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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.
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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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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.

WA, ror! BESMHDNET BETIZE—L T %
WE—NHoERd, TIVv X VARRMIEZRT
BIZZDENPE L m>TLED 2, +0RK
ITIVvRVARESZ RN,

1 T T T

50 pC/bunch ——
100 pC/bunch
f%‘ 0.8 100 pC/bunch, Weak Solenoids —e—
g \\
=] 0.6 ¢ 7
= T
E
& 0.4
0.2 L L

1.2 14 1.6 1.8 2 2.2 2.4 2.6
Position of entrance of the accelerator structure (m)

Figure 14: Dependencies of emittance on the accelerator
positions with charge of 50 pC/bunch and 100 pC/bunch.

% 100 pC/bunch & L7ZHED, TI v XA
DIHENEIZX T A7 MEZ | Fig. 14 IZHMRTRT,
ITIVRVAPRNERTDIZ, EEDAOD 2=
2.0m OIFTH B H, EETINHE OALEZEET 50
REETH D, VL /A R VESEEZD LI LT
X5E, FARD L S1Z, 50 pC/bunch DEFE LUK 2
=1525Sm CZI VR UVANRNE B X512, %S
52 LWHRETH B,

4. FE&oH

RAMHEESICB VW TERI NS ms T3 v X VAL,
S EMRR CTIRE T 5 Z & D3H 0. IEAEMRTHEA
TW5, 2L, EEY—0%2 Y —Khro5SH LU
BEOASAAZIVRVAPMERBTD2EHDTHO, B
Y — RERIZRHEN 7 JERR I 2B M B AT A & - T Al
I, DAMNBETIIVvRA Y AR/MEZRL, *
DFEITERT S, 61T, E—LIZERNEEZX 5L,
ZEBMAED r HRFENEAT 2720 I v &
v ARREINEZ B,

JOVAE —LIZDOWTH NV FHNEATAALIY
RUADATHZ LIz, HigY —LD55LH

PASJ2016 TUOMO04

RIZT I v &V AERAR T B, KX Tl f B
A HEBEOY—LIZY LV /A Ra1ILVTERN%:
EZTCITIv RV ADMEFES SR U, ERHEMZ
ZRLULBVWEBELDENIRIIV RV AR RS- F
. IEETINEST S Z AT RETHLZ 2R LT,

I ATE, YL/ A KRGz k-TZIvay
ADBNE IR BMEICEL DTIERL, TIVvERVA
PMER L CWABRTIZELS B ERD S, £/, ¥ —LE
FENEILZEGAETH, YV /A NiEggz2 s 2
ZelZMko T, FA—INEEMETEKZI v XV ALY —
LELERARETH 5,

AKX CRULZBFHR AT LDOHEHNE, EHER
SIRIZE BT Iy &V A KJRBIR 2 RGN IZHL D AN
TRZIVRVAZERLTEY, /KEKDEFRRIZE
LZLIVAYAMEEL I BEEHTIHDTH D,

S 3

[1] A.Mizuno, K. Masuda, M.Yamamoto, Nucl. Instrum. Meth-
ods Phys. Res., Sect. A 774, 51 (2015); http://www.sci-
encedirect.com/science/article/ pii/S0168900214013564

[2] T.Nogi et al., “FEMT 1281} 28RBS RIZ L 2ET
E—AZ Iy R AWBIRDEFHF NI A — XK
174>, Proceedings of the 12th Annual Meeting of Particle
Accelerator Society of Japan, Tsuruga, Aug. 2015, pp.39-
42; http://www.pasj.jp/web_publish/pasj2015/proceedings/
PDF/WEOL/WEOLOS.pdf

[3] K.Masuda, Development of Numerical Simulation Codes
and Application to Klystron Efficiency Enhancement,
Ph.D.thesis, KyotoUniversity, 1997;  http://hdl.han-
dle.net/2433/24255

[4] A. Mizuno, Phys. Rev. Accel. Beams 19, 024201 (2016);
http://journals.aps.org/prab/abstract/10.1103/ PhysRevAc-
celBeams.19.024201

[5] A. Mizuno et al., Phys. Rev. Accel. Beams 15, 064201
(2012); http://journals.aps.org/prab/abstract/10.1103/ Phys-
RevSTAB.15.064201

[6] T. Taniuchi et al., Proceedings of 21th International Linac
Conference, Gyeongju, Koera, 2002, p. 683; http://accel-
conf.web.cern.ch/AccelConf/102/ PAPERS/TH438.PDF

- 139 -



