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My Research is ...
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Polytropic equation of state

Ki<K2<K3 M. Kim et al. (JKPS 2021)
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Posterior samples and Post-
processed results w/ KIDS
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Red line: A (1.4M@®) = 2.88 * 10-¢ (R/km)7-5
PhysRevLett.120.172703.pdf

Blue line: A (1.4M®) = 1.35 * 10-3 (R/km)3-0
Implication of PREX 2 - PhysRevLett.126.172503 (2021)

=> A\ ~ R48

Magenta line: A (1.4M®) = 1.05 * 10-4 (R/km)é0



More reliable theoretical approach is ...

Functional Renormalization Group (FRG) method
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Zhang et al., PHYSICAL REVIEW D 96, 114029 (2017)

Example: two flavor quark-meson
model w/ omega meson
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2 flavor Quark-Meson model w/ W meson (1)

Zhang et al., PHYSICAL REVIEW D 96, 114029 (2017)
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2 flavor Quark-Meson model w/ (0 meson (2)
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Initial condition w/ A=500 MeV,
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Test Results - Quark-Meson model

Zhang et al., PHYSICAL REVIEW D 96, 114029 (2017)
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FRG in an Extended Walecka model
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Parameters for our calculation

Initial condition w/ A=1400 MeV, For the reference.

JouWwo (A, s T) =0 Liu et al., PHYSICAL REVIEW C 65 045201

TABLE 1. Parameter sets.

9oP0 (A7 H, T) =0 Parameter Set T Set I NL3

£, (fm?) 10.33 same 15.73
1 1 fo (fm?) 542 same 10.53
~ 7 fm? 0.95 3.15 1.34
U¢ — —&¢3 -+ —b¢4 ?;Efmzi 0.00 2.50 0.00
3 A A (fm™Y) 0.033 same —001
B —0.0048 same —0.003
Parametegs to be optimized, 0o = 0.16/fm?
_g; - L
fz’ — T)’ZQ a, b E/A — —16MeV

' M* = 0.75My
K, = 240MeV



Thermodynamic Properties

Q(Tv ,un,p) — U(Tv Hn,ps 0-) with o =< ¢ >

ST, thn, p)
p=—RT,pnp), ni= L - s (in our calculation, Ap=0.1 MeV)
IQT, 1,.,) >
S = 9T ) E—_p_l'TS_l_. Mill;



Test Results (1) for SNM (mu=mu_p=mu_n)
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Liu et al., PHYSICAL REVIEW C 65 045201
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Test Results (2) for SNM

P (MeV/fm®)

Liu et al., PHYSICAL REVIEW C 65 045201
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Test Results

(3) for SNM

f w=5.0 fm”2
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Test Results (4) for SNM

f w=5.0 fmA2
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Test Results (5) for SNM

g s=16

mMu=940 MeV

~ 54 MeV

40 60 80 100

@ [MeV]

f w=10.33 fm?*2 —>¢g s=28.28

mu=940 MeV

U [MeV/fm~™3]

~ 104 MeV

l

@ [MeV]




Test Results (6) for SNM
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Test Results (7) for SNM

Initial condition

116

114 4

=
[
N

[y
=Y
o

min [MeV]

[
o
(o)

106 A

104

Liu et al., PHYSICAL REVIEW C 65 045201

. Parameter sets.
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Summary and future plans

|.  FRG calculation is still on-going.

2. We need to optimize model parameters.
- Number of calculation : ~ 10726, running time of a single job : |0~60 min.
- Bayesian optimization and/or deep learning approach

3. Future plans
- Nuclear matter equation of state —> NS mass, radius, tidal deformability
- Application to Finite Nuclei

- Application to Heavy lon Collision w/ DJBUU
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