Proceedings of Particle Accelerator Society Meeting 2009, JAEA, Tokai, Naka-gun, Ibaraki, Japan

RADIATION-INDUCED DEMAGNETIZATION MODEL FOR UNDULATOR
MAGNETS

Teruhiko Bizenl’A), Yoshihiro AsanoB)
A g apan Synchrotron Radiation Research Institute
SPring-8, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo, 679-5198
) XFEL/RIKEN
SPring-8, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo, 679-5198
Abstract

We propose new models of the radiation-induced demagnetization by a GeV electron irradiation. First model is
named “widespread instability model”. Instability of the magnetic spins caused by the energy transfer from the
bremsstrahlung electrons, positrons and y-ray decreases the coercivity and the anisotropy of the magnet grains. Inverse
domain nucleus is formed where the anisotropy is the lowest, and sequentially the domain wall expands. The effect of
the thermal stabilization technique against the radiation resistance is well explained by this model. Second model is
named “quasi-thermal-spike model”. High-energy photoneutrons interact with the atoms in elastic and inelastic
scattering. Knock-on atom interacts with the atom of the magnet and releases its energy in a nano-size area. This energy
transfer and heat generation is similar to the thermal-spike mechanism. Intense magnetic properties change in an energy
release point leads the nucleation of the inverse domain. These nuclei can be formed both in high coercivity and low
coercivity region. This model can well explain the radiation-induced demagnetization of the heat resistant magnets, the
low temperature irradiation, and the electron energy and target dependence.
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Fluctuation of the magnetic spin in a wide area caused
by irradiation is similar to the thermal demagnetization
process.
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Fig. 1 Widespread instability model. Energy of e-,et+
and vy is transferred to the magnet atoms as ionization,
excitation and a temperature rise in a long range. This
causes the instability of magnetic spin wider than the
grain size.
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The energy of the knock-on atom transfers
to the magnet atom by the process similar to
the thermal spike (quasi-thermal-spike).
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Fig. 2 The high-energy photoneutron interacts with an
atom of the magnet in elastic and inelastic scattering.
The energy transfer to the atomic size region generates
very high temperature.
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| Large image of the high-energy point source I

High-energy point source
produced by quasi-thermal-spike

(1) Core of energy release

The melt and structural change by a high temperature
change the magnetic properties.

Magnetization (2) Nucleation T
dlrectlon of magnetization reversal T
Intense properties change
generates the nucleus of
inverse domain.
(3) Low coercivity region T T

caused by temperature rise

Inverse domain wall easily —
expands in this region.
Low anisotropy barrier T T T

in the grain boundaries /
High anisotropy barrier

in the grains (4) High coercivity region

2 = Expansion of the domain wall is limited.
| High-energy point sources are produced anywhere. |

Fig. 3 High-energy release point produced by the
quasi-thermal-spike is made anywhere in the magnet
independently of the anisotropy. This instantaneous
large energy transfer generates the melted core or the
structural change. The intense magnetic change in the
core causes the instability of the magnetic spin around
the core and produces the nucleus of inverse
magnetization. Low coercivity region is also generated
around the core. The inverse domain wall of the nuclei
easily expands in this region, but this expansion is
limited when it enters into the high coercivity region.
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receiving resistance in the high
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Fig. 4 Temperature generated by the quasi-thermal-spike
is extremely high so that the nuclei are produced in any
magnet. In contrast, the easiness of the expansion of the
inverse domain wall depends on the properties of the
magnet. In the low coercivity magnets, the domain wall
expands easily and the inverse domain grows to the
whole  grain, consequently this leads large
demagnetization. In the large coercivity magnets, the
coercivity around the nucleus is so large that the domain
wall can hardly expand therefore the demagnetization is
small.
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Effective mechanism depends on the properties of the magnet.

Mechanism Magnet

*Low coercivity

(1) Widespread instability model -Low heat resistance

/ Magnets are affected by both mechanisms.
*High coercivity
*High heat resistance

(2) Quasi-thermal-spike model / > *Stabilization

| (The flux of newly magnetized magnet
can be stabilized by applying thermal
demagnetization.)

Mechanism (1)’s effect is decreased in
these magnets.

Fig. 5 Two mechanisms work under high-energy
electron irradiation but effective mechanism depends on
magnet properties. The magnets with low coercivity and
heat sensitivity are affected by both mechanisms. In
contrast, the effect by the widespread instability model
becomes small in the magnets of the high coercivity, the
heat resistant, and the stabilizing treatment.
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