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The coupling between photons and pseudoscalar fields (e.g. axion) is constrained by many
astrophysical considerations and laboratory experiments. We estimate the effect of this inter-
action on the polarization of the Cosmic Microwave Background. By considering dark matter
as given by a pseudoscalar field we compute the effects on linear and circular polarizations.

Light pseudoscalar particles (e.g. axions) are among the most favored candidates for the cold
dark matter (CDM). They interact with ordinary matter, and in particular the coupling with
photons plays a key role for most of the searches. Constraints on the strength of the interaction
between these particles and photons are obtained using both astrophysical arguments (modifi-
cation of the lifetime of stars) and laboratory experiments (photon conversion experiments in
external magnetic fields, microwave cavity experiments).

Here we evaluate the effects of the coupling between pseudoscalar field and photons on Cos-
mic Microwave Background (CMB) polarization (see1 for more details), improving the estimates
obtained by D. Harari and P. Sikivie 2. Photon propagation in a time dependent background of
pseudoscalars acting as CDM, or part of it, is described by the following lagrangian:

L = − 1

16π
FµνFµν − 1

2
∇µφ∇µφ − V (φ) − gφ

4
φFµν F̃µν , (1)

where Fµν is the electromagnetic tensor, F̃µν ≡ 1

2
ǫµνρσFρσ its dual, φ the pseudoscalar field,

and gφ the coupling constant.

Assuming that light propagates in a spatially flat Robertson-Walker universe, and neglecting
the spatial variations for the pseudoscalar field, we obtain the following equation for the spatial



Fourier transform of the vector potential of a plane wave moving along z-axis:

Ã′′

±(η, k) +
[

k2 ± 4πgφφ′k
]

Ã±(η, k) = 0 , (2)

where + and − refer to left and right circularly polarized waves, and ′ denotes derivative respect
conformal time η.

First, we consider a monotonic behavior of the pseudoscalar field (φ′ ∝ √
ρCDMη0/η). The

analytic solution of Eq. (2) can be written in terms of Coulomb wave functions. The two main
effects on the propagation of the wave are generation of circular polarization, and a rotation of
the plane of linear polarization which is independent on k for small scales:

∆θ = 2πgφ [φ(ηrec) − φ(η0)] . (3)

The rotation angle ∆θ is proportional to the change of the pseudoscalar field from recombination
φ(ηrec) to nowadays φ(η0).

For CMB this kind of rotation of linear polarization pattern is constrained using the odd
correlators T B and E B 3. Using current observations of CMB polarization 4 it is possible to
obtain quite a stringent constraint on the angle ∆θ, and so on the coupling constant (|gφ| < 10−30

eV−1).
For an oscillating behavior of the pseudoscalar field (φ′ ∝ √

ρCDM (η0/η) cos
[

mφη3/3η3
0

]

),
e.g. axion misalignment production, we solve Eq. (2) in the adiabatic approximation (slowly
varying limit) and numerically fixed a particular value of the coupling constant gφ and of the
pseudoscalar mass mφ. Also in this case the two main effect are the generation of a certain degree
of circular polarization and the rotation of linear polarization, however, in the region where
adiabatic approximation conditions are not verified, the k dependence of the effect, obtained
using numerical solutions, is different.

We have shown that pseudoscalar interaction with photons generates circular polarization
and does not simply rotate the plane of circular polarization. In absence of measures for the V
mode of CMBP, the existing upper limits on an isotropic T B and E B correlations can constrain
the pseudoscalar field coupling to photons.
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