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1. Introduction

2. Мetallized ceramic vacuum chamber
(kicker magnet vacuum chamber of XFEL)

3. Metallic undulator vacuum chamber with the inner 
dielectric cover (model of the surface roughness)

4. Metallic chamber with the inner NEG cover

5. Surface impedance
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CERAMIC - METAL ROUND TUBE

Longitudinal impedance

LONGITUDINAL AND TRANSVERSE 
IMPEDANCES OF XFEL KICKERVACUUM 
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COVER:

Titanium-Stabilized High-Grade 
Steel 

(TSHGS) of 0.7 μm thickness.
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Dielectric-metal walls
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TRANSVERSE IMPEDANCE
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WAKEFIELDS
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NTW – Novokhatskii - Timm - Weiland
Roughness in 
rectangular 

approximation
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Examples Investigation is performed for the 
SwissFEL undulator vacuum 

chamber
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Round tube approximation

b – inner radius, δ – depth of roughness
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Longitudinal Impedance
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Transverse Impedance
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Longitudinal Wakefunction
Aluminum vacuum chamber. 
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Transverse Wakefunction
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386815921036g/p=1/2
33691036756g/p=1/4
2646756636g/p=1/8
1μm0.1μm0.05μm

Loss factor for PSI-XFEL undulator
vacuum chamber (V/pC/m)

For the resistive walls without 
roughness the longitudinal loss factor 
for the PSI-XFEL undulator is equal to 

540 V/pC/m. 

dielectric

metal
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28118.8g/p=1/2
20.18.87g/p=1/4
1676g/p=1/8

1μm0.1μm0.05μm

Kick factor for PSI-XFEL undulator
vacuum chamber (kV/pC/m2)

For the resistive walls without 
roughness the transverse kick factor 

for the PSI-XFEL undulator is equal to 
5 kV/pC/m2. 
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CONCLUSION

1. The method of resistive – roughness coupling 
impedance and wake functions calculation is 
obtained.

2. The main properties of the impedance 
behaviors are investigated

dielectric

metal
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Longitudinal and Transverse Resistive Wake Fields in 
the Undulator of an XFEL

Longitudinal Impedances

Longitudinal Wakes

Transverse Wake, Al

Transverse Wake, Al+NEG
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INTEGRAL PARAMETERS

Loss factor Kick factor

Conclusion

The NEG cover presence due to bunch short size 
and smallness of the gap increase both the loss and 
kick factors more than twice for the thin enough  
cover sheet. On the other hand, reduction of the 
wall thickness leads to almost two times decrease 
of the loss and kick parameters without any 
distortion of impedance and wake curves.

    metal 

metal
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SURFACE IMPEDANCE AND 
WAVENUMBERS OF MULTI-LAYER ROUND 

TUBE
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Monopole mode (m=0), N -arbitrary
Separation of the modes
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Monopole mode (m=0), N -arbitrary
Surface impedance
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Monopole mode (m=0), N =1
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CONCLUSION

The main properties of the resistive impedances and 
wakes for the main cases of the two-layer tubes, 
used as a vacuum chambers for the undulators and 
kickers are presented

The expression for the multi-layer tube monopole 
surface impedance is developed. The modal analysis 
of the monopole resistive impedance is performed


