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Abstract

The injector linac for a next-generation SR source requires an electron gun capable of delivering highly stable and
bright electron beam with minimum maintenance downtime for long-term operation. A new low-emittance gridded
thermionic gun embedded in a 238-MHz rf cavity has been developed for this purpose. The rf cavity accelerates the
electron beam generated from the 50-kV thermionic-gun up to 500 keV to avoid emittance dilution due to space charge
effect at low energy. A particle tracking simulation based on CST and PARMELA shows the gun can generate a high
brightness beam with normalized emittance of 2 mm mrad with a bunch charge of 0.6 nC when it is operated with the
optimized gun grid voltage. In this paper, the simulation results and experimental results at the gun test stand are presented.
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Figure 1: Schematic drawing of the low-emittance gridded

thermionic electron gun embedded in the 238-MHz rf
cavity.
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Figure 2: Electric field strength (left) and beam trajectory
near grid of Y-845 (right) simulated using CST code. (a),
(b) and (c) correspond to grid voltage conditions of 35 V,
45V and 55 V, respectively.
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Figure 3: Emittance (solid lines) and beam charge (dashed
lines) at the exit of the thermionic-gun as function of grid
voltage simulated using CST code.
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Figure 4: Electron trajectories from Y-845 to anode
simulated by CST code. The colormap shows beam energy
change (from blue: 10 eV to the red: 50 keV).
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Figure 5: Particle distribution in horizontal phase space at

the exit of the 50-kV thermionic-gun.
Table 1: Main Parameters of the 50-kV Thermionic-gun

Physical parameter of thermionic-cathode (Y-845)

Cathode diameter 8 mm
Distance between cathode and grid 180 um

Grid spacing 180 um

Wire diameter of grid 20 um
Temperature of cathode 1000 °C
Work function 1.68 eV
Anode voltage / Grid voltage -50kvV/70V

Beam characteristics of 50-kV thermionic-gun

Charge (current / pulse width) 1 nC (1.7 A/ 0.6 ns)

Normalized emittance 1 mm mrad

33 E—Adt, i, 2 A—va v

50 kV EHO T — REMH DIz 0w TR
RV H AT ABERSNAN, KU T hAR—
ARERRDBIT LTZN - T, EREMIRICIY=I
HUAFHEML TV, ZEEEET 57-D, 238
MHz RF ZEfA¥ v v 71X, TX 3RV & FERMAlzsT
STTCERET S, T — AW A XAy
A7, 50kV EF# L 238 MHz RF Z2f[ o R 1%
[ REFET5H (Fig. 1)

BTN DAEREND 50 keV B — LDk L 238
MHz RF ZEfil2 3317 % ¥ — L0058 1E PARMELA |2 X
HRIT N T vk UEE CRE{L S v7z, 238 MHz
RF ZEARICH1T 5 7 L A MiAHD B — NI BV T
RF OIEFIEEN S AT D = RV F—IgIE 2.7% (w/o
space charge effect) ThH 5D, T DT RK/LF—IlENE
By AT I X AT 1 EBETHS,

ZER MR & & AT R RAE R %2 Fig. 6 (277,

E—LEMEN 1 nC O —AZRELZEE. 238
MHz RF ZEflit D=3 v % > A% 3 mm mrad
LleoTo, 500 keV F THE & 7= B — A1, Fig. 7
R T XD ICEZED 10 mm BEEDO Y — LY A AT,
E— A a7 ESIEE oA L 7o T D,

E— A a7y O, BN — LR
DIz, B—hza Y A—2%FHT2 (Fig. 1) .
Figure 8 (21X —LA 2V A —X ORmEIZK T2
E—LAEMEETI v H ALY, BV AT
LZER SN D B — A& MEIL 0.6 nC THYH, Z0D
BMEICHYTET A VAT A X (59 mm) T
ETHEEX, 2mmmrad DI v XA b D,

12 T T T 1.2
10F 11
sl Exit of iris Jos
238-MHz rf cavity

- Jos

0.4

Emittance x, y [mm mrad]
(rms, Normalized)
[}
T

[AaW] ABiau3 @ [Qu] abieyd weag

4
2 L= 0.2
[ s =
0 1 1 1 o
0 0.2 0.4 0.6 0.8
Position [m]

Figure 6: Emittances and beam charges in acceleration
process of the electron gun system simulated by
PARMELA code. The origin point is the exit of 50-kV
thermionic gun.
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Figure 7: 500-keV beam profile before iris simulated by
PARMELA code.
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Figure 8: Emittances and beam charges as function of
aperture sizes of iris simulated using PARMELA code.
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Figure 9: Low-emittance gridded thermionic electron gun
embedded in the 238-MHz RF cavity.
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Figure 10: Magnetic field distribution with trim coil on
beam axis (blue solid line). Magnetic field distribution
without trim coil on beam axis (red solid line).
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Table 2: Main RF Parameters of 238-MHz RF Cavity

Parameter Design Measurement
Resonant frequency 238 MHz 238 MHz + 100 kHz
Qo factor 25400 23000

Shunt impedance >6 MQ 6.172 MQ

RF input power 42 kW (max)

RF pulse width 100 ps

Repetition rate 30 Hz
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Figure 11: Photograph of the low-emittance electron gun

system and layout of the beam monitor system for the low-
emittance gridded thermionic electron gun embedded in
the 238-MHz RF cavity.
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Table 3: Measurement Results of Beam Parameters of the
Low-emittance Electron Gun System

Parameter Measurement

Beam charge <2 nC (E-gun HV : 55 kV)
~ 600 keV

1.65% (544 keV, 1 nC)

Energy
dE / E (FWHM)

Minimum beam size <1 mm (G, provisional value)
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Figure 12: Measurement result of energy profile at screen

monitor after 30° bending magnet (left). Measurement of

beam energy by TOF (right).
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Figure 13: Horizontal and vertical beam size (6”2)
measurement by magnetic lens scan.
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