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Background

Thin atmosphere:

H,He,C.... J'

Quter crust: ions, electrons

Inner crust: ion lattice, soaked
in superfluid neutrons (SFn)

Outer core liquid: &, -, SFn,
superconducting protons

® 1932 Landau et al.
proposed the existence
of neutron stars

Inner core: unknown

~10" g am™

~2X nuclear density

o gcm"
~nudé

® 1967 Bell et al. - =
discovered the first 400" g
“neutron drip”

L1174

credit: NASA neutron star

(image credit: NASA, NICER Team)

® GW170817 opens the era of

e T GW multi-messenger ® Inner composition?
FROM A GALAXY 13 SHT ¥ astronomy
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» Inner core component: A . 2, = |, A, Q-
Up Down Strange
quark quark quark
u d s
d@ Ou d@ Ou d@ Ou
Proton Neutron N\ particle
Normal nucleus A hypernucleus
FAIR(GER) HIAF(CHN)
//'>' Laboratory experiments: Extracting baryon— ‘\\ //' \\\
baryon interactions from hyperon—nucleon > The inner core of neutron stars

scattering, structure of the hypernucleus and

might contain hyperons - Hyperon stars
reactions, ( half-life period ~1071%)

» Difficulty : Hyperon-nucleon interaction,
Model dependent.

AN J

> Some available experimental data for single A
\ separation energy
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Motivation
Meson-hyperon coupling constant: g,y .
Meson-nucleon coupling constant: g, Ry = &my/ gmn (M= 0, w, p, 0)
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Ro
Rong et al PHYSICAL REVIEW C 104, 054321 (2021)

/'>>Motivation: To combine the NICER mass, radii data of pulsars as well as GW170817 A

data and the strong correlation between hyperon nucleon interaction (Rong et al.),
to perform Bayesian analysis to A hyperon nucleon interaction, and to constrain A
hyperon nucleon interaction parameter space as well|l as the properties of hyperon

\_ stars. J
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Theoretical model

> Model: Relativistic Mean Field (Baryon octet) » Nucleon-nucleon interaction:
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B , : ,
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l 7 / = i .
L == a5" (0) @y vw) (ptp)
N Rys. Rus, Ros, Roz Ry= Ry=:

1 _ L |
Y aV®(p) (U Un) (VB UB)

v" Vector coupling: SU(3) symmetry
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Bayesian Formula

O software: Python Bilby, PyMultiNest, Toast, Corner

PD|6)P(6)

P(6|D) =
(@ID) fP(D|9)P(9)d9

P(0) is the prior probability of the parameter set €
P(D|6) is total likelihood function

/ Ry~ U0, 1] R ~ U[0, 1]. NUCL \

P(0) cer UL0.6 x 107, 3107 ¢/ Cm3~ PSR J0740+6620
o U035 1055, 15 109 g/em® | \'OER PSR 1003040451

M ~ UJ1.18, 1.21] M@} GW170817

\ g~ UI05, 1] /
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Bayesian Formula

4 N

» NICER: PSR J0740+6620 and PSR J0030+0451

Abbott et al. 2017 PRL
Pxicer (dicer|0) = [] Pi(M (6). R(6)) Abbott et al. 2019 PRX
J

\wc equate the individual likelihood P; to the joint posterior density distribution of M and RJ

/ » GW170817: \

Pow (dow|0) = F(A(8: My), Ay(8: My), M. q) A o PR

Hernandez et al. 2019 MN

F(-) 1s the interpolation function
\M . and M are related to the chirp mass M and the mass ratio ¢ =M,/ ﬂ/[y

~

/ » NUCL: Single A separation energy constraint

1 (R,n — R, 2
PNUCL(dNUCLIQ):EKp ——( A 3 o) Rong et al. 2021 PRC

JR:F;"-
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Discussion
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O Hypernuclei constraint favors large values of R, and R, and disfavors small

values of both couplings

O The addition of astrophysical observational data on top of the laboratory R ,-R, A
correlation rotates the linear correlation slightly towards the direction of small

values of R,
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Threshold density of A hyperons: Due to hyperons, the mammurrz) &ass IS
~1.4-3.8p, lowered by ~20%: M,,.. = 2.176" 500 Mo

(68% credible interval).

From the referee “The present article addresses a long-standing issue in neutron star physics,
namely the hyperon puzzle. The authors incorporate new information from hypernuclei
calculations and treat the hyperon couplings in a more general way than what exists in the
present literature. This is an interesting work that can have important future implications.”
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> Excellent linear anticorrelations between
N</N;g and R, , as well as R, ,, with the
determination coefficients of R, = 0.998 and R,
= 0.968.

» There appears also an anticorrelation between
N</Ng and M, ., of hyperon stars.
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Summary

O We combine the NICER &GW170817 data and the strong correlations of A
hyperon-nucleon interactions to perform the Bayesian analysis with 177RMF models.

O We foucus A hyperon, we relax the SU(3) symmetry, take accurately measured
mass, radius (for PSR J0030+0451 and PSR J0740+6620), and tidal deformability (for
GW170817) and laboratory constraint from the single A hypernuclei data.

O The laboratory constraint from the single A hypernuclei data determines the
phenomenological interactions, preventing a small R scalar coupling through a
strong positive correlation between the scalar and vector ones.

O We find the A hyperon threshold can be as low as ~1.4 times the nuclear
saturation density, and the hyperon star EOS is moderately stiff(M,,,,,=2.2M ).

O The decrease of the radii of typical 1.4 M, and 2.0 M, stars can both be linearly
depicted as functions of the strangeness fraction in hyperon stars.
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