Neutron Star (M,R) and NS matter EOS
s (M,R) — P(¢)
s P(g) is enough to calculate M, R, A (tidal deformability).
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Nuclear Matter EOS

s P(g) is not enough for dynamical processes
@ Supernova Explosion, Failed SN Explosion (Black hole formation)

— neutrino processes are essential

@ SNE, BHF, Binary Neutron Star Mergers, ...

— Magnetic field plays a decisive role

# “Minimum” EOS

F(ps,T,Yq)/V (Yq = Qn/B)

@ Symmetry energy is needed.
@ Hopefully with hadron/nuclear/quark

compositions
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New degrees of freedom

s BNSM probes warm-dense matter, 10p , T=30 MeV
— One naturally expects emergence of other DOF appears

Hyperons may be introduced

j 8 using chiral EFT results
35 . . . . 02 in transport models
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quarks, gluons, diquarks, mesons, ...
— Try and error from models




Status of lattice hadron-hadron interactions

125 125

| wva=11 | ya=11
100 VM(HSo)| | va=12 100 VRe(MSo)| | va=12
75 | wva=13 75 |  wa=13
— 50
o
E 25
=~ 01
-75 3"; T T X T e T
HALQCD with R = 1.05 fm
=50 i pure Coulomb with B = 1.05 fm
%0 05 10 15 20 25 30 00 05 10 15 2.0 25 3.0 3 K ALICH ppA3 Tev Joarmectac) i
fm] rfm] o
p=" (corrected)
(a) (b) '
125 125 i
- | wva=11 - | ya=11
e VM (So)| | wa=12 e VE(MSo)| | va=12
75 | wva=13 75 |  va=13 w
3
.;. 50 .;. 50 -
Y Y
= 3
=~ 0 - 0
-25 -25 )
-50 -50
%0 05 10 15 20 25 30 0 05 10 15 2.0 25 3.0 =
l‘[fm] r[fm] 1 I ] 1
0 100 200 300 100 500
(c) (d) g |MeV /¢

K. Sasaki+ [HAL QCD], 1912.08630 Y.Kamiya, K.Sasaki,
et al., (2108.09644)

S. Acharya et al. [ALICE],
Nature 588 (2020)
[2005.11495].

= o YiTP 422 A. Ohnishi for Discussion, INT-22-84W 4

& ot B 8



Relevance to 3D Phase Diagr'am

s BNSM probes warm-dense matter, 10p , T=30 MeV

— One naturally expects emergence of other DOF appears
— Ideal site to probe finite density QCD phase transition

RHIC, LHC,
Early Universe s
A Lattice QCD CcP QGP ST AT AT .
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Heavy-Ion Collisions

6=(N-Z)/A (or YQ (hadron)=Q, /B~(1-6)/2) Ueda. Nakano. AO
A0, JPS Conf.Proc.20 (‘18), 011035 Ruggieri, Sumiyoshi,
[1304.4331]
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Temperature [MeV]

T [Mev]

(p, T, Y, ) during SN, BH formation, BNSM
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