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The low-mass pseudo- Goldstone bosons Wthh arise from the
breaking of an anomalous (chlrai) global symmetry are referred as

axion-like particles (ALPs).

ALPs can be found in many models of physncs beyond the SM such as
supersymmetric theories and string theory

ALPs can couple to the gauge fleIds in a manner proportional to the
gauge field. :
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ALPs can naturally have any mass,

which arise from explicit symmetry
breaking.

The coupling strength of the ALP is
inversely proportional to the scale of
spontaneous symmetry breaking
(gaV o 1/f)

ALPs are ideal candidates to act as

mediators to the hidden sector via the
so-called “axion portal.”
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Goals: concrete predictions between indir
abundance (thermal freeze-out and freez:
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Secluded (Ma = Mx)
Dominant mode XXt 3
Resonance

NA

nnhllatlon to SM (M > Mx)
XX = 7y (or other EW pairs)

M ~ 2M
Propagator analytical approximation near resonance
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FeynRules — micrOMEGAs — DM thermal relic
(except at resonance)
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® Gamma-ray line searcrhes:kk‘ ﬁ A
m ERGET |
m Fermi LAT
= MAGIC

m HESS

® Diffusive CMB:

m Planck Satellite
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® Instantaneous reheating; M,, My, < Tru
® DM production: vy — Xx,a — XX, and aa — xx

® ALPs production: vy — a, ff — ~a, fy — fa, and fy — fa
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electroweak ALP portal DM

¢ We have systematically studied the cosmology and phenomenology of

m Substantial thermal parameter s,péijcé was constrainted and the remain
will also be probed by future experiments

search for new phenomena

® Future study beyond EFT model can extend the parameter space and
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m Meaningful constraint for freeze-in scenario for ALP below 100 MeV
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