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Introduction



Dark Photon

> U(1l)p gauge boson
> Possibly Higgsed to be massive = DM candidate

> Interacts with photon (U(1)qgp) through kinetic mixing eF, F/*



SU(2)p = U(1)p Dark Photon

» Embedding: SUR2)p = U(l)py = Z,
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> Mixing with U(1)qgp is naturally small (treated perturbatively here)
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> Asymptotically free



Effective U(1)aep x U(1)p description

> Effective description in the trivial vacuum of ¢: ¢ = v,05
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Topological Defects

Associated with spontaneous symmetry

breakdown
Stabilized for topological reasons

In our case:

> monopoles at SUQR2)p — U(1)p

> strings, beads at U(1)py = 2,

Question: How do they interact with QED?



Analysis: U(1)p symmetric phase




dark electric charge / monopole and mixing terms

» EoM: 0 F* — €0 ﬂFa/’w + Hma ﬂFaW JZ
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> (J's: charge measured by field flux

> Nogp = 0 for both dark electric charge / monopole
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QED charge in U(1)p symmetric phase
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Analysis: U(1)p broken phase




Basis change in U(1)aep X U(1)p
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Dark electric charge and kinetic mixing
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> — Ap: Yukawa Potential

> = A ~ €Ay, also Yukawa potential Sark QED
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Strings and kinetic mixing
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» Stabilized by 7, (SUQR)p/2Z,) = Z,

> subgroup of (U(l)D/ZZ) =7

(corresponds to assuming ¢“ = v,65)
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(n: winding number)

> B ~ eBp = magnetic flux induced

Dark QED



Dark Bead
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Strings

/

(magnetic flux of a monopole) = 2 x (magnetic flux through a string)
— Two strings must attach to the monopole

Monopole
7, (SUQR)p/U(1)p) = Z




Dyonic bead
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Dark monopole U(1)p restored at the string core

—_—
with dark electric charge

— slower decay of £,



Bead and kinetic mixing




Bead and kinetic mixing

D On the strings:
QED magnetic flux
along dark magnetic flux

Dark sector QED sector

o




Bead and kinetic mixing

Dark sector QED sector
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Bead and magnetic mixing

> The strings do nothing

5 Hmix
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— QED Coulomb potential

> < Yukawa (dark electric charge)
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Outlook on phenomenology

> |Interaction with the plasma?
> |Interaction with / implications on magnetic tield in the Universe?
> Magnetic field can be strong (no Schwinger effect)

> Implications on gravitational wave spectrum?



Conclusions

> Dark monopoles / strings / beads induce peculiar electromagnetic
fields through kinetic / magnetic mixing terms

> Dark topological detects are potential probes for the dark sector



