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Outline	of	the	talk

• Introduction to Majoron and Standard BBN (SBBN)


• Effect of Majoron on BBN


• Summary
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Majorana  mass term
Lepton number is violated by 2 

units

 For , and   

 

MD ∼ 246 GeV M ∼ 1015 GeV

mν ≃
M2

D

M
∼ 0.1 eV

Naturally explains the 
smallness of  massν

But what is the origin 
of lepton number breaking
term???
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Lepton	number	breaking	
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Lepton	number	breaking	
Consider an SM gauge singlet complex scalar  with lepton number -2σ
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σ + h . c) − (yijℓiLNjR
Φ̃ + h . c) + V(Φ, σ)

 breaks global  symmetry spontaneouslyσ =
1

2
(ϕ + f + iJ) U(1)L

Naturally suppressed coupling with the SM sector

 is a Nambu-Goldstone boson, which is known as Majoron and it can be massive 
via explicit symmetry breaking terms. We treat the mass of Majoron as a free 
parameter.
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Majoron	Phenomenology

mJ
Snowmass 2021, arXiv: 2203.01955
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Big-Bang	Nucleosynthesis:	Formation	of	light	elements

Most abundant light elements
are Hydrogen  and 
Helium 

( ∼ 75%)
( ∼ 25%)
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Assumptions	of	SBBN

Universe is homogeneous and isotropic.

Friedmann equations:    and                                                                                       H2 =
8πρtot

3M2
Pl

··a
a

= −
4π

3M2
pl

(ρtot + 3ptot)
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Assumptions	of	SBBN

Universe is homogeneous and isotropic.

Friedmann equations:    and                                                                                       H2 =
8πρtot

3M2
Pl

··a
a

= −
4π

3M2
pl

(ρtot + 3ptot)

Energy density of the Universe is dominated by radiation

 a ∝ t1/2

All the nuclear reaction raters are calculated based on the Standard Model 
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SBBN	timescales

Temperature
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when  

Γnp→Dγ

ΓDγ→np
≃ 10−10eBD/T ≃ 1

T ≃ 0.09 MeV

Binding energy of D (BD) ≃ 2.2 MeV
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Current	status

SBBN prediction: 
Observation: 

0.24691 ± 0.00018
0.245 ± 0.003

SBBN prediction: 
Observation : 

(10.03 ± 0.90) × 10−6

< (1.09 ± 0.18) × 10−5

SBBN prediction: 
Observation: 

(2.57 ± 0.13) × 10−5

(25.47 ± 0.29) × 10−6

SBBN prediction:  
Observation: 

(4.72 ± 0.72) × 10−10

(1.6 ± 0.3) × 10−10

D/H

Yp

3He/H

7Li/H
2203.11256

1912.01132, PDG 2022

Curve width corresponds to the theoretical
uncertainty in the nuclear cross sections
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Neutrino	injection	from	Majoron

J Energetic 
neutrinos

Scattering with 
the background 

plasma

Direct 
scattering with 

nuclei

Change background 
temperature 

evolution

Alters BBN 
prediction
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Framework

Interaction of SM neutrinos with Majoron is governed by ℒ = −
ig
2

νiγ5νiJ

Our analysis is restricted between  1 MeV ≤ mJ ≤ 10 GeV

Majoron couplings with SM-neutrinos are flavor universal

for , injected neutrinos from Majoron decay cannot 
affect the BBN processes

mJ ≤ 1 MeV

for , muons and pions can be produced from the 
scattering of  with background plasma. We avoid such complexity 
by restricting our analysis up to 

mJ ≥ 10 GeV
νnt

mJ = 10 GeV

We treat the Majoron abundance  at the onset of BBN as a free 

parameter
(Y (0)

J ≡
nJ

s )

Three free-parameters:  where  is the lifetime of Majoron Y (0)
J , mJ, τJ τJ
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Less number of neutrinos in the intermediate energy range with respect to the 
actual scenario.

• We separate the momentum distribution function of  by ν fνbg
+ fνnt
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Treatment	of	non-thermal	neutrinos

• Highly energetic non-thermal neutrino reduces its energy and merges into the 
background plasma by a single scattering

[Scattering between  and ]
∂fνnt

∂t
− Hp

∂fνnt

∂p
= [J → νntνnt]− νnt (νbg, e)

However it gives correct momentum-distribution at high-energy limit which is 
relevant for the -nuclei scattering since these cross sections are proportional to 
the energy of 

νnt

νnt

Less number of neutrinos in the intermediate energy range with respect to the 
actual scenario.

• We separate the momentum distribution function of  by ν fνbg
+ fνnt
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Injected neutrinos ( ) enhance 
 conversion and as a result, the 

abundance of  will increase.  also 
scatters with other light elements.
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p → n
n νnt
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(XB δΓB→A − XA δΓA→B)
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2π2 ∫
mJ /2

0
dEνnt

fνnt
E2

νnt
σνntA→B

+(Γ′￼A→B − ΓSBBN
A→B )
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Majoron	parameter	space	in	 	planemJ − g
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Majoron	parameter	space	in	 	planemJ − g
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Majoron	parameter	space	in	 	planemJ − g
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Continue..

In the Majoron mass range  between 1MeV to 10 GeV, we show in a model 
independent manner that non-thermally produced Majoron can have 
significant effect on the BBN and a significant region of Majoron parameter 
space can be excluded by BBN.

For Majoron abundance , BBN constraint is comparable to the 

 constraint. However, for , BBN constraint is stronger than 

 constraint.
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