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• 1,3 GHz 9-cell TESLA cavity 

• 𝜆𝑅𝐹 ≈ 230 𝑚𝑚, 𝑙𝑎𝑐𝑡𝑖𝑣𝑒 = 1026 𝑚𝑚

• Gradient is assumed as 30 𝑀𝑉/𝑚

• Longitudinal R/Q in FM: 518 Ω

• Very short bunch length 

• 9 mm at injection into RCS1

• 2.7 mm at ejection from RCS4

Current baseline RF-system
(greenfield)
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How does this change at different frequencies?



R/Q scaling in superconducting  
cavities
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• Second and third dipole passband in damped TESLA cavity (CST-Model from Sosoho)

• Complete model scaled to different fundamental mode frequencies

➢ 3rd and 5th LEP harmonic



RF-system parameters
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Assumption: 

Gradient = 

30MV/m at all 

frequencies

FPC: 

Fundamental 

Power Coupler

WP: Wall Plug



Transient beam loading simulation
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Both 𝜙𝑏 and 𝑉𝑐𝑎𝑣 vary more significantly at increased cavity frequency

→ less stored energy in the cavity volume 



Bunch length considerations
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Assumptions: 

• Same synchronous phase 𝜙𝑠 = 45𝑜

• HOM frequencies scaled

• Bunch length at injection after matching

• All other parameters at greenfield baseline



Bunch length considerations
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𝑓𝑅𝐹 scaled to 1.056 𝐺𝐻𝑧 unscaled 𝑓𝑅𝐹 scaled to 1.76 𝐺𝐻𝑧

RCS 1

RCS 4



Parameter Unit Scaling per cavity Overall scaling

Achievable gradient 𝑉/𝑚 ≈ 1 −

Cavity Length 𝑚 1/𝑓 ~1

Cavity Volume 𝑚3 1/𝑓3 1/𝑓2

Number of cavities 1 − 𝑓

𝑅/𝑄||   Ω 1 𝑓

𝑅/𝑄⊥ Ω/m 𝑓 𝑓2

FPC power 𝑊 1/𝑓 − 

WP power 𝑊 − < 1/𝑓

Optimum 𝑄𝐿 1 1/𝑓 −

Optimum Δ𝑓 𝐻𝑧 1/𝑓2 −

Scaling overview
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• Higher frequency would be preferential, especially in later RCS
• Lower power consumption

• Smaller cryomodules

• Better suited to shorter bunch length

• Increased total impedance through number of cavities

• Potentially higher gradient

➢Impedance might be limiting

Open Questions:

• What are the impedance limits in the longitudinal & transverse planes?

• How does the HOM power change at different frequencies?

Conclusion and Outlook
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Higher frequency:

• Impedance limitation
• Increased number of cavities 
➢Additional transverse and longitudinal short-range wakefields
➢Where is the stability limit in both planes?
➢Potentially higher gradient

Lower frequency:

• Cryomodule size & necessary He budget

• Surface treatment of large RF structures?

• Additional manufacturing and alignment tolerance

• With the same bunch length:
➢Relative to the FM, bunch will induce voltage in more HOMs → until ~38 GHz

Possible drawbacks
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Changing cavity voltage (last turn 
of RCS2)

13

In order to keep the same 
energy  gain, a change in the 
beam phase is necessary:

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φcav 𝑡
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Changing cavity voltage (last turn 
of RCS2)
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In order to keep the same 
energy  gain, a change in the 
beam phase is necessary:

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φcav 𝑡



Forumla collection

𝐼𝑔𝑒𝑖Φ𝐿 =
𝑉𝑐𝑎𝑣

2 𝑅/𝑄

1

𝑄𝐿
− 2𝑖

Δ𝜔

𝜔𝑟𝑓
+

< 𝐼𝑏,𝑟𝑓 >

2
 (9)

𝑄𝐿,𝑜𝑝𝑡 =
𝑉𝑐𝑎𝑣

𝑅/𝑄 ( 𝐹𝑏 𝐼𝑏,𝑑𝑐 cos Φ𝑠 )2 + 𝐹𝑏 𝐼𝑏,𝐷𝐶 sin Φ𝑠 +
𝑉𝑐𝑎𝑣 2Δ𝜔

𝜔𝑅/𝑄

2

.  (13)

Δ𝜔𝑜𝑝𝑡 = −𝜔𝑟𝑓
𝑅/𝑄 𝐹𝑏 𝐼𝑏,𝑑𝑐 sin Φ𝑠

2𝑉𝑐𝑎𝑣
(12) 

Φ𝑠 = arccos
Δ𝐸

𝐴 𝑡
 14

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φ 𝑡 15

15

Δ𝐸 = cos(Φ𝑠  − Φ 𝑡 ) ∗ 𝐴(𝑡) (16) 

for Φ𝑏 = Φ𝑠 = 𝑐𝑜𝑛𝑠𝑡.

https://journals.aps.org/prab/abstract/10.1103/Phy
sRevAccelBeams.22.081002 
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