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Strong CP problem and Dark Matter
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Why is O close to zero? What is the origin of dark matter?
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Q: Is there any way | 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.
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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 can contribute to the
dark matter relic density by decaying
iInto axions.

. . . a(x) x QA5 du
* 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.
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The quantum chromodynamics (QCD) axion may solve the strong CP problem and explain the dark
matter (DM) abundance of our Universe. The axion was originally proposed to arise as the pseudo-Nambu-
Goldstone boson of global U(l)PQ Peccei-Quinn (PQ) symmetry breaking, but axions also arise generically
in string theory as zero modes of higher-dimensional gauge fields. In this work we show that string theory
axions behave fundamentally differently from field theory axions in the early Universe. Field theory axions
may form axion strings if the PQ phase transition takes place after inflation. In contrast, we show that string
theory axions do not generically form axion strings. In special inflationary paradigms, such as D-brane
inflation, string theory axion strings may form; however, their tension is parametrically larger than that of
field theory axion strings. We then show that such QCD axion strings overproduce the DM abundance for all
allowed QCD axion masses and are thus ruled out, except in scenarios with large warping. A loop-hole to
this conclusion arises in the axiverse, where an axion string could be composed of multiple different axion
mass eigenstates; a heavier eigenstate could collapse the network earlier, allowing for the QCD axion to
produce the correct DM abundance and also generating observable gravitational wave signals.

DOI: 10.1103/PhysRevD.110.035021
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* Introduce a bulk 5D U(1) gauge field and integrate out to identify the axion:
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* Q: Since there is no U(1) PQ scalar, what plays the role of the cosmic string profile?
A: The radion @,

dsjdss = ", dxtdx’ +In* @ du® ,u € [0,1] , u o —u,u=1{0,1} = {UV,SM}

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