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Abstract

This paper describes a new method to estimate the width of electron beam micro-pulses on an elec-
tron linear accelerator. It is based on the measurement of standing wave distributions. The standing
waves are formed by interference between two waves. One is the traveling wave that is radiated
directly from the micro-pulses of the electron beam. Another is its reflected wave that is reflected at a
conducting plate, and propagates in the opposite direction. In this paper, standing wave distributions
are calculated by using a one-dimensional model of the excited electromagnetic fields. The calculated re-
sults indicate that standing wave distributions have dips at equal spaces and the width of each dip is
proportional to the micro-pulse width. When standing wave distributions have fluctuations in magnitude,
it is found that the dip widths are linearly dependent on standing wave ratios, and the micro-pulse
width can be estimated from the dip width when the ratio is unity. To show the validity of this
method, we obtained standing electromagnetic wave distributions by an experiment at Hokkaido Uni-
versity. The estimated values based on this method show good agreement with the expected width of
the electron beam micro-pulse.
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Fig. 1 Equivalent circuit of the crystal detector.
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(b) Dip at z=-52.5 mm.

Fig. 2 Calculated electric fields of standing waves excited
by micro-pulses whose amplitudes are constant.
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Fig. 3 Interference between an incident pulse and a re-

flected pulse at position shifted from the center of
the dip in the + z direction. The shift in distance is
Gd/2.
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Fig. 4 Comparison of the normalized electric field and vol-
tages nearby the dip.

Table 1 Relation between the spatial bunch lengths and
the dip widths of standing waves, which take into
account the detector and oscilloscope.

Det. FWHM [_ps] Ad [mm] Ad/o’dgo Ad/0d40
. 20 3.922 1.540 —
Linear
40 7.844 — 1.540
20 4.607 1.809 —
Square-law
40 9.213 — 1.809
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Fig. 5 Calculated electric fields of standing waves excited
by the Gaussian macro-pulse.
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Fig. 6 The way to determine the magnitudes Hj to obtain
the dip widths Adx.
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Fig. 7 Relation between the dip widths Adx and standing

wave ratios of the electric fields.
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Fig. 8 Calculated voltages of standing waves excited by
the Gaussian macro-pulse.
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Fig. 9 Relation between the dip widths and voltage stand-
ing wave ratios.

Table 2 Pulse widths estimated from the dip widths.
(a) Linear characteristics.
Dip Width | Bunch Length oy FWHM
Data
Ady [mm] | Ado/1.540 [mm] | 2v/2In204/co [ps]
A 3.887 2.524 19.83
B 7.773 5.047 39.65
(b) Square law characteristics.
Dip Width | Bunch Length o4 FWHIM
Data
Ady [mm] | Ado/1.809 [mm] | 2v2In204/co [ps]
C 4.605 2.545 20.00
D 9.208 5.090 39.99
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Fig. 10 Schematic of the experimental system.
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Fig. 11 Measured standing wave distribution.
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Fig. 12 Relation between the dip widths and measured
voltage standing wave ratios.

Table 3 Pulse widths of the electron beam estimated from
the dip widths Adp

Dip Width | Bunch Length o FWHM
TYPE
Adp [mm] | Ado/(1.540¢0) [ps] | 2v2In 20 [ps]
I 4.52 9.79 23.1
I 4.63 10.0 23.6
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