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The following is a new version of the first part of Section 3.3 of the repart cited in
the footnote.

3.3 Bunched-beams signal processing

As all Schottky lines in a frequency interval fp are correlated (see section 1), it
is interesting to sample the beam signal at the revolution frequency. A1l lines will be
folded in the base band giving a much better signal to noise ratio as will be shown in the
following.

In the case of a detector with a bandwidth larger than fp, the Schottky signal
appears like a noise burst of length Z;m- Its peak power is the same as that of an
unbunched beam having the same line density, i.e. with a total number of particles
Neff = N / 2tyfy. Therefore, when sampling the Schottky signal at the revolution
frequency the resulting signal to noise is the same as if it were given by an unbunched
beam of Ngff (Neff>>N) particles.

With a detector having a slower response, like a travelling wave pick-up, the output
RF burst (Fig. 23) can be much longer than the bunch itself (+t>>21;), but nevertheless

very short compared to 1/f,. Take, for instance a transverse detector giving an output
voltage:
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for a single particle which performs a betatron oscillation x cos (wﬁt + ¥). wpy is
the centre frequency of the detector.

The average power, per particle is therefore:
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x>

2
T

w =N SA2 e? (64)

* New version and addenda to sections of D. Boussard, Schottky Noise and Beam Transfer
Function Diagnostics, Proc. CAS, Advanced Accelerator Physics, CERN 87-03 (1987).
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The thermal noise power of the amplifier, referred to the input, for an amplifier bandwidth
B can be written as:
2y -
<Vth> =F kotoRoB

The power signal to noise ratio, during the time interval t is therefore:
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This is also the signal to noise ratio after sampling. We can select B (B = Bgypt) to
optimize 1/U. Bopt is the minimum bandwidth for which the useful signal is not reduced
significantly. This happens if the rise time of the band limited RF burst is of the order
of its length: 1/B = t, as illustrated in Fig. 27. More precisely Bypt is that of the so
called "optimum filter" (radar terminology) for which the impulse response is the time
reversed image of the RF burst. With that condition (65) becomes:

1 1 e f 5.2 x?
_=__ N__9o & (66)

U Tfo " F k0 t, R0

which is the same as for the debunched beam case, except for the enhancement factor 1/1f,
which can be much larger than unity.10)

Addenda to Section 4.2

More generally the transverse kicker sensitivity defined by:
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where Vg is the voltage applied to the kicker, can be related to the pick-up sensitivity
Sp of the same structure.

Combining Egs. (70) and (75), gives:
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When applying the reciprocity theorem to a transverse pick-up, we already obtained
(Eq. (43), modified for the transverse case):
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I, being the current source producing the field E;. For a matched pick-up or kicker, I;
is split equally between the structure and the load resistor, which gives:

Ve = L R/2 . (77.8)

Combining Eqs. (77.2), (77.3), (77.4) and (33) one obtains:
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which relates pick-up and kicker sensitivities.

For the "TEM" travelling wave kicker, which is the same structure as the one shown in
Fig. 15b, combining Egs. (34) and (A5) gives:
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and finally:
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