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Abstract

In the electron injectors, the emittance is usually defined as an rms emittance. It can vary since the rms emittance is
different from a constant volume of the Liouville’s theorem. The emittance growth caused by the space charge effects is
widely known. In the same manner, it can be reduced by the space charge effects and the authors have been reported the
mechanisms [1]. The emittance increases rapidly at the vicinity of the cathode, then decreases caused by the particular
nonlinearity in 7-r' phase space which is produced by the space charge effects and shows minimum value. After that, it
starts to increase again. In the previous paper, the authors discussed only the coasting beam after the cathode. However,
focusing devices and acceleration devices are required in the practical injector. The emittance is oscillating in the focusing
devices and can varies according to where the position of the entrance of the accelerator structure is. In this paper, I
demonstrate the possibility of a low emittance injector design based on the emittance reduction mechanisms including
the focusing and the acceleration devices after the cathode.
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Figure 3: Examples of the emittance reduction for a pulsed
beam of the SPring-8 rf gun cavity.

Table 1: Parameters Used in Calculations for the SPring-8
rf Gun Cavity

Laser width 20 ps uniform

Laser spot size ¢1.2 mm uniform

Maximum electric field 157.0 MV/m
on cathode surface

Beam energy at exit of cavity 3.6 MeV
Initial rf phase sin 5°

Initial emittance 0 mrad
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Figure 4: Reductions of each slice emittance of the SPring-
8 rfgun cavity with charge of 50 pC/bunch.

Figure 4 12, Fig. 3 (2R U 723 EAEF DA, 50 pC/bunch
DBEIZDWT, NVFHEATAALZI VR VAD
REEZ2RT, Nol BNV FHRIETH D, No.7 AT
H25, BEBIZBEATAAZIVREVARESLTED,
BANERT 2 FAMEIZIZIE-HLTWS, ZHTiE
UTC, T3y XU AHIEIERUABE TR/IMEZ R
LTW5b

mH. Z@)I:LI/ Tavidr-z ®2RITLTIT>
TWBH, B2 B RS Tl FRZ2 i % ) E L T
MAHA?%%%ﬁofmé B D By 1% Jy (£5) D
BfE 72, E—L8NEHETD r I8 UIEZIERRIE
ThHd, ZHEMEZEZERLUTOVRVWEEDITIvAY
APEEFRESTVWEDIE, BATAAZIVRIVYAD
N T 2AENRL > TNVWETZOTHHEH, By D
FEREMEIZE D, BRATSA AT I v R VAN v 2218

FlZME o TWAZ EDANPKEN, EHERZ
ZRUFHEICBWTIX, EBIHD By ([ & 51ED 70 vy’
R TOEAZ ZH EEBMEIRICL D HES N5
B, BMHEMEZERBLEVWEELIVE IV R VAN
INE K ImoTWBEEZLND,

IIVvRVAZ, BEREIFIZ, ThbbLZEME
%%ﬁﬁ<@<ﬁ8%ﬁmﬁ@b\lx/a/X¢m
WAV —RFY &b, 72770, PHhETHOZI Y
Ry ADfEIE, ZERIBMIEAGE < @ < IFERE WV
AZH 5,

2. YL /A ROANMICEDBDE—LT+—h
AEITIVEYVADRED
FEERDNLEES TIIEFFHLARI R 2 7T N1 ADVED
N5, ZZTIE VUL A RIAAIMNZEBE—LT 4 —
NAMII YRV AZEZBHEIODONTEET 5,
Figure 512, Fig. 1 LR—%&MFDHY — Fh o T
BIEHULAZEY =AU, 2=20mm IZMET SV L/

- 136 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

Corrected, see errata. RBEDFTIEAH YV E .

A RIS NVTE—LE2ERLEZGEODTIVA VAL
V=LY 1 ADREVERT, U—LZ2EEL LR
TIIVR VAP ERORERL TWEDNR D05

0.4 1.6

g 0.3 1.2
= =
= 02 08 2
£ -

& 0.1 Emittance 104

Beam Size
0 . . . 0

o4 50 100 150 200 250 300
Solenoid Coil z (mm)

Figure 5: Emittance reduction using a solenoid coil for an
ideal DC-accelerated beam.
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Figure 7: Behavior of emittance for the calculation shown
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Figure 8: Emittance behavior for the SPring-8 rfgun cavity
with different initial parameters from those of Fig. 3.
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Figure 9: Emittance reduction using a solenoid coil for the
SPring-8 rfgun cavity.
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Figure 10: Emittance reductions for the SPring-8 rfgun
cavity with various fields of solenoid coils.
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Figure 11: Emittance at the exit of the accelerator struc-
ture as a function of the entrance position of the accelerator
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Figure 12: Emittance reduction for the SPring-8 rfgun in-
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and the accelerator structure. The entrance position of the
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Figure 13: Emittance reductions for the SPring-8 rfgun
injector with various entrance positions of the accelerator
structure.
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