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Online monitoring of beam intensity using current transformer
at CRIB
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The industrial cooperation team in RNC is develop-
ing a method for wear diagnostics of industrial mate-
rials using RI beams as tracers in collaboration with
SHIEI Ltd. and CNS.1) RI nuclei are implanted in the
near surface of the machine parts within a depth of 10–
100 µm, and its wear-loss is evaluated by the decrease
in the measured radioactivity. Continuous γ-ray detec-
tion from the exterior of the machine enables real-time
diagnostics of the wear in running machines.

In this technique, an intense low-energy RI beam
with an intensity of 107–108 cps are produced at CRIB
2) and implanted in a sample continuously for a few
days in order to obtain the intended activation of a few
hundred kBq. The stability of a RI beam irradiation
needs to be monitored but it is too intense to monitor
using a destructive detector and its energy loss in a
detector disturbs the effective activation of a sample.
Therefore, we examined the monitoring of the primary
beam intensity detected nondestructively by a current
transformer (CT) using a monitoring system that in-
corporates lock-in amplifiers (LIAs). The CT, called
the E7 core monitor (E7CM), was developed for pre-
cise evaluation of the nuclear-reaction cross section at
CRIB.3) The monitoring system using LIAs has been
developed for stable operation of RIBF.4)

The schematic layout of CRIB and the examina-
tion setup are shown in Fig. 1. 5.0 MeV/nucleon 11B
beam accelerated by the AVF cyclotron was used. The
beam-bunch signal detected by E7CM was fed to three
LIAs via the three directional couplers in order to mea-
sure the three frequency components (1–3f , 1f : accel-
eration rf of 13.8 MHz) simultaneously, as shown in

Fig. 1. Schematic layout of CRIB (a) and examination

setup (b).
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Fig. 2. Linearity between beam current detected by

Faraday-cup 7A1 (FC-7A1) and E7CM amplitudes.

Fig. 3. Correlation between count-rate of secondary beam

and E7CM amplitudes. The primary beam current was

1870–2100 enA.

Fig. 1b. A linearity of E7CM amplitudes to the beam
current detected by Faraday-cup 7A1 is confirmed, as
shown in Fig. 2. In addition, the correlation between
E7CM amplitudes and the count-rate of the secondary
beam detected by PPAC at F3 was observed, as shown
in Fig. 3. For more precise comparison, however, we
have to standardize the measurement condition such
as time-constant and sampling-rate for the LIA and
PPAC systems. At a beam current of 2850 enA, com-
parable to that of actual experiment, the S/N ratio
of 1–3f was 770, 3990 and 1680, respectively. They
are all acceptable values but it is favorable to monitor
no less than the 2f component, because the origin of
background is acceleration-rf and its reference signal,
and thus, its 1f component has relatively large ampli-
tude with some fluctuation. From these results, we can
conclude that the E7CM and LIA system can fulfill a
role for the beam-intensity monitoring.
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We developed a monitoring system dedicated for
RIBF that incorporates lock-in amplifiers (LIAs) that
can measure the beam phase and intensity of signals
from the phase probe (PP) with an amplitude of a few
hundred nanovolts. The configuration of the LIA sys-
tem is schematically shown in Fig. 1. The rf is also
monitored using the LIA system. We compared the
performance of the LIA system with that of a conven-
tional system that incorporates oscilloscopes (OSCs).
It was confirmed that LIA has much higher precision
and smaller deviation than the OSC; LIA has a resolu-
tion of 0.02◦ for a 1.0 V standard signal and can mea-
sure a signal as small as 200 nV, which corresponds to
10 electric nA of beam current.

Fig. 1. Configuration of the LIA system.

Since the PPs are placed at relevant positions along
the beam lines of the RIBF, we can easily find the in-
stability or decrease of beam intensity caused by the
variation of rf or magnetic field by using the LIA sys-
tem. The correlations between rf, beam phase, beam
intensity, and environmental factors such as the ambi-
ent temperature and cooling water temperature have
also been revealed.1,2) In addition, we can clearly ob-
serve the deterioration of a solid-state charge stripper
and the pressure variation of a gas charge stripper.3)

The isochronism measurement results for the SRC,
which has a low velocity gain of 1.5, showed excel-
lent agreement between the three measurement meth-
ods (OSC zero-corss, OSC FFT, and LIA) with a dis-
crepancy less than 0.2 ns (≅2 rf degree), as shown in
Fig. 2(a). The isochronism measured for 10 frequency
components (1f–10f) was also in good agreement with
an accuracy discrepancy less than 0.5 ns (≅5 rf de-
gree). However, in the RRC, which has a high velocity
gain of 4.0, a phase difference of up to 0.7 ns (≅7 rf
degree) was observed between the three measurement
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methods. The phase difference was improved to a dis-
crepancy of less than 0.4 ns (≅4 rf degree) when we
corrected for the radial variation of the observed bunch
width, as shown in Fig. 2(b).

Fig. 2. Comparison of isochronism in a) the SRC and b)

the RRC on the basis of three measurement methods.

The remaining phase difference between LIA and
OSC is considered to be the effect of the cable disper-
sion. In fact, it was observed that the cable dispersion
via 80 m increases asymmetric distortion of the bunch
shape, and it produces a timing advance of 0.14 ns
relative to the actual timing, as shown in Fig. 3. Be-
cause we measure the single-frequency component of
the beam-bunch signal in the LIA system, such cable
dispersion does not disturb the beam-phase measure-
ment, and it is concluded that the LIA system gives a
more accurate beam phase if the measurement is per-
formed at the control room.

Fig. 3. Bunch shapes observed at the console 90 m down-

stream of PP-RRC (a) and at the entrance of the RRC

vault 10 m downstream of PP-RRC (c).
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