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Dark matter candidates

• Baryonic dark matter mostly ruled out by 
micro-lensing

• Non-baryonic dark matter candidates:

Ø WIMPs
Ø Axion
Ø Scalar field 
Ø …
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Axion effect on light 
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• Axion rotates the polarization of 
linearly polarized light

𝛼



𝛼(𝑡) ∝ sin(𝜔Axiont)

• Angle of rotation oscillates with 
the frequency of Axion field
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Proposed set up for Axion detection
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• Shot noise

• Seismic noise

• RIN noise

• Dark noise

• Thermal noise

Noise budget
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Prospects for Axion

• 5-meter-long cavity

Integrated over the coherence 
time of dark matter field
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Prospects for Axion

Integrated over one year using twin 
polarimetry and cross-correlation • 5-meter-long cavity

Integrated over the coherence 
time of dark matter field
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Scalar Field 



Scalar field dark matter effect 
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Electromagnetic 
field 

• Electron rest mass

• Fine structure constant

• Size
• Refractive property
of a crystal 
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Full wave plate

Scalar field dark matter effect 
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Scalar field dark matter effect 

𝛽 = nπ

L

Difference in phase between 
orthogonal polarizations

𝛽 =
2𝜋Δ𝑛𝐿
𝜆

Full wave plate
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𝛿𝐿

Scalar field dark matter effect 

𝛽 + 𝛿𝛽

L

𝛽 =
2𝜋Δ𝑛𝐿
𝜆
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Scalar field dark matter effect 

∅(𝑡)

𝛽 + 𝛿𝛽(t)

Scalar field
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Proposed set up for Scalar field detection
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Full wave plate 𝛽 = 𝑛𝜋
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• Scalar field affects materials differently

Sensitivity enhancement
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• Scalar field affects materials differently

• Crystal losses dominate cavity internal 
losses

Sensitivity enhancement
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Sensitivity enhancement

Ellipticity modulator

Polariser

Analyser

M1 M2QWP1 QWP2 PDT

PDE
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• Scalar field affects materials differently

• Crystal losses dominate cavity internal 
losses

• Crystal losses scale with length of crystal

• Optimum mirror transmissivity for given 
crystal losses

• Signal strength for optimum cavity length 
is independent of crystal length
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Prospects for Scalar field 

• 30-centimeter-long cavity
• 5-centimeter-thick Yttrium vanadate crystal

Integrated over the coherence 
time of dark matter field
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Prospects for Scalar field 

Integrated over one year using twin 
polarimetry and cross-correlation

• 30-centimeter-long cavity
• 5-centimeter-thick Yttrium vanadate crystal

Integrated over the coherence 
time of dark matter field
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