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iso-vector nuclear matter parameters
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The Neutron star(NS) matter up to 2-3
times the saturation density (pp = 0.16 fm=3)
is expected predominantly to be composed
of nucleons in B-equilibrium. The equation
of state(EoS) for such matter can be ex-
pressed using iso-scalar and iso-vector nuclear
matter parameters(NMPs) which character-
ize the symmetric nuclear matter (SNM) and
density-dependent symmetry energy, respec-
tively. Also NS properties like radius, tidal
deformability(A) strongly depend upon the
EoS. The iso-scalar NMPs are binding energy
per nucleon (eg), incompressibility coefficient
(Ko), skewness (Qq), and kurtosis (Zg) to de-
scribe the EoS for the SNM. The density de-
pendent symmetry energy that accounts for
the deviation from the SNM is governed by
the iso-vector NMPs such as symmetry en-
ergy coefficient (Jo), its slope (Lg), curvature
(Ksymo), skewness (Qsymo), kurtosis (Zsymo)
evaluated at pg. In order to demonstrate our
approach, we use the 7 expansion of the EoS
with expansion coefficients depending on the
linear combination of the NMPs considered[1].
In the present work, we perform systematic
statistical analysis and multi-parameter cor-
relation studies to identify the minimal set of
essential iso-scalar and iso-vector nuclear mat-
ter parameters that predominantly determine
tidal deformability of neutron stars.

We express tidal deformability for a given
NS mass using linear (Ay, )[2] and quadratic
(Ag,.)[2] functions of n number of NMPs as,
ALn = ¢y + Z?:l Ci({IJi — 22'1)7 AQn = ALn +
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Doimy 2 Cig(xi—di)(x—2;) where, € {eq,
KOa Q07 Z07 JOv L07 KSyIIlO7 stmO7 ZsymO} for
n =9; and Z corresponds to the median value
of parameter x. The coefficients c; and c;; are
obtained by fitting the values of Aroy (M) to
above defined functions Az, Ag,. We con-
sider A, , Ag, with n = 2 and n = 4 which
correspond to z € {Lo, Ksymo} and z € {Ko,
Qo, Lo, Ksymo }, respectively. We also consider
Ap, which includes all the nine NMPs consid-
ered and Ag,yr,[2] with Q4 denotes contri-
bution up to quadratic order for z € {Ko, Qo,
Lo, Keymo} and L5 denotes the linear contri-
butions from the remaining 5 NMPs (eg, Zo,
Jo, Qsymo0, Zsymo). We referred these fitted
functions as Apynec-

[Parameter min max med ||

Ko 200 300 231.96
Qo -800 800 -418.89
Lo 20 120 52.26

Ksymo -250 250 -67.44
Jo 27 37 31.87
e -16.3 -15.7 -16.0
Zo 1400 2500 1638.14

Zsymo  -2000 -1000 -1622.35

TABLE I: Priors for the nuclear matter param-
eters used in our analysis. All the parameters
are uniformly distributed within the minimum
(‘min’) and maximum (‘max’) bounds. The me-
dian (‘med’) values are also listed [1]. All values
are in the units of MeV.

We performed an extensive analysis aimed
at identifying the key nuclear matter param-
eters that primarily influence the tidal de-



formability values of neutron stars. Among
these parameters, both the iso-scalar parame-
ters Ky and Qq, as well as the iso-vector pa-
rameters Ly and Kgymo, emerged as the most
significant contributors which I have shown in
figure(1). We fit the values of tidal deforma-
bilities obtained by solving the TOV equa-
tions to the linear and quadratic functions of
these nuclear matter parameters. To validate
these functions, we compared them with the
tidal deformability values obtained from TOV
equations applied to equations of state con-
structed with varying all the nuclear matter
parameters. Our analysis showed that the
predictions for Ag,+r, deviate within 10%
from the Aroy up to higher masses (in fig-
ure (3) I have shown the prediction of Apype
over Aoy for higher mass 1.8 My,,,) for EoSs
constrained with energy per particle of PNM
within 90% confidence interval up to 2pg de-
rived from yEFT. It also has an additional
constraint on the central density of 1.8Mg,n,
NS (p.(1.8)) which is below 3.5p. We show
a direct mapping between tidal deformabil-
ity values and nuclear matter parameters, en-
abling quick estimations without recourse to
the solution of TOV equations. Consequently,
it will facilitate efficient Bayesian statistical
inference of relevant nuclear matter parame-
ters directly from astrophysical observations.
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FIG. 1: Plots for the correlations of the - equilib-
rium pressure at a given density (Prea(p)) with
the nuclear matter parameters . The results are
obtained by varying all the nuclear matter param-
eters.
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FIG. 2: Variations of the correlation coefficients
r[Arov,AFunc] as a function of neutron star mass
is shown. The red color denotes the case when
only the NMPs involved in the Apyn. are varied
(e.g. (Lo and Ksymo) for Ara or Aga; and (Ko,
Qo, Lo, Ksymo) for Ars or Ags) and the light blue
color denotes the case where all the nine NMPs
are varied (with an extra label ‘all’) within their
respective ranges.
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FIG. 3: The ratio Arov /Arunc for the neutron
star mass 1.8Mgsyn. The Arov is obtained by
varying all the nuclear matter parameters. The
dashed and solid horizontal lines represent 5% and
10% deviations of Apunc from Arov, respectively.
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