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7.5.1 Introduction

Neutron measurement in fusion experimental devices is very important for burning

plasma diagnostics and control. In particular, neutron emission profile measurement provides

useful information on the profile of ion temperatures and densities[2] as well as the

time-dependent neutron yield profile[l],[2]. So far several studies have been made on the

neutron emission profile monitor, which are almost based on a large number of neutron

threshold detectors or neutron spectrometers combined with a massive multichannel neutron

collimator[3]. The detectors can provide line-integrated neutron emissivity along the direction

of collimator. Neutron emissivity over a poloidal section of plasma is determined by installing

a vertical neutron camera and a horizontal neutron camera. However, one of the most serious

problems on this type of system is that the spatial resolution is restricted by the collimator

design. The restriction of location to install the massive and heavy collimator system is also a

difficult problem[4] for the complicated and tight machine integration.

To improve these difficulties, we propose a novel incident-angle sensitive neutron

detector using scintillating fibers. In this report, we describe the results on preliminary

experiments to confirm the operational principle and basic performance a prototype detector

element.

7.5.2 Operational Principle

Figure 75-1 shows the configuration of the prototype detector element, which consists

of a parallel pair of scintillating fibers equipped with photomultiplier tubes (PMTs) at both

ends of fibers. An incident neutron into a fiber is scattered with a constituent hydrogen atoms

in the fiber and produces a scintillation light. The neutron incident position in a longitudinal

direction of a fiber is determined from a time difference of scintillation light signals to each

end of the fiber. When the second scintillating fiber detects the scattered neutron, the scattered

neutron energy is determined from positions and a time difference of light emissions in each

fiber by a time-of-flight method. If a neutron is elastically scattered, the scattered neutron

energy E is given as follow;

E = E Cos 2o
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where E and are the incident neutron energy and neutron scattered angle, respectively.

Therefore, if the incident neutron energy is known, the neutron incident direction can be

conically determined from the neutron incident positions in each fiber and the scattered

neutron energy. Accumulating the conical direction for a number of neutrons, we can estimate

the incident neutron direction.
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Fig. 75-1 Schematic of prototype detector element.

7.5.3 Experimental Setup

The prototype detector element consists of a parallel pair of multi-clad scintillating

fiber (BICRON, BCF-20) bundles connected with PMTs (HAMAMATSU, H6612 and

R329-02) at both ends of fibers, where the cross sections of the first and the second fibers

were mm-squared, 25 mm-squared, respectively, the length of both the fibers I m, and the

distance between them 30cm. The second fiber was shifted with the angle of 15 degrees from

the neutron incident direction to avoid direct irradiation for noise reduction. The time

differences between the PMT signals are measured by the ORTEC Model 566

Time-to-Amplitude Converter AC) through the ORTEC Model 584 Constant Fraction

Discriminator (CFD). Additionally, stop signals for TAC are delayed by a finite time to start
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signals. The multiparameter multichannel analyzer system coincidentally records four time

differences.

The center position of the first scintillating fiber was irradiated by 14 MeV D-T

neutron beams with the flux of X 106 n/cm 2/s at JAERI-FNS. In order to investigate the

incident angle dependence of the detector responses, we measured the ones for the incident

angles of and 50 degrees to the non-nal line direction of the first fiber.

7.5.4 Results and discussion

From experimental data of four time differences of the PMTs, we can obtain the

information about the neutron incident positions on the first and the second fibers and the

flight time of scattered neutron between them. The two-dimensional maps of flight time and

flight length of the scattered neutrons are plotted in Fig. 75-2. The components with fast and

slow flight times are attributed to gamma-ray and neutron, respectively. Therefore, we can

discriminate the neutron component from gamma-ray by using the flight time information.
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Fig. 75-2 Two dimensional map of flight time and flight length of scattered neutrons.

The scattered neutron energy can be determined by the time-of-flight method.

Therefore, if the incident neutron energy is known, we can conically determine the neutron

incident direction from the neutron incident positions of each scintillating fiber. Accumulating

the conical direction for a number of neutrons, we can estimate the neutron incident direction.

Figure 75-3 shows the neutron incident direction distribution projected on the screen at the

distance of 300 mm from the first scintillating fiber, when the incident angles of neutron beam

are and 50 degrees. In the case that the incident angle is degrees, the projected position is

at (xy)=(OO).
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Fig. 75-3 Neutron incident direction distribution projected on a screen at the distance of 300 mm

from the first scintillating fiber. (a) Incident angle; degree. (b) Incident angle; 50 degrees.
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Fig. 75-4 Image projected by incident neutron beam overlapping the mirror one.

(a) Incident angle; degree. (b) Incident angle; 50 degrees.

In this figure, a virtual image is created on the opposite side to the plane formed by
two fibers because these images are equivalent on the estimation from a scattered angle. To
eliminate a virtual image, the detector configuration consisting of multi-second-fibers would

be applicable. As an demonstration for this idea, we have virtually overlapped the mirror
image to the plane formed by the incident direction and first fiber, that is, the plane of yO,
which means to assume that another second fiber is set on the opposite position to this plane.
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Figure 75-4 shows the image projected by an incident neutron beam overlapping the mirror

one. It is found that the images corresponding to the neutron incident direction clearly appear

and the virtual images are eliminated. Additionally, the resolution of the incident angle was

estimated around 25 degrees. From these preliminary results, it is considered that the

operational principle of the present incident angle sensitive neutron detector has been

confirmed.

7.5.5 Conclusion

We have proposed a novel incident-angle sensitive neutron detector using

scintillating fibers to improve the difficulties of the neutron emission profile monitor. Through

the preliminary e experiments using the prototype detector element, we would conclude that

the operational principle of the present detector have been confirmed at least. However, we

need further study to improve the basic performance, such as incident-angle resolution, for a

practical use by refining the detector configuration design and signal processing system.
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