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Contributions to the hyperfine splitting

Δ𝐸hfs = 𝐸𝐹 1 + ΔQED + ΔTPE + Δweak+hVP
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HyperMu in a nutshell
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What’s up at PSI?



The laser system at ETH – Manu & Karsten



Detectors - Laura



μp atom diffusion - Jonas



The cavity - Mirek
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 Find the best geometry

 Optimize its parameters

 Estimate the performance

𝐹 > 5 J ∙ cm-2

𝑑 ≤ 1 mm



Simulations of the cavity

 Cavity geometries

 Methods of simulation

 Figures of merit

 Comparison of designs

 Summary



Cavity geometries

toroidal cylindrical aspheric
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Cavity geometries
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Methods of simulation

 Gaussian beam propagation

 Ray tracing

 Diffraction integrals

 Maxwell equations
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Gaussian beams
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Gaussian beams
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Ray tracing

 Fast and simple

 Geometrical optics

 Is it accurate enough?



Gaussian beam in the phase space
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Diffraction integrals

Fresnel integral in 1D
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Diffraction integrals

Fresnel integral in 1D
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 Scalar approximation

 Breaks down at high angles

 Can be numerically unstable



Figures of merit – losses in the cavity

coupling hole mirror reflectivity

apertures

𝐸tot =
𝐸0

1 − 𝑅
=
𝐸0
𝐿

𝐿 ≈ 𝐿𝑀 + 𝐿𝐻 + 𝐿𝐴

𝐿𝑀 = 1 − 𝑅𝑀𝐿𝐻 ≈
ℎ𝑥

2𝜋𝑅𝑥



Figures of merit – average fluence
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Figures of merit – signal-to-noise ratio
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Toroidal cavity



Relevant parameters

𝑤0𝑦, 𝑧0𝑦

𝑤0𝑥 , 𝑧0𝑥
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Horizontal offset

Δ𝑥



Target diameter

𝐷



Target diameter

𝐹 ∝ 𝑟−1

𝐴 ∝ 𝑟

𝐹 𝐴 ∝ 1

For large r



Beam waist

𝑤0𝑥



Cylindrical cavity



Offset + tilt

Δ𝑥
Δφ



Comparing losses



Comparing losses

metallic dielectric



Comparing losses

metallic dielectric

The toroidal cavity is impossible to be coated with a dielectric!



Mirror damage

𝐹𝑝𝑒𝑎𝑘 =
2𝐸0

𝜋𝑤𝑥𝑤𝑦
𝑤𝑥, 𝑤𝑦 - from Gaussian beam propagation
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Diffraction analysis

𝑑Δ𝑦



Diffraction analysis

𝑑Δ𝑦𝑤0𝑦 = 200 μm

𝐷 = 10 mm



What comes next?

 We probably won’t use the toroidal cavity, since it cannot 

have a good coating.

 It’s time to order a test piece and verify the simulations.

 The final design will also depend on mechanical 

constraints (detectors, etc).


