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Lagrangian density for Nuclear matter

Chiral Confining Model : In mean field limit
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Chiral potential resulting from the bosonized NJL model
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m_~ 140 MeV, F_~93 MeV : less freedom, m_ controls V(s) .
Nuclear Saturation requires m_ << m_(not physical) .
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Nucleon polarization

Nucleon response to the the (nuclear) scalar field: Re-adjustment of the quark wave function
Restores the nuclear matter saturation.

G. Chanfray, M. Ericson, EPJA 25, 151 (2005) ,
G. Chanfray, H. Hansen and J. Margueron, EPJA 59, 11 (2023),
Chanfray et al, Symmetry 17, 313 (2025)



Lattice QCD (LQCD)
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Confinement does not allow sufficient reduction in in-medium mass.
For 2MSun , stiff EoSs are obtained with KSat ~ 300 MeV.
LQCD has strong constraints on V(s).
Future works : Beyond mean field, inclusion of hyperons, deconfinement
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Neutron Star in Binary System and Oscillation modes:

Tidal distortion dominated by f-mode.
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Neutron Star in Binary System and Oscillation modes:

Tidal distortion dominated by f-mode. RMF, npeuY
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Flanagan and Hinderer, PRD 77 (2008

e Adiabaticlimit: 1/m << 1/ o,
e Finite frequency corrections to f-mode tidal correction : dynamical f-mode tide (P. Schmidt, & T.

Hinderer 2019, PRD, 100,021501(R))

e Interface Modes in Inspiralling Neutron Stars. A.R. Counsell, F. Gittins+, PRL. 135 (2025) 8,081402
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Neutron Star in Binary System and Oscillation modes:

e Tidal distortion dominated by f-mode. ZL EOS, npeug
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Neutron Star in Binary System and Oscillation modes

e Tidal distortion dominated by f-mode. faw [Hz%
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f-mode tidal energy is dominated so other modes are ignored Marquez Rodriguez
Adiabatic limit: f> 1 kHz. Implies /o << 1/ o,

Dynamical tide: Finite freq. Correction

Interface Modes in Inspiralling Neutron Stars. A.R. Counsell, F. Gittins+, PRL. 135 (2025) 8,081402

Nuclear EoS depends on the inferred Tidal parameters and Hence on the GW waveform model
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f-mode Dynamical tides in Binary Neutron Star System

—— No Tides ---- Adia. Tides ---- Dyn. Tides / h(f) L A(f)ei(qup+quT+qjdyn)\

.’/_\
\)_\) \I’AT(AQ, ) or, \IJAT(A, )
—_ 7 B n
4= ~ [ 1
= o a ~ moon
SLoA A A A R W gyn (Ag, mws)
] I\ | 1 1
AR R A R J
© [ o\l i ',|||,,l|’l||,|
o) [ LI O\ TRE Y YT AR WA TR FE AL |
P (U T VO (| Y Y T IR P [ O A |
LY 2V B T Y O A W i — A=142(WFF1)  —— A =512 (MPAL) — A—142(WFF1)  —— =512 (MPAI)
: X V[ Y Wy I“|" wi —— A =265 (APR4) ==== YNRTidal —— A =265 (APR4) --—- YNRTidal
S| YW W gV gV _
i 2 \ v u . ' ‘ — .= ' '
e 3 :
N A @@ @ g_-10f L
A S ¥
= é[\
Time [arbitrary unit] -20 =0 1000 T~ = 2 500 1000 1500
0 : : ' 0.0
>  GW waveform model used : Taylor F2 . =05
>  F-mode dyn. correction, P. Schmidt, &T. g8 E-10
. =2 7
Hinderer 2019, PRD, 100,021501(R), 2 -4 S .
=1
500 1000 1500 500 1000 1500
few [Hz] faw [Hz]

~ 8
A= 3 [(1 + 7T — 317%)(Ag1 + Ago) + /1 —4n(1 4+ 99 — 119%) (Agq — Az,g)} Thesis, B.K. Pradhan



Future Events
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Improvement of the model compatibility with GW170817 : Phenomenologically
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Results: GW170817
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Inclusion of f-mode dynamical phase lowers the 90% upper bound of \tilde{\Lambda} by
~15%.
A\, and X, or the choice of multipole Love relation has no significant effect
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