
R2CA01 

Development of Real-time Subcriticality Monitor Using an Optical Fiber Type Detector 

K. Watanabe, T. Endo, A. Uritani, A. Yamazaki, and C. H.
Pyeon1

Graduate School of Engineering, Nagoya University 
1 Institute for Integrated Radiation and Nuclear Science, 
Kyoto University 

INTRODUCTION:  The accelerator-driven system 
(ADS) has been developed for transmuting minor acti-
nides and long-lived fission products [1-2].  For the 
ADS system, development of a real-time subcriticality 
monitor is desired to be developed in order to ensure to 
keep subcritical condition in any case.  Therefore, we 
are developing a real-time subcriticality monitoring sys-
tem.  For the ADS experiments in Kyoto University 
Critical Assembly (KUCA), optical fiber neutron detec-
tors were developed.  To realize high sensitivity of the 
detector, neutron scintillator is coated around the wave-
length-shifting fiber, which can collect photons from the 
side surface of the optical fiber.  The detector with a 
long coated region has high sensitivity.  In the last year 
experiments, we used a LiF/Eu:CaF2 eutectics scintillator, 

because this scintillator material is transparent and can be 
thick to improve the sensitivity without attenuation loss 
of the scintillation photons.  However, since this scintil-
lator has relatively low / , which is the ratio of light 
yield for alpha (high LET) and beta (low LET) particles. 
Therefore, this detector has relatively high beta-ray sensi-
tivity.  This detector is influenced from the beta particles, 
which are emitted from the activated material, such as 
aluminum sheath of fuel elements, especially under low 
neutron intensity situation. 
  In this study, we attempted to fabricate the optical fiber 
detector with low beta sensitivity but high neutron sensi-
tivity.  
EXPERIMENTS:  We fabricated the optical fiber neu-
tron detector using LiF/ZnS scintillator.  This scintillator 
material has been used for the optical fiber neutron de-
tector conventionally.  In this study, the detector with 
quite long sensitive region was realized.  Figure 1 shows 
the fabrication processes of the detector.  This detector 
has a sensitive region of 100 mm long.  In addition, 
since the sensitive region was covered by a stainless steel 
tube with 3 mm outer diameter, this can easily be inserted 
into a space between fuel elements.  We compared the 
beta sensitivity of the detectors using LiF/Eu:CaF2 and 
LiF/ZnS scintillators in the KUCA experiments.   
RESULTS:  Figure 2 shows the time trends of the 
measured count rate by the fabricated detectors.  We can 
see that the both detectors have the almost same neutron 
sensitivity.  However, the detector using LiF/ZnS scin-
tillator showed lower count rates when the reactor was 
shutdown.  On the other hand, the detector using 
LiF/Eu:CaF2 scintillator showed the decay component 
after reactor shutdown.  
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Fig. 2 Time trends of the count rates of the optical 
fiber detectors using the LiF/ZnS and 
LiF/Eu:CaF2 scintillators. The count rates was 
normalized at the maximum count rate. 
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Fig. 1 Photographs of the fabricated optical fiber 
neutron detector. a) LiF/ZnS scintillator pow-
der coated around a wavelength-shifting fiber. 
The length of coated region was about 100 
mm. b) The scintillator coated region was
wrapped by Teflon tape reflector. c) Just be-
fore inserting the optical fiber into a stainless
tube (for ambient light shielding and support
structure) with 1 m long.

- 101 -



23 mm Al plate
+ 2” Graphite

(73.8 mm)

Polyethylene
(10”p+PE)

(476.25mm)

1/16”EU x2
(3.175mm)1/8”p

(3.175mm)

10 times
(63.50mm)1/16”EU x2

(3.175mm)

Sample
(Al: 3.19mm/Bi:3.00mm/Pb:3.01mm)

Lower cell
10 times

Sample or 
3.07mm Al spacer

Upper cell
10 times

10 times
(63.50mm)

1/16”EU x2
(3.175mm) 1/8”p

(3.175mm)

Polyethylene
(10”p+PE)

(501.65mm)

2”Graphite
(50.8mm)

Test units
40 times
Central cell

20 times

110

130

150

170

190

210

230

Al sample
(F - E)

Al sample
 (C - B)

Bi sample
(D - E)

Pb sample
(A - B)

Re
ac

tiv
ity

 (p
cm

)

JENDL-4.0

ENDF/B-VII.1

Experiment

- 102 -



- 103 -



11 12 13 14 15 16 17 18 19

p p p p p p p p p

p F F F F F p

L p p F F Pb F F p p

p p F Pb V Pb F p p

p p F F Pb F F p p

p F F F F F p

p p F F F F F p p

p F F 54 F F p

U p p p p p p p p p

p p p p p p p p p

C1S4

C2 S6

S5

C1

C3

S4

V Voided Area (Fission Chamber)

Pb HEU/Pb rod (1/8"Pb40p20EUEU)

F Normal Fuel Rod (1/8"P60EUEU)

54 Partial Fuel Rod (1/8"p54EUEU)

p Polyethylene moderator

Safety or Control RodsS/C

Al plate
(20.00mm)

Polyethylene
(10”p

+1/2”PEx 17)
(18.5”)

Polyethylene
(10”p

+ 1/2”PEx 20
+ 1/4”PE)
(20.25”)

Reflector (20.5”)
(Lower)

Reflector (23.95”)
(Upper)

Fuel (15.83”)
(Unit cell 10 + 40 + 10 times)

Gr (2”) Gr (2”)
+ Void (1.7”)

40 times

(1/16”HEUx 2 + 1/8”Pbx 1)x 40
(10”)

HEU (1/16”x 2) Pb (1/8”x 1)

(1/16”HEUx 2
+ 1/8”p)x 10

(2.5”)

(1/16”HEUx 2
+ 1/8”p)x 10

(2.5”)

1

10

100

1000

10000

0 1 2 3 4

C
ou

nt
s

Pulsed height (V)

U-235
Np-237

1

10

100

1000

10000

0 1 2 3 4

C
ou

nt
s

Pulsed height (V)

U-235
Am-243

- 104 -



α

α
Δ

Δ

Δ
Δ

α

α

α

α

α
α

α

α

- 105 -



- 106 -


