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Radiation monitoring in the RIBF using ionization chamber 
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In recent years, we have attempted to monitor radiation 
due to beam loss in the RIBF by using self-made ionization 
chambers (ICs)1)-3)  In the course of RIBF operations, the 
septum electrode of the electrostatic deflection channel 
(EDC) of the RRC was damaged by a 238U86  beam.  To 
avoid such serious damages, the part of the septum where 
the ion beams can easily irradiate was cut off and molded 
into a “V-shaped” edge.  By observing the following RIBF 
operations, we could recognize that such septum is effective 
for reducing the beam loss at the EDC and avoiding the 
damage to the septum.  Last year, we conducted tests by 
inputting the alarm signal from the IC signal near the EDC 
of the RRC.  We recognized that this method was safer and 
easier than the former calibration method1, 2).  Hence, in 
this report, for confirming the validity of this calibration 
method for the ICs set at other parts in the RIBF, we 
investigated the introduction of the alarm signal from the IC 
near the EDC of the SRC using the same method. 

Usually, we input the alarm signal from the IC near the 
EDC of the SRC to the BIS after the calibration 
experiments1, 2).  In these experiments, the ion beams were 
attenuated to less than 1/10 and irradiated to the EDC for a 
fairly short time and the IC voltages were measured.  From 
these results, we can estimate the alarm levels of the IC to 
the BIS.  However, it can be very dangerous to irradiate 
heavy-ion beams to the EDC of the SRC because of a 
sudden increase in the temperature of the septum.  
Therefore, we consider the alarm levels of the IC from the 
signals of the TCs set at the septum.  When the 
temperature of the TC set at the first EDC septum of the 
SRC becomes 42 , the alarm signal is input to the BIS.  
Hence, we compared the value of the first septum 
temperature with the signal of the IC set near the EDC of 
the SRC in the machine time of the 48Ca20  beam.  The 
result is shown in Fig. 1.  The data showed little dispersion 
and the calibration curve in Fig. 1 can be drawn.  From 
this curve, we can see that the voltage of the IC becomes 
approximately 1.5 V when the temperature of the first 
septum reaches 42 , which is shown as a red dotted line in 
Fig. 1.  Then we can decide the alarm level for the BIS. 

We input the alarm signal to the BIS from November 
25to December 5, 2015 when the 48Ca20  ion was 
accelerated at 345 MeV/nucleon.  On November 26, the 
BIS by the alarm signal from the IC acted and stopped the 
operations of the RIBF.  Fig. 2 shows the IC signal for 
November 26 from 12:00 to 24:00.  At 17:35, the signal 
suddenly rose to 2.4 V and the alarm signal was sent to the 
BIS.  After this signal, the alarm reached the BIS in the 
machine time of the 48Ca20  beam in 2015.  The cause of 
the unusual signal shown in Fig. 2 is unknown. 
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Fig. 1 Correlation of IC voltage and temperature of first 
septum of EDC 

Fig. 2 Signal from the IC near the EDC of the SRC 

In previous reports1, 3), we showed that some problems 
with the 48Ca20  ion beam in the EDC of the SRC frequently 
occur when the IC output signal rises to about 4 V.  On the 
other hand, the beam loss at the EDC reduced in this 
machine time compared with the previous times.  For this 
reason, we presumed that the alarm level reduced to 1.5 V.  
This cause is still not clear.  However, if the beam loss at 
the EDC changes each time, we can easily reset the IC 
alarm level in every machine time by considering the 
correlations of the IC signal and TCs temperature. 

In any case, as described above, we could confirm that 
faster alarm signal to the BIS can be input from the IC near 
the EDC of the SRC.  Thus, we investigated to input the 
alarm signal from IC in SRC to the BIS when every ion is 
accelerated in the RIBF.  
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We report on two aspect of the RIBF control system; one 
is the maintenance of the aging components in the system to 
maintain stable operation of the accelerators and the other is 
safe operation of the accelerators based on the improvement 
of their performance.  

The Network-I/O (NIO) system is one of the control 
systems for magnet power supplies in the RIBF accelerator 
complex,1) which is a commercially available system 
manufactured by Hitachi Zosen Corporation. The NIO 
system consists of three types of controllers: the NIO-S 
board, the NIO-C board, and the branch board. The NIO-S 
board is a slave board attached directly to the magnet power 
supply and controls it based on the signals received from an 
upper-level control system through the NIO-C board. The 
NIO-C board works as a master board for the NIO-S boards 
and is designed to operate in the VME computing machines. 
The NIO-C and NIO-S boards are connected using an 
optical fiber cable through a branch board. Since one NIO-S 
board can control only one magnet power supply, there are 
about 500 NIO-S boards, and this corresponds to 60% of 
the total magnet power supply used in the RIBF accelerator 
complex. The existing NIO system has been working 
stably; however, the production of the present NIO-S and 
NIO-C boards was terminated because some parts used for 
communication were not available. Therefore, we decided 
to develop fully compatible successors to the existing 
NIO-S and NIO-C boards, and first, a successor of the 
NIO-S board was developed in 2013.2) However, a problem 
was found during the performance tests; some types of 
magnet power supplies could not be controlled by the 
successor because the widths of some output pulses 
produced were slightly different from those produced by the 
existing board. After the pulse width of the successor was 
adjusted to match with that of the existing NIO-S board, we 
confirmed a normal operation of the successor in 2015. The 
development of a successor for the NIO-C board has also 
been started since 2014. The specifications required for the 
successor of this board are essentially the same as that for 
the existing one; however we decided to design the new 
board to run in a control system constructed by PLC 
modules instead of the VME computing environment 
currently used, in order to achieve cost reduction and 
functional scalability. The successor of the NIO-C board is 
based on FA-M3, manufactured by Yokogawa Electric 
Corporation, 3) according to recent trends in the control 
systems of RIBF accelerators based on EPICS. One of the 
advantages of adopting FA-M3 is that a simple control  
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system can be set up because a Linux-based PLC-CPU 
(F3RP61) is available in the FA-M3 system and F3RP61 
can work not as only a device controller but also as an 
EPICS Input/Output Controller (IOC).4) This means that 
additional hardware to serve as an EPICS IOC is not 
required for F3RP61. Following the development of the 
hardware for the successor in 2014, its software was 
developed in 2015. The successor of the NIO-C board is not 
only equivalent to the existing one in terms of functionality 
some new functions have also been added to control any 
NIO-S board from an NIO-C board by using its serial port. 
In the existing NIO system, there are only two ways to 
control an NIO-S board: one is by entering a command 
from the VME computer and the other is by entering a 
command directly from a serial port of an NIO-S board. 
Therefore, the new function is expected to help identify the 
cause of the problem at the time of its occurrence. 

The second aspect is the contribution towards a safe 
operation of the accelerators. Following an annual increase 
in the beam intensities supplied from the RIBF accelerators, 
various functions have been added to the control system and 
the beam interlock system (BIS) 5) to operate the 
accelerators safely. As a part of the improvements, we 
connected the interlock signals indicating failure of old 
magnet power supplies for the AVF cyclotron and RRC and 
their beam transport lines to the BIS in 2015 by modifying a 
part of the magnet power supplies to take out the interlock 
signals. As a result, signals from almost all magnet power 
supplies in RIBF are connected to the BIS except for the 
magnets installed in the junction building and the vault of 
ion sources for AVF cyclotron. Furthermore, current signals 
detected by the beam spill monitors installed in the fRC 
were also connected to the BIS in 2015. With this 
improvement, the amount of beam loss in all cyclotrons 
except the AVF cyclotron can be monitored by the BIS, and 
it has become possible to prevent damages to the hardware 
of the RIBF accelerator complex from significant beam 
losses for high-power heavy-ion beams. For a further 
increase on the beam intensities supplied from the RIBF 
accelerators in the near future, we will expand the number 
and type of signals managed by the BIS appropriately. 
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