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Radiation damage of plastic scintillation counter
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We studied radiation damage of a plastic scin-
tillation counter in an isospin diffusion experi-
ment (NP0709-RIBF42-01) using the BigRIPS sepa-
rator1) of RIKEN RIBF. Heavy-ion cocktail beams
(108Sn,107In,106Cd) with high intensity (0.7∼1 MHz)
were produced by projectile fragmentation of a 124Xe
beam at an energy of 345MeV/nucleon.

Figure 1 shows the experimental setup of the scin-
tillation counter at F3 of the BigRIPS separator1). To
change the position of the scintillation counter after ra-
diation damage, the movable ladder stage was designed
to be remotely operated during the experiment. The
EJ-212 scintillation counter2) was used in an isospin
diffusion experiment with a high-intensity beam, and
the position of the scintillation counter was changed
after 50% damage, which was identified by checking
the relative peak position of the light output.

Fig. 1. Experimental setup of the scintillation counter

The radiation damage was reported with respect to
the absorbed dose. The radiation absorbed dose was
calculated using Eq. 1. A dose of one Gray is equivalent
to a unit of energy [J] deposited in a kilogram of a
substance.

Dose[Gy] =
Nbeam · ∆E · Rbeam

volume · density
, (1)

where Nbeam denotes beam intensity, ∆E is the en-
ergy loss of isotopes at the scintillation counter, and
Rbeam is the ratio of the number of events taking place
in an exposed volume to the total number of events
taking place at the scintillation counter. The volume
is defined as 10×6×0.2 mm3 after checking the beam
spot size by the beam profile, and the density of the
EJ-212 scintillator2) is 1.023 g/cc.

To define the exposed area, the concentrated irradia-
tion region of the scintillation counter was determined
using the beam profile shown in Fig. 2. Fig. 2(a) shows
a scatter plot of beam profile and (b) and (c) show the
x and y distributions of the beam, respectively. The
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Fig. 2. Beam profile: (a) scatter plot of beam profile and

(b), (c) shows x and y distribution of beam, respec-

tively.

black square box in Fig. 2(a) indicates the defined ex-
posed area, which is the concentrated irradiation re-
gion with 96.3% isotopes. The energy loss of isotopes
at the scintillation counter was calculated with the ra-
tio of the cocktail beams as 108Sn:107In:106Cd = 2.51%:
74.0%: 22.86%. It is noteworthy that the ratio of iso-
topes rarely influences the energy loss calculation be-
cause the difference of energy loss between isotopes is
only in the range of 2-3%.

Figure 3 shows the results of a relative light output
as a function of the accumulated dose. The relative
light output is defined as the relative peak position
of the light output before and after irradiation. It is
clearly seen that the light output decreases with the
increase in the accumulated radiation dose at all the
different positions, and a similar decreasing tendency
is found at all the positions. The results indicate that
about 50% radiation damage of the EJ-212 scintillation
counter occurs at an accumulated dose of 12×103 Gy.

Fig. 3. Relative light output as a function of the accumu-

lated dose: The different colors indicate different posi-

tions on the scintillation counter.

References
1) T. Kubo et al.: Prog. Theor. Exp. Phys. 2012, 03C003
2) http://www.eljentechnology.com/

Development of the fast interlock system at the BigRIPS separator 
 

K. Yoshida,
*1

 K. Tanaka,
 *1

 K. Kusaka,
 *1

 Y. Yanagisawa,
 *1

 and T. Kubo
*1

 

 

A beam interlock system is particularly important for 

protecting beam line devices from the failure of magnets 

and other devices. The failure of beam line magnets can 

lead to the miss-steering of the beam and the beam might 

hit the beam pipe or other devices mounted along the beam 

line. If the beam power is high, such unexpected beam 

irradiation can cause serious damage to devices. The 
238

U 

beam with an energy of 345 MeV/nucleon and the intensity 

of 1 particle µA can melt stainless steel even in 1 ms if it is 

focused at a diameter of 2 mm. In order to prevent damage, 

the beam should be stopped as soon as possible. The Beam 

Interlock System (BIS)
1,2)

 is installed at RIBF for this 

purpose. The BIS monitors the normal operation of devices 

and sends a beam-stop signal to the beam chopper installed 

at the exit of the ion source when a device fails. The beam 

chopper stops the beam within a few microseconds upon 

receiving a stop signal. The total response time of the 

existing BIS is only several milliseconds since the system 

uses Programmable Logic Unit (PLC) as signal processing. 

To cope with high-power beams extracted from the 

Superconducting Ring Cyclotron (SRC) at RIBF, the 

response time of the existing interlock system is currently 

inadequate and hence, a new interlock system with a fast 

response is developed. 

A prototype of the fast interlock system with 4 analog 

inputs and 8 logic inputs has been developed to evaluate the 

speed of the response. In order to achieve a fast response 

time, a compact RIO system (cRIO), cRIO-9075 of 

National Instrument Co. Ltd. is utilized as the processing 

unit. The cRIO consists of a CPU and a field-programmable 

gate array (FPGA) that are closely related to each other. The 

FPGA allows a fast response between the input and output 

and the CPU provides versatile control of the unit. A fast 

sampling ADC module, NI-9222 with 500 k sample/sec, is 

used for analog inputs, and fast digital I/O modules, 

NI-9401 with 100 ns propagation delay, are used for logical 

inputs and outputs. Fig. 1 shows the block diagram of the 

interlock logic. As seen in the figure, an analog input is 

digitized in the ADC and compared with pre-defined upper 

and lower limits; the fault output is produced if the digitized 

value exceeds those limits. The fault output is then masked 

with an enable/disable flag and latched in a Set-Reset 

flip-flop in order to hold a fault situation. A logic input is 

exclusive-or'ed with a polarity flag and latched in the same 

way. The values in the flip-flops are or'ed together to 

produce a failure output. These control logics are stored in 

the FPGA of the cRIO and executed at a fast speed. The 

CPU of the cRIO is used as the interface to the 

comprehensive control system of the BigRIPS
3)

 that utilizes 

EPICS
4)

 as the base. Statuses of faults and digitized values 

of the analog inputs are monitored by the control system of 

the BigRIPS. The upper and lower limit values of the 

analog input and input masks are dynamically set from the 

control system. The programming of cRIO is performed in a 

LabVIEW developer environment. 

The response speed of the prototype of the fast interlock 

system was measured with a test signal. A step signal was 

inputted to the logical and analog input and the time delay 

between the input and output signals was measured. The 

response times are 0.2 µs for logical inputs and 5 µs for 

analog inputs. These are sufficiently fast for the fast 

interlock system. The prototype was also examined with the 

actual current monitor signal of the power supply of the first 

dipole magnet at BigRIPS. The current monitor signal was 

connected to one of the analog inputs and the digitized 

value was monitored. The digitized value was fluctuated 

within 0.25% due to the noise that appeared in the monitor 

signal. This is similar to the value compared with the 

hardware comparator built in the power supply to detect the 

output current drift. 

Based on the successful test results on the prototype, the 

fast interlock system of the BigRIPS has been designed to 

monitor the analog and logical signals from power supplies 

of the 34 magnets placed at the primary beam line and the 

BigRIPS where a high-power primary beam is transported. 

The system consists of 4 cRIOs and sends the beam stop 

signal to the beam chopper as well as BIS. The fabrication 

of the system will be completed by the end of March 2014 

and the system is expected to be operational by the end of 

July 2014. 

 

References 

1) M. Komiyama, M. Fujimaki, and M. Kase, Proc. of 2
nd

 Annu. 

Meet. of Particle Accelerator Society of Japan and 30
th

 Linear 

Accelerator Meet. In Japan, Tosu, 2005-7 (2005),p. 615. 

2) M. Komiyama, et. al, RIKEN Accel. Prog. Rep., 41 (2008) 242.  

3) K. Yoshida, RIKEN Accel. Prog. Rep., 44 (2011) 131 and 

references there in. 

4) http://www.aps.anl.gov/epics/. Fig. 1 Logic diagram of the prototype of the fast 

interlock system. 

                                                 
1  RIKEN Nishina Center 




