POLARIMETRIG SEARGHES FOR
AXION DARK MATTER AND HIﬁH-FHE?UENGY GRAVITATIONAL WAVES
USING OPTIGAL GAVITIES

QUANTUM SENSING MEETS ULTRA-HIGH FREQUENCY GRAVITATIONAL WAVES

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

22222222222



OUTLINE

1. Study of the polarization evolution of light in a slowly varying
background of axions or gravitational fields, with particular
emphasis on placing both phenomena on a unified framework.

2. Application to cavities.

3. ALPS Il and sensitivity prospects on the axion-photon coupling
and GW strain.

4. Conclusions
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BIREFRINGENGE DUE TOA GRAVITATIONAL WAVE
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OPTIGAL GAVITY
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OPTIGAL GAVITY
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OPTIGAL GAVITY

define a response function due to polarization change
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The laser is held on the cavity resonance .
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OPTIGAL GAVITY
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define a response function due to polarization change
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AXIONDARK MATTER SENSITIVITY

PHYSICAL REVIEW LETTERS 123, 111301 (2019)

Axion Dark Matter Search with Interferometric Gravitational Wave Detectors

~ Koji Nagano®,' Tomohiro Fujita,z'3 Yuta Michimura,* and Ippei Obata'
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THE ALPS EXPERIMENT

ALPs Il experiment at DESY

1 - ALPS/OSQAR (Photon +B —> WISP — WISP + B —> Photon )

Magnets
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| Magnets

Detector

Polarimetry enables use of these cavities
without requiring a magnetic field.
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THE ALPS EXPERIMENT
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Polarimetry enables use of these cavities
ALPs Il experiment at DESY without requiring a magnetic field.
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Polarimetric searches for axion dark matter and high-frequency gravitational waves
using optical cavities

Camilo Garcia-Cely (Valencia U., IFIC), Luca Marsili (Valencia U., IFIC), Andreas Ringwald (DESY), Aaron D. Spector (DESY)
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OPTIGAL GAVITY
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AXIONDARK MATTER SENSITIVITY
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PROJEGTED SENSITIVITY FOR GRAVITATIONAL WAVES
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PROJEGTED SENSITIVITY FOR GRAVITATIONAL WAVES
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PROJEGTED SENSITIVITY FOR GRAVITATIONAL WAVES
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define a response function due to polarization change
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PROJEGTED SENSITIVITY FOR GRAVITATIONAL WAVES
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PROJEGTED SENSITIVITY FOR GRAVITATIONAL WAVES
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GONGLUSIONS

= | discussed the evolution of light polarization as it propagates through the background of axion DM or
that of a passing plane GW.

= For axions, the polarization vector of linearly polarized light rotates around the direction of propagation.

= For GWSs, the polarization changes, though the effect goes beyond a simple rotation about the direction
of motion.

= Geometric optics provide a unified treatment of these effects, demonstrating that the polarization
evolution in all cases originates from the same underlying physics. Synergy between searches for axion
DM and those for GWs.

= These effects can be exploited in the optical cavities of the ALPS Il experiment, initially designed to
observe the light-shining-through-a-wall induced by axions, but easily adaptable to measure polarization
effects from other sources.

= For axions dark matter, this search is competitive with other laboratory-based experiments and with
astrophysical searches, particularly near resonance frequencies.

= A natural application of this method is searching for GWs in optical cavities.

= With only minor modifications, the ALPS Il experiment may be able to explore currently unconstrained
parameter space by other strategies proposed to search for high-frequency GWs.

= In the future, other type of experiments, currently in R&D phase, could significantly enhance these
prospects, though such advancements may not occur in the near term.
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BAGKUP

QWP I[m] Prax kW] (#1,13,¢%) (ppm) . Mmax (€V) | Tstorage (MS)
No 245 150 (22 2 20) 140 102 1)l 74.2
o s 10 (1100, 100, 1000) | 2.9 x 103 | 2.1 x 107° 1.48
No 20 50 (EL L 10 29102 | 26 10 © 121
e . 0 10 (1100, 100, 1000) | 2.9 x 103 | 2.6 x 107> 0.121

Table 2. Properties of the cavities studied in this work, all utilizing a laser with a wavelength

A = 1064 nm. See text for details.
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