: CompStar, EMMI, FAIR, GANIL, LOFT, ...




Hadron-Hadron Correlation at RHIC
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