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Thermionic-cathode Wehnelt Magnetic lens

Grid Anode

// / 238-MHz RF cavity

_""\] I I - Electron beam
\ (Vacuum)

Heater PS C
\\

"g_o |G >

_./ [
' 238-MHz solid-state amplifier
FO — l '/‘\\ Peak power : 42 kW

/ [ r Pulse width : 100 ps
Bias PS Fast pulser ey
(60 V~220V) Pulse height : -300 V 50 kV Marx Generate
Pulse width : 600 ps Pulse height : -50 kV

Pulse width : 1 us

50 kV/VULREIR
p MEE13 KVDHEBERR A v FZ B L\ cMarxDIE
» GEXDMarxDEEDIER = /NEL
P EELZERE : <0.05% (<500 ppm)

= FEERDLZEEN S5< 100 ppm (FRHE)

<] 50 kV/ULZBR
S () LRI — R
2 -
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Thermionic-cathode Wehneilt Magnetic lens

G,,d R 238 MHz 42kW84K) UL R 181828
\ // i > HIEIES, BRI, IS, RFENSHIE TR
o >I Electron beam } @T@j-: v |\7b\'| 9,]’ \J917 W 938(:”2%

Heater PS \ i | I C } RFE jjfﬁlg 0.01% (rms)
\\ » BELZEE : 0.02° (rms)

o id-
(v staion) | etpery o~
/ | @ Pulse width : 100 ys
Bias PS Fast pulser -
(60V ~220V) Pulse height : -300 V a0 RV Rl it
Pulse width : 600 ps Pulse height : -50 kV

Pulse width : 1 us
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50-kV electron gun Sl_
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Emittance (rms) '

P IZVIVREE (RUY RRFPY)

Slit SCM

Distribution / L -> angle [mrad]
At 2N

et

500 keV Beam  — | >

AJw kg 100 um
BEmRrwv > 250 um

Slit position -> beam size [mm]
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- N =
I v 9 \/ Z/EIJE (Z IJ v I\ 2 # _\7 \J) T. Asaka et al., Phys. Rev. Accel. Beams 23, 063401 (2020)

AEBR CkFEHE) TEENEIER -

Beam charge : 1 nC (w/o collimation) Beam charge : 1 nC (w/o collimation)

AUw kg 100 um
BERTwv S 250 um

- Normalized &, : 3.1 mm mrad (Gaussian fitting) - Normalized &, : 2.0 mm mrad (rms, 60%)
: 1.7 mm mrad (rms, 60%)

€n,rms = W \/<x2><x’2> — (x - x")?
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T. Asaka et al., Jpn. J. Appl. Phys. 60, 017001 (2021)
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RF gun (1.6-cell BNL type) Thermionic cathode gun

with photocathode without grid mesh, followed by~ wi’r»h:‘grirddved thermionic cathode,

and short pulse laser. buncher. followed by; buncher.

Thermal cathode Thermal cathode
Cathode type Photocathode (Cu)

CeB, single crystal (g3mm) Y845 (¢8mm)

Charge 1 nC 1 nC 1 nC
Pulse width 10 ps 1 ns (Chopper, Collimator) 600 ps
Energy 4 MeV 500 keV 500 keV

1.7 mm mrad

Emittance 1.5 mm mrad 1.1 mm mrad e ==
(60% core part)
Direct generation of No dark current No dark current
bunched beam from the Stability Stability
cathode using short pulsed Lifetime Lifetime
Merits
laser system. Reliability and robustness Reliability and robustness

‘

Maintainability

’

Cost reduction




E—AOJUX—%

Multistage Circle - Using one motor.

(4 or 5) - Beam charge varies discretely.

- Beam charge varies continuously using

ML, however, beam orbit changes.

Continuously variable Square - Using two or more motors.

Polygon - Non-uniform distribution.

- Complicated structure “ !e

Development of beam collimator with following features

Material : Cu. Effective thickness : 4 mm (Condition : 500 keV. 1 Hz. 1 nC)
- Iris shape is circle.

- Iris can be continuously changed.

- The structure should not be complicated. Operation with one motor.

- Excellent reproducibility and durability.

- Low cost.
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300

Beam profile w/o |iris

250

I
200
150

100

0 50 100 150 200 250 300 350 400 450
Beam condition
- Beam charge / pulse width : 1.2 nC / 700 ps
- Beam energy : 500 keV

- Homogeneous distribution in transvers axis.

creen monitor  _ iiode heater : 6.3V /1.52 A

_HV (DC) : 42.3 KV (8.4 kV)

- Bias (set) / Pulser (set) : 120V / 450 V with 6 dB ATT
MLl /ML2: 150A / 13.5 A
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Low-emittance radio-frequency electron gun using

a gridded thermionic cathode BFHICBEAIT DRB(E. PRAB, JIAPICTCE

Takao Asaka,'™"” Takahiro Inagaki,'” Tamotsu Magome,' ™ Nobuyuki Nishimori," Yuji Otake,”

Tsutomu Taniuchi,” Kenich Yanagida,” and Hitoshi Tanaka'" WETEITE T,

'RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo, Hvogo 679-5148, Japan
“Japan Synchrotron Radiation Research Instinae (JASRI), 1-1-1 Kowto, Save, Hyogo 679-5198, Japan
‘National Institutes for Quantum and Radiological Science and Technology (QST),
1-1-1 Kouto, Savo, Hvogo 679-5148, Japan

® (Received 26 March 2020; accepied 9 June 2020; published 23 June 2020)

We developed an electron gun system capable of delivering high brightness beams to drive soft x-ray
free-clectron lasers (SXFEL). We modified the conventional radio-frequency (rf) gun concept by using
a 50-kV gun with a gridded thermionic cathode connected with a 238-MHz acceleration cavity, We
achieved a low target emittance by applying the following two methods: (1) to obtain a parallel beam after
the control grid, we optimized the grid voltage to compensate for the electnic potential distortion near the
grid (i.e., the lens effect); and (2) to avoid emittance growth due to the space charge effect at low energy
regions, the 50-kV gun was connected to a 238-MHz of cavity with a minimum distance, which
immediately accelerated the beam energy to 500 keV. We built a gun test stand to verify the high beam
performance, i.e., a nomalized emittance of less than 4 mm mrad with a bunch charge of 1 nC and a
pulse length shorter than 0.7 ns, as predicted by ¢sT and PARMELA codes. Our proof-of-performance
expeniments demonstrated that a projection emittance of 1.7 mm mrad was obtained as a core pan,
representing 60% of all extracted electrons and the measured emittance agreed well with the simulation
value of 2.0 mm mrad. This paper presents an overview of the electron gun system and our proof-of-
performance experimental results,

Japanese Journal of lied Physics 60, 017001 (2021
DOL: 10,1 103/PhysRevAccelBeams, 23.063401 App ¢ 2
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Transparent-grid scheme for generating cathode-emittance-dominated beams in a
gridded thermionic gun
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A transparent-grid scheme is proposed for generating cathode-emittance-dominated beams in a gridded thermionic gun. In the proposed scheme,
the grid emittance arising from the potential difference between the grid and grid-mesh center is suppressed by tuning the grid voltage to the
gridless gun polential. We developed a 50 kV gridded thermionic gun that is followed by a 238 MHz cavity for 500 kV acceleration. The measured
projected emittance as a function of grid voltage shows a clear minimum approaching the cathode emitiance and agrees wel with a numerical
simulation and a theoretical grid emittance taking into account the longitudinal space-charge effect. The measured minimum emittance for a core
part which represents 60% of a 1-nC electron bunch is 1.5 um - rad making the transparent-gridded thermionic gun a promising electron source for
high brightness beam applcation such as a soft X-ray free-slectron laser. @ 2020 The Japan Society of Applied Physics








