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Abstract

A signal transmission and its characteristics of a beam-current monitor (CM) have been investigated for long-pulsed
electron beams with a pulse width of ~1 us. The monitor is based on a conventional current transformer, which comprises
an induction coil wound around a ferrite core. Three CMs of this type are used in the compact electron linac of the Slow
Positron Facility (SPF) of the Institute of Materials and Structure Science (IMSS) at KEK. It was found that only the
signal measured by one of these CMs was very noisy, and however, the signals by the other CMs seemed to be normal.
This result gave me strong motivation to investigate this work, because it seems that there are no differences among these
CMs. After experimental tests and simulations based on balanced and unbalanced circuit theory, it was found that it
was important where the grounded points should be located in the signal transmission line of CM. The generation and
transmission mechanism of the noise signal from CM and its suppression technique are discussed from a physical point
of view based on a signal transmission model.
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Figure 1: Signal pickup principle in a beam-current mea-
surement with a CM.
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Figure 2: Mechanical drawing of the CM in side view.
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Figure 3: (a) Schematic equivalent circuit in a beam-
current measurement with a CM, and (b) equivalent circuit
in the signal transmission analysis with a signal generator.
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Figure 4: Detailed equivalent circuit taking into account
another grounded point (Acc. Gnd.) on the signal generator
side. There are two connection states for it (see text for
details)
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Figure 5: Equivalent-circuit model with lumped constant
circuit elements in the signal-transmission-line analysis
taking into account another grounded line (Gnd. Line).
Two different propagation modes are also schematically
drawn (see text for details).
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Figure 6: Four fundamental propagation schemes for ¢ and
d modes in the signal transmission line. (a)—(c) show the
different propagation schemes (see text for details).
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Figure 7: Analysis results of Case 1. (a) Amplitude and
(b) phase spectra as a function of frequency. The red and
blue solid lines indicates the results for the d mode and
converted ¢ mode, respectively. The cable length is [ =
15 m.
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Figure 8: Analysis results of Case 2. (a) and (b) are simi-

larly defined in fig. 7.
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Figure 9: Analysis results of Case 3. (a) and (b) are simi-
larly defined in fig. 7.

40

Amplitude [dBV]
IS
Phase [deg.]

——_

100
o 5 10 15 20 25 30 0 5 10 15 20 25 30
£IMHz] £IMHz]

Figure 10: Analysis results of Case 4. (a) and (b) are simi-
larly defined in fig. 7.
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Figure 11: Signal waveforms of the CMs (CM1-3) for a
long-pulsed electron beam (a) before and (b) after noise

suppression implementation only for CM3.
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