
MuCol Study – Survey of some low loss 

cavity geometries and the TESLA cavity

24.01.2023 Sosoho-Abasi Udongwo | UNIVERSITÄT ROSTOCK | Fakultät für Informatik und Elektrotechnik 1



Some note
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• The results of the analysis of the mid cell of the ILC-LL, ICHIRO, NLSF, NSLF-A and TESLA [1] cavities are 

presented

• Each cavity analysed comprised of 9 mid cells and no beam pipes for eigenmode analysis and with beampipes 

for wakefield analysis

[1] N. Juntong, R.M. Jones, High-gradient SRF Cavity with minimized surface E.M. fields and superior bandwidth for the ILC, Proceedings of SRF2009, 

Berlin, Germany. https://accelconf.web.cern.ch/SRF2009/papers/thppo024.pdf



Some Formulas 
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𝑷𝐝𝐲𝐧 = 𝑽𝐫𝐟
𝑬𝐚𝐜𝐜 ⋅ 𝑳𝐚𝐜𝐭𝐢𝐯𝐞
𝑹
𝑸∥,𝐅𝐌

⋅ 𝑸𝟎

𝑷𝐬𝐭𝐚𝐭 =
𝑳𝐜𝐚𝐯𝐢𝐭𝐲 ⋅ 𝑽𝐫𝐟

𝑳𝐚𝐜𝐭𝐢𝐯𝐞 ⋅ 𝑬𝐚𝐜𝐜

𝑷𝐝𝐲𝐧/𝐜𝐚𝐯 =
𝑷𝐝𝐲𝐧

𝑵𝐜𝐚𝐯
, 𝑷𝐬𝐭𝐚𝐭/𝐜𝐚𝐯 =

𝑷𝐬𝐭𝐚𝐭

𝑵𝐜𝐚𝐯

𝑵𝐜𝐚𝐯 =
𝑽𝐫𝐟

𝑬𝐚𝐜𝐜 ⋅ 𝑳𝐚𝐜𝐭𝐢𝐯𝐞

𝑳𝐜𝐚𝐯𝐢𝐭𝐲 = 𝑳𝐚𝐜𝐭𝐢𝐯𝐞 + 𝟐𝝀𝟎𝑳𝐚𝐜𝐭𝐢𝐯𝐞 =
𝑵𝐜𝐞𝐥𝐥𝝀𝟎

𝟐

𝑷𝐇𝐎𝐌: Higher order mode power, 𝑰𝟎: Beam current, 𝒆: muon charge, 𝑵𝒃: Bunch intensity

𝒌𝐇𝐎𝐌: Higher order mode power loss factor, 𝒌∥: Total loss factor

𝒌∥,𝐅𝐌: Fundamental mode loss factor, 𝝎𝐅𝐌: Fundamental mode angular frequency, 

𝝈𝒛: Bunch length, 
𝑹

𝑸 ∥,𝐅𝐌
: Fundamental mode R/Q, 𝒄: Speed of light

𝑳𝐚𝐜𝐭𝐢𝐯𝐞: Active cavity length, 𝑵𝐜𝐞𝐥𝐥: Number of cells per cavity, 

𝝀𝟎:Accelerating mode wavelength, 𝑳𝐜𝐚𝐯𝐢𝐭𝐲: Total cavity length (with beampipes),

𝑬𝐚𝐜𝐜: Accelerating gradient, 𝑽𝐫𝐟: RF voltage

𝑷𝐝𝐲𝐧: Dynamic power loss

𝑷𝐬𝐭𝐚𝐭: Static power loss



Summary Table
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RCS Stage 1

Beam current – 20.38 mA

Bunch length – 23.1 mm



FM Quantities of Interest (QOIs)
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Bar plot of normalized fundamental mode quantities of interest



Wakefield Impedance – (100 m wakelength)
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Longitudinal impedance plot Transverse impedance plot



HOM QOIs

24.01.2023 Sosoho-Abasi Udongwo | UNIVERSITÄT ROSTOCK | Fakultät für Informatik und Elektrotechnik 7

Bar plot of normalized loss and kick factors, and HOM power



Input Power and Power Loss
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Bar plot of normalized number of cavities, static, dynamic power loss and input power



Input Power and Power Loss
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Plot of static and dynamic power loss, no of cav./beam and input power (𝑃in) vs 𝐸acc.

𝐸acc = 30 MV/m



End note

• The properties of the compared cavities were not drastically different from each other

• The end-cells of the compared cavities are not available to run a full analysis so the results only give a rough 

approximation of what is obtainable. The end-cell can be optimized to reduce the HOMs impedance, loss and 

kick factors

• Since the properties of the analysed cavities are quite similar, the impedance plots do not really show much. 

At this time, the threshold impedance values are not yet available
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