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• Axion field rotates the polariza,on of 
linearly polarized light

• Angle of rota,on oscillates with the 
frequency of Axion field

Effect of Axion Field on Polariza*on of Light
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𝜌(𝑡) ∝ sin(𝜔Axiont)

𝜌(𝑡)
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Proposed set up for Axion Detec*on
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Function of the Quarter Wave Plates

3

• Axion-induced rota,on direc,on depends on 
propaga,on direc,on

• The quarter wave plates prevent cancella,on of the 
Axion effect

• QWP converts rota,on modula,on to ellip,city 
modula,on
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Detection using Heterodyne Technique
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𝐼ext(𝜌) ≈ 𝐼0(𝜎2 + 𝜂2 − 2𝑁𝜂𝜌)

A"er 
demodula,on 

@ 𝜈PEM

|𝜌 𝜈 | =
𝕀𝜈PEM

𝑁	ℎ𝑇	𝐼0	𝜂0
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• Ellip,city-modulated light exits the cavity

• The light then passes through a Ellip,city 
Modulator (𝜂 = 𝜂0cos(𝜔𝑃𝐸𝑀𝑡))

• The resul,ng beat note is linearly propor,onal to 
the axion-induced rota,on angle

(PEM)
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Noise Budget
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 :

• Shot noise 

• Dark noise

• Thermal Johnson noise

• RIN

• Seismic/ pointing noise /𝐼0𝜂0



Noise Budget

5

+,-./	(	𝕀'()*)
2+	3+

 :

• Shot noise 

• Dark noise

• Thermal Johnson noise

• RIN

• Seismic/ poin,ng noise /𝐼0𝜂0

Ellipticity modulator

Polariser

Analyser

M1 M2QWP1 QWP2 PDT

PDE

Laser

Ellipticity modulator

Polariser

Analyser

M1 M2QWP1 QWP2 PDT

PDE

Laser

Ellipticity modulator

Polariser

Analyser

M1 M2QWP1 QWP2 PDT

PDE

Laser

𝜃 𝛿𝑟

QWP

𝜃



Noise Budget
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Sensi9vity to the Axion-photon Coupling Coefficient
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𝑐𝑎𝑣𝑖𝑡𝑦	𝑏𝑢𝑖𝑙𝑑	𝑢𝑝: 	𝑁 =
2ℱ
	𝜋 ≈

2
Τ + 𝑙𝑜𝑠𝑠

|𝜌(𝜈)| ≈ 𝑆𝑝𝑡𝑜𝑡
	 𝑙𝑜𝑠𝑠2+ 4𝑠𝑖𝑛2(𝜋𝜈𝐴𝑥𝑖𝑜𝑛𝜏)
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𝑔𝛼𝛾 =
𝑆𝑝𝑡𝑜𝑡

2𝜏
𝑙𝑜𝑠𝑠2+ 4𝑠𝑖𝑛2(𝜋𝜈𝐴𝑥𝑖𝑜𝑛𝜏)

2𝜌𝑙𝑜𝑐𝑎𝑙

𝜌

Sensi&vity to 𝜌:

Sensi,vity to 𝑔𝛼𝛾:

: 𝐶𝑎𝑣𝑖𝑡𝑦	𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟	𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛
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Sensi9vity to the Axion-photon Coupling Coefficient

• The current sensi,vity analysis does not 
include the effect of seismic noise
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3D Design of Experimental Setup
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Thank you! 

Qazal.rokn@aei.mpg.de


