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ERL

100 0.1% 0.1 1/3
— 0.03% 100 3% 3
3%
Amplitude stability 0.1%
Phase stability 0.1°
LLRF error 0
(LO, 1Q, ADC, except 8'830/0
cable drift) '
Beam-loading OmA 10mA OmA
: <0.5%
Rl Yelizge (~0.5% in amplitude, 5° in phase)
f1/2 [Hz] ~650 32.5
Microphinics
(~3deg.) [Hz] 40 2
feedback Pl control P control P control
Proportional gain 10 100 100
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~ Bancher T

X
A
Buncher
structure NC
Gradient 140 kV
Ql
beam phase  -90deg.
required rf* 4.5 kW
rf output™* 6.2 kW
rf source IOT
available power 20 kW
power supply  JAEA

*50Hz

—————— TmiTT T T T T T T[T T T
cr el \
X
P3 Pa
Inj-1 Inj-2 Inj-3
SC SC SC
1.5 MV 3.5 MV
7.7e5 1.8e6 detuned
-15"-30deg. -1070deg.
20 kW 55 kW
27 kKW 76 kW
klystron klystron
30 kW 300 kw
KEK KEK
o RF 20%

4

L L

Wé

Fa

ML-1
SC
15 MV
2e’
Odeg.
11 kW
30 kW
IOT
35 kW
JAEA

SC

2e’
Odeg.

ML-2

15 MV

11 kW
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ERL

< AHSAFvo>

(Q =2x107) 30kW CW IOT Buncher

)
e /3 o \ « Gun
X A

9t JLZER x 2 2t ILZE R

<ESAFVI>

7

|||||| I T

===

ERL (2010/04/22)



ERL

w4 |OT,

IOT | ERL (2010/04/22)



ERL  300kW

|GBT

10J
-52 kV
11 A
0.5 %(P-P)
0.5 %(P-P)
AC 6.6 kV, 3¢, 50 Hz
4.6mW x 2.5mD x 2.6mH
: CH (10A/div) CT 110A
i CH (10kV/div)  5000:1

10J

ERL (2010/04/22)




ERL

CPl  VKL-9130 10T Frequency 1300 MHz

Heater voltage 105V
Frequency 1300 MHz

Heater current 145A
o 30 KWatts

Power
B i Beam voltage 49.5 kV
eam
Vol 35kV
oltage Beam current 9.75A
Beam 14 A
Current ’ Output power 305 kW

Drive Power < 500 Watts

1dB
Bandwidth -2 ke
Gain >20dB

Efficiency > 60

Input power (at 34 W
sat.)

Beam perveance 0.89 uP

Efficiency 63.2%

Gain 39.5dB

= Grd ¥oltage =-110V

000 -
Beam Yoltage = 35kV H s = =
900 4==dGrid Bias Voltage = 110V [re=s=ssemssadanssasanimmsadiomsnnsansmnsabomntanssnmn b snn s cnsmmean 35” = v : : : - 0
Gain » 20.5d8 : : : : L ! . __&.n
BOD —eeemmmmmom s eR oo s cmmme s e memm e me s eme e e e W00 beeeonnn el e b e o IR e | &1
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: ) I I
30,0 00 f--—==-=F-----=- e e i b Fo----- — 20
" ] i ]
. 1 I |
100 i g 4 4 ¢ ) : ! !
: : ; : : ! 0 ]
u-u T T T T T T "
0 5 10 5 a0 7% 0 % 3 39 41 43 45 47 49 51
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150 W

(R
BEEEE  1300+5MHz

HERN 150kW CW

HRE WR-650
B P CPRB50fE S
VSWR 1.2lF

T iE A% 0.3dBLELTF
FAJL—L3 20dBELE
A p &}

CHEEER 2 mET
b KAHR
Rk Y&

Cw

ZDOER A4S

RESh TR T &

Technical Specification of the Isolator'WFHI3-2, SMW

Order RT-T751

I_Er.ur"wnr'-'

L AGHs Mz

Max. Pulse Power forward)
Max. Pulse Power (reflected! -

SVLAN. AVErAES IIWEeE -

Pulse duration -
Repetition Rate
Insertion Loss
Taolation «
VEWR

Case -
Gas -

Coohng

Magnet sysbem -

<1, Tms;

<i0H&

<, 1548 at 1.3GHz <0,2dB at bandwidth;
=30d8:

<1,10 with full reflection at any phasa!

pas tight up to 3 bar, leakage <Sml'hour:
SF6 up to 1.5 bar:

demmaralized water,

pressure <4 bar,

test pressure 12 bar,

flow rate <10 Lmin for the oreulator
Aow rate <60 [min for the load
peTmAnent magnets:

ERL
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PLC LAN
Timin
Signals [es o
. = Cire e
10MHz | - = Cavity 1 frc
R &f, -
~ Cavity 8 Arc
- b - Kly PF.Pr
: - Girc Pf.Pr -
ePCi Tis] —
BUS
Circulator

10 MHz/
40 MHz

k 1310

Pulse # i A4 AT D

Cavityl
Pt Fr B Br

Cavityl
Ve

Cavity Vo
FIyTatron PP

HV
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—J-PARC MR

] J-PARC linac, STF

— RF
B RF J-PARC linac, STF CW

— RF VSWR RF

" ERL (2010/04/22)



30m 2m

lppm 20ppm
3e-5/ /m

10 3

0.52 0.2
0.89%

0.1% 0.1
0.03%,0.03

—STF

13

('hsua‘ted ™y Cable Hole

—1 .", —1 3

T T Thenral haulapbr Height
Thicknesz 40 260 mm
| Optica Couplers |

 Cooling Witster 25
-Fibemore Optical Cables - panling teter

For RF and Timing Rekrence -~
___‘_-"'
G | - Separatar
H nsubted Duct Width 340 mm {Duet Locker)

—TSble P (W0t GO0 ) {

f Fit Wlidth 650 mm

Figure 2: Cross section of the insulated duct set in t
under-floor cable trench.

J-PARC linac

0.1 0.5
From 2003~)

0.5 30m

0.04%,0.026
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Digital llrf system at KEK

Quadrature
beam amplitude phase
J-PARCSNS | proton +/-1 +/-1deg, <ol o
ILC electron 0.1 0.1deg. \| Phase
N
ERL/Euro-XFEL | electron 0.01 0.01deg. In/phase
FB(~100ns)
! 3,600,000points < 16QAM
DSP ~ u
!

FPGA Field Programmable Gate
Array ~ 100ns

( ADC
FB
(2005~)
STF 1.3GH Superconducting
1500us 5Hz
4 cav. Vector sum
(1999~)

J-PARC Linac
324MHz normal conducting

650ps 50HZ % (2009-) (2009~)

2 cav. vector sum J-PARC400MeV upgrade cERL 1.3GH
972MH normal conducting superconducting
CW

14 ERL (2010/04/22)



RE Stability @KEK-STE

<10 x10° error=0.007%rms
3 T T 2503 T ;
= 25¢ ""‘l;-l o ZB0Z L
= P -} 5
& 9 s -
S A
w 1.5 w
o -
S =1
=  HS R A e S A =
[= [='8
= E
b 05! & o e L
i) . : 2498 = n : :
ﬂ ENif LEaTaTS] LE=Tatal ks TaTaTEl [alatat A MWy AN L falal

4 vector sum control 0.007%rms 0.018deg.rms

error=0.018deg.rms

15

phase [den]
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101

phase [deg]

: ; L 99- : a :
500 1000 1500 800 1000 1200 1400
timefus] timefus]
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FPGA_board A

clock

ALCA [dBefafiZkHz]]

— 5EM

DEF

Extemal digital b

A

Moise floor=-74 1dB

AMC
Ethernat

IPhAl

i 1
& 10 12
frequency [MHz]



KEKB
FPGA

Monitor
—|5+EBCPU
HOD —
Keyboard/Mouse |
Fihernat
FPFA
HECPU

|
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Palplis g

ERL

DAC
“}k ex/
FZAi—
(8] ;
&
B
¥
8 S
AT FE—5—
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RF
|OT,
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2] 2] Fa 2]
Buncher Inj-1 Inj-2 Inj-3 ML-1 ML-2
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SuperKEKB LLRF
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J-PARC
-LINAC-RF
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HLRF
= JAEA
u R&D
LLRF
m J-PARC STF SuperKEKB

R&D

2011 HLRF/LLRF1
2011
Hm 2012
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