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Abstract 

The 56MHz Superconducting RF (SRF) cavity for 
RHIC places high demands on High Order Mode (HOM) 
damping, as well as requiring a high field at the gap with 
the fundamental mode frequency. The damper is designed 
to extract all modes to the resistance load outside, 
including the fundamental mode. Therefore, the circuit 
must incorporate a high-pass filter to reflect back the 
fundamental mode into the cavity. In this paper, we show 
the good frequency response map obtained from our 
filter’s design. We extract a circuit diagram from the 
microwave elements that simulate well the frequency 
spectrum of the final filter. We also demonstrate that the 
filter power dissipation over its frequency range is small 
enough for cryogenic cooling. 

INTRODUCTION 
The RHIC 56MHz SRF cavity will provide a larger 

longitudinal acceptance [1]. However, its successful 
performance depends greatly on HOM damping. 
Accordingly, we expended much effort in designing the 
HOM damper loops and configuring their location [2]. 
The damper loops will couple out all the modes from the 
cavity, including the fundamental mode. With the damper 
loops inserted, the QL of the fundamental mode will drop 
to about 103. Compared to the designed QL of 4×107, this 
will send excessive power into the HOM damper load. 
Our previous simulations showed that the frequency 
difference between the fundamental mode and the first 
HOM is large [2], i.e., greater than 100MHz; thus, we 
designed and incorporated a high-pass filter into the 
circuit to reflect the fundamental mode.  

HIGH-PASS FILTER 
The filter is designed as a 2 stage high-pass filter to 

simplify the manufacturing process. We use a Chebyshev 
T-Type design to obtain a steeper roll-off and minimize 
the error between the designed and the actual object.  

Figure 1 shows the preliminary model of the filter. Port 
1 is the connection port to the damper’s loop, and port 2 is 
the filter’s output. Two coaxial sapphire rings, shown 
green in the figure, with niobium spacers constitute the 
two capacitors in the design; the three inductors are 
niobium rods with carefully chosen lengths and locations. 
Sapphire is chosen due to its low loss tangent, to reduce 
heat dissipation in the HOM damper due to dielectric 
heating. For better conductive cooling of the loop, the 
filter is designed with an inductor first, as shown in the 
simplified circuit diagram in Figure 2, with lumped RLC 
elements, viz., connected resistor, inductor, and capacitor. 

Thus, the coupled RF wave encounters the inductor first, 
which is a thin rod of niobium connecting the inner and 
outer conductor of the damper loop. The inductor rod 
serves as a cooling path for the HOM damper. 

 

 
 
 
 
 

We estimated the values in the RLC circuit for the ideal 
response of the filter. We based the dimensions of the 
sapphire rings and niobium rods in the model design on 
their theoretical value in the RLC circuit. In the 
simulation model, the large surrounding niobium ring and 
the connections between ports introduces extra 
capacitance and inductance. Accordingly, the finalized 
dimensions of the elements had minor changes from the 
theoretical ones.  

 

 
Figure 2: Simplified RLC circuit for high-pass filter. 

 

Figure 1: Preliminary design of high-pass filter for the 
HOM damper of 56MHz SRF cavity. 
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Figure 3 plots the response spectrum of the 
filter. The blue curve shows the S21 between
ports described above, (i.e., the response at port 
signal at port 1). The vertical black lines lab
possible mode frequencies in the cavity. The blu
-68dB intersects the fundamental mode of 56M
the attenuation of the first HOM of 168MHz ha
to less than -5dB. The filter response is very co
to 1GHz after the first HOM. According to Fig
high-pass filter of this specific model has a v
performance. 

 

Figure 3: Response spectrum of the high-pass

 
Figure 4 shows that the S21 of the simpli

circuit and the result of the model simulation c
very well. 

 

Figure 4: Comparison of S21 between the simpli
circuit and the MWS simulation. 
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Figure 5: Engineering model of the fi

 
We are in the process of optimizing the p
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Fundamental Mode Power 
With the designed gap voltage of 2.5 MV

energy in the cavity will be 216 J. The powe
HOM damper ports is 
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HOM Power 
In an actual case only the excited modes in the cavity 

determine HOM power. In this paper, we describe a 
calculation of which all possible HOMs are excited, that 
is, the worst-case scenario.  

For 250 GeV proton operation in RHIC, the current of a 
circulating beam with Gaussian bunches is 
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where N is the number of particles per bunch, T0 is the 
revolution period, Nh is the number of bunches, and σt is 
the rms bunch length. To obtain the excitation for each 
HOM, we apply a Fourier Expansion to Equation (3) 
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It is certain that 0Tt 〈〈σ . Thus only the 0=m term 

contributes. Cn then is solved from Equation (5) 
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It is easy to verify that only when n/Nh is an integer, Cn 
has a non-zero value of 
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where ωh is the bunch frequency. Equation (4) shows that 
Cn is the n-th harmonic component for the beam’s current. 
The excited power for HOM in the cavity is determined 
by the product of the real part of the impedance of each 
mode Re[Z(ω)] and Cn

2. Therefore, for the k-th mode in 
the cavity 
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where Pk is the power of the k-th mode in the cavity 
excited by the beam.  

Table 1: Parameters for 250GeV proton operation in 
RHIC. 

Parameter Value Unit 

Beam Energy 250 GeV 

Revolution frequency 78.2 kHz 

Particle per Bunch 2.0 1011 

rms Bunch Length 0.2 m 

Bunch Number 120  
 

We programmed a simple code to calculate the power 
for each HOM. The parameters for this calculation are 
listed in Table 1. The program also can scan the 
frequency in a small range adjacent each HOM and select 
the maximum power. For all HOMs below 1GHz, the 
total power extracted is 4.3W, which is about 1.1W per 
HOM damper. This number should be doubled 
considering both beams passing through the same cavity. 
We also noted that most of the HOM power is contributed 
by the 1st HOM with 4.26W; rest of the modes contribute 
a very small amount. Hence, it is reasonable to neglect the 
modes above 1GHz. 

Together with the power from the fundamental mode, 
each HOM damper extracts no more than 3.2 1.1 25.4 . The cryogenic cooling system easily can handle 
this value can be easily handled by the cryogenic cooling 
system, leaving us great flexibility in optimizing the 
engineering model.  

SUMMARY 
The high-pass filter for 56MHz SRF cavity shows a 

very good response spectrum over the range up to 1GHz. 
The power dissipated in the filter should be less than 5W 
per damper, and this is easy to deal with for HOM 
dampers with liquid helium cooling loops. 
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