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Å Astrophysical constraints (e.g.additional energy loss channel for stars);

Å Light shining through walls experiments: produce and immediately detect 
the axions with the help of a photon laser beam (e.g.ALPS);

Å The haloscope(e.g.ADMX ) and helioscope (e.g.CAST, [Baby-]IAXO) 
methods proposed by P. Sikivie[PRL 1983]; 

Å ώΧϐ 

Å Photon propagation in a time dependent background of pseudoscalar 
particles: cosmological birefringence.
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Photon coupling with pseudoscalar fields

Coupling with photons plays a key role in the search for pseudoscalar particles:



Cosmological birefringence

Cosmologicalpseudoscalar field ˒ acting as:

Å Dark Matter (e.g.axion-like particles);

Å Dark Energy (e.g.ultralight pseudo 
Nambu-Goldstone bosons); 

Å Early Dark Energy.
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Carrol, Field and Jackiw[PRD 1990], 
Harari and Sikivie[PhysΦ [ŜǘǘΦ . мффнϐΣΧ 



[2018 Planck map of the polarized CMB anisotropies]

CMB polarization anisotropies

Thompson 
scattering



CMB polarization anisotropies



p
a

ri
ty

p
a

ri
ty

CMB polarization anisotropies



[Planck 2018 results I, A&A 641, A1 (2020)]
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ϔɯȻËÌÎȼȯɯɯisotropicand constant in z

For a cosmological birefringence:
-isotropic
-constantin z
Ąƻƴƭȅ άǘƻǘŀƭ Ǌƻǘŀǘƛƻƴέ ƛǎ ƛƳǇƻǊǘŀƴǘΥ

BB
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