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Big bang nucleosynthesis (BBN)
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Big bang nucleosynthesis (BBN) 　(1)

First nucleus’ appearance in the Universe

•In	big	bang	cosmology,	the	Universe	was	very	hot	and	dense	in	the	early	times.	
•Nuclei	cannot	form	in	high	temperature	and	density!!
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Big bang nucleosynthesis (BBN) 　(2)

Nuclei can be formed as the Universe cools down.
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n + p → D + γ D + D → 4He + γD

D



BBN starts at temperature ∼ 1 MeV

1.	Interactions	between	neutron	and	proton	freeze	out.	
				(Isolated	neutron	starts	its	decay	and	decrease.)	

,	 	

2.	Neutrons	interact	with	protons	to	produce	light	nuclei.	
e.g.)		 					

p + e− ⇌ n + νe p + ν̄e ⇌ n + e+

n + p → D + γ
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Nuclear reaction network in BBN 
Pamputt, CC BY-SA 4.0, via Wikimedia Commons　 



Main equations in the BBN computation.

1.	Friedmann	equation	:																																			 	

2.	Conservation	of	the	baryon	number	:																 	

3.	The	continuity	equation	:																														 	

4.	Boltzmann	equations	:																		 					

5.	The	Universe	charge	neutrality	:																			
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How nuclei were formed？

7

The	picture	shows		
the	evolution	of	each	nuclei	
in	the	BBN.
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Lithium problem

The	observations	show：	

		

		

				

		
is	corresponding	to	 	and	 .	

However	 	isn’t	consistent	 	Lithium	problem
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Possible solutions to the Lithium problem :

•Systematic	error	in	observations	
•Corrections	to	nuclear	reactions’	rate(s)	
•Changing	fundamental	constant	such	as	 	

•Introducing	 	particle	
•・・・

ℏ, G, e

X−
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Early Dark Energy (EDE) 
It is one of the idea to resolve Hubble tension
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Early Dark Energy (EDE)

The	equation	of	a	scalar	field in	isotropic	and	homogeneous	background：	

	,		 ：Hubble	parameter	

EDE’s	potential：	

						 						

　 , ：parameters	depend	on	model	
Now,	we	see	how	the	density	parameter	of	EDE( )	behaves.	

ϕ
··ϕ + 3H ·ϕ +

dV
dϕ

= 0 H

V = Λ4 (1 − cos ( ϕ
f ))

n

n = 1,2,3,..

f Λ

n = 1,2,3
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Poulin et al. Phys.Rev.D 98 (2018) 8, 083525



Behavior of EDE

When	:							 ,	

the	field	 	starts	oscillating,	and	then		
the	density	parameter	decreases.		

We	consider	EDE	during	BBN		
(Energy	density	begins	to	decrease	
during	BBN)	

Can	EDE	resolve		
the	Lithium	problem??

m2
eff =

d2V
dϕ2

≃ H2

ϕ
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How to add EDE in the BBN calculation

EDE	can	be	simplified	as：	

	 	,		 	,		 	.	

Then	total	energy	density	can	be	modified	as：	
	.	

→	EDE	modifies	the	expansion	rate	of	the	Universe	during	BBN

ρEDE(T>T0) = Λ ρEDE(T<T0) = Λ ( T
T0 )

2n

n = 1,2,3,...

ρ = ργ + ρν + ρbaryon + ρe± +ρEDE
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If  : ρEDE = Λ = const
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 vs ΔNν χ2(2H + 4He + 7Li)
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The	case	with	 	gives		
a	better	fit	than	others.

Λ → 0



   , , ρEDE(T>T0) = Λ, ρEDE(T<T0) = Λ ( T
T0 )

2n

, n = 3 T0 = 0.043 MeV η10 = nB/nγ × 1010 = 6.12

15

 vs  ΔNν χ2(2H + 4He + 7Li)
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 can be reduced much.  

χ2
ΔN=0.0(Λ → 0) − χ2

min(Λ ∼ 4.0 × 10−6)

∼ − 25

χ2



BBN＋EDE

The	case	with	EDE	gives	a	better	fit	
compared	to	the	standard	one.
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Parameter 
6Ni = -1.5,
je = 0,
jx = 0, 
o = 880.9[sec],
d10 = 6.12 
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Comparing  plotΔNν vs ξe( = μνe/me)
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Abundance of D, 4He, 7Li
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Standard case

Parameter 
jx = 0, 

o = 880.9,
d10 = 6.12 

 Power = 6.000000e+00,

 R = 0.000000e+00,

 Tstart = 4.300000e-02,
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EDE case : Λ = 4.0 × 10−6
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Evolution of neutron abundance ( ) →increased with EDEΔN = 0.0, ξe = 0.0
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 Comparing ’s production ( ) →decrease with EDE7Li(+7Be) ΔN = 0.0, ξe = 0.0
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If , with EDE, the abundances can be consistent at around η10 ∼ 9 2σ
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Here,　 　	ρEDE = Λ1θ(T − T1) + Λ2θ(T − T2)
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Summary

Adding	EDE	makes	the	abundance	of	 	increased	
　→Because	many	neutrons	are	left	by	the	EDE’s	effect.	

	decrease.	
　→Because	the	EDE	enhanced	the	Hubble	expansion.		

The	existence	of	EDE	with	 	can	improve	somewhat	the	Lithium	problem.

D

7Li + 7Be

ΔNν < 0
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