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O Future Plan of 3GeV ERL Light Source at KEK (

PEARL

Photon Factory

[1] 3GeV ERL as VUV and X-ray SR source (high flux and short pulse)
(10 mA — 100 mA, ¢,: 0.1 mm-mrad, bunch length:100fs@min)

[2] 6GeV XFEL Oscillator (2 times acceleration by 2 circulations)
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. @ Introduction of cERL

Compact ERL (cERL) has been constructed as a test facility of a 3-GeV ERL future plan.

The commissioning has been started from 2013. ,f-; Saaar =
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Q, = 1x 107
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injector LINAC RF frequency= 1.3 GHz
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Design parameters of the cERL

©Rey.Hori/KEK Nominal beam energy 35 MeV
’ 2-cell SC CaVItZ X3 Nominal Injector energy 5MeV
=5x10
Photocat@ussessgan Q Beam current 10 mA (initial goal)
Buncher : :
Normalized emittance 0.1 — 1 mm-mrad
Bunch length 1-3ps (usual)
100fs (short bunch)
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. @Current status of high power RF sources

Buncher Inj-1 Inj-2 Inj-3 ML-1 ML-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
Field Gradient 3 MV/m 3MV/m 3MV/m 8.6 MV/m 8.6 MV/m
(Desgin) (7.5MV/m) (7.5MV/m) | (7.5 MV/m) (15MV/m) (15MV/m)
QL 1.1x 10° 1.2 x 108 5.8 x10° 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
Lo e rent 3kW | 0.53kW 2.6 kW 1.6 kW 2 kW
| — | -
Inj2 Inj3 > 1 ML1 ML2 |~

<Design>
100mA beam &

Vc= 2MV at Inj.Cav

'

200kW RF power is
necessary for each inj. cavity.

8 KW SSA  25kW Klystron
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300kW Klystron

Vector-sum

~

16 kW SSA 8 kW4SSA




@) Digital LLRF System at cERL

Mechanical tuner : coarse tuning Frequency Tuner

0~ 500V Pieso Tuner : fine tuning |_l:|l

&

Cavity pick-up signal

Fast Interlock
(Arc, Pref, etc.)

1.3 GHz
KLY/SSA |«

+ Kly Pf
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RF SW

LO (1.3GHz(1+1/128)~1310MHz)

C
LO — LO
IF (=<10MHz)
IF I /

Piezo driver

Tuner board Field FB board R \J
Q F
DAC Digital I/0
MO(1.3 GHz)
il (CW/CCW pulse output)
-250V~250V ?f;;;tv Motor driver 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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Digital LLRF Boards

16-bit ADC x4 16-bit DACx 4
EPGA (LTC2208)  (AD9783)

Virtex5-FX

Field FB- Tyner Control
Control /

LTCR° L5355
- »
-
& T
o W
g
L /
J < X
— e ssesssmastss
P

Digital
/0

Thermostatic

AMC(Advanced Mezzanine Card)
chamber

(Mitsubishi Electric TOKKI Systems Co.,Ltd.)

B Embedded Linux is working in the
PowerPC on FPGA.

BUN Injl Inj2 Inj3 ML1 ML2 B Each board acts as an EPICS 10C.
B Data acquisition is performed
RF FB board = FBO FB1  FB2 (Vec- FB4 FB5
oar (Vec-sum) through GbE bus on the backplane.
Tuner board = TNO = TN1 TN2 TN3 TN4 TN5

Total 11 boards are used for operation.
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Frequency Feedback Control

TN4-piezoscan-20140206-13h12m38s.csv

o ; Af'=65 Hz for ML cavities (Q;=107)
oo \/C i \ZL\\Jf
' : N B —— Narrow bandwidth for /,=1.3 GHz
$ 00 / : ‘\\ |VC:Vpeak / \/E fO
2000"’-‘/ | -‘.-.
oL ;_15 . _0:"'*\0 AO = Qf — 6, : The phase difference between the input
| DA vee o RF and the cavity pickup signal
Ve Maxpoint : Piezo=-16380 ; Phase offset : 3.9038¢-005 degree A f
' i tanh@ ~ 20, —
. p—— ~ L
TAD 7
R “' To keep resonance frequency,
Tow tuner should be controlled to maintain A6 at zero.
1y 25 ) I 15 E 5 0
DAC (piezo scan) Block diagram of frequency FB control
Amplitude voffset FB On/Off Offset
Level judge :
Forward RF Juce | Ki 1 Hold 1 LPF

Vc
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\ 4
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I/Q —> ROT —@— LPF > —@

@—| DAC > | Piezo tuner

A6

A 4

\ 4

|/Q — ROT —@—* LPF

vV Vv

Ccw .
,>—> 0< Digital I/O Mechanical
Kp

0> CCW tuner
J_|_|_|_ Stepping motor
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. @ Field Feedback Control

v D
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B -
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—l — High Limit
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| I Jud CPU PPC440
gement
MO —'—> Q Q Linux
— _ EPICS 10C
\Waveform data .
Vv _Ring Buffer ¥ I
40MHz RAM | RAM EPICS
256MB 256 MB . ! Q
1< n 1< n l Gb Ethemet EPICS is used for control
I=—Zcos(2n—)-Vn , =—2$in(2n—)-Vn ot
4n_0 ) ), Q 4n_0 ) () Wave Forms ~ Parameter set communication.
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Results of Frequency Control

AO = 6, — 6,

¥ ML1, ML2
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f
AG = +3deg. QL= 10" = Af =~ +3.4Hz
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. @ Performance of RF Feedback Control

ML1 Waveforms of cavity pick-up Phase noise measurement using
w  Amplitude ~Phae signal source analyzer
b i . w0 FB4-PT-HG-15kW-8.6MV-ssa3.csv
1663 - ::::! H HE R HEH I HHH = —
e 02 —— Pf: w/o FB
: i — FBION Pt w/o FB ||
i 18 ON =] o — MLL
© & 06 H- ; N = j MO
T 166 - 2
2 Vc: FB OFF, N B i M
£ 1659 © :
< i H i i = A ] #
LT T R L AL |
1657 iREa 1w ..~ 14 '
1.656 -16 l
1'6550 50 100 150 200 250 300 350 400 B '80 50 100 150 200 250 300 350 400 -160
Time (ms) Time (ms)
_1820‘ 10
ML2
o0 10* Am pI ItUde : Phase _40 FB5-PT-HGFB-1.5kW-8.6MV-ssa—20140521-2.csv
oo oo —r=
1638 [ fapfuantltishulids i 0 e - — -60 Pc: w/o FB |
- \/c: FB ON 1 ML2 P FB
1636 :‘ H H H -1 -80 - . P ' i MO
sl M4 Vc: FB OFF Y
ITTIETAAT AR |
< 1632 i -3 i 1 % ~120 \ ‘i
I IO Sl
AN A i
1628 ' E J -5 4 50HZ pedk in Pf s fake
1 | L ¥ v i _ ?
H ' v ! J U AR H A 160 leakageifromireflectioniportin
1626, 50 100 150 200 250 300 350 400 5 50 100 150 200 250 300 aéo 400 ~180 dil’éCt Hial dopp: ﬁr i
Time (ms) Time (ms) 10’ 102 10° 10* 10° 10°

Fluctuations by microphonics have been well suppressed by FB control.



© RF Stabilities

Monitored with IIR LPF(5kHz)

Inj1 Inj2 & Inj3 ML1 ML2
Amplitude  0.006% rms 0.007% rms  0.003% rms 0.003% rms
Phase 0.009° rms 0.025° rms 0.010°rms  0.009° rms

Requirements:
0.1%rms,0.1deg.rms for cERL
0.01%rms,0.01deg.rms for 3GeV-ERL

Amplitude Phase

ML2 x 10" 0.003349%rms 0.0085591deg.rms
16439 2302 ; : R
16438 B0 T T

© o
23 |4 .
S 16437 g = o0
3= T 2299 3
2 16436 ) o
= 8 2298 : S
16435 D oo LN
16434 ‘ ‘ ‘ 22.96 5 v
0 100 200 300 400 0 100 200 300 400
MmSecC MSEeC
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@ Stability of Beam Momentum (1)

Screen Monitor

CAM14 Main Linac

.............
||||||||||||||||||||||||||||||||||||||||||||

Dispersion : n,= 0.487m

Screen Monitor Beam: 5Hz, 3ps rms, 23 fC, total Energy=19.9 MeV
dP/P=0.013115 %rms
63.7 um/pixel 0.06 ! T

0.04 S S— » e -
£ 002 PR S— e e -
E OB [} _"‘E""* ;m ________________ i

S — T
5 S i

500 1000 1500 2000 2500
time(sec)

Momentum drift in the period of ~15 minutes was obsé&rved.



@ Reduction of the Effect of Vector-sum Error

Af

tanAf =~ 2Q;, — The time interval of detuning is similar to the

f

interval of energy drift.

Blue: Inj1, Red: Inj2, Green: Inj3

Sy 80 = 0p — 6 e o | | R
5 18 15 min. Higher tuner FB gains were adopted in Inj2 & Inj3.
VE E LS
Bz 0]
-2/ 1+———"— v v v U v v v v v v v v v "y v v v T vouu v v ovouu v ovv vy v vu —vovvu v
2015-02-13 13:00 13:20 13:40 14:00 14:20 14:40 15:00 15:20 15:40 16:00 2015-02-13
12:40:00 16:30:00
Time
‘—CERL:LLRF:TNl:LW_DLTS_P H—CE%-:_3::T‘JZ:_"."‘."_D_TS_:‘ —CERL:LLRF:TN3:LW_DLTS_P ‘
493267 2] o
28 1 Inj2 The amount of phase variation became small.
1534 4 < =
% 33
g P
2 Inj3
z 18 -
5‘2'5‘38-5-""'|'i'nj1"|""'|""'|""'|""'|""'|""'|""'|""'|""'|"|
2015-02-13 13:00 13:20 13:40 14:00 14:20 14:40 15:00 15:20 15:40 16:00 2015-02-13
12:40:00 16:30:00
Time
‘—CERL:LLFLF:FE-l:LW_ADCl_P H—C ERL:LLRF:FB2:LW_ADC1 P ——CERL:LLRF:FBE2:LW_ADC2_P |
If error is included in vector-sum calibration, energy drift can occur.
In the region of Inj2 and Inj3 cavities, B < 1. Transit time is different in each cavity.
=> weight of vector-sum is different between Inj2 and Inj3. 13



© Stability of Beam Momentum (2)

Measurement after modification of tuner feedback gain for Inj2 and Inj3

dP/P= 0.0063913 %rms
0.05

0.04 Momentum Jitter= 0.0064% rms
0.03
0.02
0.01

dP/P(%)
o
0.04%

—-0.01
~0.02 CIRCNCT T Y
—-0.03 50-min:
-0.04
—0.050

A
A 4

500 1000 1500 2000 2500 3000
time(sec)

Large momentum drift disappeared.

Good stability of beam momentum was achieved.
=> [t was confirmed that the RF field for the beam is stable.
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By H. Sakai

E) Demonstration of Energy Recovery (/, = 30 uA)

Non-ERL operation ERL operation

Cavity 2: deceleration Cavity 1: acceleration Cavities 1 and 2: acceleration (1st pass) and

(Vc=8.57 MV/cavity) (Vc=8.57 MV/cavity) deceleration (2st pass)
]Slgegau\fiti:ﬁp o . E=29M6Vl l E=2 9 M ]sI;cie/?;vrm:esﬂ B!
E=2.9 MeV™ g o = 2IMEY s E=19.9 MeV 9 g
p ’ ’ —_. — . P SR S S S = WY g — pa—ag’ v
) Dump Chicane W * Injection Dump Chicane

Chicane v

1st Arc Section Injector Diagnostic Line 2nd Arc Section Ist Arc Section Injector Diagnostic Line 2nd Arc Section

o LCS X-ray I'Hz CSR ' Path-Length Control LCS X-ray [Hz CSR /o
Path-Length Control Generation Generation 488 Chicane ¢ Generation Generation @&
Chicane g (>
1 i B B . B m B . v T T e T W

Energy recovery: 100-98.6%
(within accuracy of the measurement)

Beam loading (+ and -) No beam loading

Cavity 1:

. . _ _ - i - eam loadin wi 5 125-20:
P n Pref B loading test with 30uA (2015/2/13 20:25-20:43)
Beam loading test with 30uA (2015/2/13 21:35-24255) 400 120
400 T = P[:ef[MLll) I T T T T T T 120 'p[n.p[-e'f(]ml)'_ : : : '
n- - Pin-Pref 2) —— .
PL;;PE&MZ) — I-lgearﬂ c%nt CaVlty 2 P 'P f
am current 200 | n re 4 100
200 4 100 \
0 0z 0 1 80 g
3 5 3 7
E 200 . 1 60 g E =200 - 1 60 g
: . & & H "
£ Cavity 2: _— = £ Cavity 1: P, =P, Beam current :
wol P —P lw & 400 | {w
n r m
WWMW <« 30pA Ml il o 30 LA
Beam current o0 | / 1 2
600 | o { 20 Ao
_sw A b adh L L HW L L 1 ‘ L1 [ L 0 _sm | r*f L 1 1 1 1 Il - 0
21:36  21:38 2140 21:42 21:44 21:d6 21:48  21:50 21:52  21:54 20:26  20:28  20:30  20:32  20:34  20:36  20:38  20:40  20:42
Time [hour:min] Time [hour:min]

15

(Power lost in cavity) = (P, : input power to cavity) - (P, : reflected power from cavity)




. @ Summary

B RF stabilities satisfied the requirement for cERL, and almost
satisfied the requirement for 3GeV ERL.

B The beam momentum jitter of 0.006% rms was achieved.

Future Plan

B Tuner feedback parameters have not been 0.01 ¢ ' ' '
. S [— ;
optimized enough. | T areved Iprospect 10 mA
. . . ~~ 1E-3E
We will optimize the tuner control parameters. <
S 1E4L
- =
B Beam current will increase and burst mode E ;
operation is planned. g LE-5 ¢ °
Beam loading compensation is necessary. A el
[Feng Qiu (KEK), this afternoon] P
1E_7 I 1 1 1 1
2013 2014 2015 2016 2017 2018

M The evaluation of the long-term stability is
necessary.

Year
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Thank you for your attention.
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