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Fig. 1. (color online) Calculation model setup.
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Fig. 2. (color online) Depth profiles of irradiation dam-
age level (dpa) produced by 70 and 1500 keV Ar ions.
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Table 1. Particles ionization effect characterized by
absorbed dose.

R+ W7 & / Gy -electron ™! DTk /%
FTERE LT 7.98 x 10~10 99.8
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Fig. 3. (color online) Spectra of photon, neutron, pro-

ton and electron in the front surface of SmaCO17 type

permanent magnets.
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Table 2. Particles displacement effects characterized

by 1 MeV neutron equivalent fluence.
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Fig. 6. TEM images of SmoCo17 type permanent magnet irradiated by Ar ions with different doses: (a) O (unirra-
diated); (b) 6.37 x 103 Ar ions/cm?; (c) 3.19 x 10 Ar ions/cm?2; (d) 9.55 x 10'4 Ar ions/cm?.
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Fig. 7. HRTEM images from peak damage regions
of irradiated Sm2Co17 type permanent magnet with
different doses: (a) Unirradiated; (b) 6.37 x 1013 Ar
ions/cm?; (c) 3.19 x 10'* Ar ions/cm?; (d) 9.55 x 1014

Ar ions/cm?.
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Fig. 8. (color online) Hysteresis loops before and after irradiation with different doses.
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T 45 2R AT e R OUL L.

H A, KEWT T XKL & <40 BT S 0 20
i e 5 i 0 L A7 AR BOW 485 #  Ak, (H R MR
SCHR G5 B 7K < 1 75 LR A S 1 X e LRI S5 1)
TROW 225 #4284 BE AT FRAEFA 3 A1, A SC MO 25 44
AR A Ff FEAIE ST AN, 5 g AAOUE £ ) T B A
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Irradiation effect of SmyCoy7 type permanent magnets®
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Abstract

Insertion devices are crucial parts of the third generation of synchrotron radiation facility and free electron laser
devices. The use of insertion device can improve the brightness and coherence of synchrotron radiation light. Undulator,
one kind of insertion device, is largely installed in the storage ring of Shanghai synchrotron radiation facility. The main
part of undulator is the device of magnetic source which consists of periodically arranged permanent magnets with the
same magnetic field strength. In order to keep the normal electronic trajectory, a stable magnetic intensity in undulator
is required. The SmyCo17 type permanent magnets with high intrinsic coercive force and good radiation stability are
largely installed in the facility. However, the losses for magnetic properties of Sm2Coi7 type permanent magnets can
be induced by longperiod irradiation in undulator through beam loss or mis-steering. The reduction of magnetic field
could affect the electron energy, direction and the movement trajectory and so on, which seriously affects the amount of
synchrotron radiation light. Microstructure of Sm2Co;7 type permanent magnet affects the macro magnetic properties
and there is not any available report on the microstructure investigation of SmyCo17 type permanent magnet after
being irradiated. Therefore, in this work, the effect of irradiation on the microstructure evolution is investigated. The
radiation fields of SmaCo17 type permanent magnets and the main particles (neutron) that result in losing magnetic
properties are first analyzed and confirmed by Monte Carlo code FLUKA calculation. Then, Sm2Co17 type permanent
magnet samples are irradiated by Ar ions at different fluences to simulate neutron irradiation damage. Meanwhile, the
microstructure evolutions of irradiated samples are characterized by transmission electron microscopy. Moreover, high
resolution transmission electron microscopic images are taken at the peak of radiation damage field to further investigate
the radiation damage. In the respect of macro magnetic properties, hysteresis loops are measured by vibrating sample
magnetometer in order to study the change of saturated magnetization. The results indicate that the decrease of
saturated magnetization value is related to the change of microstructure, which proves the speculation of previous
investigations. The evolution of 2:17 phase transformed from single crystals into amorphous structure is a possible

microscopic mechanism for irreversible loss for saturated magnetization of SmsCoq7.

Keywords: Sm;Co;7 type permanent magnet, irradiation effect, saturated magnetization, microstructure
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