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Experiment at ATF2

ATF2 - 40nm beam production, measurement
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High Energy Accelerators Research Organization (KEK) / Damping Ring

The beam extraction test of the strip-line klcker IS carrled out
by replacing the pulse magnet of the extraction kicker. The
problem is that the kick angle of strip-line kicker is not enough
2009/4/180mpared to the kick angle of the existing pulse magnet. 2
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Orbit by using Strip-line Kicker & bump
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Timing chart of 30 bunches beam extraction *HTF

The bump orbit is gradually changed after all of
the bunches have been damped. The strip-line
kicker kicks out the beams at the timing of the 5.6ns x10x 3train = 30 bunches
flat-top of the bump orbit. The beams are - N
extracted as one long bunch train, which is a unngHHHm HHHHH HHHHH
308ns

10micro-sec long with 154ns (or 308 ns) bunch
154ns

spacing.

462ns

Injection beam

1st Train 2nd Train Jrd Train Bunch spacing
at Ext Line
|H | |H 154 or 308ns
E’{ ‘EE 30 bunches with 154(or308)ns spacing
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~100msec
Local bump
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Extracted beam | | | | S
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Optics design of
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Power Supply Control for the Pulse Bump [GIf3)

The pulse current control, which is synchronized
with the beam injection, is required for the
steering magnets of the local bump orbit to keep 460ms
a stable beam condition.
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Pulse source(FID FPG 10-6000KN ) Arey

Run: 10.0GS/s  Average
[ S E—

Specification
Maximum output voltage + 10 kV

- 10 kV
Rise time @ 10-90% level - <1 ns
Rise time @ 5-95% level - < 1,2 ns
Pulse duration @ 90% - 0,2-0,3 ns
Pulse duration @ 50% - 1,5-2 ns
Output pulse amplitude stability - 0,5-0,7%
Maximum PRF in burst - 6,5 MHz
Number of pulses in burst - up to 110
PRF of bursts - up to 5 Hz

Ve T il
Format | yilities
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VB, VB, (Vm)

0y 0y (mm)

Aperture

15:08:08 Tuesday 06/10/2008
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Ex(inj.)=1e-6,
Px(inj.)=1e-2

Horizontal aperture is limited by the strip-line electrode. 3o of the injection
beam can get through a 12mm gap of the strip-line kicker section.
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Proto type strip-line kicker(60cm long)

KEK fabricated a proto type 60cm long strip-line kicker, which has a 12mm
electrode gap. The input/output connectors are HN-type commercial available
feed-through.
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Photo of the fabricated strip-line kicker
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Pulser output(neg) 8.5kV peak  Strip-line output(neg)

A 10kV pulse could be applied for each electrode without any deterioration
to the waveform of the pulser, which means no-discharge at the connectors

and the electrodes.
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Beam kick profile from the beam oscillation amplitude [¢zFF3
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Beam kick test in the DR was carried
out. The pictures show the timing scan
of the kick pulses for the beam timing
In the cases of the Positive, Negative
and Pos+Neg pulses. The peak kick
angles are 0.4, 0.3 and 0.7mrad,
respectively, which agreeds with the
estimation from the kick voltage and
the strip-line dimensions. 14
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Calculation of the kick field

ATH

When a high voltage pulse(upper
picture) is applied to the different length
of the strip-line, the waveform of the
kick field and the kick angle are
calculated. The kick angle is calibrated
from the result of the beam kick test in
DR.

In the case of a 60cm long strip-line, the
kick angle is 0.6mrad and the rise time
Is less than 5ns. When a pair of
pulsers(positive/negative) for each strip-
line and two unit of 60cm long strip-lines
are used, the total kick angle will be
2.4mrad.

15



Pulse train generator

Train # Bunch#{ 1st Train) Bunch#2nd Train) Bunch# 3rd Train)

Preset Counter Preset Counter Preset Counter Preset Counter

(1~20) (1~2586) (1~258) (1~2586)
Start )—Q
Tr'tgger"oi EN EN EN | EN

CK R CK R CK R CK R

-

S5.6ns

e

357MHz
Clock O

154ns 154ns 159.6ns 154ns 154ns 159.6ns 154ns 154ns 159.6ns

1 2 3 4 S =] 7 8 9 38

Special timings of pulses are required for the strip-line kicker, when
extract the multi-bunch beam from the DR. The pulse timing needs fo
shift one bunch spacing every three pulses interval. The fabrication of
the pulse train generator was completed.
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Trigger timing FB for Strip-line kicker

20080115 T. Maito
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Precise triggers for each pulser and the timing control is required. The
pulse measurement using oscilo-scope and the timing control by digital
delays comprises the trigger timing feedback. The step of the digital delay
IS 60ps. The trigger system could keep the pulse timing in the range of
10Qyo89/4/18 17



Timing drift and the FB result

File Options Tools View ﬂe\pl
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Open Properties | Channel List Print Zoom In Zoom Out | Zoom Reset| Refresh
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Measurement
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Delay Setting

146
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22-UL-2008 14:28:18.347 <2z 1 1006:47.749 === 24-JUL-2008 00:35:06.036

Channel List] Statistics ]

# |\f source | Label |COI0r \Value |Time | &
1 DE_KICKER:STRIP_LINE:FEEDBACK.PULSET

2 LE_KICKER:STRIP_LINE:FEEDBACK:DELAY

£

I~ i

Archive: /atf_data/viogger/kicker/log_kickervarc hajor Line = 1.750 Days

The graph shows the pulse timing measurement and the delay setting of
the feedback system. The pulser output drifted about 600ps in a day,
which is compensated to less than 200ps except for a bit error in the

delay module.
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Auxiliary septum magnet design and -
fabrication
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The design work of the auxiliary septum
2,; magnet was carried out by using OPER
2T 2D and 3D.
Sl The designed auxiliary septum magnet
has 1.6mm of a thin separator and 0.1T
of bending field.
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Auxiliary septum magnet

The current is applied up to 300A without any
temperature problem. The leakage flax is less
than 1%, which can be compensated by the
auxiliary coil.

“ e st - e O~ ’JL
Feild Measurement of rhe Auxmary Septum Magnet
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EXT Orbit with Fast Kicker « ... G5

16:18:2% Monday 04,/07,/2008

Fast Kicker BSAUX

»d
Ll |

Fast Kicker Strength: 1mrad X 2

Correctors KO: ZH9R -0.002320433716
ZH100R 0.009876184722
ZH101R -0.005210348744

Free parameters; KO of BSAUX, BS1-3X
Imposed Condition;

Abs[dx]< 3 mm in BS1-3X region

dx=dpx=0 at the end of BS3X
Results;

BSAUX K0=-.010280163677

BS1X KO =.0011826626821

BS2X KO0 =.0031361169236

BS3X KO0 =-.0013134448462
BS1&2X is weaker by 8.4%, BS3X is

stronger by 1.1%.

Orbit is measured from Orbit is measured from

DR design orbit EXT design orbit
+ toward EXT - toward DR
2009/4/18

Physical aperture in septum region
must be larger than
3mm-+orbit distortion(+beam S|ze)



Installation of the components ATF
at the machine time in January

2009/01/13~23
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Pictures of installed component

N

2009/4/18F DI pulsers Bump PS and Septum PS 23



-

Trouble of the pulsers ATF

The beam test in January was stopped due to the pulser trouble. Two of four
pulsers broke down just after one hour from turned on the pulsers, when the
beam storage condition. We suspect that the trouble come from the high
radiation environment and the high current condition in the semiconductors
due to follownig reasons,

LLNL pulser was also tested at the same location, it was also broken after
one hour from turned on the pulser.

*The radiation level at the location of the pulser was very high,
over10msv/h(gamma) and 100micro sv/h(neutron).

*There was no trouble at the experiment of the south straight section, where
was low radiation area. The FID pulser operated over one week and the
location was just below the beam line.

The troubled pulsers were sent back to FID Co., they reported that the FET
of the drive circuit was broken, it not the DSRD device. It agree with the
expectation of the radiation damage of ON device, which means high current
flow the semiconductor.

From the result, we decided to locate the pulser outside of the shielding.
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New location plan of the pulsers
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Ampitude(a.u.)10m

Waveform with 10m long cable @ATE

POS-direct, S07212BD(Suhner)10m
0.3

= = The pulse transmission characteristics was
025 AT checked to locate the pulser out of the
“\ shielding.
02 Picture shows the comparison of the
015 \ waveform with and w/o 10m long cable. There
\ /S no defterioration for the rise time of the
o pulse, the amplitude loss was several, which
\ came from the voltage drop in the cable. The
\ minimum djstance of the cable is 6m long, the
0 | = amplitude loss can be reduced fo half when
use a 6m long cable.
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Time(s)
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Ampitudea )

Ampitudea.u )

10kV, 4ns pulser
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To increase the kick angle,
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OutPut valtage()

OutPut woltagei)

Time(nsec)

Pulse waveforms
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: The kick angle of the 4ns

pulser will be 0.9mrad in the

| case of 60cm long strip-line.
| The ftotal kick angle of two
1 pairs of the strip-line Is
1 3.6mrad, which will be able to

extract the beam without the
auxiliary septum magnet.
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Beam Test Schedule

Next beam experiment is scheduled in June.
Two weeks for the fast kicker test is required, one week for
the vacuum work and one week for the beam time.

*Beam storage to DR 7 day
«Local bump orbit check 1 day
*Beam kick by strip-line kicker 5 days timing scan,

septum orbit, efc,
« [hree train extraction
«Stability measurement 2days
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