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What is a Sexaquark?

S 1s a neutral boson
This exotic particle is proposed to be consist of 3 scalar diquarks
(ud, us, ds)

Baryon number = 2, Strangeness= —2
In spin-color-flavor-singlet state
S=EAA myp, =2231 MeV

The lowest channel for A decay:

uuddss

A-p+e+v

mp + my, + m,= 1115.5+938+0.5= 2054 MeV
2 (m, +m,) =2(938+0.5) =1877 MeV
If 2054 MeV < m, < 2231 MeV It decays

G. R. Farrar, 1805.03723 (2018)
F. Buccella, PoS CORFU2019, 024 (2020)




S is a good candidate for dark matter

> If mg < ('m,1 +m, + me) = 2054 MeV: it will decay with a lifetime more than
the age of the universe
> 1f mg <2(m, + m,) = 1877 MeV : S is an absolutely stable particle

» Franco Buccella has calculated the mass of S from chromomagnetic interaction:
mg = 1883 MeV F. Buccella, PoS CORFU2019, 024 (2020)

>”5DM/Qb has been found in a good agreement with the measured ratio ”DM/gb

=53 +£0.1
» Therefore, S has been considered as a good candidate for dark matter for the first
time by Glennys Farrar  G.R. Farrar, (2022), arXiv:2201.01334 [hep-ph]

We consider: 1885 MeV < mg < 2054 MeV



Size of a Sexaquark

4 .
If Si1sa AA molecule:
ST r¢ ~ 2 fm like deuteron

@ \ ’O v //
S OWE © ) @ % If S is a bound state of 3
N N diquark:
rs = 0.5 fm

» If S Is a Molecule state, AA, since A is a color neutral particle, two As can be bound only
by exchange color neutral particles like mesons

» /I S Is a complex system of 3 colored diquark, these objects should interact via color
force which i1s much stronger than meson exchange force at short distances.

» . The binding is maximal in sexaquark channel and S should be more compact than normal
hadrons



Strange Quark Star Neutron Star

Surface
e Hydrogen/Helium plasma
® |ron nuclei

Outer Crust
e |ons
e Electron gas

Surface
e Degenerate
electron layer,

Inner Crust

e Heavy ions
e Relativistic electron gas
e Superfluid neutrons

Outer Core
e Neutrons, protons
e Electrons, muons

~ Inner Core
Neutrons
Superconducting protons
Electrons, muons
Hyperons (Z, A, E)
Deltas (A)

Boson (r, K) condensates
Deconfined (u,d,s) quarks/color-
superconducting quark matter

Core
e Electrons
® u,d,s quarks

(color-superconducting)

The high density of the inner core of neutron star, makes it a
suitable environment for forming Sexaquark.



A RELATIVISTIC DENSITY FUNCTIONAL APPROACH TO
HYPERNUCLEAR MATTER WITH SEXAQUARK (DD2Y-T)

Q =Q({u;}) &  pi = By + Qiprg + Sipts + Lify
W) |, @ @) , . @)

ng = Z Bn" = n{) + nl? + -n.f{") + Nyt + Ngo + -n.zfz + Nz + nsl + 2?1..3"')

¢ All constituent particles with vacuum rest masses are considered
as quasiparticles in the medium with effective mass and effective chemical potentials.

m;=m;— S;, ;= w—V; S. Typel and H. H. Wolter, Nucl. Phys. A 656, 331 (1999)
S; . Scalar potential S; =Ti,0 Cim = GimDUm (Nept)
V; : Vector potential Vi = Tiww+Tipp+Ligg + BV + W

¢ The density dependence of the couplings Is adjusted to describe properties of atomic nuclei.
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Back to DD2Y-T+S model with a density-dependent mass of S

s+ The substructure of S and its interactions are not known yet. So it has been
considered as an ideal bosonic gas with the mass as the only parameter.

¢ A linear mass shift has been assumed instead of a meson-coupling interaction.

n
S¢ = —Amg Vg = Wéﬂ Amg = mszs—,

no

¢ This assumption results In an increase of the S onset
density as well as the condensation so that there is still an
Increase of the pressure at higher densities.

P=-Q f=e=Q+Y pn"



Tl dUZ

m; dny

he values of X, the
slope of the mass
shift of S, are
selected to be In
agreement with the
value of x for other
octet baryons at the
range of density
where we expect the
S onset.

=< 0,0

0.1}

_0,%,:

1,0



13

EoS for hadronic matter
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Particle fraction

Particle fraction

Particle fraction
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Tidal deformability
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Constraints on the mass and the slope of
mass shift for the Sexaquark
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