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Abstract

Development of next generation light sources requires reduction of beam emittance.The emittance can be influenced
in the vicinity of a cathode, where electron energy is low and the beam dynamics is dominated by space charge and image
charge effect. Recently it was discovered that for ideal DC acceleration emittance rises near cathode and subsequently
decreases due to self-linearization force caused by space charge effect. This phenomenon occurs for accelerating field,
which is lower than usually applied at existing electron guns. It is an issue that this concept is feasible for electron gun
configuration of real injectors. In this research we numerically investigate the transverse emittance and its dependence
on parameters such as current density, accelerating field, and the distance from the cathode. As a result, the position of
minimal emittance was found to be correlated to perveance, and his position can be varied by proper settings of parameters.
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Figure 1: Simulation result by KUAD2!"!
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Figure 2: Concept of emittance transition in phase-space.
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Table 1: Parameters for an Ideal DC Electron Gun
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Figure 3: Emittance evolution for different accelerating
fields and for current density.

Table 2: Combination of Parameters for Analsys
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Figure 4: Current density profile at z = 1 mm and emit-
tance variance in Phase-space.
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Table 3: Parameters Used in Calculation for SCSS Gun
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Figure 5: Emittance evolution of beams generated by SCSS
gun with different voltages and currents
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Table 4: Difference of Electric Intensity of Acclerating Field
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Table 5: Parameters for an Ideal DC Electron Gun
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Figure 6: Dependence of minimum point of emittance on
normalized perveance.
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Table 6: Current Density, Which Beam Current is 0 8 A
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Figure 7: Emittance evolution for different diameter of
cathode with same beam current.

Btttz KE < UBRICIE— NI S v & v 2 FH
td3, L2L., KT 2L —¥ a3yl 2mm,3mm
WITNOHEDL LI v & v ADOMAHEIZFELY, oL
2w & v AMIMED BERREREDS 2 mm. 3mm WD

HIZBWTHIZI vy v AF 0. lmmmmrad %2 FE[3,
7z = 80mm DMETDII v & v AFEMEED 3mm
DIF S HME, BBl E RE < U, WIHEREEZ KL
TEZZETHEMEDETOII v & v AZEKT 2]
MRS 3,

5. ¥&EO

BRI B 28I RICK2EFE—LI Iy
27 v ZADREHROMAREEICONWTEZ L, A
BiSclX, ZZRIEMIRIC X > TEL 2 BREEDIE—
BEMEDS K & WA ITAAHZERTIC B 1T 2 H ERAL ISR
EL B, TOEE, LI vy AMIMEDNLE X KR
W3, £, ABRICBIBZ LI v & v 2D
EDIE L, BFHOBEENN—E 7 v RITKEFET 5,
AN —E 7 v ZAVNS WS Batl e ZeRIE i
RIFIKELED, T3 v ¥ U A%ZBAIE 2 HOBE
EHPREL 2570, BEMGIHEF TS v & v A D
HaElS, £, BUMETOI S v & v A Ik
BIREL W EDRHS R E T2, LD Z &n
5, L3y yv ADMIMEDMEIZHIEARETH 2 2 &
ZRUT, ABIRZREL, IEHU TS v & v R
BrHioRG s I N,

6. HEE

Az D 2 LT, MR EBAT R EBERE: BT
FE#EZ, BV AWFSERT Spring-8 & > 7 — D) IHIRKIZ
BrNELTX, SCSS DETFHOKMES 2L —> 3
VIZBWC, VA RA MY —F =y 2Rt EEL
7zo WL L £9, AWK ISPS BlAWFZE )
JREFEZE PRRIIISERTE) 26600141 OBKZ3ZF 72D
DT,

SEXHR

[1] M. Karassilnikov, et al. Proceedings of PAC 2001, WPAH071
(2001).

[2] R.Cee, et al.,Nucl. Instr. and Methods Phys. A 483, 321-325
(2002).

[3] K.Kasamsook, et al.,Proceedings of FEL,THPPH042 (2006).

[4] Z. Huang, et al., Nucl. Instr. and Methods Phys. A 593, 148-
151, (2008).

[5] 1. Bazarov, et al., Phys. Rev. ST Accel. Beams 11, 100703
(2008).

[6] A. Mizuno, et al., Nucl. Instr. and Methods Phys. A 774, 51-
59, (2015).

[7] K. Masuda: Ph.D Thesis, Dept. of Engineering, Kyoto Univ.
(1998).

(8] MEHIBH, HMEEE 85> 2 2 L — a V%S (2006)
http://acc-web.spring8.or. jp/ “workshop/e-gun/
presentation/Masuda.pdf\

[9] K.Togawa, et al., Phys. Rev. ST Accel. Beams 10, 020703
(2007).

-4) -





