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Introduction and Motivation

QCD Axions are motivated by the strong CP problem
A solution was proposed by Peccei and Quinnin 1977
This solution calls for the existence of a Nambu-Goldstone boson which was named ‘Axion’

Axion-like particles (ALPs) are general class of pseudo scalars which generically appear in well-
motivated high energy theories and string theory
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Klein-Gordon equation of motion:
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Axion-like Particles (ALPS)

Solving the Klein-Gordon equation of motion within gravitationally bound structure of Dark Matter halo
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ALP search technique

Linear Polarization
¢ ALP"pI’lOtOTl interaction glves rise to blrefrmgence = ALP field induces circular
h birefringence
D. Harari & P. Sikivie 1992, S. M. Carroll 1998 ;
Circular (p
Components
* Achromatic rotation in ALP field Optical
D. J. Schwarz et al. 2021, D. Blas et al 2020, rotation
M. A. Fedderke et al 2019, J. I. McDonald &
L. B. Ventura 2019
I Amount of rotation depends on the coupling constant g,

o« ALP field oscillates in time as T = —

m

J Gives a measure of ALP mass m,

— Polarisation angle also oscillates Basu et al. 2021, Phys. Rev. Lett.



ALP induced birefringence signature

. Polarization angle observed

eobs — Osrc + 59ALP + 50cal

Basu et al. 2021, Phys. Rev. Lett.



ALP induced birefringence signature

. Polarization angle observed

\i / /%mtion error

Oobs — Osrc + 59ALP T 50(:&1 (~2-3 degS)

K—V Osrc = Osrc (ta v, RM, 90)

0, = intrinsic source polarization (unknown)

RM = Rotation Measure

Basu et al. 2021, Phys. Rev. Lett.



ALP induced birefringence signature

. Polarization angle observed

\i / /%mtion error

Hobs — esrc + 59ALP + 59cal (~2-3 degs)

k" Osrc = Oarc (t) v, RM, 00)

0, = intrinsic source polarization (unknown)

RM = Rotation Measure

- Gravitational lensing to the rescue  Afap = 64 — 65 Image: NASWESA

. Differential birefringence angle Afap = K sin {
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(from theory)
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Observations
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Radio vs Optical image

Redshifts
Zlens — 0.439
Zgso = 1.019

Foreground
lensing galaxy

VLA Image HST image

Resolution : 0.5 x0.5 arcsec Resolution ~ 0.1 xO.1 arcsec
Image separation: 1.06 arcsec
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Rotation Measure (RM) synthesis

“Due to birefringence of the magneto-ionic medium,
the polarization angle of linearly polarized radiation
that propagates through the plasma is rotated as a
function of frequency. This effect is called Faraday

rotation.
M. A. Brentjens & A. G. de Bruyn 2005, A&A

* Faraday rotation o A°

* Polarisation angle, O(A%) = 0, + RM yE

gsrc — Osrc (t7 v, RM) 00)
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Differential birefringence angle
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2 Q 0.02

Ore = Osre (#;, BALH0)

Monte Carlo simulations for Q U & RM

using 50,000 random samples (gaussian distribution with
observed parameters)
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Exclusion region

The constraints obtained with combined new and
old observations are [at 95% CL]

coupling

Mass

2 -3
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Pa, em
9 -3
to  7.7x10°8 ( 0 G:V e ) GeV !

1.5x10 P eV<m, <46 x10 8eV

Statistically significant:
For a sample of N observations, our work demonstrates

~ 1/

N improvement

Already
Improved over
CAST limit

Image: CAST Collaboration
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Conclusion

* Strong gravitational lensing as a robust probe for
Ultralight axion-like particles which is sensitive to

ooth my, and g,

* The potential of realistically discovering ALPs
using this method

* The differential polarisation angles from different
lens systems can be combined to statistically
improve the result

* Sensitivity comparable to lab-experiments

* SKA-Mid AA* (resolution ~0.3 arcsec) will allow
us to probe significantly deeper parameter space
and identify potential systematics.

* SKA-Mid AA4 (resolution ~O.1 arcsec) will be a
major player in constraining Ultralight axion-like
particles
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Thank you for your attention!
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