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Introduction
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•Table-top experiment.

•DM density independent. 

•Photon disappearance.

•Room temperature.

Sensitive arm: waveguide
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Introduction
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PDG 2022

•Resonant conversion

•QCD band at meV range.
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Resonant conversion
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𝑃𝛾→𝑎 = sin2 2𝜃 sin2 𝜋 Τ𝐿 𝐿𝑜𝑠𝑐

tan(2θ) = 2ω
gaγγB

mγ
2 −ma

2

• Axion mass in a medium with neff:

Amplitude Oscillations

Mixing angle:

ma = ω 1− neff
2

Pγ→a ≪ 1

Required neff <1!

Energy (ω) independent!

Pγ→a ≈ 8 × 10−19
gaγγ

10−12 GeV−1

2 B

9 T

2
L

100 m

2

[1]

• Resonant condition: mγ = ma (θ = 45ο).
• Conversion probability:
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Hollow-Core Photonic Crystal Fibers (HC-PCF)
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• Low-refractive index hollow core. 
• Hexagonal arrangement of holes in the cladding. 

→ photonic-bandgap structure [2].
• The propagating mode can acquire neff < 1.

NKT Photonics

Rc = 5μm, p = 0.1bar, neff = 0.992, nclad = 1.45
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Effective mode index in HC-PCF 
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• Probed axion masses ~ 10 meV to 100 meV

(Rc = 5 𝜇𝑚, λ = 1550 𝑛𝑚, T = 20℃, p = 0.1 bar −
− 30 bar).

𝛥𝑛 = 1 − 𝑛𝑒𝑓𝑓

𝑚𝑎 ≈ 𝜔 2𝛥𝑛 for 𝛥𝑛 ≪ 1
• Analytical approximation [3][4]:

𝑛eff ≈ 𝑛gas
2 (𝜆, 𝑝, 𝑇) −

𝑢nm
𝑘𝛾𝑅𝑐

2
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Experimental setup 
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• Modulation: In wavelength using two
lasers and an optical switch.

• Sensing arm: HC-PCF placed in a magnet
rail and pressurized for tuning.

• Signal: Demodulated at 100kHz in dark
fringe (1%).

• Lock-in: In amplitude at 5MHz via PID.
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Demodulated and Lock-in scheme
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𝑅 = 𝑋2 + 𝑌2

𝜙 = 𝑎𝑡𝑎𝑛2(𝑌, 𝑋)

PID error

[5]
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Sensitivity (I)
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• Main noise sources:
Dark current of the photo-detector.
Noise power contribution from the sidebands.

• Straightness of the HC-PCF.

• Random variations in the core radius.

𝑔𝑎𝛾𝛾 ≈ 1.2 × 10−12𝐺𝑒𝑉−1
SNR

3

Τ1 2
𝐵

9𝑇

−1
𝐿

100𝑚

−1
𝑃𝑡𝑜𝑡
4𝑊

− Τ1 2

𝛽𝑠𝑖𝑔

1

− Τ1 2
𝑡

180𝑑

− Τ1 4 NEPPD+SN
0.5fW/ 𝐻𝑧

Τ1 2

Rc = 5μm
p = 0.1bar
T = 20℃
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Sensitivity (II)
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Long-term projection: 

• 40 W laser @ 1535/1570 nm, B = 9 T, L = 100m, 
straight HC-PCF with σ=10 nm.

• Tuning from 0.1 – 27.9 bar in 210 steps of 0.6 
meV between 28 – 100 meV. 

→ DFSZ sensitivity in a wide axion mass range!

Rc = 5μm
T = 20℃
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WISPFI-prototype
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• Power: 2W (using a booster amplifier)
• Modulation: Wavelength switching between 1535nm. 

and 1570nm at 100kHz.

Switch

Axion!
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WISPFI-prototype
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• Sensing arm: 1m long HC-PCF fiber 
(Rc=8.5μm) inside a 2.6T magnet rail.

• Reference arm: Fiber stretcher for 
phase matching.

• Lock-in: In amplitude at 5MHz using 
an EOM-AM (1% dark fringe).
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Adjusting power between the lasers
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• Before adjusting power: • After adjusting power:
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Locking (preliminary results) 
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• Lock-in: In amplitude at 
5MHz (1% dark fringe).

• Time: 25s (5 iterations).
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Locking (preliminary results) 
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• Lock-in: In amplitude at 
5MHz (1% dark fringe).

• Time: 25s (5 iterations).
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Summary
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• Amplitude reduction in the presence of 
Pγ→a resonant conversion using HC-PCF.

• Tuning in a wide axion mass range by 
regulating the gas pressure in the fiber.

https://doi.org/10.1103/PhysRevD.109.123001

Future Steps

• Prototype built and ready for taking data
in the following weeks!
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Thanks for your attention! 

Find out more about the cluster:

www.qu.uni-hamburg.de
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Effective mode index in HC-PCF
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𝑛eff =
𝑘𝛾

𝑘𝑜
= 𝑛gas

2 (𝜆, 𝑝, 𝑇) −
𝑢nm
𝑘𝛾𝑅𝑐

2
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Refractive index of air
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• Refractive index of air as a function of pressure and temperature for T=20oC 

and P=1.013 bar accordingly.
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Effective mode index in HC-PCF (III)
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• Wavelength of the propagating light and bending radius of the fiber also have an effect on 

the effective mode index.

𝛥𝑛 = 1 − 𝑛𝑒𝑓𝑓 𝑚𝑎 ≈ 𝜔 2𝛥𝑛
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WISPFI-prototype (expected sensitivity)
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• Power: 2W (using a booster amplifier)
• Time: 10days.
• Pressure: 0.1bar.
• Temperature: 20℃.
• Core radius: 8.5μm.
• Core radius variations: 10nm

Expected amplitude reduction 𝛿𝐴 ≈ 1nV
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Demodulated signal and Locking (average) 
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Demodulated signal and Locking (preliminary results) 
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