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Abstract

Thebeam monitor fothe CERN Linear Collider Test A cone-shaped button pickinasbeen designed to reach
Facility (CTF)has towork not only with very short pulses (3- this goal; Fig.1showsthe geometry.The pickupelectrode is
50 ps FWHM) at aspacing of 330 ps, but also in a strongiade with a coaxial cone shaged isdirectly weldedinto a
wakefield background. A cone-shaped button pickup electré@nan feedthrough, which igseable up to 40GHz . The
hasbeen designednd constructed for use with CTBeams cone shaped pickuphas asmooth transition to the
and tests have been made using a real time analogue Gaufesidithrough. The ratio of theone radius, a, to the outer
filter to recoverthe beam signals fronthe strongwvakefield conductor radiusb, is kept constant ab/a=2.3 along the
signals. As a comparison to the analogue filtestualy has cone axis in order to kedhe impedance constant at 80
been made to procefise dateoff-line and extract thebeam In Fig.1,a =1.8 mm,b=3.9 mm, & =0.79 mmb' =1.45 mm
signals using digital filtering based on the wavelet concept. (Kaman feedthrough), and the height of the cone is 4 mm.

[. INTRODUCTION Y
The CERN Linear Collider Test Facility (CTF) is a 4.5-45 B
MeV linac producing an intense electrdream with the pean drecton °
following parameters:
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Number of bunches in the train: 1-24
Bunch length (FWHM): 3-50 ps vacuum seal o B | B2
Bunch repetition rate in the train: 3 GHz KAMAN feedthrough
Train repetition rate: 10 Hz /
Minimum clear aperture: 40.5 mm o T

Normally, the bunch spacing is 333gsdbunch length
<12 ps FWHM .Each bunch contains 580" electronsthat

the beam signal from the wakefield background.

is a charge of 9 nCGAssuming the bunches have a Gaussian F19-1 Cross-section of the cone-shaped button pickup.
An ordinary button-type electrode sensi® signal § :
across the capacitant®tweenthe buttorand thewall. A §

longitudinal distribution, ifollows thatwhen rms HWo is
25 ps, the peak current is 144afd when ¢ is 6 ps, the l 1
peak current is 598 A, !;.
The CTF beam monitor is intended to measure th
intensity and transverse position of each bunch. When tt “

pickup geometric size is comparable to the bunch length,

longitudinal intensity distribution can beecovered by vy \\\1 _/

integrating the pickup signaHowever, becausstrong o ,

wakefieldsare present in the CTF, the first task is to extra - H‘i‘{ _ * ’

resonance may occur fhe structure of the butt@and its LJ .-

housing form a cavity. When the bunch length is much long .

than thebutton size, théeam frequency spectrum does NQtig 2 The cone-shaped pickup installed in the CTF (left) and
extend up to the resonanfrequency,and theresonance is g pickup before being welded into the beam pipe (right).
not excited.However,when the bunch length momparable
to the button size, the resonamay be excitedand if it is Two prototypemonitors have been maded tested at
within thefrequency ointerest, itmay disturb observation ofihe cTE. The design calculationsdtest results havbeen
the beamsignal. Therefore the pickupas to bearefully (eported elsewhefé S measurements have been made in
designed to avoid such parasitic resonances the time domain tstudythe resonances of the pickup. Fig.3




shows the synthesized incident pulse at @Bz (25 ps

FWHM), which is the frequency limit of the network analyzer fi(t) = 2l T T
HP8510,and thereflection from the pickup. The pickup has

small resonances at Tz with lesghan 5% of theoriginal
signal amplitude.
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Fig.3. Examples of bench-test results. The top picture
the synthesized input signal, the bottorthisreflectedsignal
from the pickup. (time-scale: 100 ps/div)

Thewakefields, introduced into CTF accelerat®ections
by the very short bunches, escape amdthroughthe smooth
beam pipe ofhe pickup, forming aoisy background. Due to
the cutoff frequency ofthe accelerator exitindow, the
escaping wakefieldare at highHrequency,and from the
measurements thegreabove 6GHz. Therearetwo ways to

processthe signals. Onway is touse analogue Gaussial fj|rausectis 1

filters to extract thdow-frequency beansignal followed by

further electronics toselect the signals of each bunck fjjcne: L

Anotherway is tousethe wavelettransform to extracheam
signals digitally out of thevakefieldsignal, anccalculate the
beam position using a computer.

Il. GAUSSIAN FILTER

single pulses. We are interested in recovering the signals |
each bunch from enessy wakefield iorder to measure each }
bunch’s intensityand position. For this application, the

behavioar of filters in the time domaand their transient
response is more important and convenient for us. We do
need avery selectivdilter in the frequencydomain,because
we are not processing a single frequency as an ordinary B
system does. Arideal Gaussian filter has th@llowing
respons® to an impulse at t=0:

QQt-nm/2)*0
O
O O
HereQ. is thefrequency whosamplitude corresponds to the
FWHM of the Gaussian filter in thieequencydomain,n is
the number ofcascaded stages, is time. This impulse
response has two remarkable features:
1. The impulse response is identical in shape to the
absolute magnitude of the frequency response.
2. No overshoot ainging is exhibited, giving the
Gaussian filter a localization feature in the time domain.
Because twadjacent bunches in the CTF are 330 ps
apart, a quasi-Gaussian filter (madePigosecond Pulse Lab)
with a rise time of 100 ps was selected , corresponding to a -
3dB bandwidth of3.5 GHz. The filter is not ideal: although
attenuation at $Hz is 35 dBthe attenuation at 18Hz is
only 20 dB.The secondvindows of Figs.4and 6show the
original signals picked up by tremne button monitor. Figs.5
and 7showthe signals at the output of a Gaussian filter.
Although there issome residual high frequency,the tests
showthat the Gaussidtilter haseffectivelyfiltered out most
of the wakefields.
Onedoesnot care about high-frequency resonances such
as at 40 GHz ithe monitor isonly working as é8BPM with
low frequency. Howevernwvhen the monitor isused as a
longitudinal pickup, it isuseful to preservethe high-
frequency components. Therefore it should haveimging.
Also, when a digital filter such as wavelettransform is
used, one would like to have a beaignal with all the
Bandwidth present.
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A bunchtrain signal can beonsidered as a series o J|&t =

elet Basts

N “ reconstruc[;{ L W ! wﬂu an i
Pid.4 The original 3-bunctbeam train signal from 7the

pickup and the-bunch signal after thevavelettransform.
(1.5 ns full width)




L g@sseors o 47 put the wavelet tranform uses many othebase functions.

‘ ; Because ofts localization featurand the largeselection of
base functionsthe wavelettransform can beised as avery
good fastdigital filter. Wavelet calculations have been done
with the computercode XWPL®. The cone-shaped button
pickup gives a differentiated beasignal. Among thevavelet
base functions provided by XWPthe Haar function has the
greatest similarity to the signalsnd hagherefore been
selected for our calculations.

i S ‘ +— SRR Thewavelet calculation pickthe beam signals out of the
b d L i1 wakefieldsandreveals theiming of thebunches as in Fig.4
?‘s’@”"p!m&"d“ Bt = %™ and Fig.6,where the vertical axis is amplitudand the

horizontal axis is time. Although tH®am shape is rough, its
amplitude can still be used for position calculation due to the
linearity of the transformation.

Thefidelity of the wavelet-transformed sigrdgpends
on the number of coefficients used. In Fig.4, more coefficients
are usedthan in Fig.6, so the transformed signals more
closelyapproximate to the rebleam signals. In Fig.@nly a
very few coefficients are used in order to filter out the
wakefieldsand théransformed beam signat®comealmost
like the Haar function itself.

Fig.5 The 3-bunchbeam train signal following the
Gaussian filter.
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V. CONCLUSION
Both a Gaussian filteand wavelettransformation can

|| oates pndev Ty e '»\'L"\ m B e eple recovercertain parts obeam signals from a stromgakefield
| ] "'wa- w;'"*m"w 1 (P RRCRSCRNEE backgroundHow closethe recovered signalare to the real
___ AV : beamsignal is still asubject forfurther study, but for beam

position and intensity measurement theyre adequate. The
Gaussian filter works in éow-frequencyrange in order to
filter out the high-frequencwakefields, but is a real-time
analogue device, which is advantageous. On te bted the
wavelet transformation can extractbeam signalover the
whole measuringrequencyrange,but with the disadvantage
that it is implemented as an off-line digital filter .

! reconstruction

Fig.6 Thetwo-bunch beantrain signals picked up by the  The authors thank Richakee (TRIUMF) forhelp with
cone button monitoend  the signaxtracted with the wayelet calculations, S.Koscielniakid B.Rawnsley forgood
wavelet transform..(1 ns full width) discussionsandF.Caspers, Jean-Piere Delahaye (CERN) and
S e : many people at CLIC faheir contributionsandsupport with

this project.
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In principle, thewavelet transform is similar to the
Fourier transform but with differenbase functions. The
Fourier transform usesin andcosas a set of base functions,



