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ON Tii TRANSMISSION OF SIGNALS BY THE
WIDE BAND PICK-UP STATION

by H. H. Umst8tter

Introduction and Summary

When studying the interaction between beam and accelerating
cavity, one wants to know the true shape of proton bunches in parti-
cular at transition energy and distinguish it from signal distortions
caused by the pickeup station itself. During the last PS shutdown
(May 1967) the wide band P.U. station has been taken out of the ring
and its signal transfer function (amplitude and phase) measured up
to 600 MHz with a reflectometer bridge. These data have beeh intro-

*)

plots how a given signal of the bunch shape is transmitted and dis-

duced into a computer programme "RESPONS" which calculates and
torted by the wide band pick-up station (connected to MCR). These
results may help other users of the pick-up station to avoid misin-~
terpretations of the observed signals of bunch shapes. The effect
of signal transmission through 150 m of cable type A from the ring
to the HCR has also been considered. Finally, a Chebyshev low-pass

filter is proposed to suppress ringing.

Measurements in the laboratory

v The vacuum tank from straight section 92 with both wide band
P.U.-electrodes (MCR and CB) and attached sections of 0.95 m elliptic
vacuum chamber have been set up in the central building, and a 1 mm
wire extended along the center axis to transmit test signals similar
to previous measurements{1] except that a thinner wire has been
used. If a short -current pulse JIdt is sent into the wire, this

pulse travels with its associated TEM wave along the wire with the

*¥) Modified version of programme M1 in the MPS programme list.
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valocity of light in a similar way as the charge of a bunch of protons

travels in the accelerator.

The electrical field around a charged wire inside a cylindrical
conductor can be conformally mapped on the field inside a nearly ellip-

tic boundary by the function
x + iy = ar tanh(u + iv)

Fig. 1 illustrates this field. The plot in fig., 1 has on top a scale
indicating the electrostatic potential around a uniform line charge
inside the vacuum chamber of the PS and has a wvertical scale on the
left indicating the mean diameter of these equipotential lines, By di-
viding this "potential per line charge density" by the velocity of

the signals (3 - 108 m/seo) one obtains the characteristic impedance
of the transmission line consisting of wire and vacuum chamber (scale
on the bottom). The transmission line*) has been matched on the far
end by a resistor and on the near end by a minimum loss attenuator
(L—pad) which is also matched to the 750 cable which carries the

input signal.

Transmission of sine waves: The signal from the generator
was split into two parts by means of a matched T: one entering the
vacuum chamber via the minimum loss attenuator, the other going
through an attenuator into the reflectometer bridge ("Z-g-diagraph"
from Rohde & Schwarz) where its amplitude and phase are compared
with the output signal of the wide band pick-up station (pick-up

electrode + cathode follower).

If one writes the input current in the wvacuum chamber in the
form Ioe‘wt then the output voltage of the pick~up station can be
written

V = T(w) d Ioert
where the complex factor T is the transfer function. Its modulus |T| is

plotted in fig. 2. The logarithm of T is plotted in fig. 3

= a(w) + jo(w) To = 4.8 V/Amp

log

*) characteristic impedance is kept constant by variation of the wire
diameter corresponding to the diameters of vacuum tank and vacuum
chamber.
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where a is the attenuation and ¢ the phase lag (o is plotted in
decibels and ¢ in degrees). These are the actual readings taken

on the Z-g-diagraph.

One can see in fig. 2 that the pick-up station transmits
signals of even more than 400 MHz, but the frequency response is
not flat and the sensitivity is overcompensated for high frequencies.
There are several minima at approximately equal frequency intervals
(at 150, 270, 400, 527 MHZ) which indicate standing waves on the
pick~up electrode and the amplifier circuit. In addition there is
a sharp mininun aﬁ'485 MHZ. It can be seen more clearly in fig. 3
which shows that also the phase is shifted by 360° (from 463 to
505 MHZ). Perhaps the pick-up station was better in the past.,

The circuit of the amplifier is shown in fige. 4. At low fre-
quencies it works as a cathode follower, but at high frequencies
the cathode follower is bypassed by the 15 pF capacitor and 33 Q
resistor which transmit the signal from the electrode directly to
the matched cable. However, stray capacities and inductances make
the actual circuit more complicate. Therefore we limit ourselves
to regard the pick-up station as a black box of which we know only
the transfer function. These measurements have been made with snall
signals (P.U. station output < 20 mV) so that nonlinear effects are
excluded. Unfortunately, due to an error in a ciréuit drawing the
amplifier was supplied with 150 V instead of 210 V dc. This may
change the tube characteristics but not fhe circuit elements and
geometry of the electrode. It‘is hoped that this did not deteriorate
much the behdviour of the P.U. stétion. It must also be remembered
that higher modes may exist in the vacuum tank beyond 600 MHz which

*
are outside the range of the instrument ).

Calculated transmission of bunch shapes

Bearing in mind the mentioned restrictions we shall now use
the available measurements to study on the computer how various
bunchvshapes are transmitted by the pick-up station under test con-
ditions. The data of fig. 3 have been bunched on cards and read into
the computer programme "RESPONS" which calculated and plotted the

following examples by Fourier transformation.

*) In particular a 640 }MHz oscillation with high Q value can be ob~
served after short bunches with the 1000 Lz oscilloscope [2],[6].
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First a triangular bunch of 6.4 nanosec length is assumed to
travel in the vacuum chamber. This is the bunch lenzth observed at
2
transition energy in the PS in 1964; ]. ¥Fig. 5 shows the correspon-
ding output pulse after the cathode follower of the wide band pick-up

station. (The pulse height and t = O have been chosen arbitrarily).

Note: 1. The transmitted pulse is a triangle with a rounded top and

the bunch length extrapolated to the base line is unchanged

(6.4 nsec) by bvandwidth limitations.

2. About 6 nsec after the bunch follows a small negative bump
dnd a bit later a smaller positive bump. These seen to be
reflections: The signal picked up by the electrode (elliptic
cylinder) enters the amplifier circuit where it is delayed
and ﬁartly reflected with negative polarity by some capacity
répresenting a low impedance at high frequencies. Then the
signal goes back through the vacuum seal, travels around
the circumference of the electrode and returns to appear as
an attenuated negative bump. After a further reflection it

should appear as a smaller positive bdbump.

%+ A tail of 5 oscillations/10 nanosec of decreasing amplitude
follows. It corresponds to the 485 MHz resonance in fig. 2,3.
The sharper the peak on top of the bunch, the more it excites
this oscillation. One‘might expect that this "ringing" de~
pends on the bunch repetition frequency, but calculations
for bunches at 9.413 lHz (transition) and 9.5 MHz repetition
rate yielded almost the same result as for a single bunch,

so that it is not worth reproduding these results.

4. Before the triangular output signal of the pick-up station
arrives, one observes a slow rise of the voltage which is
due to the pick-up station and should be disregarded when

reading the bunch length.

Pig. 6 shows how a triangular bunch of 10 nsec length is trans-
mitted: Since the charge is the same, the pulse height is smaller and
one can see better the triangular shape. Less ringing is observed,
and the negative reflection is weaker, because it overlaps partly
the bunch itself.

PS/6323
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Fig. 7 shows how a {oosine[—pulse of 10 nsec length is trans-
mitted, similar to the bunches in the PS before transition. The bunch
shape is transmitted quite correctly and less ringing occurs because
the top of the pulse is rounded. The least ringing occurs for a gaussian

distribution but this seems not to be the case in the PS.

If the output signal in fig. 5 is transmitted through 150 m of
cable type A from the ring to the M.C.R,[B], this has little effect on
the bunch shape (fig. 8). It is very important to use few and good
connectors (not BNC 75 Q) and to match the wide band oscilloscope
carefully in order to avoid reflections between pannel connector and
oscilloscope. A good attenuator should be used to check whether spu-

rious reflections can be attenuated,

Signal improvement by a low-pass filter

The programme has also been used to study the effect of simple
lossless filters which could be inserted between two matched 75 Q
cables (fig. 9, 10). A low-pass filter could be used to eliminate the
500 1Hz oscillation. When choosing between a maximally flat (Butterworth)
response and an equal ripple (Chebyshev) response, the latter has been
preferred, because one can take advantage of a large ripple to equalize
the frequency response of the pick-up station., Such a filter is given
in fig. 9 for insertion between tWQ'maﬁohed 75 Q transmission lines.
(Chebyshev filter prototypes are tabulatéd for instance in reference
[4].)The filter transmits £ = O and £ = 275 Iz and it has 2 db in-
sertion loss at f = 159 1Hz and £ = 318 MHz, For higher frequencies
the insertion loss increases by approximately 18 db/oct. Its transfer

function is

1

T(w) - (1#wJLCj + jw(RC+m%§ - &25%97

(R =750 C = 18 pF L = 0,031 uH)
Fig, 9 shows how the pulse of fig. 5 is corrected by this filter.
Another Chebyshev-filter (C = 27 pP; L = 0.,0317 pi) with 2 db ripple
and 196 MHz bandwidth has also been calculated, but it is not worth
reproducing the result: The top of the tria?gle is even more rounded
because the bandwidth is smaller. This example indicates that the value
of the capacity C = 18 pF may be increased and is less critical than

the value of the inductance L = 31 nH,

PS/6323
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Behaviour of the P,U, station in the synchrotron ring

One may expect a difference between the behaviour of the P.U.

station in the preceding small signal analysis (output voltage < 20 nV)

and the actual signals of

bunched at ftransition and

beam intensity was 0.95 +« 10

It is known that the base

several volts produced by the proton bunches.
line floats, if tle protons are sharply
the signals become large. In fig. 10 a the

”
12 protons/p, whereas in fig. 10 b less

current was injected from the linac, so that only 0.30 * 1012 protons/p

circulated.,

because it attracts negative ions

This means that the

%rﬁd becomes negatively loaded, either
5

or because grid current flows

during signals with a high peak.
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APPENDIX

*
Impedance of the P,U. electrode ) in the tank

It has been mentioned that the elliptical pick-up electrode
cannot be considered as a lumped capacity but rather as a distributed
capacity with distributed series inductance and resistance or, in
other words as a curved parallel strip transmission line with losses.
This fact can be shown more detailed by a measurement of the complex
impedance of the P.U. electrode in the tank as seen from the araldite
vacuum seal, which separates it from the cathode follower., The com~
plex impedance is plotted in the Smith chart in fig. 12 in which the

center 1 corresponds to 75Q .

At 30 MHz the electrode behaves like a capacitor of 37 pF

1 _ =J
JwC ~ 2w « 30 MHz » 37 pF

because it is small compared with one wavelength, but at 184 MHz it
behaves like a quarter wave resonator or series resonant circuit,
and at higher frequencies the series inductance prevails. The impe=-
dance does not become zero at 184 MHz but only 12 ohm, because the
electrode consists of a thin resistive layer on glass support to
attenuate reflections. Perhaps the resistivity should be further in-

creasede.

The two pick-up electrodes connected with M.C.R. and central
building are both placed in the same vacuum tank (inner diameter
0,348 m, length 0.434 m) in straight section 92. It may become 2
cavity resonator. Therefore a metal diaphragnm with an elliptical
aperturce for the beam (8 x 16 cm) has been inserted (after the mea~
surements of this report), which divides the tank into two smaller
chambers. Before insertion of this diaphragm, one could see a "cavity
mode" at 560 MHz in the impedance plot in fig 11. Although the elimi-~
nation of this mode is a small improvement, no significant difference

L6

2
in the signals from the bunch before ] and after this modification
was observed and the 640 Mz oscillation persists, It could be atte~

nuated by the low-pass filter.

O, I. Umstdtter

*) This refers to the wide band PU electrode connected to Central
building, but both electrodes are similar now.
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Impedance of P.U., electrode in tank



