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Aim

To determine SU(3) antikaon couplings, study their impact on dense neutron star
matter, and investigate the resulting astrophysical observables.

e Calculate the hadron couplings in the meson sector to study antikaon condensation
in the dense nuclear matter.

e \We estimate antikaon couplings based on SU(3) symmetry in flavor space.

e The couplings are determined using Clebsch-Gordan coefficients, with only one free
parameter.

e The star structure and other astrophysical observables are derived from the resulting
=HONY



Vector Meson interaction and SU(3) flavour symmetry

-> Theinvariant Yukawa Lagrangian can be constructed with interacting
octet mesons and mediator nonet mesons.

Lii = —gNNM

There are three parameters in the flavor SU(3) symmetry: the weight

factor a , the ratio z = g,/g,, and the mixing angle 6.

Coupling constant expressions are obtained from the Clebsch-Gordan
coefficients in terms of these three parameters.




Results

->  Expressions for the couplings using CG coefficients:
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JusK = §98\/§(4a«v — 1)
9;081‘(:_%98\/3(1 + 2a,)

JoK = g8
9,8 = —98(1 — 2a)
Gor = 2980,
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2 e
g;uxl; - _’ggs\/g(l = O(‘)

=> In nature, the physical realization of
the isospin singlet vector mesons
are w and @ mesons are done by the

w = cos B, |¢1) + sin b, |ws)

mixing of theoretical w, and ¢ o
states. ° 1 ¢ sin 6, [¢1) + cos O, |ws) ,




Thus the expressions for the couplings in the mesonic sector are:

) 1
JuKk = g1 COS 0, + gs sin 00—(4@v - 1)

V3

1
9ok = g1 cos8, — ggsinf,—(1 + 2a,)

V3

, 2
Juor = g1 €080, + ggsin,—(1 — o)

V3

2
G = g1 €080, — ggsinf,—(1 — o).

V3

Couplings with ¢ obtained by substituting sin and cos by cosb and -sinb respectively.




Constraining the Parameters

The ““ideal mixing" for the w, and ¢,meson

|deal mixing angle (Bv = 35.3¢) = (Bv = 40°) (quadratic mass formula for the mesons)

Rangeofa isfromO<a <1.
9 v v ( Mesonic and baryonic octets

9o V6 —2zm(l+204,) originate from distinct SU(3)
o s el o representations.

JuN V6 + 2(day — 1) e Noinherent correlation exists

e Corresponding couplings

introduced independently.

J

The couplings for kaons are attractive. Hence,

Thisrequires therangeofz_tobe |[O<z_=< 2/\6 | as we have the constraint| O < a,s1




SU(B) Symmetry

Requirement of spin-independence for the qgw and qq¢ couplings within the identically flavoured K and

K gives gxw — Gz, = () mmmmb gs sin 01,%6(1‘(. ={) a, =

\

Here, we fix a, = Oas Jg and GV can not be zero.

From the constraintin SU(6), T’ = 0 weget

g1

- — tan 0,, e
g8

Fixing the z_ value

We then fix a toa representative value, a = 0.6,
and vary the parameter z_ within its allowed range.

1) z,= 2z,

We fix z value to SU(6) =
vary the parameter o within
its allowed range.

From SU(6) symmetry ==

2.)a, =20 : 2)z, = 2z_ 3.)z, = z_ /2




Matter Properties

» Therelative abundances of
different particle species fora =
0.2and 04 are shown in left panel
and those forz_=0.2and 04 are 0.001
shown in right panel, for the optical
potential value of U, .= -130 MeV.

->  Threshold density for K-
condensation increases with
increasing a_ in the case of the
varying a_ scenario.

- K°does not appear within the stable
dense matter in most of the EOSs
considering SU(3) couplings.
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Table showing maximum mass, Mmax (in units of M), corresponding central
density, and threshold densities for antikaon condensation for the value of
optical potential depth U, _=-130 MeV at n = 0.152 fm™ for the case of varying
a_ (left panel) and varying z_ (right panel).

a,, varying Zm vVarying

K KU K KV .
QO Ty Tip Ly Lip : a Leentral

0.2 2.30 H.84 2 2 0.2 2.30 6.13

0.4 0.4 2.50 228  5.71

1.0 0.8 3.10 5.37

0.2 0.2 2.00 ). 72

0.4 0.4 2.00

0.5

0.2 :

0.4 240

1.0 3.40
QMIC 290 4.70

Nucleonic Case

A

—
—-\
*

central “m

N
—_— 5
~|

oot

0 1 ~]1| DN W=
ot O

o

-] v Of =

NN N N
o
ot

O W= 1 ~J| 2 p

N
—
&

~

o0, =g f i 0.2 210 5.60
0.4 210 6.80

0.8 2.20
QMIC 290 4.70

Nucleonic Case

@)
'SN

o

W=

&
NN N NN N NN N N
e N e O B0 o B e O
8 : &
o

o))
o O Ov Ov O C
ot

o0
=




References

1.

Athira S., Monika Sinha, Vivek Baruah Thapa, and Vishal Parmar. Kaon-meson coupling
from su(3) flavour symmetry and application to antikaon condensed dense matter in
neutron star. Journal of Cosmology and Astroparticle Physics, 2025(10):037, oct 2025.
N. K. Glendenning. Compact stars: Nuclear physics, particle physics, and general
relativity. Astronomy and Astrophysics Library. Springer, 1997.

Vishal Parmar, Vivek Baruah Thapa, Anil Kumar, Debades Bandyopadhyay, and Monika
Sinha. Bayesian inference of the dense-matter equation of state of neutron stars with
antikaon condensation. Phys. Rev. C, 110(4):045804, October 2024.

J. J. de Swart. The Octet Model and its Clebsch-Gordan Coefficients. Reviews of Modern
Physics, 35(4):916-939, October 1963. Luiz L. Lopes, Kauan D. Marquez, and D ebora P.
Menezes.

Baryon coupling scheme in a unified SU(3) and SU(6) symmetry formalism. Phys. Rev. D,
107(3):036011, February 2023.

C. B. Dover and A. Gal. Hyperon-nucleus potentials. Progress in Particle and Nuclear
Physics, 12:171-239, January 1984.



