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Abstract

Hadron Experimental Facility (HEF) is designed to handle intense slow-extraction proton beam extracted from 30-GeV
Main Ring of Japan Proton Accelerator Research Complex (J-PARC). Temperatures of an old production target in HEF
were monitored with 21 thermocouples with 100-millisecond sampling to detect damage to the production target as soon
as possible. The old production target was replaced with a new one which was acceptable for 95-kW proton beams. We
developed temperature-measurement and control system with a Programmable Logic Controller (PLC) because the new
production target was attached about 3 times as many thermocouples as the old one. We also measured the CPU and the
memory usage of Linux-CPU modules embedded EPICS IOC on Yokogawa's FA-M3 PLC platform. As a result, this
system has operated with stability during beam operation. This manuscript reports the upgrade of the temperature
measurements and control system for the new production target at the J-PARC Hadron Experimental Facility.
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Figure 2: Photograph of 95-kW production target.
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Figure 1: Drawing of J-PARC Hadron experimental
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Table 1: The Number of Temperature Measurements

Target 50kW 9SkW
Au 12 48

Cu 2 4
Cooling pipe 2 4
Peripheral 5 9
Total 21 65
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Table 2: PLC Modules

Module Model number
Sequence CPU F3SP71-4S
Linux CPU F3RP61-2L (50 kW)

F3RP71-2L (95 kW)

Temperature monitor F3CX04-0N
A/D F3AD04-0R
D/A F3DA04-ON
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Table 3: Specification of Linux-CPU Modules

Target 50 kW 95 kW
Linux CPU F3RP61-2L F3RP71-2L
CPU MPCS8347E Cortex-A9 MPCore

533 MHz Dual 866 MHz
SDRAM DDR2 128 MB DDR3 1 GB
Period 6/2/18 — 2/9/21 —

7/1/18 2/28/21

Sampling [s] 10 5
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Figure 3: Trend graphs of CPU and memory usage with
F3RP61 for 50-kW production target during beam
operation.
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Figure 4: Trend graphs of CPU and memory usage with
F3RP71 for the upper side of 95-kW production target
during beam operation.
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Figure 5: Typical plots of Au temperatures synchronized
with beam extraction.
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