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5-15 Dose Rate after Beam Operation of J-PARC 3 GeV Synchrotron

— Investigation and Measurement of Dose Rate Distribution of Radioactive Nuclides Produced
in the Accelerator for Higher Output Power —
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Fig.5-39 Residual dose distribution of J-PARC 3 GeV synchrotron
This figure shows the dose rates at the surfaces of the magnets
and vacuum chambers after accelerator operation. These data
were acquired after continuous operation at 200 kW for one month,
and 300 kW for 3 days. Data were acquired on July 2012 except at
point (3), which was measured on March 2014 after reducing the
beam loss at that point.

The 3 GeV rapid cycling synchrotron (RCS) at J-PARC has
been operational since 2007. The RCS ring generates a high-
power proton beam (1 MW) at a repetition rate of 25 Hz,
which is supplied to the main ring and the neutron production
target. In the RCS, negative hydrogen ions are accelerated
to 400 MeV by a linac and passed through a thin carbon
foil, which converts them into protons by removing the two
electrons. The protons are then injected into the synchrotron
and accelerated to 3 GeV in 20 ms.

In a high-intensity accelerator such as J-PARC, minimizing
the beam loss is vital to retaining the activation of the accelerator
components within an allowable level. Based on experience
with the RCS and other accelerators, provided that the dose rate
immediately after beam stop is below 1 mSv/h at the accelerator
component surfaces, the exposure dose during maintenance
work can be suppressed to less than several hundred puSv.
Therefore, to ensure that the dose rate remains below 1 mSv/h,
we must understand the distribution of the dose rate generated
by the beam loss. To this end, we measured the dose rate on
the equipment surfaces during each maintenance period, and
elucidated the dose rate conditions produced by the various
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Fig.5-40 Beam loss as a function of average number
of foil hits

This graph shows the output signals of the plastic
scintillation counter as a function of the average number
of times that the circulating beam hits the carbon foil. The
plastic scintillation counter was positioned downstream
from the carbon foil. The average number of foil hits was
controlled by varying the injection orbit or the carbon foil
position. The radiation generated by interaction between
the carbon foil and the circulating beam increased with the
average number of foil hits, thereby increasing the signal
intensity.

operation modes. Additionally, we considered the cause of the
activation and appropriate countermeasures.

Fig.5-39 shows the measured dose rate around the RCS.
Most of the radioactivity generated by the accelerator
components is concentrated at the injection section (the area
of the straight line on the left side of Fig.5-40). Away from
the injection section, the dose rate remains below 0.1 mSv/h
[beam loss point (1)]. In the injection section, peaks of local
activation appear downstream of the injection point [beam
loss point (2)] and at the branch between the injection and
the circulating beam [see beam loss point (3), Fig.5-39]. The
results indicate that the activation at point 2 is sourced from
interaction between the beam and the thin carbon film (see
beam-study results in Fig.5-40), while the beam loss at point 3
is caused by increased pressure of the injection beam transport
line. After decreasing the beam loss by inserting another
source, we increased the beam power while retaining the dose
rate below 1 mSv/h at both loss points.

In summary, we increased the beam power by reducing the
beam loss.
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