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To obtain fusion energy, deuterium-tritium reaction
will be realized in a fusion reactor. Fusion reactor will
generate a lot of 14 MeV neutrons and the kinetic energy
will be taken out by catching the flying neutrons. Since the
energy is quite large, some neutrons will penetrate a
blanket and a vacuum vessel, and reach superconducting
magnets. To investigate the change in superconducting
properties by the neutron irradiation, the collaboration
network has been established among universities, national
institutes and companies [1]. The data are gradually piled
up and some important tendencies have been clarified
recently.
The superconducting samples were supplied by
Furukawa Electric Co. Ltd for Nb3Sn and NIMS for Nb3Al,
and 14 MeV neutron irradiation was carried out at FNS in
JAEA. After the irradiation, the samples were sent to
HFLSM, IMR in Tohoku University and the critical current
and the critical magnetic field were measured using 28 T
hybrid magnet [2].
Figure 1 shows the relation between the critical
current (IC) and magnetic field (B). In the case of Nb3Sn
strand, the increase of IC is significant in the lower
magnetic field, but no increase is observed in the higher
magnetic field. The border point, where the IC gets away
from the non-irradiated IC-B curve, is shifted to the higher
magnetic field as an increase of the neutron fluence. It
suggests that the change in IC would be caused by flux
pinning. In the case of Nb3Al and NbTi strand, there is no
clear change in IC as far as the irradiation has been done.
The change in IC is summarized as a function of
neutron fluence as shown in Fig. 2 [3-5]. Since the change
in IC depends on the magnetic field as show in Fig. 1, the
IC/IC0 varies among the data sets. General trends are
increase of IC once and then decrease of IC as an increase of
neutron fluence. The present data are also plotted on the
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Fig. 2. Change in the critical current by the neutron
irradiation.
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same trend line. There is clear difference in IC/IC0
properties depending on the strands. It suggests that the
fabrication process of Nb3Sn strand will affect on the
irradiation effects.
Figure 3 shows an image of strengthening
mechanism of a quantized flux. In the case of Nb3Sn strand,
a magnetic flux is quantized like a thin string and pinned at
inclusions or oxides. The pinning force is strongly related
to IC, and IC becomes very high when the pinning force is
strong. Since the neutron irradiation generates interstitials
and vacancies by knock-on effect, the pinning force will be
strengthened when the irradiation damage is created on or
near the quantized flux. The details of the mechanisms are
under investigation and will be clarified in the near future.
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Fig. 1. Results of Ic measurement of non-irradiate and
irradiated strands of NbTi, Nb3Sn and Nb3Al.

Fig. 3. Image of strengthening mechanism of quantized
f lux.
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