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5.712-GHz Photoinjector Design Overview
GOAL

• Room-temperature cathode field exceeding 100 MV/m.

• Equal surface peak electric field in individual cells.

• 180-deg RF phase difference between individual cells.

• Critical coupling at room temperature.

INDIVIDUAL CELL PROFILE

• Designs of the individual cell profiles and the coupling

slots to the cells were provided by SLAC and UCLA.

DESIGN TOOLS

• CST Frequency Domain Solver.

• SOLIDWORKS

Photoinjector cavity work supported by the Laboratory Directed Research and Development 
program of Los Alamos National Laboratory, under project number 20230011DR.

HOM-damping cavity work supported by the U.S. Department of Energy, under Contract No. 
89233218CNA000001

Design parameters

Operating frequency f0 5.712 GHz

Cathode cell length lcath / ½λ0 0.6

Full cell length lfull / ½λ0 1.0

Full cell shunt impedance Rsh (rsh) 3.09 MΩ (118 MΩ/m)

Cathode cell unloaded quality factor Q0,cath 14695

Full cell unloaded quality factor Q0,full 13603

Entire-cavity unloaded quality factor Q0,cav 14170

Cavity coupling factor β 1.00

RF power for 100-MV/m cathode field 1.4 MW

RF power for 240-MV/m cathode field 8.0 MW

Tuning of individual cells
FREQUENCY TUNING

Adjusting the minor radius of the sidewall profile in

each cell (rB,1 and rB,2).

COUPLING FACTOR TUNING

Adjusting the coupling slot widths (w1 and w2).

Waveguide splitter design
POWER DIVIDING

Adjusting “choke” size c. Smaller choke size limits the power going into the cathode cell.

PHASE DIFFERENCE

Adjusting dimension A of the waveguide. Greater dimension A increases the phase difference.

REFLECTION MINIMIZATION

Adjusting dimension B of the waveguide to minimize the reflection at the input port, i.e., |S33|.

Horn taper optimization
PORT 4

The input port has the dimensions of the standard WR187 waveguide.

PORT 3

The output port matched the waveguide splitter design.

REFLECTION MINIMIZATION

• Adjusting the fillet sizes r1, r2, r3, and r4, and the taper section

length l, to minimize the reflection at the WR187 waveguide port.

• Minimized reflection achieved below -60 dB.

Finalized cavity design
• Local peak electric field normalized to the peak electric field on the beam axis, Em.

• Local peak magnetic field normalized to (Em / Z0), where Z0 = 377 Ω.

Electric field local peak values

Cathode cell overall 1.20

Cathode plane 0.94

Cathode cell coupling slot 0.48

Full cell overall 1.20

Full cell coupling slot 0.30

Choke 0.059

Magnetic field local peak values

Cathode plane 0.55

Cathode cell coupling slot 0.69

Full cell coupling slot 0.66

Choke 0.035

Fabrication
• Cavity profile with significant complexity.

• Copper cavity machined in halves, and then brazed together with the flanges.

• One pair of tuners used for the cathode cell and the full cell, respectively, on the opposite

sides, in the horizontal direction.

• Beam pipe diameter expanded for accommodating the electron beam transverse size

variation over the course of the initial transport.

5.712-GHz two-cell cavity with HOM absorber
GOAL

• Performance of the HOM absorber coating, i.e., NiCr, vs. high-gradient breakdowns.

• High-gradient testing of the RF design.

• Critical coupling, π-mode.

INDIVIDUAL CELL PROFILE

• Designs of the individual cell profiles and the coupling slots to the cells were provided by 

SLAC and UCLA.

FUNDAMENTAL MODE WITH 100-MV/m GRADIENT

HOM DAMPING BY NiCr DISSIPATION (E-FIELD NORM. MAG. SHOWN)

Fabrication
• Cavity profile with significant complexity.

• Copper cavity machined in quadrants, coated with NiCr layers, and then brazed.

• One tuner for each quadrant.

Design parameters

Operating frequency f0 5.712 GHz

unit cell shunt impedance rsh 118 MΩ/m

unloaded quality factor Q0 13500

unloaded quality factor, without 
absorber Q0, uncoated

13525

Cavity coupling factor β 1.00

RF power for 100-MV/m gradient 4.4 MW

NiCr loss for 100-MV/m gradient 2.5 kW

NiCr electrical conductivity 1.0×106 S/m
10.0 mm

25.4 mm

2
2

.0
 m

m

4
5

.0
 m

m

Electric field local peak values

Cavity overall 1.48

Coupling slot 0.28

Waveguide 0.086
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