
HOM damper design for BNL EIC 197MHz crab cavity
Binping Xiao1, J. R. Delayen2,3, Subashini De Silva2, Z. Li4, R. Rimmer 3, 
S. Verdu-Andres1, Qiong Wu1

1Brookhaven National Laboratory, Upton, New York 11973-5000, USA
2Old Dominion University, Norfolk, VA 23529, USA
3Jefferson Lab, Newport News, VA 23606, USA
4SLAC, Menlo Park, CA 94025, USA WEPCAV014
Introduction
The EIC crab cavities are designed to provide transverse kick that crabs the beam in horizontal plane. The longitudinal
impedance budget per 197MHz crab cavity is set at 1.0kΩ, with circuit definition used in this paper unless otherwise noted, and
the transverse impedance budget is 0.25MΩ/m per cavity at crab cavity locations with 1300m beta function. HOMs up to 2GHz
were evaluated. Comparing with the LHC impedance budget requirement, both longitudinal and transverse impedance budgets
are tighter. The LHC double quarter wave (DQW) or RF-dipole (RFD) HOM damper designs cannot be directly adopted to EIC
crab cavities. New HOM damper designs for these two types of crab cavities are shown in this paper.

DQW with HOM damper

Conclusions
The peak magnetic field of DQW is 10% lower while comparing with that of RFD. Currently the RFD design with two waveguide
absorbers, shown in the CDR, is the baseline. In this paper, RFD design is further optimized so that only coax absorbers are
used. The max transverse HOM impedance in these two cavities are about the same, with DQW one slightly smaller. The max
longitudinal HOM impedance of RFD design higher than that of DQW, while both meet the EIC specification. Please note some
levitation on longitudinal impedances were brought by the change from waveguide to coax absorbers. The HOM power for DQW
design is 3.2kW and for RFD is 4.6kW. In short, the RF design of RFD and DQW are comparable.
We choose RFD over DQW as the baseline of EIC 197MHz crab cavity because RFD design is closer to LHC design; RFD for
LHC is for horizontal crabbing, which is the same as for EIC; and based on an evaluation effort led by Joe Preble at JLab, RFD
mechanical design is more mature, and RFD is more advanced and initial fabrication, processing, and testing evaluations have
been completed.

The EIC crab cavities are designed to provide local crabbing scheme (crab
before entering IP and de-crab after leaving IP) in horizontal plane with
25mrad full crossing angle for both electrons and hadrons. Possible locations
of EIC crab cavities include IR6 and IR8.

Property Specs DQW RFD 
f0 [MHz] 197.0 197.0 197.0 
1st HOM [MHz]  304.2 345.9 
Geometry factor [Ω]  68.2 99.0 
R/Q [Ω, acc. def.]  1159.7 1148.0 
Vt [MV] 11.5 11.5 11.5 
Epeak [MV/m] ≤45 44.8 44.0 
Bpeak [mT] ≤80 69.5 78.0 
Cavity length [mm] ≤1500 821.8 941.0 
Cavity height [mm] <900 ID 452.5 587.0 
Cavity width [mm]  584.4 587.0 
Tuning range [MHz] ≥0.8 ≥0.8 ±1.3 
FPC Qext 3×106 3×106 3×106 

 

Table: Key parameters of 197MHz crab cavities

RFD with HOM damper
• A cylindrical outer conductor

previously designed and
prototyped instead of a compact
square shaped cavity for LHC.

• First HOM at 304.2 MHz.
• A large (530mm × 75mm)

HOM port with waveguide
load to damper both
longitudinal and horizontal
modes.

The HOM damper in this paper is further optimized so that coax
absorbers can be used. Two coax absorbers are used on the
HHOM waveguide. One coax absorber is used on the VHOM
waveguide. HOM power is estimated to be 4.6kW

The EIC 197MHz DQW crab cavity HOM impedances of all
modes up to 2GHz are shown below. HOM power is estimated
to be 3.2kW.
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• To ease the fabrication, this HOM port is designed to replace
the cone area of the bare cavity.

• To keep the symmetry, a similar waveguide is placed on the
other side of the cavity and it is shorted.

• Four identical dogbone waveguides, with two for HOM.
• The VHOM (right side in Figure below) waveguide doesn’t

couple to the fundamental mode. The HHOM (left side)
waveguide couples to the fundamental operating mode
therefore made sufficiently long to reduce the fundamental
mode fields at the load.
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