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Measurement of 14 MeV neutron for triton burnup study on the Large Helical Device

The deuterium plasma experiments have been conducted since March 2017 on LHD.
This is the first time D-D experiment in a large stellarator/heliotron in the world.
Neutrons are the primary product of the D-D reaction and carry the most energy of the
fusion reaction. To evaluate the accurate data of neutron yield, in situ calibrations was
performed by using an intense 32Cf neutron source for NFM and NAS on the LHD
before the D-D experiment. To simulate a ring-shaped neutron source, a railway was
installed inside the LHD vacuum vessel, where a train loaded with the 2°2Cf source run
along a typical magnetic axis position continuously.

The detection efficiencies of NFM for the **?Cf ring source are derived from the
total counts in the continuous rotation of the neutron source. The detection efficiencies
for the plasma neutron source are evaluated from detection efficiencies for the 2°2Cf
ring source with assistance of the MCNP calculations. The final uncertainty in the
neutron emission rate measurement is evaluated to be +7% and £9% in the pulse
counting mode and the Campbell mode, respectively.

On the other hand, the activation response coefficients for the 2°2Cf neutron source,
where the detection efficiency of the HPGe detector which was evaluated by the PHITS
code, were in good agreement with the MCNP result. The activation response
coefficients for 2.45 MeV neutrons and secondary 14.1 MeV neutrons from the D-D
plasma were evaluated from the MCNP calculation with correction by using the in situ
calibration results. This is the first time to evaluate the activation response coefficients
of the NAS for a toroidal source on a fusion device in the world. The difference of the
activation response coefficients between the in situ calibration and the MCNP
calculation for the 2°2Cf neutron ring-source is only 7%. This in situ calibration will be
a good reference for future calibration experiments of fusion devices such as ITER.

In the LHD experiment, NAS has been utilized to perform cross checking of the
absolute total neutron yield measured by NFM. By using the activation response
coefficients evaluated by the MCNP calculation with correction by the in situ calibration
results, the neutron yield evaluated by NAS on 8-O port is consistent with that measured
with FC#1 of NFM. Most relative deviations between the measurement of NAS on 8-O
port and FC#1 are less than 10%. The 14 MeV neutron yields is the first time measured
by NAS from a large stellarator/heliotron in the world.

The triton burnup ratios were evaluated by the NAS measurement for the triton



burnup study. Triton burnup ratio increases with line-averaged electron density in the
low-density region, and decreases with electron density in the high-density region.
Meanwhile, the triton burnup ratio decreases as the magnetic axis (Rqy) positions shift
outward, which can likely be explained by the orbit of helically trapped energetic tritons.
And the triton burnup ratio strongly depended on the magnetic field B, at the same Ry..

Two Sci-Fi detectors successfully worked to measure the time evolution of the 14
MeV neutron emission rate for the triton burnup study on LHD. By using a fast digitizer,
the shaping information of each pulse was obtained for the off-line analysis on the pulse
height spectrum and the time evolution of 14 MeV neutrons. By the cross calibration of
the shot integrated counts of Sci-Fi detectors with the absolute 14 MeV neutron
measured by NAS, the triton burnup ratio has been evaluated shot-by-shot by the
measurement of Sci-Fi detectors. In addition to this, the compact design for the NIFS
Sci-Fi detector will be helpful for the development of a 14 MeV neutron camera in the
future.

The accelerator experiment and PHITS calculation have been carried out to study
the pulse height property of Sci-Fi detector. In the accelerator experiment, the gamma-
ray rejection ability of the 0.5 mm Sci-Fi detector has been confirmed to be higher than
that of the 1 mm Sci-Fi detector, but the detection efficiency of the 0.5 mm Sci-Fi
detector is lower than that of the 1 mm Sci-Fi detector. Obviously, for experiments with
a higher 14 MeV neutron flux, the 0.5 mm Sci-Fi detector will give a better performance
advantage. The function of the Sci-Fi detector has been confirmed by using the
measurement of the 0.5 mm Sci-Fi detector, the 1 mm Sci-Fi detector, the 1 mm Sci-Fi
w/o Al detector, and the plastic scintillator detector. It is found that the property of Sci-
Fi without the Al matrix is the same as that of plastic scintillator. The Al matrix for the
Sci-Fi detector is beneficial to enhance the edge effect of Sci-Fi and gamma-ray
rejection ability of the Sci-Fi detector.

For the measurement of the Sci-Fi detector in the LHD experiment, the first decay
component of the PHS in low-pulse-height region has been found to be corresponding
to the signal induced by 2.45 MeV neutrons and gamma-rays by the PHITS calculation.
The recoil proton edge induced by triton burnup 14 MeV neutron in the LHD deuterium
experiment has been confirmed by both the accelerator experiment and the PHITS
calculation. The threshold level of the 1 mm Sci-Fi detector with HV of -1700 V is
evaluated to be corresponding to the proton energy. The detection efficiencies of the 1
mm Sci-Fi detector for 14 MeV neutron are obtained with different threshold for the
LHD experiment. By setting suitable threshold, the Sci-Fi detector can completely
eliminate gamma-rays and low-energy neutrons. Therefore, the Sci-Fi detector can be a
standard 14 MeV neutron detector for future D-T experiment.

The calculation by the FBURN code was carried out for the triton burnup study on
LHD. The diffusion coefficient of the energetic triton was evaluated by the calculation
of the time evolution of the secondary D-T reactivity with different diffusion



coefficients to obtain a good agreement with the measured by Sci-Fi detectors. Also,
the shot-integrated triton burnup ratios were calculated by the FBURN code, which
decrease with diffusion coefficients of the energetic triton.
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