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* Introduction of compact-ERL at KEK

500 kV DC-gun development
« Technical Challenges (HV, Vacuum)
 Development of elemental technologies

« HV conditioning for stable operation of DC-gun

« Beam tuning & CW operation

* Preparation for 10 mA CW-beam operation
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Compact-ERL @ KEK

Proof of key technology at the Compact-ERL

return loop

The commissioning started from
Apr. 2013 :Injector section bearm d
Dec. 201 3 :Recirculation eam <imp

Main linac super-
conducting cavities

Injector super-
conducting cavities

(©ORey.Hori/KEK

500kV DC-gun

Electron Gun Technical Challenges:
 High rep. rate 1.3 GHz & high avarage current (7.7pC/bunch, 10 mA)

« Low emittance (e, s : < | mm.mrad @77pC/bunch)
« Long cathode lifetime
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cERL's history in the first 9 years -.le

Accelerators

(2009~201 7) RN 1/~ 37 05— compact ERL

2008 2009 2010 20M 2012 2013 2014 2015

2016 | 2017 |

Beam development on high
bunch charge (40pC)

High charge &
THz

1mA [CW

- Construction

- Commissioning/Operation

100

Commissioning of LCS system

Increasing the beam

: current
Construction of LCS system | |

Commissioning of cERL (with loop) " f

B o |
__- Construction of

recirculation loop
Commissioning of injector

' Construction .

Of injector

0.95mA

1mA Energy
recovery achieved

Construction of
radiation shielding

Refurblshment Clearing radioactive
of buildling materials




cERL's history in the last 7 years
(2018~2024)
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[ Il Beam operation

B Construction and maintenance ]

Rl beam line construction

2018 2019 2020 2021 2022 2023 2024
:;naiAn operation RI production IR-FEL operation sv\:\:hogsn?ﬁ,af:: Sv‘::ho;lingﬁlaf:rl.

IR-FEL construction

"

ERL2024

DC-gun Maintenance
]

RI productlon
achieved

Rl Beamline for Mo-99
Production & Technetium
Extraction Experiments

—~—

h 7w b/ $/05keV

3 3 &

FEL(burst) 1mA CW operation achieved
generation with undulator vacuum ducts
U7T/$TB’J ﬁ%@?
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Introduction of undulators
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What lies beyond cERL

ERL-based CW EUV-FEL prototype -

Electron Source Development Items
« High voltage operation
* Robust photocathode

« Extreme high vacuum

« Stable high-power laser

Norio Nakamura et al.,
Jpn. J. Appl. Phys. 62 SG0809 (2023)

_ Prototype | cERL(achieved)

Beam energy 800 MeV 17.5 MeV

Bunch 0.8 pC (CW)
charge 60 pC 60 pC(burst)
" 1.3 GHz
Repetition 162.5 MHz 8125 MH3z
Average 975 mA 1mA
current @0.8pC,1.3GHz
Compact-ERL FEL 13.5 nm 20 pm
wavelength
@KEK

FEL power > 10 kW -
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500 kV DC-gun development
Technical Challenges (HV, Vacuum)

Development of elemental technologies
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| st DC-Gun & preparation system

4 Om

Developed at JAEA from 2007 ~

Installed compact-ERL at Oct. 2012,
\ Beam operation has been started from 2013 ~ at cERL ~ °
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500 kV DC gun (2)

2nd DC-Gun & preparation system

0il-impregnatiol Protection
Cockeroft-Walto \ =
600kV HVPS - >
6” A N
\ ;;.\'»‘.; 5 o 58
. By > KT N4
> N o D24
“ _ Sr., | o
g ot )
¥ L i
r / = )
3.3 il ‘
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Photo-cathode
preparation

NE

LA

A
Developed at KEK from 2009 ~
Backup unit for the first DC-gun and R&D with a more challenging design.
Achieved stable applying of 500kV. Beam test started from 2015,
Since 2016, it has been suspended due to budgetary concerns.

\\ https://accelconf.web.cern.ch/erl2015/talks/tuiblh1021_talk.pdf
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Cathode lifetime problem

Cathode surface degrade by ion
back-bombardment.

photo-
cathode

cathode

o ecutes ion backhombardment
\H_Oﬁra-‘m
ol ;fé;-" "I A I . e
gzuzs‘s g ;”; ““" \\ - o .
" ’ll e
] |
| anode
electron

beam trajectory

Lifetime zis defined as

t
Reference: C. K. Sinclair et al., Phys. Rev. STAB 10, ———
(2007) 023501 e S QE(t) = QE, e T
Charge lifetime is limited ~1000 Charge lifetime Q __is defined as
Coulomb for 10 mA operation under T
the pressure range of ~10° Pa. Q¢ = f [peam (t)dt
0

~_ .



Vacuum design for 2"9 DC-Gun
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500kV
Simple formula of ultimate pressure ¢ 4| terminal
Q [Pa- m?/s] i
P [Pa] = <
S [m3/s] =
3=
» Ultra low outgassing material _
> Titanium chamber & electrodes ‘ >
e_r%e.a ' ML
» High performance vacuum pumps b )N B
> 4K bakeable cryopump o p
> Massive NEG pumps ( | ~2x 104 L/s) B ™
Anode | |
(ground) ¥8 Cathode
Goal s (-500kV)
44

Ultimate pressure : " I1x10-'2 Pg
(during the gun operation)

S g
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] ]
Field Gradient R SOMRESRERE

0.25
s

80 pC/bunch

“’

0.2r

.t
£ (mm-mrad)
;!

q 0.15f
gom(20 ) 0.1 ' .
0.05 : : : : :
300 400 500 600 700 800 900
Vo KV)
MTE 1 q MTE . : : : : : :
En,th = Ox 7 = ) £ 2 180y ]
mc ey mc " 800 pC/bunch
:g- 1.6r “\. b
MTE: cathode mean transverse energy Z 14r b
Gy initial rms beam size g 12r \\, g
q: bunch charge <l LT
E: applied cathode field 0.8 e M e .
I.V. Bazarov et al., Phys. Rev. Lett. 102, 104801 (2009). 0 s a0 ato a0 aso aso 500
N. Nishimori, FEL2015 MODO1. Viun (KV)

I. V. Bazarov and C. K. Sinclair, Phys. Rev. ST Accel. Beams 8, 034202 (2005).

High voltage and high cathode field are essential to suppress emittance growth.

S :
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DO [ (B 0

10 . .
£
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£
© >
2 - |2
1S5 1=
=@
o
m
/E ‘.C-D
o
i [13]
K
;p d
_| | 695 | | |
= J 0 20 40 60 80 100 120
46 |
g — m204 z-Distance [mm]

Cathode
y ™ v 6.9 MV/m @ photocathode center (=E_,,,)

v 11.0 MV/m @ cathode ball surface

13



Fabrication of titanium gun chamber& © ... &

Material
Chamber body:
*pure Titanium (JIS grade?2)
Flanges :
*pure Titanium (JIS grade3) (Hv»180)
*6Al4V-Titanium alloy (Hv>330)

All base materials for flanges are
forged.

Chemical polishing & Cleaning process
1. Degreasing wash.

2. Chemical polishing

3. Pure water rinse (HPR)

4. Nitric acid treatment

5. Pure water rinse (HPR) & wiping

6. Ultra pure water rinse (clean room)
7. Dry by N, blowing & package

(clean room)
14




- - - —
Material choice of insulator @ -gc&;L
Pure almina (Al,O3) T — :, —————— 600

AM997 | A -
purity: >99.7% oon > ]
grain size: ~3 um W oiob ML/ o I 1400

A 4 8 O S :i [ A /E‘// A480S
purity: »99.7% & /| 1300
grain size: ~3 um = |
. o> (T TR SEUTUS Y RUTUTUTRUTUTS NUTRTUTTTS 1200

Almina based compound -

TAO010 1100
A|203 ~ 900/0
Residuals: secret.. e ' ——]
hote: optimized to reduce 0 2000 10000 15000 20000

Time (s)

creeping discharge.

Samples are evaluated by thermal desorption spectroscopy.
TAO10 is the most promising material for our DC-gun.

S
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0

360
400

= | =)

Base ceramic: TAO10 (Kyocera)
Flange: pure titanium (JIS-3)

Ti sleeve .
inside(vacuum) Brazing
connection
S~ _
; Welding
outside(3Fe) \ Ceramic connection
Kover

Ti flange

S
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» All in-vacuum electrodes
are made of pure titanium.

> All in-vacuum electrodes
have no welding joint.

> All items were polished
by buffing & chemical
polishing, and washed by
ultra pure water.



Clean hut size:
4m(L)x4m(W)x3.5m(H)

class ~10000
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Ti electrodes (Cathode & Anode) cmmEaAn /v aveys-  COMPACE ERL

Anodes and retarding electrodes
are fixed insulated to ground.

« The purpose is to reduce the
backflow of ions generated
downstream.

19



w Innovation
Center for

Outgassing rate measurement & ... =ExL

\

Kovar riri
N\
Guard ring —§ ;_
electrode /_\ /T
(2.02 m?) N r
1N\ /
1N\ /
IG(EXG) A /

@_

ors

QMS

Ceramic

Segmented insulator

insulator

tubes
- 8.78x1072 m3,

1.26 m?

-

Ti chamber
0.245 m3
2.39 m?

(WATMASS)

ICF253
GV

TMP
1000 I/s

)

X

S.P.

150~200°C baking for 100 hours.
All components except main pump (NEGs, cryopump) were installed.

S

Accelerators
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-
o
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0 100 200 300 400 500 600

Time [hours]

Outgassing rate was measured by rate of rise method using SRG.

Total outgassing rate
8.1x10-1! Pa m3/s (H, equivalent)

N a



2"1 DC-Gun Main pump installation

(2014/Mar)
) Ceramic
Guard ring 0N [k insulator
electrode ——1)\ /T I
(2.02 m?) JAN /T Segmented insulator
\ /]  tubes
T /T 8.78x1072 m3
Ti chamber :\ /— 1.26 m2
0245m3 [\ il
2.39 m? A\ i TMP
_______ 1000 /s
bakable | | I
cryopump -|>1\Q- @ %
________ e ICF253
| Nec [! scroll
'| 9s001/s |! oump
IG(EXG,3BG) é LN‘@ Qms
(WATMASS)

~——— Main pump composition ———
1. Non Evaporable Getter (NEG)
D400-2 x 24 = 9600 L/s (H.)

= 4320 L/s (CO)

(catalog value)

2. 4K bakable cryopump
~800 L/s (Ar), ~1000 L/s (N,,CO,),

: ~1200 L/s (CH4) (measured values@1x10-? Pa)/

Pumping speed [L/s]
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pumpmg speed of 4K bakable cryopump

3000
O CH4 | Base pressurs: 6245107 Pa (EXG)
o
i 12 22510 Pa[ll.TG) o
2500 [ ;&L _ o
o H:Z- F.oom temperature: 23.5°C DO
2000
1500
u}
of .
1000 e enhpl o, 8
DE.+ :25 i+ o+ +
L]
500
° 1o BT
10 10

Pressure [Pa]

NEG pump set

4K bakable cryopump



2" DC-Gun Baking & RGA
spectrum in XHV (2014/Mar~Apr)
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— Ceramic
*— Gun chamber
— front ICF306
~— ICF253GV

+— Cryo_chamber | |

Cryo

&
= start
o J
5 /
7]
(2]
o 7
o. NEG
activation
10" i . M
0 40 80 120 160
Time [h]
3.0e-12
— ]
g 7x10-10 Pq
< .
_;}2.09-12-
= ]
=
k9]
=
51.0&12_-
ks
(0]
Q_ -
w 4
0. A i
A e e e ey ey
\ 0 100 200 300 400 500 60.0 70.0 800 9001000

280
240

1200

E &
(—} (—]
[0,] @amesadway

80

" 85 3.80E-10 Pascal -

Y 6 l.r74 AN
Special RGA ion source for XHV

http://www.vaclab.co.Jp/productO4.htmI
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2"d DC-Gun HV conditioning history @ ._¢‘|
(2013/Aug ~ 2014/Jul) compact ERL

ISRBEEIER L/ N—avera—

600
f 1 2013/Aug. HV Conditioning
& | | | | | | | (w/o0 main pump system)

500 reached 500 kV after ~300 trips

Main pump installation & baking.

400 | XHV (~4x10-10 Pa) achieved.

2014/May HV Conditioning

300 (FE source was generated after 24 trips)

Trip voltage [kV]

Took off electrode & eliminated
| dust on the cathode electrode.
2013.Aug || Set electrode and baking &

2014.May | . )
5014.3ul | rebuilt HV setup again.

100 | % | | | | ‘ ‘ 2014/Jul. HV Conditioning
0 50 100 150 200 250 300 350 400 (reached 550 KV after 48 trips)

Number of trips

N '

200 |

o oo o |
e
o




2"d DC-Gun HV conditioning & holding test
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(2014/JI.I|) SREBERIRER A /N~ 3 vy 8 — compact ERL
304 6004 1E-7 1 304 600 1E-7 o
E st ER. ] nd
285 580 1 de (~25 h) 285 540 2 dGY (~4 h)
ny w0
243 5607 243 5607
223 227 ]
1 540 1 540
03 j =0y 203 ] 18
?s-zgszu-:g ?355520—25 :
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£33 03]
420 1 4207
7 ] 2 3 .
03 g0l fE-104 L L i d and Eed
RO ) D B T B 0 BE D s 2014-07-07 TR0 1200 1250 1340 1430 1520 1640 (%00 17E0  2014-07-07
o o 10:00:00 19:00:00
Time Time
— Gun Vacuum ||_H"—"PS Voltage | |—Gun Vacuum ||_H"—"PS Voltage |
104 600 1E-f 5 o g .
I HV conditioning was
g 7] E ] . . . .
w1 AH 2H 10H 8H 8.7H 8H 8H  finished in a short time
g ] ]
450 1E-7 (~7 hour‘S).
1_4007
I -
= ‘.%350{&
:ig 18 No breakdown occurred
BB il :
5, lowmols during 50 hours 500 kV-
E holdi
o olding test.
T B 0 d ¥
] 150E B3 el Tt S — —- | "
"1 1001
19 50 i
E FET N S ) Yoy PRI AT WY TP MMWWWMWW\;“%MWW
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a0:00:00 a0:00:00
\ Time 25
\ —— Gun Vacuum ”—H‘-JPS Voltage ||——Radiatio
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160 mm cathode — anode gap 600
- | 500

400 | _'
300
100 |

0 I}

104

1 anode electrode

High voltage (kV)

105 |

106
107 :
108 | |

10°

Vacuum pressure (Pa)

=
o N

0 50 100 150 200

[E] (MV/m)

Time (hours)

[E] (MV/m)
O B N WA WO

WO N B OO

o
o

_— A longer conditioning time compared to
2nd DC-gun. Differences in electrode

N. Nishimori et. al., Phys. Rev. ST Accel. Beams 17, 053401 (2014)  and chamber placement relationship

and ceramic tube material.

\ ”

500 700
Z (mm)



Injection section

Mirror &
Screen

Screen &
Faraday cup

S

2nd Splenoid

Buncher
cavity

1st
Solenoid

Laser int.
chamber
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Number of devices inserted
within a | m section.

* 5 pairs of steering coils

« 2 solenoids

e« 2 screen monitors

 Mirror for cathode observation

 Faraday cup for charge & QE
measurement

 Laser introduction mirror

* 1.3 GHz normal-conducting
buncher cavity

As vacuum system,

« Three ion pumps
 Five 400 L/s NEGs

« Two 2000 L/s NEGs

« Two extractor gauges

Keep good vacuum of 109 Pa
level during CW operation.

27
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assembly works in clean condition

110 0f-

180 150 265 180 195 150

Dust removal & assembly in clean room.

\ Clean hut constructed on site to install these units.



HV conditioning for
stable operation of DC-gun

29
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OPeration (1) [SRBGEEMER A/ N—a vy R— compact ERL
1st DC-Gun results

540 | ' ' ' (a) HVPS output voltage (kV) -
600 —
I I I Discharge stlart voltage + 3 520 i ] '
Discharge stop voltage  x ; 500 b —» . .
o] .
£ 480 - — discharge — —
550 1 > stop voltage
W 460 |
2 1x10°° ‘
o N (b) Vacuum
@ 500 — ©
S < 1x10°}
H 3
3 8 1x107} t i
» 450 - o
o
> -8
T 1x10 .
¥ . 1000 " RADMON-1 ——
400 B 1 < goo RADMON-2 —— |
i & (c) Radiation
x = 600 .
c
S 400 a
350 ' ' : . S 200 L
0 500 1000 1500 2000 2500 @ i 1
Number of discharges ® 0 ﬂr"& : —H"'k '
0 30 60 90 120 150 180 210

Time (sec)

M. Yamamoto and N. Nishimori, Appl. Phys. Lett. 109, 014103 (2016)

 The discharge voltage gradually increased while repeating many
discharges.

The discharge stop voltage has an important meaning.
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540 - ' ' ( )HVPS output voltage (kV) g
3 520
o S“{ _ Cathode )
S 480} ; y V |

460 | . . . I e' \ I

1x10°; : : . . . _ | (
5 i (b) Vacuum | |’Y e-
2 1x10°] l I
3 : I a
a 1x107 ‘ 1

1x10°%! ] | gas desorption

1000 - ' Y \ESD'i°“ F ~ (EsD
= RADMON-1 | O( )
S 800t RADMON-2 —— | |
12 (c) Radiation O I
= 600 "/' \W’Y
[®]
e
§ w0 H . Anode

0 l . A1 . _ . .
0 1 2 3 4 5 6 7 8
Time (h)

« The discharge stop voltage after HV conditioning is about 502 kV.

« Discharge occurs above 505 kV. The higher the voltage, the higher
the discharge frequency.

« No discharge occurs at 500 kV.

\ ESD-ions may form a discharge circuit. .
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Q
S
+ Discharge voltage
g gradually r1se’s’ >
Q PR -

™ . o (e) .~

~ discharge o

2 establishment S

= D T S-S, threshold AL

Nt

5 1 nixy=1 ©

@ X vn

> o)

< C

) L E=V, +dV,

! : :

/A A

0 -

- E=V,+dV;

- BV
Discharge electron Dose n n+tl  n+2 # of trips

electron dose

» The discharge establishment threshold is defined as the product of the
yield of ESD-ion and the ratio of SE by ion impact becomes 1.
« ESD-ion yield is decrease by discharge electron impact dose.

According to this mechanism, the discharge does not occur below the discharge
top voltage. (Discharge establishment threshold = Discharge stop voltage)::
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1400

1200

1000

800

Accumulation Time (hrs)
[0
o
o

.
o
o

200

0

SRBEEIES 1/ N3 v a— compact ERUL

2 o, 2 - 2 7%'?' = f%g 2 7%'7 2 7('%; 2 9%'7' | eg;,%; " 210,
500 kV operation of the electron gun started in May 2017.

No discharge interruption caused by the electron gun itself.
Long-term stability is demonstrated at an operating voltage lower
than “the discharge stop voltage” observed in HV conditioning.

33



== Innovation
( Center for
fl ICASA Applied
7/; Superconducting
Accelerators
SEBEENESR T/ N—Yavera—

Beam tuning for CW operation
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Drive Laser system

RF reference
Burst-mode Beam Trigger

pump LD pump LD Machine Interlock

20W A 100W

power
control

=

%
%

IE:II‘

1st stage gpg  2ndstage -
Fiber-Amplifier Fiber-Amplifier P.C. LBO PC. PR

Temporal
" shutter shaping

1.3 GHz
maode-locked oscillator

(')

I ) = | N

Virtual //
cathode
Aperture Beam transport (13m)
Gun cathode Powe!
manitor

D — Electron beam
‘v\ -

http://pfwww.kek.jp/ERLoffice/cERL_miniWorkshop/presen/1_Yhonda.pdf

S .



== Innovation
Center for

Applied l
7/, Superconducting _

Accelerators
SABEEMESRT / N—Y 3y &— Cl:lﬂ'lpﬂl:‘t ERL

Drive Laser system

http://pfwww.kek.jp/ERLoffice/cERL_miniWorkshop/presen/1_Yhonda.pdf

S .
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Rep. 1.3 GHz kS ps
) - )

| us burst, 5 Hz

for low bunch charge
(<5 pC/bunch)

100 ns burst, 5 Hz
for high bunch charge \) b))

>5 pC/b h
(>5 pC/bunch) 100ns  Joons «

CW mode -:*q

Charge-up and discharge of the screen monitor occurs at
more than 100 nA as an average current. To avoid this, the

\ burst width is switched.
\ 7




Layout of components
(DC-gun to Merger section)

BFMIKU4(4U) %%gu\g; o <
02 Y SXIR048SSSSS8 58
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Symbols for Magnet

SL.. -> Solenoid
T BM.. -> Bend
QM.. -> Quadrupole
@® ZH..-> Horizontal steering
B 2zv..-> Vertical steering
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MS.., SCM.. : Screen Monitor
Red: Inserted (Closed) state
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Layout of Injector section
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Typical beam adjustment flow ) hitonsucins N
at
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(up to the merger)

| . Bunch charge measurement and cathode QE map measurement
using FC.

2. Adjustment through the solenoid center.

3. Coarse tuning of acceleration phase of injection cavity Inj| by
Cam3.

4. Fine tuning of acceleration phase and amplitude of injection
cavity Inj| by Cam8.

5. Coarse adjustment of buncher phase by Cam2.
6. Fine tune of buncher phase at Cam8.

7. Adjustment of cavity centering by phase scan of Injl with
Cam3.

S
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Typical beam adjustment flow @ i

SRR T - COH"IPCICt ERL
(up to the merger)

8. Coarse adjustment of acceleration phase of Inj23 by Cam3.

9. Fine tune of acceleration phase and amplitude of Inj23 by
Cam8.

| 0. Adjustment of cavity centering by phase scan of Inj23 with
Cam3

| . Repeat centering adjustment of Injl and Inj23 phase scan
with Cam3.

| 2. Dispersion adjustment at the merge with Cam9, 10 by Inj.
amplitude scan.

| 3. Optics matching by adjusting 5 series Q magnets.

4. To the adjustment of the circular section (acceleration phase
and amplitude adjustment of ML...)

The tuning up to the marger section takes

\ approximately 2-3 days.
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Typical example of All screen capture after adjusting the circulation
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cam3

Marger section ML entrance
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Preparation for
10 mA CW-beam operation
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First phase of 10mA CW operation

Demonstration of 1mA CW operation with direct beam dump transport in November 2023

- “ = _— : DC'gun I
Main Dump

=

' . .-".""::"-""'-u
. < 3 =
= SEES.
I B
N | .

N o o8 00

1..-..1.I- --

From experience with ImA CW beam circulation,

* Difficulty in suppressing beam loss around undulator section.

* Allowable beam loss with the current radiation shield is low.

On the other hand, The following issues need to be addressed in the early stage of 10
mA operation.

* Develop a robust cathode and evaluate its lifetime.

* Investigate beam stability (intensity, position, energy) including injector.

* |dentify problems in high-current beam operation.

The first 10mA CW beam generation and acceleration will be tested in
the main dump direct transport mode. (Call it “Phase-1 operation”).

S “
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= = Accelerators
during CW beam operation smmmanl L compact ERL
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e About 4 hours of 800 uA CW beam operation was performed in the main
dump direct transport mode.

» Collimators located after the injector cavities are the main outgassing source.

\Cathode QE decreases from 5.7% before the test to 5.6% after the test.
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Beam loss distribution

Beam current & ALOKA monitor
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Without collimator insertion, the beam loss in the upstream of the ML could not

N‘ully suppressed. 46
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¥pos [mm] Xpos [mm]

* QE at Laser irradiated position slightly decreased before and after CW operation.
 Amount of change from 5.7% to 5.6% at the (-1.5,1.5) position.
Right area (x>1) is an area that cannot be irradiated by the laser.
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Cathode lifetime estimation

7 ! ! ! | | Detailed QE-map measured at
. . '20231122_CWop.dat'  + .
| exp-fit the cathode preparatlon system (i
6 — ‘e e ]
w : :
o i i _
- . H“’“q., S _
L - i -"._II.. A ¢
: : . ,.-l' - | Backflow lon
0 I I I I i Impact Area
] a0 100 150 200 230 300

Extracted Charge [Coulomb]

e Although this is a rather rough evaluation, the photocathode lifetime for
the amount of extracted charge is about 200 Coulomb.
* Thisis equivalent to the lifetime obtained in JLAB with GaAs photocathode.

Higher current beam operation requires a more robust photocathode.

S



2 Innovation
Center for

r |""|CASA | Applied l
/ Superconducting _

Accelerators
SRBEEIES 1/ N3 v a— COI'I'IPCIC‘t EPL

Future Plans

Phase-1 Phase-2 I Facility inspection

E—— ) T 7 T

cERL beam Operation
~1mA CW operation ~10mA CW operation test

HV power supply upgrade ‘#

Parts procurement implementation

Switch photocathode | >| > Ifl>
system (GaAs - CsK,Sb) Design Fabrication Installation

Photocathode lifetime improvement

« The lifetime of NEA-GaAs is short in
a high-current operation.
» Considering switching photocathode

coating layer from NEA-GaAs to CsK,Sb.
» Furthermore, R&D of photocathode
photocathodes protecting layer is underway in US-

Japan collaboration. (LANL-Nagoya-KEK)

* L. Guoetal., "Graphene as reusable substrate for bialkali photocathodes", Appl. Phys. Lett. 116 251903 (2020).
* F Liuetal., “Photoemission from Bialkali Photocathodes through an Atomically Thin Protection Layer”, ACS

\Appl. Mater. Interfaces 14 1710 (2022). 49
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Main collaborators in the development of the DC
electron gun since 2009.

Y. Honda, X. Jin, T. Uchiyama, M. Kobayashi,
Q K. Satoh, H. Satoh, Y. Saito, M. Yamamoto
High Energy Accelerator Research Organization

(-." N. Nishimori, R. Nagai, S. Matsuba, R. Hajima
QST National Institutes for Quantum Science and Technology
T. Miyajima )i M. Kuriki,
SH/ Sumitomo Heavy Hiroshima Univ.
Industries, Ltd.
. f H. Yoshida
L( H. KUP'.SU . M'ﬂﬁ‘; _National Institute of Advanced
Yamaguchi Univ. ety Industrial Science and Technology
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Thank you for your attentlon

ERL2024 @KEK September,2024

~— B




	スライド 1: Development of 500kV DC electron guns and stable beam operation at KEK cERL
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11: Vacuum design for 2nd DC-Gun
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17: 2nd 500kV DC-gun assembly
	スライド 18: 2nd 500kV DC-gun assembly
	スライド 19: 2nd 500kV DC-gun assembly Ti electrodes (Cathode & Anode)
	スライド 20: Outgassing rate measurement
	スライド 21: Outgassing rate measurement
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45
	スライド 46
	スライド 47
	スライド 48
	スライド 49
	スライド 50: Main collaborators in the development of the DC electron gun since 2009.
	スライド 51

