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Requirement.

Requirement.

Figure 1. Electron ring lattice block diagram.(Courtesy of Meng Cai.)

Table: Requirement on the beam at the exit of ESBS.

Parameter Symbol Value Unit
Bunch Charge q 10 nC

Transverse Emittance ε⊥ 100 mm.mrad
Bunch Length σt 3.3 ps
Bunch Energy E0 50 MeV
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Arsenal

Collection of Guns.
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Simulation

Gun Layout.
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Table: Variables to scan.
Variable Symbol

Max field of gun cavity Egun
Max field of the traveling tube Etrav.

Phase of gun cavity φgun
Phase of the traveling tube φtrav.

Max field of first solenoid Bsol1
Position of first solenoid Psol1

Table: Laser Parameters.
Parameter Symbol Value Unit

Wavelength λ 266 nm
Pulse Length σt 2 ps

Transverse size σr 2 mm



Simulation

Tools used.

Field Simulation: Superfish from LANL.
Particle tracking with space charge and cathode effect(Schottky
effect, mirror charge): ASTRA from DESY.
Multi-Objective Multi-Parameter Optimization: Home made
Python script pyMOGA.
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Simulation

Pareto Front
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Simulation

One of the point on the Pareto Front
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Table: Gun Parameters.
Parameter Symbol Value Unit Achievable

Gun Max E Field Egun 80 MV/m Y
Gun phase* φgun -1.0 degree Y

Sol. Starting Position Psol1 0.19 m Y
Sol. Max B Bsol1 0.33 T Y
Sol. Int. B

∫
B2dz 1.6e-2 T 2m Y

Trav. Tube Max E ETrav. 30 MV/m Y
Trav. Tube Starting Point PTrav. 1.06 m Y

Trav. Tube Phase φTrav. -2.4 degree Y
* cos convention, 0 degree gives max kick.



Simulation

Achieved Beam Quality.
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Table: Beam Quality.

Parameter Symbol Value Required Unit
Trans. Emittance εx 38.5 100 mm.mrad

RMS Bunch Length σz 3.4 3.3 ps
Bunch Charge q 10 10 nC
Bunch Energy E0 73 50 MeV



Simulation

One of the point on the Pareto Front.
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Simulation

One of the point on the Pareto Front.(cont.)
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Cost Estimation.

Cost Estimation.
Here is a coarse breakdown of the cost for the major components
(R&D not included).

Table: Cost Estimation.

Component Key Parameters Cost [Million CNY]
L-band;

Gun Cavity Ecathode > 100 MV/m; 1
Q0 > 2 × 104;

Gun PA Rep. Rate : 100 Hz 6
Peak power : 10 MW

Gun FPC Average Power : 10 kW 1
Pulse energy : 1 uJ

Laser Pulse Length : 1 ps 5
Rep. rate : 100 Hz

Subtotal 13
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Cost Estimation.

Risk factors

Laser power density is high, might damage the cathode.
Cathode charge life time under high bunch charge condition is
still an open question.
Dark current from the cavity could be higher than the
photo-current.
Beam loss due to nonlinear space charge effect.
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Summary

Summary

Simulation shows that the 10 nC bunch from L-band RF gun is
doable.
There are existing examples (FLASH, ANL) that can produce
beam with quality close to our requirement.
Lots of practical hurdles.
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Thanks to the enlightening discussion with Shu
Guan, Meng Cai, Li Xiaoping, Wang Dou, Qian
Houjun, Xiang Rong, Wang Erdong, Xie Huamu,
Wu Yuanhui.



Convergence Study.
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Convergence Study. (cont.)
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