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Abstract 
One of the key features of a modern research facility is 

its versatility, ability to adjust for a multitude of the 
applications and user needs. A challenge for the coming 
European XFEL [1, 2] is to become a multipurpose 
laboratory with a broad applications spectrum. Primarily, 
the XFEL is a pulsed machine. Having the CW operation 
mode would be a worthy addition. CW operation of the 
1.3 GHz 9-cell TESLA Type SRF Cavity was performed 
several times at DESY [3-6] and in the other 
Labs successfully [7, 8]. One of the difficulties was a 
heat load of the High Order Mode (HOM) couplers [9] 
described in [3], for example. To amend this, a HOM 
coupler design adjustment is proposed and simulated. 

INTRODUCTION 
The HOM coupler for the TESLA type cavity (fig.1) 

was simulated with a beam tube using the CST MWS T 
solver [10]. Standard (old, fig.1) and newly proposed 
coupler types were simulated. A particular design change 
is shifting the feedthrough antenna tip to the lower 
magnetic field region by introducing the coupling "nose" 
on the main HOM coupler antenna (loop). Thus, the eddy-
current heating by the operating mode coupling of the 
antenna will be decreased. Simulation was done with 
monopole operating mode and monopole and dipole high-
order modes, the dipole mode polarization angle was 
chosen to be 45 degrees, set in the cavity by the main 
input coupler. 

 
Figure 1: TESLA type SRF accelerating cavity. 

HOM COUPLER MODEL 
The HOM coupler model for the simulations (CST 

MWS) is presented in fig.2 for the old standard design 
and in fig.3 for the changed one. Simulated coupling 
"nose" length is 8.25 mm to 11.25 mm (fig.3). 

 

 
Figure 2: Standard HOM coupler model. 

 

 
Figure 3: New HOM coupler model. 
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SIMULATION RESULTS 
The transmission S21(f) is calculated in a frequency 

range of 1 .. 3 GHz with beam pipe set as an input port 
and HOM coupler feedthrough as an output port. HOM 
coupler electromagnetic fields are calculated for the 
operating (monopole) mode at a cavity operating 
frequency of 1.3 GHz. 

Scattering Parameters (S21(f)) 
The S21(f) comparison in a range of 1..3 GHz shows a 

small difference between the transmission of the standard 
and new designs (fig.4, 5). The notch filter was adjusted 
for the new design with a new gap value of 1.27 mm with 
a sensitivity of 0.165 GHz/mm. 
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Figure 4: Transmission S21(f) comparison. 
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Figure 5: S21(f) with different "nose" lengths. 

Electromagnetic Fields 
Electromagnetic field distributions are shown in fig.6 - 

11. Fig.8, 11 present magnetic field distributions near the 
main HOM coupler loop antenna for the old (fig.10) and 
the new (fig.11) designs scaled to feedthrough antenna tip 
vicinity field maximum. All fields are normalized to 1 W 
input port (beam pipe) RF power. The HOM coupler loop 
and feedthrough antenna surface magnetic (H) field 
amplitude distributions comparison yields the feedthrough 
antenna tip peak H-field ratio old/new of 0.045/0.030 = 
1.5 ([A/m] with 1 W input tube power). Thus, the HOMC 

antenna tip was shifted to a lower H-field region (fig.10). 
Increasing the coupler loop protrusion (nose) length in the 
new design from 8.25 to 10.00 and 11.25 mm slightly 
changes the transmission and magnetic field distribution, 
so the old/new ratio is 0.045/0.026 = 1.7 for a nose length 
of 10 mm and 0.045/0.022 = 2.0 for 11.25 mm (but with 
less transmission, fig.5, 11). 

 
Figure 6: Electrical field at 1.3 GHz, old type. 

 
Figure 7: Magnetic field at 1.3 GHz, old type. 

 
Figure 8: Magnetic field near the HOM loop, old type. 
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Figure 9: Electrical field at 1.3 GHz, new type. 

 
Figure 10: Magnetic field at 1.3 GHz, new type. 

 
Figure 11: Magnetic field near the HOM loop, new type. 

SUMMARY 
 To resolve the thermal problem with HOM couplers 

during the cavity CW operation a HOM coupler 
design adjustment is proposed and simulated. 

 The new HOM coupler design shifts the feedthrough 
antenna in the lower magnetic field region decreasing 
the antenna heating by eddy currents. 

 Simulations show that with a minimal transmission 
characteristics S21(f) change the goal is achieved with 
a proposed new design adjustment. The magnetic 
field amplitude on the feedthrough antenna tip could 
be decreased 2 times compared to a standard coupler 
type. Thus, the operating mode power causing the 
feedthrough antenna heating could be 4 times less. 

 Test on a cavity model is in preparation. 
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