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Calculated Signal Level from LEB BPM

G. Roberto Aiello

1.0 Introduction

The output signal from the LEB Beam Position Monitor system is calculated in this note
in order to evaluate the dynamic range and the resolution required for the system.

The beam is not bunched before the first 100 umns. For this reason this analysis is restrict-
ed to a ime which goes from 0.2 ms after injection up to extraction. During this accelera-
tion time the beam sigma changes from 3.4 ns down to 0.7 ns while the RF is ramped from
47.5 MHz 10 60 MHz [1].

The signal from the stripline has been analyzed both in the time domain and frequency do-
main and both the signal response and the RF component at different current and different
time after injection have been calculated. The results from the two methods are compared
in order to check the calculations.

The program Pro-Matlab [2] running on a Sun Workstation has been used to get the nu-
merical results.
2.0 Time Domain Analysis
The beam current of a single bunch 1s given by:
I,(1) = eN (1) (EQ 1)

withe = 1.6x107'Y C; N = number of particles per bunch and f(t) is the normalized distri-
bution function. If the beam is gaussian it is:

r (EQ D

with ¢ = bunch length [s].
When the current at {EQ1) reaches the upstream end of the stripline, it induces two sig-

nals: one is seen at the output, the other one propagates downstream with velocity ¢. The
amplitude of this signal is given by:

1
Vo) = §gZ,_lb(.r) (EQ 3)




with L = cable length [m], A(fy)= attenuation [nepers/m] = 1/8.687 [dB/m]. The parameter
B depends on the cable.

The slope of the loss versus frequency dependance in the log-log plot is not always (.5: for
this reason it is convenient to choose a frequency comparabie to the impulse risetime [4].
Different approaches can be used [5] which consider the deviation from the ideal coaxial

cables {6].

The signal downstream the cable is given by the convolution of the input signal with the
impulsive response of the cable:

Vi) =V (1) ®hk(r) (EQ7)
The signals calculated for different bunch lengths are shown in figure 2 and 3. while the
parameters used in the calculation are shown in table 1. A 100 meter long RG-213/U has
been considered.

In order to calculate the RF amplitude upstream and downstream of the cabie, the signal
spectrum has been calculated using the FFT algorithm [7]. The results of the calculation
for different bunch length and different modes of operations are shown in table 2.

FIGURE 2. Time domain signal and spectrum. Bunch length = 3.4 us; Injection time = 0.2 ms.
a) signal at the stripline; b) signal after the cable.
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3.0 Frequency Domain Analysis

The same analysis can be done in the frequency domain [8]. In order to calculate the re-
sponse downstream the cable in the frequency domain it is necessary to make a Fourier
decomposition of the input waveform, then to calculate the gain and the phase change for
each of the frequency components contained in the input waveform. and finally to reas-
semble them to obtain the time domain response [9].

The gaussian distribution function at (EQ2) can be analitically written in Fourier series:
I g
fln = 7_+;],‘cos(:’c(.our) (EQ §)

with T = bunch spacing; w, = 2n/T. and the Fourier series coefficient being:

s 2 2
kxo,xa

2

= e (EQY)

e )

The response from the stripline has been calculated from (eq1), (eq2), (eq3) and (eq4) sub-
stituting (EQ2) with (EQB).

The signal downstream the cable has been calculated considering the attenuation and the
phase shift for each of the frequency components. Being ¥, = oy, + jBy, the attenuation per
unit length at a given frequency and L the cable length, the attenuation coefficient is:

A, =e¢ i (EQ 1D
with o in Nepers/m, while the cosinus argument becomes:
kw1 -B.L (EQ 11}

with By = ¢y + k@, T|. T; the delay per unit length. The first part is responsible for the
phase shift, the second one for the cable delay. The signal downsweam the cable becomes:

L

1 /
V. (1) = Ee.-'\":,er,’x Z Akfk[t‘()s (kwgyt — B,LY — cos (k) (- %_—) -B.L) (EQID)

k=1

Since we are not interested 1o the delay between Vcit) and Vsit) in this analysis. we sup-
pose By = .

The amplitude attenuation coefficient oy, has been interpolated from the loss versus fre-
quency diagram [10]. It has been found that the loss is not proportional to the square root
of the frequency. as assumed at section 2. the slope of the log-log plot being (.64 instead
of (.5.




- collider test operation: N = 2x10%,

The bunch length change during the acceleration ramp induces a change in the response
signal from the stripline. The results are shown in table 2.

TARLE 2. Calculation results.

Time analysis Frequency analysis

Inj. Time RF Bunchlength  Np* Ve () Vs (1) Ve () Vs (U
{ms] [MHz]  o|ns} [dBm] [dBm] {dBm] |dBm)
0.2 47.5 3.4 k108 -41.91 -46.02 -41.93 -46.17
10 .7.93 -12.04 -7.95 -12.19

5x10'0 +6.05 +1.94 +6.03 +1.79

49 60 0.7 2108 -33.73 -38.40 3372 -38.64
1010 +0.25 -4.42 +0.26 -4.66

5x10'¢ +1423 +9.56 +14.24 +9.32

The discrepancy between the results from the two methods is due 1o the fact that the reul
slope of the cable attenuation function is different from the slope used in the time domain
analysis.

5.0 Conclusions

Both the time domain and frequency domain calculations have been done to check the re-
sults. The comparison between the methods shows a good agreement. The time domain
method presents some problems because of the different slope between the cable loss ver-
sus frequency log-log plot and the theoretical one. On the other hand the frequency do-
main analysis presents a frequency-windowing ripple to the output waveform. As a
consequence the time domain analysis is recommended when the real shape of the signal
is needed, while the frequency domain one when the vilue of few harmonics has to be cal-
culated.

Different operational modes have been considered and the RF frequency component am-
plitude of the signal upstream and downstream the cuble from (1.2 ms to 49 ms from the in-
jection time has been calculated. The conclusions from the calculations are:

- Cable attenuation: AV =4.5dB:
- Different modes of operation produce: AV =48 dB:
- The acceleration ramp produce: AV =7.5dB;
- Maximum output voltuge: V=+93dBm:
- Minimum output voltage: V =-46.2 dBm.

- Totul voltage range: ‘ AV =555 dB.




