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Motivation.

@ Problem was found for the timing structure @Z

- According to the RF frequency of the Linac and rings, the timing system can’t meet the requirements

of physics design
f SHBI1 | SHB2 | Linac DR booster | collider
MHz 143 572 2860 650 1300 650

* Requirement for bunch separation in collider

(also in booster and Linac): 20ns~30ns

* Based on current design, the common frequency is 13MHz and
the minimum bunch separation time is 76.92ns, which can’t meet the requirements.

»2*11*n=N*m2*m1*k

N=46, 5

»Tyeam=1/fbm=N*m2*m1*0.34965ns

Common frequency 13

Two bunct
SHBL
sHB2
LINAC

Booster
Ring

@Cai Meng
2020.07.17

frequency Multiple  Preiod
1 769231

h 13 MH: 1 769231
143 MHz 11 69930

572 MHz 44 17483

2860 MHz 220 03497

1300 MHz 100 07692

650 MHz 50 15385

¢ If the SHB and thermionic electron gun are replaced by RF gun, the bunch separation time could be
7.692 * N (ns), so bunch separation in collider ring can be 23.08ns
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Requirement.

ESBS: Electron source & bunching system

FAS: First accelerating section

EBTL: Electron bypass transport line TAS: Third accelerating section
EBTL

t ot t

50MeV  1.1GeV 1.1GeV 4GeV

Baseline: 20GeV

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 €1 100 mm.mrad
Bunch Length ot 3.3 ps
Bunch Energy Ey 50 MeV

Tianmu Xin (IHEP) October 28, 2021 6/25



Table of Contents

© Arsenal

Tianmu Xin (IHEP) October 28, 2021 7/25



Collection of Guns.

Facility Type | Frequency [GHz] | Bunch Charge [nC] | Average Current [mA] | Gun Voltage [MV] Cathode
Cornell (CBETA) DC 1 65 0.75 Multi-alkalide
JAEA DC / 10 0.18 GaAs
KEK/cERL [o]o) / 1.8 0.5 GaAs
JLab DC 0.122 9.1 0.35 GaAs
Daresbury DC 0.022 3.6 0.35 GaAs
CERN NCRF 3 233 35 5 Cs2Te
FLASH NCRF 1.3 3 ! 5 Cs2Te
LCLS NCRF 2.856 1 / 7 metal
LBNL(APEX) NCRF 0.185 1 1 15 Multi-alkalide
LANL/AES NCRF 0.7 / / / /
ANL/AWA NCRF 1.3 100 ! 8~14 Cs2Te
Boeing NCRF 0.433 7 32 5 Multi-alkalide
TsingHua NCRF 2.856 05 / 50 Cu
HZDR SRF 13 0.5 / 9.5 Cs2Te
HZB SRF 13 / / / /
Uuwm SRF 0.1996 01 / 1 metal
NPS SRF 0.5 / / / /
BNL SRF 0.112 2(max13) 0.15 1.2 Multi-alkalide
PKU SRF 13 0.18 1 3.4 Cs2Te
What we want | TBD 18D 10 0.001~0.002 50 TBD
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Gun Layout.

Laser Pulse

2.86GHz Traveling Tube

Bucking Coil |
<

,

1.3GHz 1.5Cell Gun ‘ ‘ Main Focusing Solenoid

Table: Variables to scan. Table: Laser Parameters.
I Variable [ Symbol ] I Parameter [ Symbol [ Value [ Unit []

Max field of gun cavity Egun I Wavelength A 266 nm

Max field of the traveling tube Etrav. Pulse Length ot 2 ps

Phase of gun cavity q&gun 1 Transverse size or 2 mm
Phase of the traveling tube Dtrav.
Max field of first solenoid Beoi1
Position of first solenoid [
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Tools used.

o 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
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One of the point on the Pareto Front

Laser Pulse

/

1.3GHz 1.5Cell Gun

‘ 2.86GHz Traveling Tube ‘

Bucking Coil |,
>

‘ Main Focusing Solenoid ‘

Table: Gun Parameters.

I Parameter [ Symbol | Value | Unit [ Achievable J]
Gun Max E Field Egun 80 MV/m Y
Gun phase* gun -1.0 degree Y
Sol. Starting Position Pson1 0.19 m Y
Sol. Max B Bson1 0.33 T Y
Sol. Int. B [ B2z | 16e2 | TPm Y
Trav. Tube Max E ETray. 30 MV/m Y
Trav. Tube Starting Point Prrayv. 1.06 m Y
Trav. Tube Phase D Trav. -2.4 degree Y

* cos convention, 0 degree gives max kick.
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Achieved Beam Quality.

Table: Beam Quality.

H Parameter \ Symbol \ Value \ Required \ Unit H
Trans. Emittance €x 100 mm.mrad
RMS Bunch Length o 34 3.3 ps
Bunch Charge q 10 nC
Bunch Energy Ey 50 MeV
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One of the point on the Pareto Front.

Trensverse Emittence
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One of the point on the Pareto Front.(cont.)
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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
Qo > 2 x 10%

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

Gun FPC | Average Power : 10 kW 1
Pulse energy : 1ul

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

Subtotal 13
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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

@ 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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-
Convergence Study.

Emittance vs nZ with different N_par Transverse Emittance ViS. # of Macro Particles
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Convergence Study. (cont.

Rolative error of Eps_x (compare with 128K, 6464 case.) Relative error sig_z (compared with 126k, 64x64 case.)
Npar= 1k
Rz 15 2 4
o 3605% 52604

s336%)

s 5105 5970

]
453 451
s03% 3941%
51355 3302
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