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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). A production target made of Gold and copper block
with water-colling pipes is acceptable for 95-kW proton beams. To detect damage to the production target as soon as
possible, we have developed a temperature-measurement system at 10-millisecond sampling interval with new
temperature monitor modules of a Programmable Logic Controller (PLC). Target temperature measurements and
frequency spectrum analysis were performed to investigate effect of moving average for noise suppression. In addition,
we measured network traffic and CPU and memory usage of a Linux CPU module 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 temperature measurements at 10-millisecond sampling interval for the production target at the J-PARC Hadron
Experimental Facility.
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Figure 1: Drawing of J-PARC Hadron Experimental
Facility. Figure 2: A photograph of 95-kW production target.
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Table 1: The Number of Thermocouples

Au 48
Cu 4
Cooling pipe 4
Peripheral 9
Total 65
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Table 2: PLC Modules

Module Model number
Sequence CPU F3SP71-4S

Linux CPU F3RP71-2L
Temperature monitor ~ F3CX04-0H

Input F3XD32-5F

D/A F3DA04-0N
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Figure 3: A typical plot of target temperature fluctuations
at the upper right corner.
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Figure 4: A typical plot of target temperature at the upper
right corner after coping with temperature fluctuations.
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Table 3: Statistical Means and Standard Deviations of

Beam Intensity, Spill Length and Beam Position during
Beam Study

Mean Standard deviation
Intensity [ppp] 1.759 10  2.532Xx10'°
Spill length [second] 1.820 0.010
Vertical position [mm] -0.534 0.007
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Figure 5: Plots of means and standard deviations of raw
target temperatures during 88-shot beam study.

1001 MA.: 2
UpperLeft
. 901 UpperRight 3
v - Lowerleft %,
g 807 - LowerRight é_g’f
8 '
S 70
]
E =
60 ﬁ/
50
0.0 0.5 1.0 1.5 2.0 2.5 3.0
¥ 0.67
S
2051
.
3
= 0.4
s VA Y
£0.31 o o UpperLeft
il ‘
S i UpperRight
4 il
n 027 L i LowerlLeft
W LowerRight
0.0 0.5 1.0 15 2.0 2.5 3.0

Figure 6: Plots of statistical means and standard deviations
of 2 data-points moving average temperatures calculated
from raw data in Fig. 5.
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Figure 7: A plot of frequency spectrum of target
temperatures during dummy shot.
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Figure 8: A trend graph of network traffic on Linux CPU
module of PLC.
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Figure 9: Trend graphs of CPU and memory usage on
Linux CPU module of PLC.
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