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Strong CP Problem and Dark Matter



Strong CP problem and Dark Matter

Why is θ close to zero? What is the origin of dark matter?



Strong CP problem and Dark Matter

Q: Is there any way I can solve both problems simultaneously? 

A: Yes! The axion is a viable candidate for both the Strong CP problem  
     and Dark Matter. This can be done by utilizing cosmic strings.



Cosmic Strings



Cosmic Strings

• Topological defects are formed when an axial  
or cylindrical symmetry is broken. 

• Formation proceeds through the Kibble mechanism.
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Cosmic Strings

    a(x) ∝ ∮ A5 du

• Cosmic Strings can contribute to the  
dark matter relic density by decaying  
into axions. 

• We are interested in axions that arise 
as the zero mode of a U(1) gauge field  
compactified on a 5th dimension. 

•  Goal: Construct a cosmic string solution that can give rise to such axions.

However, there is a caveat.



Cosmic Strings



Axion Strings from String Axions
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Axion Strings from String Axions

• Q: Since there is no U(1) PQ scalar, what plays the role of the cosmic string profile? 
A:  The radion ,φ
ds2

AdS5
= φ2u ημνdxμdxν + ln2 φ du2 , u ∈ [0,1] , u ↔ − u , u = {0,1} = {UV, SM}

• Introduce a Goldberger Wise (GW) potential in order to ensure the transition occurs 
even in the presence of supercooling.

• Introduce a bulk 5D U(1) gauge field and integrate out to identify the axion:

S = −
1

4g2
5 ∫ d5x −GFMNFMN → ℒ =

1
2 ( φ

v )
2

∂μa∂μa , v ≡ ⟨φ⟩ , a ≡ fa ∮ duA5
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Axion Strings from String Axions

μ ∼ πfav

θ1 < θ2 < θ3 ,
3

∑
i=1

θi ≈ 2π



Conclusions



Conclusions

• The Strong CP problem and the origin of Dark Matter are still subjects of ongoing  
research. 

• The axion provides a promising solution for both. In particular, we found that axions  
that arise as the zero mode of a U(1) gauge field compactified on a 5th dimension  
provide a good candidate. 

• The formation mechanism of cosmic strings that decay to such axions is relatively 
new, and needs to be studied further to see how efficient it is in producing the right 
dark matter abundance.



THANK YOU!


