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Motivation

Constraining BBN and Supernova with a newly proposed
Goldstone boson achieved from zeroth mode Kaluza-Klein domain
wall scalar field
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Framework

5D Model Without Compactification
(1+4) Dimensional spacetime considered without 5D
compactification. .
Lagrangian for kink scalar ϕ(x, y) for domain wall formation
becomes
L(5) ⊃ 1

2∂Mϕ∂
Mϕ− m4

ϕ

2λ +m2
ϕϕ

2 − λ
2ϕ

4

Domain wall framework taken into account to break 5th dimension
symmetry with scalar ϕ(x, y),
ϕ(x, y)

=
mϕ√
λ
tanh[mϕy] +

√
3mϕ

2 [ 1
Cosh2(mϕy)

]ϕ(1) +
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Framework

Particle Contents
Comprises Kaluza-Klien excitations.
The zeroth mode of Kaluza Klein(KK) modes represents the SM
particles
Zeroth mode of scalar ϕ(x, y) gives Nambu-Goldstone boson ϕ0.

Particle Localization
Fermions, Higgs and Gauge field are localized in a certain domain
of the extra-dimensional space . (Ref. Arxiv: 1712.09323, Okada,
Raut, Vilalaba)
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Framework

Gauge and Higgs field Localization
The Gauge field self interaction part becomes
L5−Gauge + L5−GF = −s(y)FMNF

MN + s
2ζ (∂µA

µ − ζ
s∂y(sAy))

2,
with M = 0 to 4 .
One possible choice for analytically solvable particle eq. of motion
is
s(y) =M × exp(−m2

V y
2) , with M,mV > 0

Higgs localization can be done similar manner, with
LHiggs = s(y)[(DMH)†(DMH)− 1

2λH(H†H − v2

2 )
2]
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Framework

Fermion Localization
Fermion localization comes from fermion interaction with ϕ
Lf ⊃ Y ϕψψ

Solving Dirac equation we get,

ψL(x, y) =
√

3mϕ

4 [ 1
Cosh2(mϕy)

]ψ
(0)
L (x) +

√
3mϕ

4 [
Sinh(mϕy)

Cosh2(mϕy)
]ψ

(1)
L (x)

and

ψR(x, y) =
√

mϕ

2 [ 1
Cosh2(mϕy)

]ψ
(1)
R (x)

Fermion KK mode mass
√
3mϕ

SM particles acquire mass by the usual Higgs mechanism from
electroweak symmetry breaking.
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t and u channel process for Nambu Goldstone ϕ
production

(a) t-channel process (b) u-channel process

Figura 1: ϕ production from fermions
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Supernova Constraints

Emissivity Constraints
KK mediated NG boson inside Supernova results in fast cooling of
Supernova.

Number density of degenerate electron gas inside SN ne− ≈ µ3
e

3π2

Approximation taken into account:
Constant density ρ = 3× 1014 g/cm3

Mass of Supernova MSN = 1.4MSun and
Core temperature Tc = 30 MeV
Using SN1987 data (Ref. Burrows and Lattimer, ApJ 307,178
(1986)), µe− = 270 MeV.
All first order KK mode are considered to have same mass MKK

Energy constraints are drawn from Raffelt criterion, where energy
emission rate has upper bound dϵ

dt < 1019 erg g−1 s−1 ×ρ
Supernova bound satisfies yϕ < 0.0021× (MKK [GeV ])2
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Supernova Constraints

From mean free path
For free streaming mean free path of ϕ > SN core radius 10 km
Degenerate e−’s brings forth Pauli blocking effect.
Using depth criterion (Ref: ApJ,307,178,1986, Burrows, Lattimer)
yϕ < 9.17× 10−4 × (MKK [GeV ])2
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BBN Constraints

BSM ϕ0 contribution adds up to the total radiation density.
Planck2018 data provides the upper bound for the extra
contribution of particles ∆NEFF < 0.114 (2σ)
Decoupling temperature is taken as 0.2 GeV considering the
degrees of freedom of SM particles.
Bound obtained on coupling constant yϕ < 2× 10−4 (M [GeV ])2
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Figura 2: Gauge Coupling constraint from Supernova and BBN
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LHC Constraints

ϕ production in collider
Following mode of cascade decay of p-p collision leading to ϕ has
been considered.
ϕ constraint can be drawn from 2 lepton(2-quarks) + missing
energy.

(a) q = u, c, s, c, t, b (b) l = e, µ, τ

Figura 3: Cacade decay of p+ p→ ϕ+ ϕ+ ((l + l)/(q + q)
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LHC Constraints

Constraints can be obtained from squark/ slepton searches, with
spin factor taken into account, which makes cross section for
p+ p̄→ ϕ+ ϕ cross section to be 3-5 times larger than the p+ p to
sparticle production cross section.
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LHC Constraints

Cross section bound would reflect on mass bounds (Ref. Arxiv:
2403.02455).
Considering the Goldstone bosons of zero mass, we get mass
bounds mq1KK

> 1825 GeV, mb1KK
> 1275 GeV and ml1KK

> 700
GeV
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LHC Constraints
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LHC Constraints
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Summary

We have considered phenomenology of NG boson Domain -Wall.
We have ontained Constraints from SN, BBN and LHC.
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