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Abstract

An accelerator-based boron neutron capture therapy (BNCT) has been intensively developed in recent years after long-
historical clinical research with neutrons from a nuclear reactor. In the iBNCT (Ibaraki BNCT) project, the accelerator
consists of an RFQ and a DTL which have a proven track record in J-PARC linac. Meanwhile, a high duty factor is
required to have a sufficient thermal neutron flux for the completion of BNCT treatments in an acceptable time, such as
less than an hour. For the accelerator operation with a high duty factor, the cooling water system for the accelerator is
quite important for its stability. In a conceptual design at the initial stage of the project, the accelerator cooling water
system was designed to be minimum as possible to reduce construction costs and installation in hospitals that have limited
spaces compared with ordinary accelerator laboratories. However, operation stability is one of the critical issues in the
medical accelerator with a high duty factor, so the reinforcements of the accelerator cooling-water system have been
upgraded gradually for the iBNCT project. The amount of the cooling water flow of the accelerator system was much
increased from the original design, and tuning of the cooling water control, especially during the RF start-up time is
studied with concerning cooling water upgrade. In this contribution, a history of the upgrade of the accelerator cooling
water system of the iBNCT project is summarized and the recent tuning results are presented.
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Figure 1: A diagram of the iBNCT accelerator cooling system. EHI to EHS are heaters for accelerators (EH1-4) and the
buffer tank (EHS). Abbreviations, PI (PT), TE, LIS, and FIA, are sensors for pressure, temperature, tank liquid level, and
water flow rate, respectively. A detail of the low-temperature side of a heat exchanger (a chiller-water circulation system
unit and an air-cooled chiller system) is omitted for simplicity.
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Figure 2: A trend of cooling water flow rate, buffer tank
temperature, and EH5 heater output during a test of
independent control of CMV-102 and CMV-103.
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Table 1: Comparison in Cooling-water Flow Rates of the
iBNCT Accelerator Between in Design and Present

path design [L/min] present [L/min]
RFQ tank 36.9 385
RFQ vane 53.1 385
DTL tank 57.2 70
DTL drift tube 42.9 70
Magnet 40 80
Total 260 1070
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Figure 3: A trend of inlet and outlet temperature, the cavity
tank level, and the detuned phase of RFQ at an RF startup.
RF became unstable at around 12:05 and failed into RF
interlock with over threshold of a reflection wave power of
RFQ.
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Figure 4: Correlation plot of properties of RFQ inlet water
temperature of the tank and vane to detuned phase.

450— 332 -
= E l —TE103 — TE104 —TE113 —TE114 dgg
400~ 33p \ —Tank level — Detuned frequency 3
E ot el T —r
sspf 328Fwr et
C C | N
E_326H 760 z
E300;5 E f( E
= |- — >
= %’32.47 V | *:50 g
3 250?:5 C ] B g
z [ ®a2af Ja0 T
= 2008 C | 4 =
§ [ E 8¢ =230 B
= E®& [ [
o B S e -
et /J \\v‘\ M oo 20 2
1001 516" =N
E B ) W
50 31.4f =
F C 70
o 3120

310 1315 1320 1325 1330 1335 1340 1345 1350
Time

Figure 5: Legends are the same as Fig. 3, but different with
TE103 and TE104 temperature settings.
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Figure 6: Trend of the inlet and outlet cooling water
temperature, RFQ tank level, and detuned phase at beam
resume after a suspension by an RF interlock.
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