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Abstract

A high-power test of an accelerator guide (S-band, 2m-
long, quasi-constant gradient, made by electroforming) for
an energy upgrade of the KEKB injector linac [1] was
performed. An average accelerating electric field of 36
MV/m was achieved for 50-Hz pulses from a SLED. The
dark current caused by field-emitted electrons was
measured as an index of progress of rf conditioning of the
accelerator guide. The obtained field-enhancement factor
from modified Fowler-Nordheim plots of the dark current
converged to about 70 after rf conditioning for 250 hours.
In order to obtain information about rf breakdown,
radiation (neutron as well as gamma-rays) emitted from
the accelerator guide was measured by a NE213 liquid-
scintillation counter.

1  HIGH-POWER TEST

In the usual operation of the linac, the klystron output
power (41 MW, 4µs and 50 Hz ) is pulse-compressed by
the SLED and fed into four 2-m accelerator sections.
However, all of the power was fed into one accelerator
section in this high-power test. A schematic layout of the
experimental setup is shown in Figure 1. The maximum
klystron output power and the electric-field strength in the
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Figure 1:  Schematic layout of the experimental setup.

accelerator guide averaged over the pulse were  30 MW
and 36 MV/m, respectively, which shows a large margin
for the KEKB operation (10.5 MW, 21 MV/m,
respectively).

2  MEASUREMENT OF DARK CURRENT

The total amount of the dark current (I ) was measured by
a Faraday cup 1 (FC1 in Figure 1). The SLED was
detuned during the measurement. The measured result is
shown in Figure 2 as a modified Fowler-Nordheim (F. N.)
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Figure 2: Modified Fowler-Nordheim plot. Numerical
values show the number of shots from the start of rf
conditioning. Es(maximum surface field at disk edge) =
Eacc (accelerating field) × 2.1.

plot [2]. The field-enhancement factor (β), which can be
obtained from the gradient of the F. N. plot, is shown in
Figure 3 together with the amount of dark current (I), for
an electric field of 21 MV/m. We can see from this figure
that while the β value converged to 70 at 4.5x107 shots
(250 hours at 50 Hz), I continued to decrease after this
time and converged at 7×107 shots (400 hours).
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Figure 3:  History of the field-enhancement factor (β )and
the amount of dark current (I) for Eacc=21 MV/m.

Figure 4 shows the momentum spectra of the dark
current measured by the analyzer magnet (AM) and
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Figure 4:  Momentum spectra of the dark current for an
average electric field strength of 33.5, 35.7, 36.4 MV/m.

Faraday cup 2 (FC2). It is observed that the peak energy
is much lower than the accelerating energy (about 70
MeV), calculated from accelerating gradient and structure
length.

3  MEASUREMENT OF RADIATION

In order to obtain information about rf breakdown,
radiation (neutrons as well as γ-rays) emitted from the
accelerator guide was measured with a NE213 liquid-
scintillation counter ( 51 mm in diam. by 51 mm in
height) using a pulse-shape discrimination technique. A
schematic diagram of the electronic circuit is shown in
Figure 5.
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Figure 5:  Schematic diagram of the electronic circuit.

We first, examined the dependency of the count rate
of radiation on the gate width (tw) and gate delay (td) time.

Figure 6 shows the relation between the rf pulse and gate
signal width and delay. It is shown in Fig. 7 that radiation
(both γ-rays and neutrons) is uniformly emitted during a
pulse at the location  z = 964 mm; however, at z = 1858
mm (near output coupler) and tw = 1µs, neutrons
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Figure 6:  Relation between the rf pulse and gate signal.
The gate is open for the black area.
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Figure 7:  Count rate of radiation for various vs. gate
delay for various gate widths and locations. (a) z=964, γ-
rays, (b) z=964, neutrons, (c) z=1858, γ-rays, (d) z=1858,
neutrons.

at the pulse's edge are five-times more than that at the
middle region of the pulse. This fact suggests that rf
breakdown can easily occur at a pulse's edge. In the
measurement mentioned below, tw and td were fixed as
4µs.
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Figure 8:  Dependence of the count rate on the detector
position. (a) γ-rays, (b) neutrons.

Figure 8 shows the dependence of the count rate of
radiation on the detector position. A glance at the figure



reveals that the count rate increases exponentially, except
for at E = 23.1 MV/m.
 The graph in Figure 9 illustrates the dependence of
the count rate of radiation on the electric-field strength. It
is shown that the count rate of γ-rays increases
exponentially; however, neutrons suddenly increase at the
output coupler, except for at z = 1858 mm.
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Figure 9:  Dependence of the count rate on the electric-
field strength. (a) γ-rays, (b) neutrons.

 Energy spectra of the γ-rays and neutrons were
obtained by unfolding the pulse-height spectra. Response
matrices of γ-rays and neutrons were calculated by EGS4
[3] and SCINFUL [4] code, respectively (see, Figure 10).
The energy

(a)

(b)

Figure 10:  Response matrices for the NE213 scintillator.
(a) γ-rays, (b) neutrons.

resolution of the detector for γ-rays and neutrons was
determined by comparing the measured pulse-height
spectra for standard γ-ray sources and the calculated ones
by EGS4.

Figure 11 shows the energy spectra unfolded using
the FORIST code [5] for z=1858 mm (near output
coupler). The γ-ray energy is fairly low (the flux has a
maximum at energy of 1.5 MeV). It is likely that this is
due to the fact that the γ-rays have strong anisotropy and
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Figure 11:  Energy spectra for z=1858 mm. (a) γ-rays, (b)
neutrons.

the low-energy  component is dominant in the direction of
90 degree, where the detector has been set. It is reasonable
to think that the neutrons are generated by a giant
resonance reaction of copper nuclei based on the facts that
the peak energy of neutrons is a few MeV (Fig. 11) and
the peak energy of field-emitted electrons is around 10
MeV (Fig.4). Also, the reaction cross section of the giant
resonance has a maximum at 10 to 20 MeV.

5  CONCLUSIONS

An accelerating gradient of 36 MV/m (4µs, 50 Hz,
averaged over SLED pulse) was obtained for an accelerator
guide for the KEKB injector linac. The field-enhancement
factor (β) obtained from a modified Fowler-Nordheim plot
converged to 70 after 250 hours of conditioning. From a
measurement of the optical neutrons, it has been revealed
that the neutron are emitted in large quantities at the rf
pulse's edge, which suggests that rf breakdown can easily
occur at that time.
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