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Development of nuclear fusion reactor gained great progress and nuclear fusion was

recognized as a clean and safe energy source after the accomplishment of confining a

high temperature plasma with the electron temperature of 1 keV for several ms in the

T-3 tokamak device in old Soviet Union in the beginning of 1960. In the 19903, the

critical condition is attained at three biggest tokamak fusion devices, J T-60U(Japan),

JET(EU) and TFTR(U.S.). Now, the experimental fusion device, ITER (International

Thermonuclear Experimental Reactor) is under construction under the frame work of

international collaboration. ITER aims as the prototype of a nuclear fusion reactor, at

steady-state operation by maintaining the plasma current by a continuous heating

with three objectives in the following:

® Produce more power than it consumes. This is expressed by the value of Q, which

-represents the amount of thermal energy that is generated by the fusion reactions,

divided by the amount of input power. The Q value smaller than one means that

more power is needed to heat the plasma than is generated by fusion. ITER is

expected to reach to Q=10, or Q larger then five together with the pulse width of

fusion extending towards a steady-state. This is done in the so called "burning

plasma", and most of the power for plasma heating is provided by the fusion

reactions themselves.
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® Implement and test the key technologies and processes needed for future fusion
power plants including technologies for superconducting magnets, development of
components which withstand high heat loads and rembte handling techniques.

® Test and develop concepts for breeding tritium from lithium-containing rﬁaterials
inside thermally efficient high temperature blankets surrounding the plasma.

On the other hand, it has been a long standing subject how manages unstable
plasma to burn steadily for a long time to reach self-ignition plasma. In order to_confine
the plasma in a tokamak for a long time, self-heating of the plasma by an o particle is
indisp‘ensable, in other words, it is necessary to fulfill nuclear fusion combustion
conditions to heat by an o particle. For example, in order to fulfill self-ignition

. conditions, in addiﬁon to the Joule heat generated by the plasma, heating from the
outside is necessary. Although steady-state operation with continuous heating is one of
the objectives in ITER, many MHD instabilities are observed in the heating condition
before reaching steady-state condition and elucidation of the MHD instability is serious
issue for tile realization of steady-state operation in ITER. Especially, it becomes clear
that clarification of Alfvén Eigen mode (AE mode) is necessary from the recent burning
piasma experiments..This high frequency phenomenon is of great interest and one of
the key-issue in plasma physics in recent years. This hﬁstabi]ity occurs in Alfén
frequency band by o particles ﬁom fusion reactions. By this phenomenon, the
performance of confinement of o particles deteriorates causing influences, such as
decline in heating efficiency and a loss « particle giving damage to the vacuum vessel.
Now, many experiments for AE mode are carried out with RF heating and neutral
particle beam injection. In such experiments, many of neutrons are produced by fusion
reactions between energetic ions and bulk ions, therefore the neutron production rate
provides the information about performance of confinement of energetic ions. Moreover,
neutron spatial distribution provides the information where the energetic ion losses
occurred or whether energetic ion losses extend to whole plasma or not. Consequently,
the neutron emission profile measurement is one of the most important diagnostics in
order to clarify the influence of energetic ion loss in AE mode.

In JT-60U, the instrument for neutron emission profile measurement consists of a
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stilbene neutron detector and a six channel collimator array viewing a poloidal cross
section thorough the plasma. The stilbene detector is a kind of an organic scintillator
and has sensitivity to neutrons and yrays. Therefore, the counting of only neutron
kevents waé carried out by using of built-in pulse-shape discrimination circuit at .
intervals of 1 ms. By this measurement, before and after the AE mode, it was observed
that the spatial distribution of energetic ions changed significantly. However, the
maximum counting rate of this detector is limited to about 1.3 X105 n/s due to the dead
time in n- y discrimination circuit. In order to clarify a high-frequency phenomenon like
AE mode changing in hundreds of kHz, it is neéessary to observe a fluctuation within a
short period. To overcome this limitation, it is necessary to develop a method of
| discrimination of neutrons from y-ray during a short period in the order of ten's of
nano-second, and also even under the condition that two or more pulses overlap éach
othér (pile-up). Moreover, in the experiment at large tokamak experimental devices
with scintillation detector, the rate of neutron incidence changes'between 104~1086 (n/s),
and it will cause serious gain change of photomultiplier tubes. According to such
backgrounds, the author developed the system in order to observe high-frequency
phenomena such as AE mode with the statistical error of less than several percent and

has a function for spectrometer with time resolution better than 10 ms.

This thesis consists of six.chapters. In the first chapter, recent progress of nuclear
fusion reactor development and problems to be solved are summarized. The importance

of neutron emission profile measurement and the purpose of this study are described.

In the second chapter, the author described the neutron measurement technique in
nuclear fusion experimental facility, and investigated the technique for high-speed -
neutron spectroscopy. The technique of neutron spectroscopy employing a heavy
neutron collimator array and neutron detectors is generally used for neutron emission
profile measurement. As a neutron detectoz;, an organic scintillator is mainly used. A
trans-stilbene crystal scintillator is used in JT-60U. This scintillator has excellent n-y

discrimination property and very high energy resolution as well as high efficiency
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similar to an NE213 liquid scintillator widely used for neutron measurement. Moreover,
neutron and yray discrimination is possible by a build-in analog circuit. Various
techniques are developed for n- y discrimination using analog circuits on the ibasis of
the different decay time of scintillation fluorescence to neutrons and yrays. Most
techniques use "amplifier" which performs integration processing of a signal, and
require several us for shéping the waveform. In the measurement under high counting
rate, it is required to measure signals properly even under the "pile-up" condition
where two or more signals overlap each other. The currently available "pile-up rejector”
only rejects the "pile-up" event and dose not contribute to jlnprove the count rate of the
circuitfy. For this reason, it is efficient to acquire the train of signals waveform from a
defector as a one signal and to perform waveform processing in off-line énalysis. To
perform such measurement, in the case of traditional type of ADC (analog-to-digital
conversion circuit), Wilkinson type and a successive approximation register (SAR) type,
used in the radiation measurement are not appropriate in a conversion speed ( several
s ~ hundreds of ps). Considering that a waveform changes every moment in a
nano-second step, it is impossible to sax}e the output waveform from a photo-rﬂultiplier
tube. In stead, in recent years, é technique to acquire the analog wavefbrm into PC as
digital data, called "Digital Signal Processing (DSP)" technique is used in the field of
elementary particle physics or high-energy physics as a versatile technique. Flash-ADC
‘used in DSP satisfies the above-mentioned requirement. In the present study, DC282
manufactured by Acqiris Co. Ltd. was adopted as a high speed Flash-ADC appropriate
for the present purpose.

In addition, as mentioned above, in the measurement using a photomultiplier tube
under high counting rate environment, gain ﬂuctuation of a photomultiplier is worried.
This phenomenon depends on the increase of anodal current of the photomultiplier
tube due to intense radiation. To overcome the problem, the following measures will be
effective:

(1) increase the current through the voltage divider of the photomultiplier, and
(2) change of the potential distribution between the dynode to reduce the space charge

effect.
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These will help to reduce the effect but complete elimination is not possible for a

photomultiplier. Therefore, in addition to two meésured above mentioned, the author

adopted the way of

(3) installing a LED for each photomultiplier and measure the light signal during the
experiment to monitor the gain of the photomultiplier and correct the change off

line after the experiment.

In the third chapter, the author describes the data acquisition systems developed to
correspond MHz region, optimization of the data acquisition method and the analysis
of a "pile-up" phenomenon by use of a Flash-ADC. It became possible by introducing a
Flash-ADC to acquire the signal of a detector as a series of signals. Data acquisition
time is fixed by a sampling peii.od and the memory capacity of a Flash-ADC. When
considering a "pile-up" phenomenon, it is necessary to perform n-y discrimination in a
shorter duration. In this chapter, the author evaluated the effect of the sampling period
on the performance of the n- y discrimination, and the optimum values of the sampling
period from the view point of speeding up the system. Moreover, the method of h' Y

discrimination method under the "pile-up" condition was examined.

In forth chapter, the neutron detector was newly designed to suppress the
ﬂuct}lation of the photomultiplier tube in the measurement'v‘us'ing the photomultiplier
tube under a high counting rate radiation field. The photomultiplier tube of the
neutron detector currently used at JT-60U has small current in the voltage divider
circuit, and it will cause the gain fluctuation even with a little counting rate change.
The newly designed neutron detector adopts a tapered dividers circuit with higher
divider current to make it less sensitive to count rate change and to space charge effect.
Further, to monitor the gain fluctuation quantitatively and enable the correction off
line, a LED-optical fiber system for introducing the light of LED into a photomultiplier
tube was equipped. The gain correction is done by using the pulse-height data of LED

acquired by DSP as calibration value.
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In the fifth chapter, neutron measurement was done by applying the developed
neutron high speed counting system to the detector of JT-60U. The detector viewing the
central section of the plasma in a vertical collimator array was used for measurement.
This system could measure the neutron without saturation in count rgte up to about
106 cps even in the discharge which produced a large amount of neutrons and
saturated the old neutron counting system. Moreover, when gain fluctuation arose, it
became possible to perform feedback processing and to obtain the pulse height
distribution in every 10 milliseconds. In additi_on, the memory capacity of Flash-ADC

was extended to enable the sequential measurement for 5 seconds without dead time.

'By applying this system to all the channels for neutron emission profile
measurement, a powerful diagnostic system for the elucidation of the phenomenon
changed by hundreds of kHz like AE mode will be realized enabling rapid advance in
plasina physics towards rea]izatioﬁ of the steady-state operation in the future fusiox_l
: devicé like ITER. Furthérmore, the application of the system to the measurement of 14
MeV neutron by triton burn-up and to other diagnostic system, such as a diamond
detector currently used for measurement of neutral particles, is also expected. In’
addition, this system is expected to become more powerful, faster and highly precise,

with the development of Flash-ADC and the DSP technology.
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