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Maxwell Lagrangian is observing the parity-violating angular power spectra
expected to conserve (e.g. TB and EB) allows us to constraint Lorentz and
parity CPT violating theories

Cosmic Birefringence




Maxwell Lagrangian is observing the parity-violating angular power spectra
expected to conserve (e.g. TB and EB) allows us to constraint Lorentz and
parity CPT violating theories

CMB photons are
expected to be linearly
polarized

observing circular polarization in the CMB could provide
evidence for new physics

95% C.L. VV limit

W h y V m O d eS ? ’ SPIDER 95 GHz

SPIDER 150 GHz
CLASS 40 GHz
-  Photon-photon interactions
-  Cosmic neutrino background
= Lorentz invariance violations
- Non-commutative spacetime
- Late-time astrophysical effects




Minimal SME, which only contains renormalizable operators with mass dimension < 4
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applying the dark crystal formalism
Lembo, Lattanzi, Pagano,
Gruppulo, Natoli and Forastieri (PRL21)

CMB spectra (including EB, TB, VV # 0) with LV effects as function of:
e CMB spectra without LV effects ;

« some effective parameters ,BXF - ﬁjF g5 ﬁ%  and ﬂ% R -

,BjF’ s are related to the time and space component of kyr

ﬂ%’ - depends of the components oh k- in a non-trivial way


https://arxiv.org/abs/2007.08486

Dark crystal in steps:

. Writing down the general Lagrangian
for a specific theory sourcing GFE

Recovering the modified Maxwell
equations

. Writing down the explicit expression
for the susceptibility tensor

Expressing the components of the
susceptibility tensor in terms of three
guantities describing mixings between
the U,Q and V Stokes parameters

Computing the CMB spectra as usual,
taking care of expanding these
coefficients with the correct spin-
weighted spherical harmonics

Based on ML, Lattanzi, Pagano et al (PRL21)

Generalized Faraday effect (GFE):
conversion between polarization
states of propagating radiation in a
cosmological setting

d S=(0.U,V)
—S =p XS
dS P = (anpUnOV)

We can recast the GFE parameters in
terms of the components of an
effective “cosmic susceptibility tensor”

( \

Axx i)(xy _i)(xz
A= _i%xy Xyy i)(yz
i)(xz _i)(yz X2z )

\

The diagonal (off-diagonal) elements are
responsible for different linear (circular)
polarization states propagating with
different velocities, and as such they
violate isotropy (parity)


https://arxiv.org/abs/2007.08486
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applying the dark crystal formalism
Lembo, Lattanzi, Pagano,
Gruppulo, Natoli and Forastieri (PRL21)
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Minimal SME, which only contains renormalizable operators with mass dimension < 4
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Standard CMB power spectra (no LV) in solid lines,
with LV effects in dashed lines. 10~

10!

The VV spectrum is non-vanishing only in the LV case. Made using camb-cpt



https://github.com/sgiardie/CAMB_CPT
https://arxiv.org/abs/2007.08486

» We perform a MCMC analysis to obtain constraints on the LV parameters
ﬂjF T ﬁjF g5 ﬂ% r and ﬂ% 5 » jointly with other cosmological, foreground and
nuisance parameters.

» Our modified version of camb (camb-cpt) has been interfaced with the MCMC
sampler Cobaya.

» We have considered the following data combinations:

(i) Planck 2018;

(i) Planck 2018 + BK18;

(iii) Planck 2018 + BK18 + CLASS + SPIDER,;
(iv) Planck 2018 + BK18 + ACT.

For the V-modes data, a simple custom-made likelihood has been added to the
framework and since both CLASS and SPIDER are completely noise

dominated, we can safely add together their respective )(2.

» Our baseline scenariois ACDM + r.

» For the foreground and nuisance parameters, we followed the prescriptions
provided by Planck, BICEP and ACT collaborations.


https://github.com/sgiardie/CAMB_CPT

ﬁjF’ s related to time/space components of k. (CPT odd)

NCDM+r+B2 ++B2r s, Planck

Bl A\CDM+r+B2 ++B2: s, Planck+BK18

ACDM+B2; ++B2r s, Planck
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(ﬁ% = 0 in both cases)

As expected, the bounds on
ﬁjF ¢ are tightened when ris

varied jointly with the CPT-odd
parameters, even if using Planck
data only.

The improvement is dramatic
when BK18 data are added to
the analysis.




,BXF’ s related to time/space components of k. (CPT odd)
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A zoom-in of the lower right
triangle to better appreciate the
impact of BK18 data on the

constraints on the ﬂjF 7/s
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) .
are related to the time and space component of k CPT odd
Pir.mis P P AF ( ) Datasets:

2 : o
,BF depends of the components of k in a non-trivial way (CPT even) Planck, BK18 and ACT
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The bounds on ,BI% improve when
all the 3% are allowed to vary.

The constraints on ﬁjF 775 do not

improve significantly when the two
parameters are varied jointly with ﬁ%.
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We translated the bounds on the phenomenological parameters ,BXF T ﬂjFS and

ﬁ,% into constraints on the LV couplings k, - and krappearing in the action.

Dataset Model (ACDM+)

Planck Barrt+Bars

Planck 7”"5,24F,T+5124F,S
Planck+BK18 2

Planck+BK18

Planck+BK18 T+ﬂ,24F,T+5,24F,S
Planck+BK18 r+B%
Planck+BK18 T+B,24F,T+5124F,S+6%
Planck+BK18+ACT %
Planck+BK18+ACT

Planck+BK18+ACT ?“Jrﬁip,TJrﬁE;F,s
Planck+BK18+ACT r+f%
Planck+BK18+ACT 7“+5,24F,T+5,24F,S+5%




We perform a comprehensive study of the signatures of Lorentz violation in
electrodynamics on the CMB anisotropies. In the framework of the minimal SME, we
consider effects generated by renormalizable operators, both CPT-odd and CPT-even,
responsible for sourcing, respectively, cosmic birefringence and circular polarization.

Our constraints on the LV parameters are roughly one and two order-of-magnitude tighter
than the previous ones. For the previous constraints, see Tables D15 and D16 of

Kostelecky&Russell (arXiv:0801.0287)

Enhancing the sensitivity on V-modes will likely yield to stronger constraints. This will
allow to disentangle the effects of the phenomenological ,B% £ and ﬂ% 5 parameters. It is

also possible to exploiting the coupling between total intensity and circular polarisation
introduced by a non-ideal HWP (PhD student in Ferrara, Nicolo Rafuzzi is working on

this).

Forthcoming CMB experiments will largely
Improve our sensitivity on such extensions of
the standard electrodynamics, thanks to
unprecedented sensitivity to linear CMB
polarization. A rough estimate gives a factor
of 5 improvement on the physical coefficients
in the LV action (assuming that the

constraints on the #%s are dominated by B-
mode measurements).

space-based experiments

stage-1 - ©(100) detectors
- stage-2 - ©(1,000) detectors
- stage-3 - (10, 000) detectors
== stage-4 - ©(500, 000) detectors

approximate raw experimental sensitivity (uK)
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