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Design parameters for the gun include:

• 187.5 MHz (1.3 GHz / 7)

• Field on cathode > 30 MV/m

• Beam energy > 1.6 MeV (kinetic)

• Cathode lifetime > 1 week (> 1 month 

target)

• Field emission / dark current < 10 nA @ 

Ecath = 30 MV/m

Introduction




The LCLS-II-HE Project will dramatically increase the photon energy reach of the LCLS-II X-ray FEL, 

to beyond 20 keV.  This will be accomplished by  increasing the LCLS-II linac energy to 8 GeV, 

upgrading the undulator system, and  adding a new Low-Emittance Injector to the front end of 

the linac, with a superconducting quarterwave RF gun as the beam source.  SLAC is partnering with 

the Facility for Rare Isotope Beams at Michigan State University to design, fabricate and test the 

prototype gun, with a “production” gun to follow.

General Schedule
“Separation-of-Problems” Approach
The project draws heavily upon experience from previous SRF gun 

development efforts.  Extensive testing throughout the project is designed 

to allow early identification and remediation of problems.
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Major Milestones Project start Oct 06, 2021

PDR KOM PDR CM

FDR (not including cathode system) FDR CM Cathode FDR

Cavity validate 1st cavity delivery Jacketed cavity validated

Cathode and load lock function validate RF/DC test and Cathode insertion test bench finished

Cryomodule Validate Module without Cathode cold test

Cathode and Load Lock 
Cathode stalk and cooling system design

First RF/DC bench tests

Design mods and improvements

Second RF/DC bench tests

Cathode and load lock system development

first  test of cathode operation

Review test results, design optimization

final design finished, send drawing to MSU 

 load lock system purchase

assembly, quality control

Cryomodule 

Cryomodule design Address review feedback and finish tooling

  Cavity fabrication

  Cavity processing/testing Processing development and cold testing

  SRF component development FPC, tuner, and solenoid development

  Cold mass assembly with blank cavity

  Cryomodule assembly 

  Bunker test items

  Bunker preparation

Cryomodule test with blank cavity

Disassemble and replace cavity in CR

Cryomodule test with gun cavity + cathode

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 41 42 #32 33 34 35 36 37 38 39 40

A synopsis of the gun prototype project schedule is shown below.  

Forward power 

coupler
Gun cavity Cathode

plug

Cathode

stalk

Solenoid

magnet package

Tuner service

port
Solenoid

access port

Thermosyphon LHe tank

Cathode cooling lines

Current Status
The preliminary design review for the cavity and cryomodule was held in April 

’22.  Since then, detailed design, prototyping, and tool-and-die development has 

commenced; to the right are a test aperture for the cathode well (1.1 cm 

aperture), and a copper hydroforming test piece for the “short plate” (about 60 

cm in diameter).  Procurements have started for the first cathode stalk DC/RF 

bench tests.

We are also pursuing cathode development and characterization, and a beam 

test to take place following the “RF” bunker test of the gun prototype. Cathode aperture test piece “short plate” hydroforming test 
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