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Buncher 1JSC-1 1JSC-2 1JSC-3 MLSC-1 MLSC-2
Cavity NC 2cell-SC 2cell-SC 2cell-SC 9cell-SC 9cell-SC
Cavity Voltage 114 kV 0.7 MV 0.7 MV 0.7 MV 8.6 MV 8.6 MV
Q, 1.1x 10° 1.2 x 10° 5.8 x 10° 4.8 x 10° 1.3 x 107 1.0 x 107
Cavity Length 0.068 m 0.23 m 0.23 m 0.23 m 1.036 m 1.036 m
Input RF Power
(@current operation (Low I,) 3 kW 0.53 kW 2.6 kW 1.6 kW 2 kW
RF Source 10T Klystron Klystron SSA SSA
Maximum Output 20 kW 25 kW 300 kW 16 kW 8 kW
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Vector—sum::S

Requirements of RF stabilities: 0.1%rms,0.1deg.rms for cERL

0.01%rms,0.01deg.rms for 3GeV-ERL
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Phase Adjustment
between 1JSC2 and 1JSC3
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>« S B S 1mm#T=Y . 1.117 deg./mm

300 kW Klystron
Circulators

Distance of CAV2 - CAV3 =0.65m
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Low Level RF System

INYRARIE, BEBEEEIND1/100EELTE

i |Q modulator

MO (master), LO (local oscillator)
are installed inside thermostatic chamber
(regulated ~0.03deg.C).

Mixers and AD/DA/FPGAs
are installed temperature
stabilized hut
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FPGA
Virtex5-FX
16-bit ADC x 4ch (LTC2208) UTCA digital control boards
16-bit DAC x 4ch (AD9783) N . .
Clock input, Digital I/0, Ref clock input %:#‘_FODFPGA Power-PCIN TH#H#+iA 4 Linux
MNEELTHY. EPICSIOCIZH - TULVA,
FHED S 16bitMADC,DACH F T EEIR (S>KEK/INEY)EE + = S B4 1)

FPGAO)W%IEIE%’&*E#‘%)T—*H?
RBIGDITA—R NNV I EEBRDFa—F—T4—F\vIODEAIZEZRBHERETELT=,

BRE. LIRDR—FHEERIZERINTINS,
BUN ILSC1 ILSC 2 ILSC 3 MLSC 1 MLSC 2
FB board FBO FB1 FB2 (Vector-sum) FB4 FB5
Tuner board TNO TN1 TN2 TN3 TN4 TN5
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Arc, Quench, Pf, Pb
Vacuum, Safety,etc.

* Circulator

Fast Interlock - _
Interock | RF Switch I U U Cavity
RF On/Off 1300 MHz Pf Pr
IQ modulator ¢ RF & CLK
1300 MH
1 A ? Q z
81.25 MHz L.O.
1310.156
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CLK
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<{ DAC N—Ot IIR Filter |<¢{Corr. }::I— ADC Ve
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< DAC ¥$++— IIR Filter |«{Corr.] < ADC Ht——(X)-—Vf
DAC FF_Q Set Q ADC 4—&47%
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DAC FB ON/OFF ) o ADC Ref.
Linux o
Digital feedback board ,
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A8 = 67(Pf) — 6.(Cav) => 0

TN4-piezoscan-20140206-13h12m38s.csv

3000 ,

wml— VC
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DAC value
Ve Maxpoint : Piezo=-16380 | Phase offset : 3.9038¢-005 degree
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DAC value

Ve IR KD EZIZ, AO=0L755EDI1C
SAEBREZITL, T0—F N\ I%FHIBRT 5,

AO (degree)

Y
Digital I/O _)i Mechanical tuner
ccw Stepping motor
DAC )1 Piezo tuner
Amplitude FB On/Off  Offset
Level judge l Hold LPF
vi— @ IR filter —I:"K_i: ) —.—L‘—' DAC
VC—‘—> lIR filter Kp |7 0< [—> CW
Polarity 0> » CCW
change
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Af
tanAf = ZQLT

ML1, ML2

~ 107, AG = +3deg.= Af =~ +3.4 Hz

014-03-11
500:00

1540 ‘lISUU 1620 1640 ‘l'."EIU 1'."20 1'."40 18EIEI 1820 1840 1900 1920

2014 IJB 1
20:00.00
Time



Fa1—F—T4—k/ N\

4 7 8
3.5 7.5
EE
254 6.5
21 6
154 55

5 Es E.s : .‘I’-Md&* . "hﬂ“ Ii‘ X ;M '“'ﬁ I ; J u*“| 'm *

1
1
(o] E' ~ v
o o
=0 = =
£ & IS
0547 1537 25
1 2 9 2
154 2553 1s
-2 3 4 1

255 -3.5 0.5
4 3 o
3.5 453 -0.5
5 4

54 55§ -15

-6 3 -2 T T T T T T T T T T T T T T T T T 1
2014-05-26 16:48 16:50 16:52 16:54 16:56 16:58 17:00 17:02 17:04 17:06 17:08 17:10 17:12 17:14 17:16 17:18 2014-05-26

16:45:44 17:21:03
Time
|—CERL:LLRF:TN4:LW_DLTS_P ||—CE?_:__?::T‘JS:_"."."_D_TS_:' ||—CERL:LLRF:T‘\l:L'\‘."_DLTS-_P ——CERL:LLRF:TH2:LW_DLTS_P ——CERL:LLRF:TN3:LW_DLTS_P

Af
tanAf =~ 2Q; —

f
USC1: Q, ~ 1.2 X 10% A8 = +0.9deg.=> Af ~ +8.5 Hz

1JSC2,USC3: Q, =~ 5% 10°, AG = +0.5deg.=> Af ~ +11Hz
MLC1: Q, ~ 1.3 x 107, A = +2.2deg.=> Af =~ +2 Hz

MLC2: Q, ~ 1.0 x 107, AG = +3deg.=> Af =~ +3.4 Hz



Stabilities of Cavity Fields in Injector

Feedback gains have optimized by gain-scan.

FBO (Buncher) 100kS/
S
x 10°  FIL: 0.046782%rms FIL: 0.061938deg.rms
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1101514 300Hz ripple caused by
o Mort-Ea -+t Y = |
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= 0
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oo L " L] FB2 (Vector-sum)
0 100 200 300 4000 C 2 PR TR TR Lot FIL0011756%ms yogs Pk 0022006degrms
Amp 0.05% rms Phase 0.06 deg. rms |, i w '
o 15602 -4 Y e 8 - 999 14
© i )
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FB1 (CAV1) g 15998 1 K
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«10°  FIL: 0.010388%rms FIL: 001807degrms 5o, 1
1.5708 53.1 : | :
1.5706 §-i ! '55920 1000 2000 3000 4000 ! 00-050 1 OXOO 2000 3000 4001
15704 | ~ 9305
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£ 5 53
g— 1.57 g
< 15698 . T 505
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1.5694 529 i o
0 1000 2000 3000 4000 0 1000 2000 3000 4000 Of O.lAers, O.1deg.rms

Amp: 0.01% rms, Phase 0.02 deg. rms .



Waveforms of FB2 (vector-sum)

Amplitude
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Dispersion @ screen monitor =0.82m
s e N . = Resolution = 53.4 um/pixel
RFREE X RN -1=A, BHE—LDEEE HmR?
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e.g. @Injector Analyzer Line

#R1E: 0.035% rms fiI#8: 0.04deg. rms R1E: 0.47% rms {ir#8: 0.04deg. rms

cav?
S x 10° VecSum error 0.035237%rm: = VecSum error 0.042485%deg rms. « 10" VecSum error 047408%ms
‘ cavl |_ } —
r —_— 1
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dP/P (%)

N)F3—F LOREEEHED VF—

History of momentum jitter in adjustment.
dP/P=0.25419%, 0.30808%, 0.1391%, 0.12512%, 0.049046%, 0.063646% 0.0057346% rms

I
Good Stability
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Momentum lJitter= 0.006% rms
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Momentum jitter was improved.
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@Injector Analyzer Line
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FB2HG: dP/P= 0.0056858% rms
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Stabilities of Cavity Fields in Main Linac
LSC1

FB4-PT-HG-1.5kW-8.6MV-ssa3.csv

\ AA = 0.0102% rms Aez O, 40 rms -40 I I
1664 10 0.012302%rms 2 0.013717degrms —— Pf w/o FB
-60 Pt: w/o FB [
1663 0 ——PtwFB
1,662 F B i‘ 02 ESS;F -80 MO
FB:OFF _oakt R A
1661 FB:ON NM & \
o & 06 H 4 -100 A ”“I”\ } ;
:'é 1.66 - 3 3 W’ J
s B OFF, | Fie D 120
£ 1659 ¢ ©
< £ 4 M
o I v b J“‘
1658 -12 ]‘ -140 e :If» S
1657 14 . J i
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1,656 — 16 Al do 1
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Time (ms) Time (ms) H
z
AA = 0013% rms Aez OO 50 rms _40 FB5-PT-HGFB-1.5kW-8.6MV-ssa-20140521-2.csv
x 10 0.012572%rms 0.014572deg.rms T T T 11T
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o " n D.b Nl
S 1634 o 2 F ) 0 F N 100 oL rj
o 162 % -3 | e A - 5 ~120 A,
o
£ ! | £ AR AT AN A
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v . 5}
1628 1 + + -5 14 V i Hie HES
NA=0.15% rms Wi RIBLL 160l VEIRHAke IN s with
1'6260 50 100 150 200 250 300 350 400 _60 50 100 150 200 250 300 350 400 = O _C ]_ 55( :L |"IZ ~ 1 H Z
Time (ms) Tigrg (ms) -180
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BUN Inj1 Inj2 & Inj3 ML1 ML2
Amplitude 0.05% rms 0.01% rms 0.01% rms 0.012% rms 0.013% rms
Phase 0.06° rms 0.02° rms 0.02° rms 0.014° rms 0.015° rms

Required stabilities of 0.1%rms, 0.1deg.rms have been satisfied enough.

RAO)—=2F=HR—
CAM14THIE

Dispersion : n,= 0.487m
Beam: 5Hz, 3ps rms, 23 fC, E,,,=19.9 MeV

- _chanae | SCMIFO1 [cam14] | 63.7 1

dP/P= 0.013115 %rms

2 30-min: ... -
= = 1-plxe|
0, ° CEEEEEEee oI .A
-> Low H H H
Peakfi i& % Bl E -
63.7 um/pixel i i
\‘ 500 1000 1500 2000 2500

IV Y e H-hl.l‘-l‘h'wH.nlu.¢nlm
A A AL A A A A .
0 50 100 200 300 400 500 600 659 tlme(sec)
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E—LDCWEILTIE, E—LBEIZKEGSLDENZTNIE,
BRRDORFIREFELRIEENFONDIET 60

IOO/NLRAN—RAR) EB—FRIZDOWTHEEIZH o=,
E—2&fR1mA(0.77pC/bunch), <4 0A/8)LAME1ms

A5 EMNY ITYRET, %400 isEEZREE (EEEZEE)

] :/0) UI/Z i@%ﬁ BeamPhase=0 deg.

2 1

E

e 1

35
o / \
02 / \
-y, \

0 05 1 15 2 25
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RF PowerDitE XK

Vi, B+1 2 Ry Iy

1
T R, 883 ﬂ LT

In the case of superconducting cavities with 3 >> 1, this formula can be simplified to

2 2
2RI
cos (ﬁb] -+ {tan W+ L2 gin (bb] ) (3.45)

-
V cav

v ([ (@)@ af () @do T
P, = (Q)Q 1 ( 1—|—Tcos oy + T + 7 sin oy (3.46)
T. Schilcher
% Injector Cavity 1 %%
Vc=0.8 MV;
r/Q=205Q ; Inj1: Pg= 0.6kW @ w/o beam ) x1.8
QL=1. 2e6; Inj1: Pg= 1.1kW @beam:1mA

eMain Cavityl %%%

chﬁégfg’f ML1 : Pg= 1.48kW @w/o beam ) 5.8
r/0=897¢2 ML1 : Pg= 8.54kW @ beam:1mA |
QL=1. 3e7;

(w/o Energy Recovery)

Af=0, ¢, =0%{RE



Injector

@High Gain Feedback

<IJSC1>
Vc=0.8 MV
r/Q=205
QL=1. 2e+6

<1JSC2, 1JSC3>
Ve=0.8 MV
r/Q=205
QL=5e+6

0.802

0.8015

0.801

0.8005

Ve (MV)

038

0.7995

0.799

0.7985
0

0.057367% by Beam loading

0.803

0.14598% by Beam loading

- AA/A=0.15%

a4

[

\

e

\

N

05 1

15
time (ms)

2 25

3

AA/

A=0.06%

1

time (ms)

2

Pf (kW)

Pf (kW)

18 K j-l/ °|7_
16
14
12
1
08 // \\
06
04~ PIDALR—OYI%E2UE —
02— BLEITERELTHLZE, —
% ois 1 1?5 2 2?5
time (ms)
2
15
1
05
0
0 1 2
time (ms)
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Main Linac SCC

Ve=8.3 MV; r/Q=897; QL=1. 3e7;

Energy Recovery Mode

Circumference=90m
10%NDE —LAXM
Ho-ELTETELT =,

HEAGEL vACIN:

W/o Energy Recovery

A= ETE—LZIEHT
DIBEL (L. ML2(E. RFH F18kW
Max7 D TEFATEHLY,

BEEE R,

0.036008% by Beam loading

High Gain Feedback
Kp=1000/8%2=250;
Ki=4000/128/dt/4096 = 6. 1E+5;

— AA/A=0.036% —

0.5

0.35971% by Beam loading

1

15 2
time (ms)

25

3

A/A=Q.

time (ms)

Pf (kW)

Pf (kW)

10

A T
st~ ARNT—DE —
T BELELN
6 ...............
5
4
3
2
1
00 0.5 1 15 2 25 3
time (ms)
BKWEHBZ B/ ST — N E
10
9
A
i \
. / \
. / \
' / \
, / \
2 // \\
1
00 0.5 1 15 2 25 3

time (ms) 1919



W/o Energy Recovery

Main Linac SCC

EFLTHIE—LZERY)—UTREWMGEEFoooo ?

%High Gain%

1~2usDFE/NILA(FER ) E—LTITS52 &, Kp=1000/8+2=250;
Ki=4000/128/dt/4096 = 6. 1E+5;

BeamPhase=0 deg. 0.087272% by Beam loading
2
8.34 25
18 8.33
16
8.32 2
14
< 12 831
E > S 15
g 2 83 =
G
o 08 3 a
é’ : 8.29 1
06
8.28
04 05
8.27
02
0 8.26 0
0999 1 1001 1002 1003 1004 1005 0999 1 1001 1002 1003 1004 1005 0 05 1 15 2 25 3
time (ms) time (ms) time (ms)
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7.7pC/bunch(10mAE —2) D EEL@6/18 DAk

6/18 MIEELAY :
7.7 pC/bunch (10mAE— 1 L)DEEETIL, E—LBA—T 4V T R KRELN=
FZERTHighT A2 74— RNy IMTET, LowT 1> TEELH 1To7-=,

JEE MLSCTIOMADIESH.
Energy RecoverymMEELVF & (X, 335kWDRF/NT—HANWE @ E &K RE

BeamPhase=0 deg. 0.87272% by Beam loading
845 e 1
| | | | 1 5
s— AA/A=0.9% " <= High Gain FBDIHF&
2 10 83 ,\ 12
£ 3 83 e
£ = & = RS - <35
§ > 825 g’ Pf’rjg EI“JOT?%B%)
= 5 - — 6
82 4
2us 2
8.15
0899 1 1007 1002 1003 1004 1005 0999 1 1001 1002 1003 1004 1005 %05 1 15 2 25 3
time (ms) time (ms) time (ms)

0.88242% by Beam loading

845 N S —
N _ :
sa— AA/A=0.9% 12 <= Low Gain FBo)i’z_é
14
s 8'35 g BeamBA—7 4% [EHigh Gain
Z 83 X g Sy
g X E os EIFIFRC,
0.6
82 04 PN
B 02 L. RAOBTAZDRADEE
0.999 1 1.001 1002 1003 1.004 1.005 00 05 1 15 2 25 3 (i i % L \ 2 1

time (ms) time (ms)



FEH+SBRDERERE

RFOLEE(L, cERLOEKRMREITHELTLNVS,
REREBEETOHORERTEEREZXRLIZLY, (BERTIHEMEFIZSNGELNEIE, . .)

SE>
0.01% rms, 0.01deg. rmsIZAITTCELAHUEZEMAZ 5,

REIZEEHStudyL1=LY,

BIELAIE LT=20MeVTDAP/PODZEENAY, 1JSC2ENSCIDEEER/NTUAMSLFEL TLY
f=hELniiiy,

AFEBTCDF1—F—T4—F N\ IFZHRELI-DT. TEMZFFEFEL=LY,
RIFEEEDODEZELESIHMN?

IN—RAME—FDE—LEBETIL., FICASLNACDOEZAT, E—LAO—T 425
*ﬁ1§biﬁ§ﬂo 'Q,‘fﬁ\ StUdyL/T:ll\o

RERDERILED, SRBEFICANT=L,
<ESEIODERR>

“Vector sumMDEZA(ISCI)DFEMEEF L. E—F—TERBIFRETEDLSICLT=,
-BuncherZBDRFR(L. 8 kWHEAR T TIZEHELST-,



Backup



dBc/Hz

Pf w/o FBADS50Hz[ZDULNT

FB5-PT-HGFB-1.5kW—-8.6MV-ssa—-20140521-2.csv

T Agilent Spectrum Analyzer - Swept SA

___

Center Freq 1.300000000 GHz

Input: RE PNO: Close () 171g: Free Run
IFGai Lw Atten:

_40 H 1R R EREL T IR EBEER
Pf: w/o FB
-60 Pc: w/o FB |
f: Pc: w FB
-80 [ YT L1l ) MO
%. { T \‘ H
-120 Mo ¥
™ ; N’*“Nn.«
-140 P
-160
-180
10’ 10° 10° 10* 10°
Hz

TOSNKR—F > 1QEVaL—% > 7HAT %R > 8kw FEHEK7T

Ref 10.00 dBm

Center 1.300000000 GHz
VBW 3.9Hz

Span 400 Hz
Sweep 471 ms (1001 pts)

1) Alignment Completed

@ STATUS

50Hzl&. -80dB/NELND T, hRAIZTE AL TUVELY,

9

pf




IOT (Inductlve Output Tube) EFFICIENCY VERSUS OUTPUT POWER

1000

BT —HATEREZHFLT, I

IOTZEALT=, T
20kW/(L3%1)&30kW(CPI%E) DIOTZE B A L

300 7

00

KWL T THRIENR SN, A S S
SHYYREBFELE INTA— %A#oﬁ_a;z\%\&é [
SEDEE T JA/ST—HEL, BEBSNPT Mot )

Pf=0.3 kW @Eacc=3.3 MV/m 7.4 Hz Pf=0.5 kW @Eacc=4.2 MV/m  17.36 Hz

ADC27 267 Wems ADC22 8673dee rms ADGL5435 thems i ADCL2 i ideerms

3000 10000 2

] 9500 1| AR AR | aal
L O T O - ) A B

7000 L R L R RO SRR R BRI
NI -

B0 e T R O e o T
: i AR -10--

600 9000 1

g l—L L _i_ i i S L L C11) ML L T, I . [ STy I L L N R T
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Low LeveI RF Temperature Stabilization
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RF power distribution system (inside shield)

i
Phase shifter (£33.5°)

: match RF phase between top and
bottom input-couplers

Space is narrow and very complicated.
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