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My Research is E

Gravitational Wave Data Analysis
Detector Characterization +

Machine Learning

- Bayesian Inference on Neutron
Star properties : NS mass,
radius, tidal deformability, etc.

- Neutron Star Equation of State

DJBUU + RAON
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Polytropic equation of state

M. Kim et al. (JKPS 20z
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Kt [MeV] L [Mev] Lambda

Qsym [MeV]
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Posterior samples and Post-

Lambda = 399.83+1326¢

L [Mev] = 51.45*322

Kt [MeV] = —385.02+3383

Mass=1.4 Msun

processed results w/ KIDS

Radius [km] = 12.40*9-73

Lambda = 399.83+132-6¢

Lambda
<%,
(7

Qsym [MeV] = 577.52+66-82

2, Ky
% %

@ 4N\

@
<l
‘8\;\ T

Radius [km]

)

Q Q
) Q QO Q %) O
N Vv » 9 ® PO
Lambda L [Mev] Kt [MeV]

Q
\o) Q
PO

S O H O O O
@AY

Qsym [MeV]

W\

L\

\2) Q 7] Q Q Q Q Q
Radius [km] Lambda

Red line:y (1.4Mx) = 2.88 * 106 (R/kmYy-5
PhysRevlLett.120.172703.pdf

Blue line:y (1.4Mx) = 1.35 * 103 (R/km»-0

Implication of PREX 2 - PhysRevLett.126.172503 (2
=1 ~R48

Magenta liney (1.4Mx) = 1.05 * 104 (R/km}-0



More reliable theoretical approach is E

Functional Renormalization Group (FRG) metf

Zhang et al., PHYSICAL REVIEW D 96, 114029 (2017)
Iy = /d4xC\U_>Uk, Example: two Bavor quark-meson
model w/ omega meson
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2 Bavor Quark-Meson model W/ meson (1)

Zhang et al., PHYSICAL REVIEW D 96, 114029 (2017)
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2 Bavor Quark-Meson model W/ meson (2)
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Uy (10°MeV*)

Test Results - Quark-Meson model
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FRG In an Extended Walecka model
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Parameters for our calculation

Initial condition w/! =1400 MeV, -, e reference,

Juwo (A7 by T) =0

Liu etal., PHYSICAL REVIEW C 65 045201

TABLE 1. Parameter sets.

9pP0 (A7 s T) =0 Parameter Set T Set II NL3
?, Efmzi 10.33 same 15.73
1 1 N o fm22 542 same 10.53
= Zad® + ~bo* " 000 S50 000
T ) e = m
Parametgrs to be optimized, oo = 0.16/fm?
fi = 5;'2 a, b E/A = —16MeV
! M* =0.75My
K, = 240MeV
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Thermodynamic Properties

Q(Ta ,un,p) — U(Tv Mn,p; 0) with o =< ¢ >

0Q2(T, pin, p)
p=-—8T,unp) n;= " lasy (in our calculation%&=0.1 MeV)
l
02T, hn,p)
s = T : €=—p—|—Ts—|—Zu,-n,-.

i=n,p
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Test Results (1) for SNNu=mu_p=mu_n)

For the reference,
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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
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P [MeV/fm~3]

Test Results (4) for SNM
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Test Results (5) for SNM
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Test Results (6) for SNM

g S=16

f w=10.33 fm"2 N> g_s = 8.28

- o -
1 0.175 - 1
0.25 - ] ® ]
1 o 1
1 ° 0.150 1
0204 I ° 1 o ®
] 0.125 1 _»®
& 1 < !
£ 0.15 - . € 0.100 .
= 10® = 1
£ 1 £ 0.075 A1 1
0.10 - 2 2
T e 1
0.05 4 1
1 0.025 ':
1 1
0.00 P. 0.000 - @» @!
930 940 950 960 970 980 990 1000 925 930 935 940 945 950 955
mu_i [MeV] mu_i [MeV]
04 ®
04{ ® o
_20 .
_20 .
Y
—40 - —
:g 9 —40 1
2 40 2
a 2 _60-
a
_80 .
_80 -
o © ° ®
-100 1 © I
. . . . . . —100 - e ———
0.00 0.05 0.10 0.15 0.20 0.25 : : . . . ; ; .
rho [/fm~3] 17 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175

rho [/fm~™ 3]




Test Results (7) for SNM
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Summary and future plans

1. FRG calculation is still on-going.

2. We need to optimize model parameters.
- Number of calculation : ~ 1076, running time of a single job : 10~60 min.
- Bayesian optimization and/or deep learning approach

3. Future plans
- Nuclear matter equation of state N> NS mass, radius, tidal deformability

- Application to Finite Nuclel

- Application to Heavy lon Collision w/ DJBUU
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