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Calculated Signal Level from LEB BPM

C. Roberto AieIIo

1.0 Introduction

Theoutputsignal from the LEB BeamPositionMonitor systemis calculatedin this note
in orderto evaluatethedynamicrangeand the resolutionrequiredfor the system.

Thebeamis not bunchedbeforethe first 1X turns. For this reasonthis analysisis restrict
ed to a time which goesfrom 0.2 ms after injection up to extraction.During this accelera
tion time the beamsigmachangesfrom 3.4 ns down to 0.7 ns while the RF is rampedfrom
47.5 MHz to 6 MHz [1].

Thesignalfrom the stripline hasbeenanalyzedboth in the time domainand frequencydo
main and both the signal responseandthe RF componentat different currentanddifferent
time after injection havebeencalculated.Theresultsfrom the two methodsare compared
in order to checkthecalculations.

TheprogramPro-Matlab[2] running on a Sun Workstationhas beenusedto get the nu
merical results.

2.0 Time Domain Analysis

Thebeamcurrentof a single bunch is given by:

= eN 1I EQ I

with e = l.6x1 19 C N = numberof particlesper bunchand 1t is the normalizeddistri
bution function. If the beamis gaussianit is:

IEQ
I 2crfr =

____

with a = bunch length [s].

When the currentat EQIreachesthe upstreamend of the stripline. it inducestwo sig
nals: one is seenat the output,the other one propagatesdownstreamwith velocity c. The
amplitudeof this signal is given by:

V0 , = EQ



with L = cablelength [ml, Af0= attenuation[nepers/m]= 1/8.687 [dB/m]. The parameter
dependson the cable.

Theslopeof the loss versusfrequencydependancein the log-log plot is not always0.5: for
this reasonit is convenientto choosea frequencycomparableto the impulse risetime [4}.
Different approachescanbe used15] which considerthe deviation from the ideal coaxial
cables[6].

The signaldownstreamthe cable is given by the convolutionof the input signal with the
impulsive response of thecable:

Vt = Vt®hr EQ7

Thesignalscalculatedfor differentbunch lengthsare shown in figure 2 and 3. while the
parametersusedin the calculationare shown in table 1. A 100 meter long RG-213/U has
beenconsidered.

In order to calculatethe RF amplitudeupstreamand downstreamof thecable, the signal
spectrumhasbeencalculatedusing the FFT algorithm [7]. Theresultsof the calculation
for differentbunchlength and different modesof operationsare shown in table2.

FIGURE 2. Time domain signal and spectrum.Bunch length = 3.4 ns; Injection time = 0.2 rns.
a signal at the stripline; h signal after the cable.
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3.0 Frequency Domain Analysis

The sameanalysiscan be done in the frequencydomain [8]. In orderto calculatethe re
sponsedownstreamthe cable in the frequencydomain it is necessaryto makea Founer
decompositionof the input waveform,then to calculatethe gain and the phasechangefor
eachof the frequencycomponentscontainedin the input waveform,and finally to reas
semblethem to obtain the time domainresponse[9].

The gaussiandistribution functionat EQ2 can be analitically written in Fourierseries:

fr = +X/kcoskut EQs

with T = bunchspacing;w0 = 2m/T; and the Fourier seriescoefficient being:

X i,

=
2 EQ9

Theresponsefrom the stripline hasbeencalculatedfrom eq1, eq2.eq3and eq4 sub
stituting EQ2 with EQ8.

The signal downstreamthe cablehasbeencalculatedconsideringtheattenuationand the
phaseshift for eachof thefrequencycomponents.Being 7k = Uk + j the attenuationper
unit length at a given frequencyandL thecable length, the attenuationcoefficient is:

Ak = e EQIO

with Uk in Nepers/m,while thecosinusargumentbecomes:

- EQ II

with k = Uk + kw0T1. T1 thedelayper unit length. The first part is responsiblefor the
phaseshift, the secondone for the cabledelay.The signal downstreamthe cable becomes:

V U = eNgZL x ku0!- kL - cos ko t- -
EQ 12

Since we aie not interestedto thedelay betweenVcu and Vst in this analysis,we sup
pose‘3k =

The amplitudeattenuationcoefficient Uk has been interpolated from the loss versus fre
quencydiagram [1 fl. It hasbeenfound that the loss is not proportionalto the squareioot
of the frequency.asassumedat section2. the slopeof the log-log plot being 0.64 instead
of 0.5.



- collider test operation: N = 2xl05.

The bunchlength changeduring theaccelerationramp inducesa changein the response
signal from the stripline. Theresults are shown in table 2.

TABLE 2. Calculationresults.

Time analysis Frequencyanalysis

lnj. Time RF Bunch length N Vc fl Vs U Vc U Vs U
Imsl [MHzl a ns dBml tdBml jdBml IdBml
0.2 47.5 3.4 2x108 -41.91 -46.02 -41.93 -46.17

io’° .793 -12.04 -7.95 -12.19
5x10’0 +6.05 +1.94 +6.03 +1.79

49 60 0.7 2xI0 -33.73 -35.41 -33.72 -38.64

io’° ÷0.25 -4.42 +0.26 -4.66

5x1010 + 14.23 +9.56 +14.24 ÷9.32

The discrepancybetweenthe resuksfrom the two methodsis due to the fact that the real
slopeof thecable attenuationfunction is different from the slopeusedin the time domain
analysis.

5.0 Conclusions

Both the time domain andfrequencydomaincalculationshavebeendone to checkthere
sults.Thecomparisonbetweenthe methodsshowsa good agreement.The time domain
methodpresentssome problemsbecauseof thedifferent slopebetweenthecable lossver
susfrequencylog-log plot and the theoreticalone.On theother handthe frequencydo
main analysispresentsa frequency-windowingripple to the outputwaveform.As a
consequencethe time domain analysisis recommendedwhen the real shapeof thesignal
is needed,while the frequencydomain one when the valueof few harmonicshasto be cal
culated.

Different operationalmodeshavebeenconsideredand the RF frequencycomponentam
plitude of thesignal upstreamanddownstreamthecable from 0.2 ms to 49 ms from the in
jection time hasbeen calculated.The conclusionsfrom the calculationsare:

- Cableattenuation: V = 4.5 dB:

- Different modesof operationproduce: AV = 48 dB:

- The accelerationramp produce: AV = 7.5 dB;

- Maximum output voltage: V = + 9.3 dBm:

- Minimum output voltage: V = - 46.2 dBm.

- Total voltage lange: = 55.5 UB.


