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Comparing the two electron guns
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Gun design R28 R30
Status Operational (140 kV) Stored in LERF cleanroom
Electrode Tee Spherical
Pierce focusing angle (deg) 25 25
Max operational voltage (kV) 180 200
Beam focal length (cm) ~60 ~6

• Installed in CEBAF SAD’23

• Produced 200 keV beam 
w/o field emission

• Beam envelope 
incompatible with injector 
acceptance

• Achieved spec vacuum 
conditions

• Replaced by R28 at end of 
SAD’23



Strategy

qAim for the smallest possible hardware change: Pierce focusing cathode front end

qBenchmark our 3D CST simulation software with 2D POISSON + GPT

qBenchmark R28 CST+GPT vs. actual beam phase space 

qOptimize R30 gun Pierce focusing angle to reproduce as best as possible R28 gun 

focal length (CST+GPT)

qSimulate geometry tolerance bands (CST) to ensure worst case is within injector 

acceptance (GPT)

Table by M. Bruker 3



Objective: Fix beam envelope focal length by re-designing the R30 cathode front to 
achieve ~ similar focal length as with R28 gun
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Existing 25 deg
Pierce angle 
cathode 

Optimal 16 deg
Pierce angle 
cathode 

Swap 25 
deg for 
16 deg



Gun swap plan overview
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Backup
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R30-4 gun electrostatic potential and gradient map at 200 kV

Models by Gabriel Palacios 7
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R30, 15 deg cathode, anode as built, cathode hole like R28, 0.18 mm recess                                                
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Gun Comparisons

R28-2 vs. R30-4 (proposed replacement)

2024/02/13

A. Hofler



Simulation information

• Gun HV: 200 kV

• Spot Size on cathode: 0.54 mm (sigma)

• Pulse Length: 45 ps FWHM

• Distribution-based simulations

҆10k  macroparticles

҆Start at z=0.19 m from cathode

҆R28-2 results vetted against field-map-
based simulations

• Beamline simulation results

҆Selected solutions from Phase 2 
optimizations for

• R28-2 no-gap field map

• *Ideal CW* FXs

• 200 kV

• 170 !A @ 499 MHz

҆Settings used as-is (no tweaks)
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• R28-2 nominal

҆Field map extent in z: 18 cm

҆Recessed cathode (0.18 mm)

҆Distributions

• 0.001 and 0.340 pC

• Generated by Max

• Mean quantities removed

҆ E.g., gun kick removed

• In simulation shift distribution to mean t 

from original 170 uA no gap field map 

simulation for z=0.19 m

• R30-4 proposed replacement

҆16o Pierce angle

҆30o junction angle



R28-2 vs R30-4: beam size
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R28-2 vs R30-4: transmission and bunchlength
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R28-2 vs R30-4: normalized emittance
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Conclusions

• R30 geometry viable
҆With small design changes can reproduce R28-2 results

• 16o Pierce angle and 30o junction angle
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R28-2 vs R30-4: beam size (through the Booster)
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R28-2 vs. R30-4: Ek and !Ek
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