
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC), Nuclear Physics (NP) (SC-26)

Electron-Ion Collider

May 2023

W. Xu

Evaluation of baseline 5-cell cavity for EIC RCS, HSR and SHC ERL

BNL-224465-2023-TECH

EIC-ADD-TN-060

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-SC0012704 with the U.S. Department of Energy. The publisher by accepting the technical note for
publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, world-
wide license to publish or reproduce the published form of this technical note, or allow others to do so, for United
States Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



1 
 

Evaluation of baseline 5-cell cavity for EIC RCS, HSR and SHC ERL 

Wencan Xu, Jiquan Guo, R. Rimmer, A. Zaltsman, K. Smith, E. Daly 

Abstract 

This note is to record survey results of SRF requirements for EIC RCS, HSR and SHC ERL, 
and evaluate applicability of the baseline cavity for these systems. 

I. Summary of survey results  
The survey of SRF requirement was carried out by querying system experts (Vahid and Mike 

for RCS and HSR, Erdong for ERL), and the following table summarizes the requirements of each 
system that impact the cavity design. This table sets the evaluation criteria of applicability of a 
cavity design for each system. 

 
Table I. Requirement of the 5-cell SRF cavity in each system 

 
 Note: 1. the RCS longitudinal impedance threshold is based on merging at 400 MeV; 2. ERL 
transversal impedance threshold is based on conservative estimation.  

 
II. Baseline cavity  

    The baseline cavity in EIC CDR was a scaled version of 650 MHz 5-cell cavity, which was 
optimized for high current ERL (6 pass 50 mA ERL). Detailed RF design, engineering design and 
preliminary test results of 650 MHz 5-cell cavity can be found in published references. Figure 1 
shows the cavity model. Figures 2 and 3 show the transversal and longitudinal impedance. Table 
II listed the same passband modes in the 5-cell cavity, which have highest longitudinal impedance.  
Figure 4 shows the mechanical model of the 650 MHz cavity, and its mechanical properties are 
shown in Table III. 
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Figure 1. Scaled 591 MHz 5-cell Cavity. 

 

Figure 2. Transversal impedance 

 

Figure 3. Longitudinal impedance 



3 
 

Table II. scaled 5-cell cavity same passband mode. 

 
 

 

Figure 4. Mechanical model of the 650 MHz cavity. 

 

Table III. 5-cell cavity mechanical properties. 

 

           *Note: Except for Lorentz detuning factor, the rest of the mechanical data was for 650 
MHz, which is believed to have similar results for the scaled 591 MHz cavity.    

III. Applicable for RCS 
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1. Mechanical properties satisfy RCS requirements. 
2. Transversal impedance of the baseline cavity satisfies RCS requirement. 
3. Longitudinal impedance conditionally satisfies RCS requirements, with the either of two 

following conditions met. 
1) Merging electron bunches at 1 GeV instead of 400 MeV (see Figure 5.) 
2) An active beam damper is built. 

 

 
Figure 5. Merging energy in RCS affects impedance thresholds dramatically. 

 
 

IV. Applicable for HSR 
1. Mechanical properties satisfy HSR requirements. 
2. Transversal impedance of the baseline cavity satisfies HSR requirement. 
3. Longitudinal impedance doesn’t satisfy HSR requirements, see Figure 6. As energy 

ramping sweeps frequency as large as 3 MHz, the fundamental passband modes will 
overlap with integer revolution frequency, and thus cause beam instability. Several 
fallback plan options were considered. 

1) Application of fundamental passband damper. However, it is impossible to damp 
all 5 modes with one damper due to drastic varies of each mode’s field profile. 

2) Ferroelectric tuner for fast frequency jump. This is extremely challenging as well 
because preliminary results show that it requires up to 800 kHz of tuning for the 
cavity).   

3) RF Feedback to reduce impedance. This is impractical for a 5-cell because of 
complexity of RF systems (5 RF systems feeding on one cavity through 5 RF 
coupling ports.) However, feedback will work when the cavity’s number of cell is 
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reduced from 5 cells down to 2 cells. More detail is described in  the fallback plan 
section. 

 

 
Figure 6. Longitudinal impedance threshold for HSR 

 
 

V. Applicable for ERL 
1. Mechanical properties satisfy ERL requirements. 
2. Transversal impedance of the baseline cavity satisfies ERL requirement. 
3. Longitudinal impedance satisfies ERL requirements. 

   Figure 7 shows the BBU simulation results done by Nickolas Taylor from Xelera. This 
simulation is a very conservative simulation with aligning all HOM with the same dipole angle 
and frequency spread of 1e-3. The results (in Figure 7) show that the minimum BBU threshold 
current will be 600 mA, which is 6 times higher than the requirement of 100 mA. 
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Figure 7. BBU Simulation results by Nicholas Taylor from Xelera. 
 

VI. Fallback plan for HSR (and RCS if needed): RF Feedback on a 2-cell cavity. 

      A fallback plan for HSR SRF cavity is using three 2-cell cavities instead of one 5-cell cavity. 
Figure 8 shows a 2-cell cavity model using two end cells from the 5-cell cavity and its same 
passband modes are listed in Table IV. Here is a summary of findings. 

1. Assuming open loop impedance of pi/2 mode is 10 MΩ, only 30 dB gain of feedback system 
will knock the impedance down to 300 kΩ. This is shown in Figure 9. 

2. Figure 10 shows feedback on the fundamental mode, a 69 dB, 1 us delay of feedback system 
will bring the impedance from 1 GΩ to 360 kΩ, which is close to 300 kΩ. This can be done 
with direct feedback and comb filter.   

3. Other benefits of using 2cell cavity for HSR include avoiding single point failure, avoiding 
complicate fundamental mode damper, et al.   
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Figure 8. 2-cell cavity model 

Table IV. 2-cell cavity’s same passband mode. 

 

 

 

Figure 9. open and close loop of 2-cell cavity impedance. 
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Figure 10.  Open and close loop of 2-cell cavity’s fundamental mode. 

 

VII. Conclusion 

         The conclusion of applicability of baseline 5-cell cavity for RCS, HRS and ERL is listed in 
Table V. 

 

* The condition is either of the following condition met: 1. Active beam damper; 2. Merge at 1 
GeV 

    A fallback plan for HSR is using 2-cell cavity instead of 5-cell cavity. Then, a relatively 
simple solution (avoid fundamental damper) with application of RF feedback will satisfy HSR 
requirement. It is worth pointing out 1-cell cavity for HSR is applicable as well and we need to 
consider various aspects (cost, space, complexity, et al) for final decision.  


