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Bounds and Searches via lepton coupling
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» Collider bound assumes ga, ~ 107°.

» EDELWEISS, LUX, PandaX Il, XENON1T bounds are stronger for axion as CDM
XENON Collaboration [2006.09721]

» CAST constrain goyyCe/fa < 107 GeV 2 for m, < 0.7eV K. Barth et al., 2013

Bounds depicted in the figure are taken from Raffelt et al, Burst et al [1303.5379],
Bauer et al. [1708.00443], Calibbi et al. [2006.04795], Croon et.-al. [2006.13942] etc.



Axion production in the early Universe

ALPs in early Universe can be
generated by the following processes
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Relativistic degrees of freedom and AN.g

» The non-negligible yield the
energy density of BSM particles,
during the BBN, increase the
Hubble parameter.
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quantity called A N_g — defined as

Figure: ANqg as function of T assuming
8 PBSM that the ALPs are in thermal equilibrium.
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ALPs out of equilibrium can also contribute to the total energy
budget of Universe.



ANeff VS C//fa
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For relativistic axions during CMB decoupling, Planck 2018 results limits
(ce/farCu/for i /) ~ (107°,1077,107°)

confirms the result in Brust, Kaplan, Walters [1303.5379]



ANBSN tells us ...
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> Latest measurement and analysis of Helium and Deuterium
abundance constrain NoFPY = 2.878 + 0.278 at 68.3% CL

> — ANBBN < 0.39 at 20 using NS%}A

» The stronger constraint on AN.g obtained from the CMB is
applicable only for m, = €V.
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Fields, Olive, Yeh, Young [1912.01132]

= 3.046




