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STRONG CP VIOLATION 
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This term violates CP and gives a contribution to the 
electric dipole moment of the neutron

en   <  3  10-26 e cm
q < 10-10 which is quite unnatural !!

mailto:claudio.bonati@unipi.it,francesco.deramo@unipd.it,nogradi@bodri.elte.hu


Georg Raffelt, MPI Physics, Munich Vistas in Axion Physics, INT, Seattle, 23–26 April 2012

Pie Chart of Dark Universe

Dark Energy 73%

(Cosmological Constant)

Neutrinos

0.1−2%
Dark Matter

23%

Ordinary Matter 4%

(of this only about

10% luminous)

Buy two 
Pay one !



e�Se↵ (@µ�,�) =

Z
D
⇥
 ,  ̄, GA

µ . . .
⇤
e�S( , ̄,GA

µ ,...,@µ�,�)

The minimum of the effective potential 

@Ve↵

@�
= � 1

f�

g2

32⇡2
hGA

µ⌫G̃
µ⌫
A (x)i = 0

corresponds to φ/ fϕ = -ϑ and solve the strong CP 
problem; from the second derivative of the effective 
potential we may compute the axion mass 
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Minimizing the Axion Potential



1) Necessity                                                
Necessity means that we need to compute the axion potential as a function of the 
temperature or the scattering amplitudes for axion + pion or axion+ nucleon 
scattering as a function of the energy (T)
2) Contingency 
Contingency means that the present distribution of axions in the Universe 
depends on both the story of the evolution of the Universe
as well as on the mechanism of axion production
3) Heresy
a) Towards a dynamical solution of the strong CP problem  Schierolz& 

Nakamura
b) Consequences of the order of the limit of infinite spacetime volume and the

sum over topological sectors for CP violation in the strong interactions
Wen-YuanAia, Cruzb, Garbrechtb, Tamaritb
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HERESY:

Wen-YuanAia, Cruzb, Garbrechtb, Tamaritb

For the resulting correlation functions, we therefore take the in infinite-volume limit before summing over
topologicalsectors. In contrast to the opposite order of limits, the chiral phases from the mass terms and
from the instantoneffects then are aligned so that, in absence of additional phases,

these do not give rise to observables violating charge-parity symmetry.

This result is confirmed when constraining the correlations at coincident points byusing the index theorem
instead of instanton calculus.


