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Kaon condensation Interactions

Interactions

Chiral Lagrange density

L =
1

4
f2Tr∂µU∂µU† + cTr

(
mq

(
U + U† − 2

))
+TrB̄γµi∂µB + iTrB†[V0, B]

− DTrB†σ{A,B} − FTrB†σ[A,B] + a1TrB
† (ξmqξ + h.c.)B

+ a2TrB
†B (ξmqξ + h.c.) + a3TrB

†BTr (mqU + h.c.) + Le + Lµ (1)

where the non-linear sigma field U and the ξ field are given by

U = exp
√
2iM/f, ξ2 = U (2)

and the mesonic vector and axial vector currents by

Vµ =
1

2

(
ξ†∂µξ + ξ∂µξ

†
)
, Aµ =

1

2
i
(
ξ†∂µξ − ξ∂µξ

†
)

(3)

Meson octet

M =


1√
2
π0 + 1√

6
η π+ K+

π− − 1√
2
π0 + 1√

6
η K0

K− K̄0 −
√

2
3
η


Baryon octet

B =


1√
2
Σ0 + 1√

6
Λ Σ+ p

Σ− − 1√
2
Σ0 + 1√

6
Λ n

Ξ− Ξ0 −
√

2
3
Λ


Quark mass

mq =

0 0 0
0 0 0
0 0 ms



P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 5 / 19



LogoAUTHblack300ppi.png

Kaon condensation Interactions

Interactions

Constants of hadronic interaction terms

mΣ −mN = 2a2ms,

mΛ −mN =
2

3
(a2 − 2a1)ms,

mΞ −mN = 2 (a2 − a1)ms

{
a1ms = −67 MeV

a2ms = 134 MeV

P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 6 / 19



LogoAUTHblack300ppi.png

Kaon condensation Interactions

Interactions

Constants of hadronic interaction terms

mΣ −mN = 2a2ms,

mΛ −mN =
2

3
(a2 − 2a1)ms,

mΞ −mN = 2 (a2 − a1)ms

{
a1ms = −67 MeV

a2ms = 134 MeV

a3ms?

P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 6 / 19



LogoAUTHblack300ppi.png

Kaon condensation Interactions

Interactions
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(a2 − 2a1)ms,

mΞ −mN = 2 (a2 − a1)ms

{
a1ms = −67 MeV

a2ms = 134 MeV

a3ms?

strangeness content of the proton + kaon-nucleon sigma term

a3ms = [−134,−310] MeV, ΣKN = [168, 520] MeV (4)
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Equilibrium conditions

β-decay and inverse β-decay

n → p+ e− + ν̄e, p+ e− → n+ νe (5)

Cold matter: Neutrinos leave the system ⇒ µn − µp = µe

Energetically favorable for electrons to convert to muons

e− → µ− + ν̄µ + νe, µµ = µe (6)

Strangeness changing processes

n ↔ p+K−, e− ↔ K− + νe (7)

Chemical equilibrium
µn − µp = µ, µe = µ (8)

P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 7 / 19



LogoAUTHblack300ppi.png

Kaon condensation Equilibrium conditions

Equilibrium conditions

Fixed baryon number state (including nuclear interactions)
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1 A. Akmal, V. R. Pandharipande, and D. G. Ravenhall, Phys. Rev. C 58, 1804 (1998).
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Energy density and Pressure
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Equations of state - Parameters

▶ Slope parameter
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▶ Incompressibility
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0
d2ε(n,0)
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n0

strangeness of the proton

a3ms = −134,−222,−310 MeV → no strangeness, 10%, 20%

• EoSs based on various slope parameters, incompressibilities and symmetry energies in
the ranges [70, 90] MeV, [200, 260] MeV, and [30− 34] MeV, respectively.

• Presented case: L = 80 MeV, K0 = 240 MeV, and S0 = 32 MeV.

P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 11 / 19



LogoAUTHblack300ppi.png

Numerical results Equations of state - Parameters

Equations of state - Parameters

▶ Slope parameter

L = 3n0
dS(n)
dn

∣∣∣∣∣
n0

▶ Incompressibility

K = 9n2
0
d2ε(n,0)

dn2

∣∣∣∣∣
n0

strangeness of the proton

a3ms = −134,−222,−310 MeV → no strangeness, 10%, 20%

• EoSs based on various slope parameters, incompressibilities and symmetry energies in
the ranges [70, 90] MeV, [200, 260] MeV, and [30− 34] MeV, respectively.

• Presented case: L = 80 MeV, K0 = 240 MeV, and S0 = 32 MeV.

P.S. Koliogiannis (AUTh) HESS J1731-347 and the existence of exotic matter 31/05/2024 - 1/06/2024 11 / 19



LogoAUTHblack300ppi.png
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Pressure - Energy relation
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Second → First order phase transition
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