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Abstract

We are developing fundamental technologies for NbsSn superconducting multipole wigglers for next-generation light sources
at High Energy Accelerator Research Organization (KEK). Since Nb3Sn wires are mechanically brittle, the material properties
of impregnation resin filled between windings are important for maintaining superconducting performance. We are testing a
domestic epoxy resin with higher low-temperature ductility and fracture toughness than conventional high-stiffness epoxy resins
to improve crack resistance at 4.2 K. For accelerator applications, radiation tolerance is also a critical selection criterion for
impregnation materials. Therefore, irradiation tests were conducted at high-dose spots in the storage ring tunnel of KEK Photon
Factory (PF). Dose rate surveys identified a maximum irradiation spot of 8.2 kGy/day, and we have been running continuous
irradiation tests there since 2024. Total doses exceeding 1 MGy were achieved, and non-destructive degradation evaluation was
performed using Fourier Transform Infrared Spectroscopy (FT-IR). The C=O stretching peak at 1727 cm ™ rose steadily with
dose, showing promise as an indicator of chain scission and oxidation. The C-O-C ether bond stretching peak at 1038 cm—!
decreased around 600 kGy—800 kGy, implying that mechanical strength degradation may start in this dose range.
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Figure 1: Dose rate survey locations at PF and PF-AR. Mea-
surements were taken near beam ducts unless specifically
noted.
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Figure 2: Dose rate survey locations around the PF supercon-
ducting three-pole wiggler. Underlined locations PF-W2, 4, 6,
13 were adopted as main irradiation sites. Gafchromic films
were sealed in a light-proof bag and fixed with tape during the
dose rate surveys.
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Table 1: Dose rate measurement results at the upstream front
faces of insertion devices in PF and PF-AR (6.5 GeV).

Device Dose rate (Gy/day)
PF ID02-2 0.6

PF IDO05 0.1

PF IDI3 0.2

PF ID16-1 0.8

PF ID19 12.2
PF ID28 3.7
AR ID NW14-36 0.4
AR ID NW12 11.5
AR ID NWO02 25.1
AR ID NEO1 29.9
AR ID NEO03 1094.5
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Figure 3: Dose rate measurement results at various locations in PF and PF-AR (6.5 GeV). Daily integrated current values were
assumed to be 450 mA x24 h for PF and 50 mA x24 h for PF-AR.

(a) Samples after surface coating and (b) Sample B after cutting and sur-

cure (October 2023). face polishing (February 2024). The
color change is due to a preliminary
5 kGy irradiation.

Figure 4: Preliminary impregnation resin samples.
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Figure 5: Color changes of the samples during irradiation.
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Figure 6: Dose dependence of FT-IR spectra.
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Figure 7: Dose dependence of FT-IR spectral peaks.
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