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INTRODUCTION

A The CosmicMicrowaveBackground (CMB)is electromagnetic
radiation which is remnant from an early stage of the
Universe

A CMBis polarized at the level of a few pK in E-modes and B-
modes CMB polarization arise naturally from Thomson
scattering, and in particular the B-modes are generated by
gravitational lensing of E-modes and by gravitational waves
produced during inflation.

)

DERIEN.

- PR
&

- o . 3
ey . "
,.. . ;

O SR EI
i SV B
s le 2R
o e
.h.
gars :
A
P PR
g
L;,(',t., p H 01
N .ﬁ'
b
M
e 4
{/ s,
.t
‘ SR
‘l
g
o
2R
PR
e ‘%;. g
NS e RO R
R A
I L
e o
. 1) A
4 A3
S
e e
U
b £ N
Sy
it
l..
2ol
(3 U

A B-modes and E-modes polarizations are uncorrelated, since
any crosscorrelation between them would be parity-
violating. In analogy with electrostatics,they transformin the
opposite way under spatial inversion
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A CMBcan be seen as a very efficient natural daboratory» for
investigating deviations from the standard Maxwelltheory.



MODIFIEDE_LECTROMAGNETISM

MaxwellElectromagneticTheory
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MaxwellField Tensor

ChernSimonsModification of Electromagnetism
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| Carroll+1990

O ki ‘O 7¢ Hodge Dual Tensor

A phenomenological consequence of the extra coupling Q... between photons and a new field ... Is
birefringence i.e. the in-vacuo rotation of the polarization plane during the electromagnetic wa v e s e

propagation. | komatsu2022



COSMICBIREFRINGENCE

\ A

LSSat Recombination

The birefringence angle is related to the field...via

Today on Earth
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Li+2008

The linear polarization of CMB radiation is described by
the following combination of Stokesparameters
0 Q%) Gy, G €
b

that behaves as a spin-2 field. The ChernSimons
modifications of Maxwelltheory induces a rotation of the

polarization plane by an angle| , the birefringence angle,
so that the Stokesparametersare rotated too:

O Qy [0 Qln Liu+2006
Investigating Cosmic Birefringencg€CB) can help us in
unveiling the nature of the field .., which could be e.g.:

A early dark energy in the form of a Nambu
Goldstone boson; |Cappare||i+2020

A dark matter in form of an ultra-light axion. | Liu+2017



THE BIREFRINGENAQYIECHANISM

Observation GravitationalLensing CosmicBirefringence Emission
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OBSERVATIONACONSTRAINT®N ISOTROPIEB

Cosmic birefringence impacts on the CMB observations producing a mixing of E and B polarization modes

which is otherwise null in the standard scenaria | Lue+1999

CDM + CosmicBirefringence if the rotation angle is isotropic in sky,| (¢) | , then
. . we talk about isotropic birefringence which is currently
Orb > O constrainedby measurementsof CMBpolarized data.
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ANISOTROPIBIREFRINGENCE

A Inhomegeneites] ..of the field ... at the last scattering e e 1 — | | 1 1¢€
surface(LSS)xaninduce anisotropies] | in the angle| 8

A It is possible to expand the anisotropic cosmicbirefringence T 1(8) | b QG €
angle on the sky. b

A In literature, the angular power spectra involving the
anisotropic CB and its crosscorrelation with  CMB have
been computed, and it is constrainedby observations

|Gruppuso+2020 Jb/b p O,

PlanckPR3 | c“ T MAAC
PUREB nn ps
cf) = pdm§ ‘+gAAC
Other observational constraints are provided CB angle maps from PR3 for the Commander
e.g. by ACTPoland SPTpol | Namikawa+2020 componentseparation method. | Bortolami+2022

Bianchini+2020



BIREFRINGENIROSSBISPECTRA

In JCAPO3 (2022) 050, we have computed the three-point cross-correlation functions of anisotropic cosmic
birefringence,also called angular bispectrain the harmonicspace,with the @ o b s e CMBdi@ldse

OBSERVED —— accounting for weak gravitational lensing and eventual birefringence effects.
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We have found that these bispectra canbe seenas new cosmologicalobservablesthat:

A Are Tmevenif the fields involved are Gaussian

A Are Tmevenify| is uncorrelatedwith CMBmaps
A Encodesignaturesof parity-violation:

A Provide a new observable to test cosmic
birefringence and an additional consistency check

O O O Ommwb Qbbb

for present constraintsand for specificmodels. —> HOW IS THAT POSSIBLE?
CDM + CosmicBirefringence
& ) . — At G & & ¢ ( o )(ooﬁ )Q Greco+2022



BIREFRINGENIROSSBISPECTRA

We have assumedthat:

A 1 |is uncorrelated
with the unrotated
CMB fields:

the underlying
inflationary model
is suchthat Op,
and 0, are zero;

the unrotated
anisotropy fields
of CMB and |
are all Gaussian
random fields;

CBspectrumis
scaleinvariant
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We have obtained these plots with CLASSyy accounting forlensing effectsand no tensor modes




BIREFRINGENIROSSBISPECTRA
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