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@ Ultra Fast Kicker Tests at KEK ATF

: : , , , 10/07/2013 LER2013
Fast kicker is developing for ILC Damping Ring(DR). KEK Takashi Naito

«  Super Conducting RF cavity -> long bunch train(200km)
«  Short bunch spacing in the DR(3.2km circumference)

ILC Layout 1
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(E) KEK-ATF Test accelerator for ATF

Linear Collider
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Ne=1x10'° e-/bunch
Bunch#/shot 1 ~ 20
Bunch spacing 2.8~5.6ns
Bunch train 1~3 trains
Inj/ext period ~3H=z

ATF
DR RF frequency 7 14MHz
(bucket spacing 1.4ns)

ILC
DR RF frequency 650MHz
(bucket spacing 1.5ns)
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High Energy Accelerators Research Organization (KEK) Damping Ring 1o e

1. S-band linac(1.28GeV)

Laser triggered RF Gun(CsTe cathode) Enx,y=3x 10°m(measured)
2. Beam Trans port

DC septum, Injection kicker(on axis injection)
4. Damping Ring

EnNx=4.3x 10m, Eny=30x 10°m(design) -> Eny=20x 10°m(measured)

5. ATF2(test for the final focus system of ILC) 5
Vertical beam size 37nm



@ Role of Fast kicker in ILC

Injection into the DR/Extraction form the DR
The bunch spacing Injector 5654ns-> DR 3(6)ns-> Main Linac 554ns

Circumference

3.2km
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Injector To main linac
bunch spacing 554ns X

bunch number 1312 3(6

Length ~200km 1(31)2ns ?gjgs Kick field of pulsed magnet type
SN~ 3.2km 200km of the kicker

3ns

Requirements of the ILC kicker | | | /|\ | |Kicker uises
Rise time 3(6)ns
Rep. rate 3MHz 2nd pulse/\ /\
Stabillty 7x 10+ 3ed pulse/\ /\ 3




@ Strip-line kicker for the ILC kicker :\3

We designed the ILC kicker using multi-units of the strip-line kicker.

Parameters .
. L=15cm Tr=2.8ns
Kick angle 0.6mrad @5GeV 19 S
g _4 =0.
Stability 7x10 K S T —
Rep. rate 6.5(3.25)MHz, 1ms burst, 5Hz i :
Rase/fall time <3(6)ns 3 }
Pulse source +/-5kV, 1ns raise time 2
Number of units 20~30 units(depends on " é E
the strip-line design) 09 1 " —
Stlip-line electrode || - - Time(ns)
n P — ___ P Simulation of the kick fields
— —1 =1L /| [] | Circular beam orbit when apply the pulse(1ns raise
— — — { = _1, A8 time) to the different length of the
N i g [ " Extracted beam strip-line.
PPS(+) PPS(+) PPS(+) I /[ [PPS(+) Rise time 1%~100%
- [PPSO PPS(-) PPS() | PPS(-) eV L
Trigger ” AO=2g——
I Ed

L = strip - line length

d = distance between the electrodes

V = pulse voltage 4
E = Beam energy

. Load PPS(+) |: +5kV Pulse Power-Supply
B - Loa PPS() |: - 5kV Pulse Power-Supply




(E) Strip-line and Pulse source

30cm long strip-line electrodes are
designed and fabricated.
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Electric field

Pulse source (fabricated by FID Co.) 8 prm—e————
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500V o I YY) 5+

|
External DRD R
triggering —> FID é Hosm 4
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FID : Fast lonization Dynistor
DRD : Drift step Recovery Diode

UDRD 1,5 ns™ T 1 d10kv
| \ Peak 5kV, tr
oo /_"‘ Peak current 300 A RISG tlme 1 ns 5

Rep rate 3MHz
Burst3000 pulses ™o 5 o 5 10

100 ns ‘ Time(ns)

Output(kV)
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@ Kick field measurement

500

It is very difficult to measure a very fast EM field in
the strip—line kicker. One turn pick up coil doesn’t

400

respond such a fast signal. 5 &x
We measured the kick field by measuring the betatron ;:300
beam oscillation amplitude in the ATF—DR. < ; }
S 200
| BPM o < i \
Kicked Beam b \,L
i 38
0 2 4 6 8 10 12 14 16
Time(ns)
Spectrum analysis Measured time response of the
Akickerpulses kick filed. The kick pulse timing
| | is scanned with 200ps step.
Beam | | Strip-line kicker The measured raise time was
FID(FPG-3000M) Waveform \/ FPG3000 less than 3ns.
A -
;‘32 / \ f; | Waveform of the positive/negative
1 / \\ 4000 \\ / pulse(5kV, Ins rise time)
0 ¥/\/\/‘-—_\ -5000 \-/ 6
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@ Rise time improvement

1.2
: Load C
B Loa Strip-line electrode
1o U
mai ¥ Beam
—_ 0.5 o | — !
3 'k fieldg i i H.V. Attenuator
T 0.6
En PPS(+) [ELP:-;(-::
=4 Trigger __} ‘
E | Delay ’-» Delay
Experimental set up
. ha The rise/fall time can be
" compensating kick field

4 = ﬂ . p ” . Improved by the combination of
/ Time(ns) the positive and negative pulses

Zero Cross which have different timings and
field

Simulation of waveform compensator
13/07/09 7

different amplitudes.



@ Rise time improvement with

Waveform compensator

34

W
[9%] [3]
w”e
\)

1.2
T 2.8
E /
1 3 26 ®
&
2.4 h
‘g 08 22 >4
L] )
= -6 -5 -4 -3 2 -1
"=n Delay timing of the compensation pulse(ns)
5 06 .
md q
5 \
35
0.4 -
=
£ P
B 3 b /
=
0.2 = \\ /——e/
25 i
0
2
0 05 1 15 2 25 3 35 4
Z Delay timing of the compesation pulse(ns)
€ero Ccross

Rise/fall time improvement v.s. timing
13/07/09 8



2.6mrad kick angle

K=1.0

K=-0.7043917

3.6mm

K=0.4003428

60cm long x 2 MB8R.1
3 | ZHOR QMSR.1  D=9mm o QMO6R.1 zH100R ZHI0IR QM7R'1| N Q()xsn
== 0 150 V=+/-10kV 2063 2433 /0833 3083 3383 3850
Kick angle 2.6mrad e 0.9mrad 0dmrad |/ 30mm -08mrad
| ’ _\ 0 1100 1. 9mrad ///l Imrad /,/ ]jml‘:u] / /' /
D—D“ 71 // / /] 1 Y
T— ryl gy £E o
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$-band Linac B /" / 4 Y|
High Energy Accelerators Research Organization (KEK) Damping Rin 7.6mm -/ % 5mrad 300A(180A) ,// / /
3.5mrad (5 5mrad) 47 93m =) i / =
. . . . somm ~ 12mm Aux./Septum/ /
The demonstration of the beam extraction using the (103mm) L ‘ S
/ / -

strip-line kicker was carried out successfully. To
clear the geometrical restriction, the local bump
orbit and the additional septum magnet are used with
the kicker.
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Bunch current in the ring
(3train, 10bunches, 5.6ns bunch spacing)

7.8mrad

Strip-line o el L
L=60cm, D=9mm, 2unit

4.mrad
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(11.4mm) (14 4mm)
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Bunch current of the Extracted beam
(308ns bunch spacing, 30 bunches)

26 Oct 2010]
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@ 10kV, 4ns pulser

Internal-pos(TEK00007)
04 300ns-2ndPulse-pos(TEK00010)
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@ Kick angle stability and difference of burst pulse <=)) I1F

400 pulses data 1.01
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Stability=3.5x1074
The kick angle jitter was calculated from The kick angle difference as a function of

the 20 BPMs data at the ATF2 beam line. the pulse number from the 15t pulse to
The graph shows the kick angle the 30" pulse. The kick angle is affected
distribution for the mean value. the pulse amplitude and the pulse timing

of each pulse. This difference can be

11

13/07/09 compensated at the downstream.



@ Bunch Oscillation Measurement
E using fast kicker

When apply the beam kick to one of the multi-bunch beam, the transverse
wakefield effect can be measured.

| BPM N BPM clectrodes Multi-bunch, multi-turn beam
DPOT254 positions are recorded to
Kicked Beam 10Gsamplel/s  oscilloscope
[ and the long waveform
|
> memory.
Spectrum analysis >
/\kicker pulses Amp|iﬁrePI/\ e — e
AN T

3 |
~ 7/ | L. . Computer N K g (i (i
Beam \/ Strip-line kicker etwor i (it

1st bumch Hor position 1st bumch Ver position 1st bunch X-position 1st bunch Y-paosition

D m ‘ { 3-bunches, 2.8ns bunch spacing

0 500 1000 1500 2000 0 500 1000 1500 2000 5000 10000 0 5000 10000 L
eft,

o

2nd bumch Hor position 2nd bumch Ver position

2nd bunch X-position 2nd bunch Y-position
1000 1000 . . .
The first bunch is kicked,
0 0 i & . ~
vertically. (1 2000turns)
-1000 -1000 .
0 500 1000 1500 2000 1) 500 1000 1500 2000 R h
0 5000 10000 0 5000 10000 Ig t
3rd bumch Hor position 3rd bumch Ver position

oo o 3rd bunch X-position 3rd bunch Y-position The second bunch I'S kl'cked’
1000 1000 ~
“ st n 0 vertically. (1™10000turns)
-1000 -1000 o 1 2

-1000
0 500 1000 1500 2000 0 500 1000 1500 2000

0 5000 10000 0 5000 10000



@ Signal Processing for Bunch—-by—Bunch
Beam Position Measurement

3|.Bn'§ g Switching noise E
. Output signal /m /

Button BPM BPM Sig. | | | | | | | | WWWMMMN\WWW\/ MNP A NN s O
- ‘ 3
gate sig. l_l g E

output | > ‘ ‘ ‘ ‘ ‘
analogue switch L Input signal R | .
TBT - | E
__ Electronics - 1

gate _ Fast analogue switch has the switching

noise at the on and off timing, which

> deteriorate the position sensitivity.
HMC234C8 x4 |
180d 180d -
RFsgligt;Z(re — " H—"— Rch%rgiﬁer g - ——— —
— = g . |
Input Output o Input signal t W u M
A AN A RSN AR AAN A A |y r .
TTT — T ; ’ \ \ W ]
Gate pulse . , . , ,
> 2 A A VAN A UM S A AANA A AL W

Output signal

YT

One of the bunch signal can be selected by using fast analogue g E

switches. The problem of the switching noise of the analogue

switch was cured by developing the compensation circuit. Super Z:e cr;mhp 'ensat/.on C/rcw/t tc/ance/ed out
S e switching noise, completely.
KEKB employed this circuit. & P Y
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SR monitors
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SR interferometer less than 5um(vertical) can be measured.
Naito, et. al. PRST-AB 14,051002(2011)

Fle STREAK Select Shifter

| ©vUNIT) Synchroscan UNIT [HUNIT] DualTimeBaseEstender UNIT

AcqrefMonitor Stop |~ SingleTrg I~ Focus [T o|[5o0us v[[20 _ v|[Extema »|

VRange  HRange  MCP-— GateMode NFrame Trigger
16 [2] |C Intemal @ External

Dark ON
H1

10:32:28 DATA=ONLINE, Channel=0ch, Capture_time=20070128_103223, Dark=0N

Cl=24.6ps:153
©2=1079.9ps:2038
PEAK=T20.8ps: 15379

PEAR-223 dus:121 ROl1=78.1us ? TAREa-fsisme

FWHM=500.8us:1560  ROI2=234.4us

Sweep freq.=357MHz * 4/15=95.2MHz

10th
51‘h

3rd
1st

7‘/7
8t h

Bunch—-by—bunch bunch length measurement
using streak camera:
By using the gate function of the MCP and the
non—integer sweep frequency, we cdd measure
bunch-by-bunch longitudinal profile.



Summary

The fast kicker development has been carried out in KEK
for the ILC kicker.

The measured rise/fall time of the kick field was ~3ns.
The rise/fall time improved up to 2.2ns with the
waveform compensator. 2ns raise time will be realize
using this method.

Multi-bunch beam beam extraction was demonstrated
from ATF-DR to ATF2 beam line.

Stability of the kick angle for single bunch was
3.5x10%, which is enough for ILC requirement.

The fast kicker can be applicable for the investigation
of the transverse wakefield measurement and the

longitudinal instability measurement. "



