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1.   is removed via a shift of the axion field    
2.  Minimum of the vacuum energy occurs for : solves strong CP problem 
3.  The   interaction generates a mass  term: 

       “Topological susceptibility”

θ̄ a → a − θ̄ F
⟨a(x)⟩ → 0

a GG̃

F2m2
a = i∫ d4x⟨

αs

8π
GG̃(x)

αs

8π
GG̃(0)⟩ ≡ χ ←



Temperature dependent axion mass 



Temperature dependent axion mass 
In a hot plasma, at T >> Τc, free color charges screen the correlator:  Χ = 0  

At T < Τc   color charges are confined in SU(3) singlets, no screening:   Χ = (160 MeV)4 
   



Temperature dependent axion mass 
In a hot plasma, at T >> Τc, free color charges screen the correlator:  Χ = 0  

At T < Τc   color charges are confined in SU(3) singlets, no screening:   Χ = (160 MeV)4 
   

      Χ = Χ (T)        =>      ma2 =  ma2 (T)



Temperature dependent axion mass 
In a hot plasma, at T >> Τc, free color charges screen the correlator:  Χ = 0  

At T < Τc   color charges are confined in SU(3) singlets, no screening:   Χ = (160 MeV)4 
   

      Χ = Χ (T)        =>      ma2 =  ma2 (T)

What is the T dependance ?     ma2 (T) ~  T -n     [n ~ n(T)]



Temperature dependent axion mass 
In a hot plasma, at T >> Τc, free color charges screen the correlator:  Χ = 0  

At T < Τc   color charges are confined in SU(3) singlets, no screening:   Χ = (160 MeV)4 
   

      Χ = Χ (T)        =>      ma2 =  ma2 (T)

What is the T dependance ?     ma2 (T) ~  T -n     [n ~ n(T)]

DIGA (lowest order): n = β0 - nf - 4 =   n =8 (QCD)   

IILM  (more appropriate for T ~ Tosc):                   n ~ 6.68 
[Interacting inst. liquid model: Shellard & Wanz, 2010]      
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Taking ma2 (T) ~ T -n, the conserv. law    

implies an effective EoS:   pa = w ρa  with   w = -n/6      
If a dominates ρUniverse, =>  acceleration already for n> 2  

d(ρaa3) = − pada3

Could a PNGB b(x), coupled to a “dark” gauge group Gb that 

is undergoing a confining PT now (Λb <T0), explain the DE ?  
No. Not enough energy density: ρb  Λb4 T04 ~ ρrad  ρDE   ≲ < ≪
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This generates the potential:                        

;      

F, F′ ∝ v2, f ∝ v1

V = Λ4
a [1 − cos ( φa

F )] + Λ4
b [1 − cos ( φa

F′ 

+
φb

f )] (φa

φb) = ( cosβ sinβ
−sinβ cosβ) (a1

a2)
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Assumption: at T=0     [f<<F, i.e. v1 << v2]mb = Λ2
b / f > ma

This implies a Level Crossing   (width ΓLC ~ 3ε) 
where QCD axions φa can partially convert into b-axions  φb     

mb(TLC) = ma
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 Adiabatic  
 ma (ε tLC) >> 1 
 Plot: [εtLC ma =50]

 Diabatic  
 ma (ε tLC)  1 
 Plot: [εtLC ma =1]

≲
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Severe Constraining Conditions
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Which imply a pre-inflation scenario

F ≳ 1014 GeV, [ma ≲ 6 ⋅ 10−8 eV], θa ≲ 6 %

And a non-adiabatic  level crossing 

ϵ ∼ 10−25 ( Λb

10−4eV
160MeV

Λa )
2

tLC = 109 yr, [zLC ∼ 5] ⇒ ma tLC ≲ 1025

Non-adiabatic LC is in fact required !

ρDE

ρm LC

= ( 1 + zDE

1 + zLC )
3

∼ 1% − 2 %
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Thanks for your attention !


