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The Success of Laser Interferometry: GW Detection 
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Potential of Laser Interferometry
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Can laser interferometry be 
used for investigating:

• Quantum spacetime?
• Fundamental physics?
• Dark matter?



Potential of Laser Interferometry
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• Quantum spacetime
• Fundamental physics
• Dark matter



Measurements of a distance will show 
fluctuations: 

The scaling constant depends on different models 
of spacetime: 

Holographic principle

Source: TU Wien

• Alpha = 1/2 : Verlinde&Zurek, Hogan&Kwon
Source: TU Wien



Displacement sensitivity: GW detectors
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Fermilab Holometer: Laser Interferometry to detect 
Spacetime Fluctuations
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QUEST 
Experiment

Cardiff University



QUEST: Improvements 

• Upgrades with respect to the 
Holometer:
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- Higher input power

- Output Mode Cleaner

- Squeezed states of light

Laser PRM

ETM-Y

ETM-XBS

Detection photodiode

Target: one order of magnitude improved sensitivity 
with respect to the Holometer



Quantum Gravity Fluctuations

QUEST experiment: two co-located Interferometers



Quantum Gravity Fluctuations

QUEST experiment: two co-located Interferometers

Gravitational Wave



Quantum Gravity Fluctuations

QUEST experiment: two co-located Interferometers

Dark Matter Wave

Gravitational Wave



QUEST currently under commissioning



Planned sensitivity



Rotational/Transverse Quantum Gravity Fluctuations

O. Kwon, 2022



Quantum Gravity Fluctuations

O. Kwon, 2022
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Planned sensitivity

Noise 

Time integration/cross-
correlation:



Potential Laser Interferometry

Aldo Ejlli 20

• Quantum spacetime
• Fundamental physics
• Dark matter



GW detectors and axion search

K. Nagano, et al
PHYS. REV. D 104, 062008 (2021)
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GW Detectors and Constraints on Scalar Field Dark Matter
Sander M. Vermeulen, et al

Nature 600, 424–428 (2021)
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Potential of the polarimetry technique

Polariser M1 M2

Analyser

PDE

PDT

• Compact table-top setup 
compared to large-scale 
gravitational wave detectors.

• Less expensive to build and 
operate.

• Potential to search for the 
polarization patterns
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Polarimetry can probe rotation of the EM field

S-Polarisation

Interference P+S

Linear Polarisation (S and P in-phase)

P-Polarisation
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Polarimetry can probe ellipticity of the EM field

S-Polarisation

Interference S+P

Elliptical Polarisation (S and P out-of-phase)

P-Polarisation
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Birefringence generates ellipticity

�n(Calcite) ⇡ 0.17
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Light behavior in a petrographic microscope with light polarizing device. Only one

incident wavelength is shown (monochromatic light). The magnetic field, perpen-

dicular to the electric one, is not drawn.



Potential of Polarimetry Laser Interferometry
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• Quantum spacetime
• Fundamental physics
• Dark matter



Vacuum in Quantum Electrodynamics (QED)

QED prediction
• Vacuum polarization 
(lacking for direct detection)

QED evidence
• g-2
• Casimir effect
• Lamb shift
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Nonlinear effects in vacuum
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ALDO EJLLI (Cardi↵ University, UK) PROGRESS TOWARDS A FIRST MEASUREMENT OF THE MAGNETIC BIREFRINGENCE OF VACUUM WITH A POLARIMETER BASED ON A FABRY-PEROT CAVITY: THE PVLAS EXPERIMENTSiena, 09/04/2019 4 / 36



Vacuum polarization: vacuum magnetic birefringence

Vacuum magnetic birefringence

�n(QED) = nk � n? ⇡ 4⇥ 10�24[1/T2].

Vacuum magnetic dichroism

In QED, magnetic dichroism of vacuum is negligible �k ⇡ 10�91 @ 1 T.

ALDO EJLLI (Cardi↵ University, UK) PROGRESS TOWARDS A FIRST MEASUREMENT OF THE MAGNETIC BIREFRINGENCE OF VACUUM WITH A POLARIMETER BASED ON A FABRY-PEROT CAVITY: THE PVLAS EXPERIMENTSiena, 09/04/2019 6 / 36



Polarimetry for Vacuum 
Magnetic Birefringence
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Potential of Polarimetry Laser Interferometry
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• Quantum spacetime
• Fundamental physics
• Dark matter



Polarimetry for low-mass (sub-eV) bosonic field dark matter

• Produced in early Universe, manifests as 
oscillating field with local density ρlocal

• Trapped and virialised in gravitational potential 
wells of e.g. galaxies
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• Scalar Field

Lint =
aga�
4

Fµ⌫ F̃
µ⌫

<latexit sha1_base64="zdgSb5uZEvju0qPI7op6A+F1Ph8="></latexit>

• Pseudoscalar Axion



Polarimetry strategy for DM

Polariser M1 M2 PDT

Analyser
PDEMedium 𝐼2(𝑡)
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Polarimetry strategy: heterodyne

Polariser M1 M2 PDT

Analyser
PDE

⇣

𝐼2(𝑡)
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Noise



Scalar field dark matter

Polariser M1 M2 PDT

Analyser
PDE

𝐼2(𝑡)

SDM Causes oscillatory changes:

• size l

• refractive index n of solids
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Polarimetry for scalar filed DM
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Ellipticity modulator

Analyser

Polariser M1 M2QWP1 2 PDT

PDE

Laser

Axion field
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Polarimetry for Axion DM



Polarimetry for Axion DM
Ellipticity modulator

Analyser

Polariser M1 M2QWP1 QWP2 PDT

PDE

Laser

Axion field
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Noise budget

dr



Tint(106/νa)

Tint(1 Year )

CAST

ALPS-II

Axion-IFO
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Polarimetry can mitigate birefringence noise in GW detectors

Polariser M1

PDT

Analyser

PDE

Laser
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Thank you for your attention


