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Teams for high brightness DC-gun development

Y. Honda, M. Yamamoto, T. Uchiyama, T. Miyajima,
S Y. Tanimoto, T. Honda, T. Nogami,

T. Obina, M. Tobiyama, R. Takai, Y. Saito,

M. Kobayashi, K. Sato, Y. Kobayashi, H. Kawata

High Energy Accelerator Research Organization (KEK)

@@» R.Hajima, N. Nishimori, R. Nagai
Japan Atomic Energy Agency (JAEA)

)i M. Kuriki, H. lijima, D. Kubo, S. Matsuba
Hiroshima University
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Parameters of the Compact ERL Injector

Beam energy 5-10 MeV
Beam current 10-100 mA
Normalized rms emittance 1 mm-mrad (77 pC/bunch) Photo cathode DC gun
&= X yP) 0.1 mm-mrad (7.7 pC/bunch) &
Bunch length (rms 1-3ps (0.3-0.9mm . .
gth (rms) ps { ) Super conducting cavity
(2 cell, 3 modules)
ERL Injector e
) — "\‘ "'\\
Merger section Ve \
- | 4% *

) -“‘1‘. =

" &,
i Hi - i ] ’4’,'
Compact ERL ‘
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Photocathode DC Gun Test Facility at KEK

PF-AR BIHE[ZH VT, 500kVE _BFHDHRE. L——L AT LD, EFEHT
ARE—LSAVDEHEFE. 746DV —FDEHRAIEZEZEH TN,

Future layout

L]

(3) Gun Test beamline

] (2) Laser system 2010. Sept.

6000

A\

TN

1

200kV Gun

(1) 2" 500kV Gun

__ .
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® Using titanium for the chamber and flanges to decrease
outgassing rate.

- H. Kurisu et al.,“Titanium alloy material with very low outgassing”, J. Vac. Sci. Technol. A21 (2003) L10
® Design that enables easy maintenance, considers
extendibility and compatibility with the 15t 500kV gun.

— Two ceramic tube structure, large maintenance port,
compatible flange structure are employed.

— A more large-scale ceramic tube can be connected by a part
of remodeling.

® Using a specialized pumping system for extreme high
vacuum.

— Combination of NEG pumps and a bakeable cryopump. ‘ \ :

- H. Yamakawa , “Development and performance of bakeable cryopumps for extreme high vacuum”,
Vacuum 44 (1993) 675.

® Decreases cathode preparation duty.
— Using a multiple cathode preparation system.

e TIEIEZTFI/N\—:2010F48 LYEZTAERZFHIBELTLVS
. ¥BESISVY BEARTOARKREREDRIEEZENR
- BFHEREEIR IFAEEEFR. 2001F3R8ITHATE
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2nd 500kV gun system concept

Ceramic insulators Loading chamber (SUS)

Stock chamber
(Titanium)

e beam Bakeable

Activation chamber
(SUS)

cryopump
connection

4
Gun Chamber | NEG pump
(Titanium) connection
e el 201142 A 23H SBAEERLEHEHEHESR B2 6
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500kVEE _EBFTHDERK

Stock chamber
1010 pa

Multiple activated
photocathode preservation

Installation & exchange
damaged cathode puck
quickly.

Activation ST

_ 10 Pa 10 Pa
sesssd  Valve

' 1 Transferline

Chamber

Loading Chamber

. . ] Multiple NEA-surfaces -
Multiple cathode cleaning _
are formed simultaneously. Puck revolver
AT SR L Gl N 201142 H23H AOERLETHEERZ E= 7
(& Photon Factory & ©



BFIRTIFT/N\—OFET

KEK RIF)L¥— R

VHEBENFWMRT BN FH RN 20 1 1 ﬂi 2 H 2 3 E

Photon Factory




%f)ba—'l// \_d)ﬂ::nit%%

SRGZEE S -TIF T /N—DIFEEH A H FE A F DIEE

2010/9/17-2011/1/1283 %
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1.510° ___““_né .............. ?""""""4".""__"?;§if_né ............. .
! < !
LT : )
E h } ﬂ.f‘ Method: Accumulation method
> L0107 fo E E = Gauge: Spinning rotor gauge
‘UI § | l '|SRG reset & restart & P & 5aUg
o ] ] “ f} Duration: ~ 2800 hours.
5 u lﬂ . ;,'J'/Ii’TE """"""" E """""" -
The pressure rose almost linearly
ol ‘ i ’ : by ~1.9E-10 Pa/s.
/ <ISRGinpoor [ | :
0.0 10° K. i|condition T

0 500 1000 1500 2000 2500 3000 Outgassing rate @R.T.
Time [hour] 1.9E-11 Pa.m/s
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a i ©  Ceramic#1-2nd
N d | ; O Ceramic#2-1st
7 " } ¢ Gun_chamber-3rd
107 e B Ceramic#2-2nd
i Do | . . .
P FPDQ : ; |
r— 8 | el ! e :
L 107 Excﬂ ]
S = RN z
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1071 | | | i | i
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Qutgassing rate measurement
Method: accumulation method

Gauge: B-A gauge (yttrium oxide
coated filament)

Duration: 30 ~ 300 sec.

Outgassing rate was improved about
two order of magnitude after 190 °C
, 100 hrs baking.

Outgassing rate @R.T.
~2.5E-10 Pa.m/s

(Included titanium flanges surface)

<
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outgassing rate | surface area | total outgassing
q [Pa-m/s] A [m?] Q [Pa-m°/s]
Gun chamber body 5.0E-11 2.4 1.2E-10
Ceramic chamber 2.5E-10 1.6 4.0E-10
Guard ring electrode 5.0E-11 ~3 ~1.5E-10
Cathode electrode & 1 0E-10 15 1 5E-10
Support rod
Anode electrode 1.0E-10 ~0.3 ~3.0E-11
NEG cartriges support 5.0E-11 ~0.5 ~2.5E-11
Cryopump chamber 5.0E-11 ~0.5 ~2.5E-11
Gate valves &
.09 (? ~ - 2
View ports 1.0E-09 (?) 0.3 > 3.0E-10 (?)
Total Q of the Gun > 1.2E-09
20114E2 A 23 AR E R R S 2 »
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® 2009 &Y. ARBIRIZEWNTHY—FEERDES | 1sHeoselater

AITL—H =L AT LORARET>TLS pulse com;!ressor

® Requirement for 10mA operation of cERL:
1.3GHz(repetition), 530nm(wavelength), 20ps(pulse pre-amplifier
duration), 1.5W(power)

® System has been built based on commercial units _
(1.3GHz oscillator, fiber amplifier, SHG, etc.) pulse train shaping

®  100mW (2w) output has been achieved. Enough for  psessnamaranicE
first commisioning of the injector upto 1mA.
Development of higher power amplifier is on going.

3 9°
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® AAL—H—D/ 5 A—Af=85MHz, A=1030nm, P=10W. /\JL RIE<2ps
* AAL—H¥—HH150n)/pulse (1.3GHZBERRF TIL200WA HIZHAY)

FshFEA8%E FEEF, (2010/4/27 ERLEBETEFHEEHRYE)

Q.E.~1%TI&. 77pCH A (Z18nd/pulsep I BL. +HE T E,
LALEAS ., IRFEKEKIZTCERLARSA I L —H—ELCILEIFEToTULVA1.3GH
IROL—H—IX. BSRFBEROL—Y—H AD10W(~10n)/pulse)  EETHY . 53
BREEIIEREDRTHST-0O . ERDFEIIBRIEEICLAGLLEVLCEELNH S,

OCERIESATL—H—DBHAREE o SRBEEREREH AR

ﬁjﬁ&thé@g¢° ‘ chmpressor ‘ cavity locking system

e IY (O e — S (oo

TEMETY I, BULTEFRIATS ‘ i — ‘ e

CET, R RERMEE ST |

%):&75‘—6360 > G G enhancement cavity

b Eﬁﬁ@t%ﬁ%ﬁé‘ﬁﬁ&éb’ﬂ,\éo matching optics X‘—
SHG

LR Mo RN <
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feedback power control g
.| laser I g
oscillator g {] dump 5
,
p i n % 01}
polarization control enhancement cavity L §
N n e - measurement 3¢

Y v calculation
n=0.01%/W, R1=0.98
Radditional=0.966 ——
Radditional=0.976 ——

///
matching optics < 0.01% -0.
itional=0.
T 4 itional=0.
b itional=0.
0-01 L L L L
0.01 0.1 1 10 100

Radditional=0.986 ——
cavity locking control input power [W]
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AREGHE[ZGun Test beamlineZ %L .
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View screen "

Slit scanner for

Deflecting cavity
emittance measurement

for measurement of
cathode time

response
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emittance [rmm-mrad]
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Components in ERL injector

Photo cathode DC gun

M  Gun, HV power supply, driving laser system
Solenoid magnet

B To compensate emittance

Bunching cavity

M  Normal conducting cavity for bunching

SRF cavities

B  2-cell, 3 modules

Quadrupole magnets

B  To adjust CS parameters before merger section

M To merge injected beam into return loops
. Layout of cERL injector with rectangular magnets

G e

= BMAOI BMAO3

= 10 ?CAO] SCAO1 SCAO03 o=_16° 6=-16°"

£\ l | | QMBO! |

AN ¥ ¥ . QMBO02

= 0 _._-_._4. 4“‘*‘“* .

= i 4 | > A

S _p[ SLAOI SLA02 SCA02 QMAOI-QMAOS — BMAQ2 -

& ~Lf 0=16°

E L @ 1 1 @ [ 1 1 'l 1 1

0 2 4 6 8
Longitudinal distance from cathode, z (m)

Beam energy: 500 keV . 5-10MevV___

Space charge effect is dominant.
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Physics in ERL injector

(1) Space charge effect (Coulomb force between electrons) )

(2) Solenoid focusing (Emittance compensetion) These effects combine
(3)  RFkickin RF cavity ™ in the ERL injector.

(4) Higher order dispersion in merger section

(5) Coherent Synchrotron Radiation (CSR) in merger section ‘

(6) Response time of photo cathode (It generates tail of emission.)

Solenoid Quadrupoles To obtain high quality beam at the

adjustment of beam optics

p—TE— _ _ . exit of merger, optimization of
compensation correction of space charge d'Sper_S'on beamline parameters is required.
/ \ \H(I%]h enef[gy bleam)
rom return 1o0p’ n1ethod to research the beam
\ dynamics:
_ / Macro particle tracking simulation
RF cavity with harge effect is used
_ : S space charge effect is used.
emittance growth caused by RF kick= ) 1 SRE
optimization of phase and electric field 0 main
DC gun (8t B The simulation code have to include

space charge eftect=optimization of gun focusing (1) External electric and magnetic

tail of photo emission Merger section field

’
space charge dispersion=radjustment of quadrupoles
emittance growth caused by CSR

(2) Space charge effect (3D space
charge).

(D SR F i <
B EUPEESE 201142 H23H %4E[ERL§ HIEERES 24
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Multi objective optimization

* To minimize both emittance and bunch length at 1 m from the exit of merger

*  Multi objective method is used[2]
Results of optimization

Layout of beamline Bunch length vs. normalized r.ms emi_ttance
Layout of cERL injector with rectangular magnets For shorter bunch length, emittance is larger than
—~ 05F . . T the case of longer bunch length.
= 2
2 0 =& IH EEE . _
—0.5E ! . . 1 m from exit O.f merger, —80 p(lj, 5 k particles
0 2 4 6 8 0.54 |
Longitudinal distance from cathode, z (m) l | |
Beam parameters are calculated at 1 m from exit of merger. @ 052 .
— — -
g 0.5 Normalized rms emittance |
Free parameters in the optimization = %% 0.4 ~ 0.5 mm mrad .
@ Initial laser radius (mm) ~ 048r ag_ .
@ Initial laser pulse length (ps) °°§ i 5 o i
@ Magnetic field of 15t solenoid W 0.46 I 2 g ]
@ Electric field of bunching cavity é 044 o ey 1
. . . . o
® Magnetic field of 2" solenoid i m g i
® Electric field and phase of SRF1 0.42 - oy 1
@ Electric field and phase of SRF2 - 0 oogy
Electric field and phase of SRF3 O.L(l) e ' 07 : 03 ' 0.9
@ Magnetic fields of 5 quadrupoles ' Rms bunch length, Gz‘ (mm) '
Number of free parameters: 16
Minimize both emittance and bunch length. (2 objects optimization) [2] Ivan V. Bazarov and Charles K. Sinclair,
Phys. Rev. ST Accel. Beams 8, 034202 (2005).
KEK I/ 4 —MBEARME _
12 prote n Factory 2011421238 HAEERGHE i AA s (€



Optimum beamline parameters

* Beam line parameters for high current mode with 80 pC/bunch, which give bunch
length of 0.63 mm and normalized rms emittance of 0.56 mm mrad

¢ERL injector with rectangular magnets, —80 pC, 200 k particles Table 1: Optimum beamline parameters
fg Parameter Value | Parameter Value
g g0 0.34 (111111) (‘,EIJSCA()g 10.0°
g o0 17.6 (ps) Kioamaor —27.4(m™?)
g Bsr a01 0.037 (T) Kiomaoz  —4.6(m~2)
£ Bsr a2 0.024 (T) Kigaraos  29.8 (m?)
g VBcao1 96.0 (kV) Kiomaos  —2.7(m™?)
g Eacescaor 7.6 MV/m) | Ky opraos  —24.3 (m™?)
8 0 | , , . , , \ . | EQCC,SGAOQ 13.1 (MV/IH) ZSLAO1 0.38 (111)
= - - , - , - ; 1 Facescaos 150 MV/m) | zsraoe 0.71 (m)
R R e B R [T B B e bsc 01 ~20.9° | zBcaot 1.14 (m)
z : — : ! ! $scA02 —20.8°

0 2 4 6 8

Longitudinal distance from cathode, s (m)

*:RF phase from maximum acceleration.

KEK A4 L4 — IR EEE
ERENETIT KOOSR 201182 H23H FAOERLETEHEEZ ES 26 E_,
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(1) Normalized rms emittance

cERL injector with rectangular magnets, —80 pC, 200 k particles

Time evolution of beam parameters

(2) Rms beam size and bunch length

[em—
T

N8}
—

E

nx

T 8]1)'

o

Flo] | mem | o B oImn @

Normalized rms emittance (mm mrad)

o

2 4

Longitudinal distance from cathode, s (m)

6

8

Normalized rms emittance: 0.56 mm mrad
Bunch length:0.63 mm
Kinetic energy: 8.2 MeV
Related rms energy spread: 0.23 %

1Q
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cERL injector with rectangular magnets, —80 pC, 200 k particles

Rms beam size (mm)
NwW A o

o =

T T T T T

2 4 6 8
Longitudinal distance from cathode, s (m)

(3) Kinetic energy and energy spread

cERL injector with rectangular magnets, —80 pC, 200 k particles
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