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THE SIZE OF THE EFFECT
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• HIGH MATTER DENSITIES (SN1987A) 

• HIGH PRECISION + CP-odd EFFECT (EDM measurements) 

• RESONANCE + LONG INTEGRATION TIME (ADMX) 

• GOING BACK IN TIME
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THE THREE GRACES OF BBN



THE THREE GRACES OF 
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1. tempo 
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3. esponenziale   
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4He ABUNDANCE

13

a(t)

fa
= (1 + z(t))3/2

p
2⇢̄DM

fa ma
cos(mat)

⇡ 5⇥ 10

�9

✓
GeV

2

fama

◆✓
1 + z(t)

10

10

◆3/2

cos(mat)

�m ⇡ (0.37 MeV)

✓
a

fa

◆2



4He ABUNDANCE IN THE 
RELEVANT PLANE
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THE TUNING 
IN OUR 
WAYS



MASS TUNING
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CP TUNING
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WHY BOTHERING WITH 
THE BOUND
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• RELEVANT TO FUTURE AND 
PRESENT EXPERIMENTS 

• GENERAL POINT ABOUT 
REDSHIFTING OPERATORS IN 
THE LAGRANGIAN 

• RELATION BETWEEN GLUON-
GLUON COUPLING, EDM AND 
NEUTRON-PROTON MASS 
DIFFERENCE



BEFORE THE QCD PHASE 
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A GLIMPSE AT THE 
ANSWER
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AXIONS AND 
GRAVITATIONAL WAVES
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COHERENT OSCILLATIONS 

TINY EFFECTIVE COUPLING (QCD LINE) 

EDM vs LENGTH EFFECTS 
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• WE HAVE SHOWN A NEW CONSTRAINT ON 
AXION DARK MATTER PARAMETER SPACE 
RELEVANT FOR PRESENT AND FUTURE 
EXPERIMENTS 

• THE RELATION BETWEEN AXION INDUCED 
NEUTRON EDM AND NEUTRON-PROTON MASS 
DIFFERENCE IS MODEL INDEPENDENT  

• IT CAN BE EXPLOITED TO OBTAIN NEW 
ASTROPHYSICAL CONSTRAINTS AND AVENUES 
OF DETECTION

CONCLUSION
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STRONG CP PROBLEM
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GLUON-GLUON COUPLING 
AND QUARK MASSES
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GLUON-GLUON COUPLING 
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CHIRAL LAGRANGIAN
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CHIRAL LAGRANGIAN
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CHIRAL LAGRANGIAN
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THE MODEL DEPENDENT 
PIECE
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THE MODEL DEPENDENT 
PIECE
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THE MODEL DEPENDENT 
PIECE
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THE MODEL DEPENDENT 
PIECE
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THE MODEL DEPENDENT 
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THE MODEL DEPENDENT 
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4He ABUNDANCE IN THE 
RELEVANT PLANE
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BICEP2
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RELATIVISTIC DEGREES 
OF FREEDOM
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RELATIVISTIC DEGREES 
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RELATIVISTIC DEGREES 
OF FREEDOM
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RELATIVISTIC DEGREES 
OF FREEDOM
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THERMAL AXION 
POPULATION
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ANALYTICAL VS 
NUMERICAL

• SIMPLE ANALYTICAL ESTIMATE  

!

• FULL NUMERICAL CALCULATION 

• AXION CORRECTED BOLTZMANN EQUATIONS 
(CHANGE IN THE FREEZE-OUT TEMPERATURE) 

• AXION CORRECTED NEUTRON DECAY BETWEEN 
FREEZE-OUT AND BBN
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4He ABUNDANCE
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A TWO AXIONS SYSTEM
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A TWO AXIONS SYSTEM
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A TWO AXIONS SYSTEM
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• WITHOUT LOSS OF GENERALITY  

• NO TACHYONIC STATES 

• THE TWO PREVIOUS CONDITIONS IMPLY
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