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Abstract for 2.5ns: f3gg ~ 172MHz. Passing the injector, the bunches

will be compressed down to 50ps:(50° @ 3GHz). Through

The design of e!e_ctroma}gnetlc momtor_s for observauor_l of .be%nqe linac the bunch length remains constant with less than 10ps
charge and position of single bunches in long bunch trains is F@'
S

3 order of several 10GHz and the beam excites TM waveguide-

Resistive wall current and button pick-up stations will monitorﬁ/odeS in the circular vacuum chamber. With its diameter of 32,
metimes 34mm the T cutoff frequency is 7GHz. Above

the beam along the injector. Betweeen the S-band accelera ts n

structures precision stripline pick-ups will be used. Here a Og\ésfrequencythe beam-to-pick-up signal transferis "disturbed’”.

micron position resolution within 16ns bunch-to-bunch spacin § & consequence bunch length measurements with electromag-

may be obtained in combination with well matched broadbar. tic beam monitors areot poss_|ble everywere, but 0r_1|y in the
ff-electronics injector before the 3 GHz travelling wave buncher cavity (TWB).
For future linear colliders these bunch by bunch measurementén this paper we present the designs for eleciromagnetic mon-

are required to fulfill the constraints given by advanced bea@;]seizrrsnezslg;e ?r?gg()?c;sn'go"r:] :é‘d intensity — and related pa-
based alignment techniques. T gm '

For the S-band Test Facility two monitor units are developed:
« Atthe injector a compaghonitor modulevas constructed,
|. INTRODUCTION holding aresistive wall monitorainductive monitorand a

At Desy’s S-Band Test Facility major components for a fu-  button-BPM
ture Linear Collider layout are studied [1]. These are four 6m « The monitoring in the linac will be done wittstripline”-
long travelling wave accelerating structures (3GHz, 17Mv/m) BPMs, and resistive wall monitors as an option.
with quadrupole triplets in between, two klystrons (150MW for
3us), two modulators and a position feedback on the accelerat- Il. INJECTOR MONITOR MODULE

ing structures. Four locations along the injector are foreseen for monitor in-
For comissioning and measurement of essential paramet&tgmentation, one between the gun and the 125MHz subhar-
like beam curreniandbeam orbit the Test Facility has to be monic buncher cavity (SHB), two between the 125Mhz and the
equipped withbeam monitors To study thebunch trainsbe- 500MHz SHB and a fourth one behind the 3GHz TWB. Three
haviour in detail, monitors with enhanced performance are @onitors are arranged intoal25mm |ong piece of vacuum cham-
quired. Thereforg@osition-andintensitymonitors should have a per with 34mm diameter:
Single'bUnCh/Single-paSS measurement Capablllty For the inVﬁﬁ-e|ectrostaﬁC “button” pick-up, main]y used as a beam posi_
tigation of transverse beam motions due to higher order modgsh monitor (BPM), a resistive wall monitor and an inductive
(HOM) along the accelerating structures beam position monitQfigrrent transformer. The last two are forseen for beam current
(BPM) with 1um resolution are required. To analyse the HOMmonitoring (CM), but — with little modifications — may be used
effects, all the bunches in treamebunch train (!) have to be glso as BPM's. As the three monitors have different charac-

measured by the BPM's. teristics (sensitivity, bandwidth, etc.) we have the flexibility to
The electrons for the testlinac are served with 50Hz repetitigtperiment with their signals.

rate by an injector [2]. In the standard operation mode a train

of 125 bunches with 16 ns spacing is provided. To reproducé\a Button BPM
single bunch in this train by the monitor its syst&andwidth
has to be at least

sented. With a repetition rate of 50Hz, each of the 125 bunc = 10° @ 3GHz). The corresponding cutoff frequencies are in

The button monitor is an electrostatic device with four round

plates, the “buttons”, of 19mm diameter. These are fixed on the
Bags = fnaas — fiags ~ 80...100MHz inner pin of coaxial feedthroughs in symmetric positions around
’ ' the vacuum chambers cross-section. Denote therth (N),

Other operation modes with 8 (or 24ns) bunch spacing will Is@uth(S), west(W) andeast(E). To avoid an aperture reduction
studied further and require more (or less) bandwidth. To reaghthese points the vacuum chamber is made out of a massive
an average current of 300mA, each bunch has to be charged Wwigck with indentions for the buttons, which have radial shaped
4.8nC (310'%e™). Out of the thermionic gun the full-width half- inner surfaces on top. The button BPM is very compact and quite
maximum (FWHM)bunch lengttis expected to be 2.5ns. As-simple to manufacture.
suming Gaussian particle distributions we get the corresponding'he electrical equivalent circuit for a single button is just a
3dB cutoff frequencyby the relationshiptrwhm fage = 0.43, capacitive voltage divider loaded with&F The button-to-wall

lgaussian-like transfer functions assumed 2for bunches longer than the buttons diameter



capacitance stays constant, while the beam-to-button capacitazase no beam position dependence is observeable. Analysing
varies with the beam-to-button distance (beam position). Thitwe “4-resistor” schematics by varyirig; in a range of typical
causes a highpass-like transfer characteristic, so the outputadties we found a beam position depedence of the output signals
the feedthrough delivers a totally differentiated impulse whersafrequencies above some 10MHz.

bunch passes. Wire measurements show a rather “hilly” magniyn 3 “multi-resistor” operation the gap is completely filled with
tude response with alower cutoff frequencyfotes ~ 100MHz  resistors and forms a low impedance ring. Choosing a value that
[3]. Beam position measurements can be done simply by cofgrminates the gapsmdial transmission-line impedance results

paring the peak amplitudes of two opposite buttons, i.e. W- ajly very broadband monitor [4]. We compute
E-button for the vertical, N- and S-button for the horizontal axis.

no h
Zoaoas = [P0~ 50,
gaprad €y 2mr

B. Resistive Wall Monitor

wherer is the gap cylinders central radius anitis height (equiv-
alent to the “length” in beam direction).

In this operation the lower cutoff frequency of the position de-
pendence is given by [5]

.02775

fi308 =

with L = /€er€oftoZgapaz =~ 350NH/m ands’ ~ 1.6S/m.

C. Inductive Monitor

A toroid, made out of a 10.025mm ferrité bandage, around
the ceramic gap couples to the beams magnetic field which pro-
Figure. 1. Equivalent circuit of the resistive wall monitors “4duces a proportiona| flux in it. This is sensed by a Sing|e turn
resistor” operation (only one output shown) of a flat copper wire around the toroid, again four times at the

north, south, west and east positions. The delivered broadband

The monitor module has a 5mm wide ceramic &4 alu- signals are impedance matched t@3y rf-transformation, the
minia, ¢, = 9.7) gap for the resistive wall monitor. In the “4-spectrum ranges fronfy 3g5 =~ 30kHz to f; 308 &~ 250MHz
resistor operation” we bridge the gap only at the N-, S-, W-, arfet2dB). An extra turn is mounted for calibration purpose. This
E-positions with high quality rf-chip resistors. Together with thmductive monitor will be basically used as CM. It is also possi-
502 “read-out” cables at the same points they form the equivalésie to run as BPM, but its position sensitivity is much lower than
circuit shown in Fig. 1. The beam inducedll currentscon- that of electrostatic monitors (buttons).

centrate in the four current sourceé+is+iw +ie =ibeam  As we use the same ceramic gap for this inductive and for
For CM operation the output signals, vs, vw and ve are the resistive wall monitor, no extra space is required. Now a
summed in a broadband power combiner. To analyze the cirGgiétal shielding is mandatory, with the ferrite toroid inside its

we measured the gapzimuthaltransmission-line parametersinductance increases and help to lower fheg of the resistive

by impulse-reflectometry.Zgapa, ~ 562, €eff ~ 3...4. NOW \all CM.

the monitors upper frequency limit can be estimated from the to-

tal gap capacitanéeﬁéap = /Mo€o€eft/ Zgapaz @nd the total load . _

resistance. We choo$® = Zeape = Rs = 500 which resultsin D Signal Processing

6.252. Together withCgap &~ 13.5pF we findfy 3¢z ~ 1.9GHz. o . . .
The monitors lower frequency limit depends on the impedan-For currentm_omtormg the_four pick-up sug_nals of each device

ce (inductance) characteristics of the “DC-bypass”. Witho@f€ Summed with commercial power combiners and the result-
a metal-housing this DC-path is often rather long; via cablé89 signal is transfered via coaxial ca}bles (RG213 q_uahty) into

shieldings, racks, etc. so thétags might be quite low, but in the control room. In case of the BPM’s each button signal is de-

someway “undefined”. A metal-housing shields the monitor afye"ed seperately there. Later we plan to used delay-lines and
delivers a well defined DC-path, but it raisgsgs. This effect broadband combiners to line-up their signals on a single cable. In

can be reduced witferrite toroidsinside the housing to increaset'€ control room these signals are switched by a VXl rf-coaxial

the DC-path’s inductance. In general it is difficult to estimat'é‘“_'tiplexer_ onto a digital oscillo_scop_e for th_e signal processing.
the lower cutoff frequency, we measure mostly some 100kHzTh's very simple read-out technigque is possible because the num-
At R = Zeapie= Rs = Zgap the gaps azimuthal transmissionPer of monitors is small and the required performance is rather
lines are terminated in their characteristic impedance. In t{f°derate (0.5mm position resolution). For the commissioning

the instruments are controlled manually, after some experience a

3Cgap = Cgapper unit length computer control (GPIB, HP-VEE or LabView) has to be set up.



quire continuous wave (CW) sine-signals. As no “memories”
are present, the CW can be replaced by a sinus burst signal

ht) = sin@r fot) for: — fﬂ <t< fﬂ 0 elsewere
0 0
T I ~ _ sin[2r n(f/fy)]
M2 thfead 4§ umping hole H(f) = j1" 3
l~vneuum chamber E pp J T fo[l - (f/fo)z] ( )
| d
& — of n oscillations, with the frequency matched to the pick-up:

1/fo = To = 2tq.pu. For this purpose we designed a sinewave
‘comb-filter, which will be switched between pick-up outputs and
signal processing electronics.

The response of this comb-filter to a single bunch signal from

Figure. 2. Stripline BPM for the linac (partial view of the lon
gitudinal cut)

the pick-up is a sinewave burst of & 4 oscillations with
llI. LINAC BPM fo = 375MHz. In this way we get aneasurement timef
A. Stripline Pick-Up 4Ty = 4/fy = 10.67ns, which is sufficient to measure the posi-

Heart of the linac instrumentation are the BPM's. As pick-up.t:'aon of every passing bunch within the 16ns bunch-to-bunch spac-

stripline monitor with foureec = 20cm long tubular eleCtrOdeS::r)]i?é;hdeo(;%rlgtc)j-tl)t?r:Jstsriezzl:azle(g)b%:iidw%ﬁgap::;upjsg:;ﬂe-r
(sloted coaxial-lines made with 5mm dia.2mm stainless steel putsig 9 P P

tubes) has been developed. The pick-up body is milled a\r’1v(|1th a"half’-cosine impulse reponse:

electro-eroded (EDM)out of three NABE-58 Cu parts which 1 1

are brazed together. As the monitor fits inside the quadrupole n§(t) = €0S(2r fot) for: —-— <t < -—, 0 elsewere
extra space is required and it is easy to be aligned and calibrated. cosfr/2(f/ )] i i

The pick-up electrodes are fixed at both ends to the center-pin ofig f) = > 4)
502 vacuum feedthrough. A little disk is used to compensate the 7 o[l — (f/10)°]

stray inductance at the pin-end. This minimizes the reflectiops output delivers a singld=375MHz sine oscillation as re-

on the electrode-to-feedthrough transition. Each electrode agtynse of (2). With two commercial broadband 4-way power
like a directional-coupler to the beam with the transfer fumti%litters/combiners and some delay-lines we line-up n=4 oscilla-

[6] tions by splitting and delayed recombining of this single period.
Uout( f) _ k ] Sln@
ibeard f)  C0y/CloanCaiecv/1 — K2COSO + j SiN®
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wherety py = 2 £elec/Co =1.33ns. Further analysis of the pick-
ups cross-section leads to thesition sensitivityf two opposite
electrodeswy/ve or vy /vs ~2dB/mm around the center.

B. Signal Processing with Comb-Filters

As usual, the signals of two opposite horizontal and vertical
electrodes has to be compared to find the beam position with
respect to the vacuum chambers center. @mmgplitude ratio-
to-phase differencenethod is a reasonable way to process the
broadband signals from the pick-up electrodes. With an ana-
loguepreprocessingxtension £/A-hybrid and rf-amplifier) the
sensitivity around the origin can be increased [7]. The process-
ing is based on 9 3dB-hybrids (directional couplers) and re-

4VAC Vakuumschmelze typBermenorm 3601K2
Selectrical discharge machining StpunchrwhM < ta.pu and fn ads.bunch>> fh.ade.Lp



