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500kV inverted insulators for polarized photoguns

Motivation: Develop a robust high voltage system that can 
be implemented in a future photogun for delivering spin 
polarized beam from GaAs photocathodes at 350 kV with 
no field emission. This photogun design could then be 
used for generating high bunch charge spin-polarized 
electron beams for the EIC, ILC and positron beam 
production at JLab.

Objective: Demonstrate an inverted insulator + high voltage 
cable assembly that can be used to reliably apply 500 kV
bias voltage to a test electrode, with no high voltage 
breakdown inside or outside the vacuum chamber.
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JLab inverted insulator photoguns use commercial high voltage cables mated to 
custom ceramic insulators made by SCT Advanced Technical Ceramics (France)
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The approach is an evolution from our experience developing and operating high voltage 
inverted insulator photo-guns connected to power supplies using commercial components
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Based on scaled up CEBAF gun design, we developed an insulator/cable/electrode
solution for 350kV kV without insulator arcing
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We use our Gun Test Stand housing a 500 kV 5 mA DC power supply for HV tests

The red tank is filled to 10 psig of SF6 and houses the Glassman HVPS
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Start with available inverted insulators from JLab FEL gun using test spherical electrode

• We will design a custom triple junction shield electrode
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*Achieved using triple junction shielding electrode



We received a two-year DOE FOA grant for developing a robust 500 kV inverted insulator
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The first concept to be designed & tested:

• Tapered EPOXY receptacle compatible with 350 kV cable plug

• Intervining SF6 layer between receptacle and insulator
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The second concepts is based on collaborating with Dielectric Sciences to make 
custom 350 kV cable plug to mate with FEL-style inverted insulator
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The ultimate goal is to design a custom insulator that fits commercial 350 kV cable
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The insulator/electrode assembly will be tested in a custom-made vacuum chamber 
filled to 10 psig of SF6
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• The reason to test in SF6 is to avoid dealing 
with field emission and thus concentrate on 
the electrical assembly robustness to 500 kV.

• The chamber can be evacuated and 
SF6 backfilled using a 
commercial filling/recovery system.

• The insulator/electrode test assembly will be 
mounted using the top 13.25” CF flange.



This is the commercial SF6 recovery system from DILO.
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• The cart has a vacuum pump to 
first evacuate the test chamber

• SF6 is stored in aluminum 
bottles

• SF6 is transferred to the test 
chamber by means of a 
compressor, moving gas from the 
bottles, through a regulator and 
onto the chamber

• SF6 is transferred back to 
storage bottles when test is done 
by means of the compressors.



Thank you!
Questions? chgarcia@jlab.org
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• FOA project relies on hiring 
postdoctoral appointee

• Objective: Design & test 500kV 
insulator/cable system

• Deliverables:

－Robust system approach for 350kV
gun w/o field emission or breakdown

－Prototype insulator design that fits 
commercial cable for potential SBIR 
with US insulator manufacturer



Backup!
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The plan is to perform HV test in SF6 rather tan in Vacuum to avoid dealing with
field emission.
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Polish electrodes
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From machine shop

After barrel polishing

60 min. plastic cones 

60 min. crushed corncob

Barrel polishing 

machine at JLab SRF

* C. Hernandez-Garcia, D. Bullard, F. Hannon, Y. Wang and M. Poelker, Review of Scientific Instruments 88, 093303 (2017)

• Diamond paste 
polishing is a labor 
intensive process that 
takes about 3 weeks

• Implementing 
centrifugal barrel 
polishing has reduced 
polishing time from 
weeks to hours

• Profilometry 
measurements shows 
surface rms roughness 
is comparable between 
the two polishing 
methods


