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e If a global U(1) symmetry is spontaneously broken by a scalar field with charge 2 under
that symmetry, a discrete Z, symmetry automatically arises in the Lagrangian.
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e The spontaneous breaking of a global continuous symmetry, as is well known, gives
rise to massless Goldstone bosons in the spectrum.

® Could these Golstone bosons be Dark Radiation? Weinberg 2013
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Gt V. + ﬁ
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Brout-Englert-Higgs Boson mj = 125 GeV

The field n corresponds to the Goldstone boson that arises from the
spontaneous breaking of the global U(1)py symmetry.
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The lightest Majorana fermion is stable and, consequently, a dark
matter candidate
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Contribution from the different channels
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Y _v_ — ppand Y_1_ — nn
Initial State Final State
CP (_1)L-|—1 (_I)ch _ (_I)J
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If L =0then S =.J = 1. Symmetric initial state!!!
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CP Analysis of Co-annihilations

V-t — mp



CP Analysis of Co-annihilations
V-t — mp

Initial State
P (—1)*



CP Analysis of Co-annihilations
Y-y — mp

Initial State Final State
C'P (—I)L (—I)Lf"'l — (—1)*“‘1



CP Analysis of Co-annihilations

Y-y — mp
Initial State Final State
C'P (—1)L (—I)Lf"'l — (—1)”’"‘1

'

J—L|=1,3,5..



CP Analysis of Co-annihilations
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Initial State Final State
C'P (—1)L (—I)Lf"'l — (—1)”’"‘1
J—L|=1,3,5...

'

If L=0then J=S5=1. No problem! s-waves are possible
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Analysis of the decoupling of the Goldstone Bosons
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Conclusions

The stability of the dark matter particle could be attributed to the remnant Z, sym-
metry that arises from the spontaneous breaking of a global U(1) symmetry.

This plausible scenario contains a Goldstone boson which is a strong candidate for
dark radiation.

This Goldstone boson, together with the C'P-even scalar associated to the sponta-
neous breaking of the global U(1) symmetry, plays a central role in the dark matter
production.

The mixing of the C'P-even scalar with the Brout-Englert-Higgs boson leads to novel
decay channels and to interactions with nucleons, thus opening the possibility of prob-
ing this scenario at the LHC and in direct dark matter search experiments.

There are good prospects to observe a signal at the future experiments LUX and
XENONIT provided the dark matter particle was produced thermally and has a mass
larger than ~ 25 GeV.
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