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Abstract 
Nd-Fe-B and Sm-Co magnets were irradiated by elec-

tron beam with the energy of 10 MeV and bremsstrah-
lung. The absorbed dose was 16 and 160 Grad. It was 
found that whereas magnetic flux of Nd-Fe-B magnets 
decrease with the irradiation, Sm-Co magnets keep mag-
netic performance.  

INTRODUCTIONS 
Rare-earth permanent magnets are key components of 

modern electron accelerators. High-performance Nd-Fe-B 
and Sm-Co magnets allow designing quite compact mag-
netic devices such as dipole magnets, quadrupoles, sole-
noids and undulators. These devices do not need a power 
supply and complicated control systems. This approach is 
especially important for the industrial and technological 
accelerators. 

One of the main issues in the design of accelerators 
with the permanent magnet is the right choice of magnetic 
material. The magnetic material should possess high 
magnetic properties at elevated temperature and withstand 
electron and photon irradiation. 

Recently, the behaviour of Nd-Fe-B and SmCo magnets 
under 8-10 GeV electron and gamma beams was studied 
[1-15]. Although such data may provide a useful infor-
mation about high energy treatment of rare-earth magnets, 
the mid energy range of energy loads still requires partic-
ular investigations. 

The aim of the present work is to study the influence of 
10 MeV electron beam and bremsstrahlung on the mag-
netic properties of Nd-Fe-B and Sm-Co magnets. 

EXPERIMENT CONDITIONS  
Nd-Fe-B and Sm-Co magnets were manufactured by 

powder metallurgy technology. Magnets were magnetized 
to the technical saturation in the pulsed magnetic field of 
3.5 T. The size of the rectangular samples was 30×24×12 
mm. Nd-Fe-B magnets were covered with Ni coating to 
avoid oxidation. The thickness of the Ni coating was 0.02 
mm. Magnetic properties of Nd-Fe-B and Sm-Co magnets 
are shown in Table 1.  
Table 1: Magnetic Properties of Nd-Fe-B and Sm-Co 
magnets 

Magnet  Coercitivity 
Hcj, kA/m  

Remanence Br, T  

Nd-Fe-B 955 1.25 
Sm-Co 1430 1.05 

Magnets were irradiated by the electron beam of  
KUT-1 accelerator [16]. The energy of electron beam was 
10 МeV. The accelerator’s axis had a vertical arrange-
ment. The electron beam was travelled from top to bot-
tom. Electron beam adjusting by the magnetic field 
passed to the air through the titanium foil. In the experi-
ment, the South pole of Nd-Fe-B magnets (30×24 mm 
side) underwent electron irradiation. The deviation of 
electron beam density was about 10 % above the sample’s 
surface. During the electron irradiation, magnets were 
cooled by the water. The temperature of the coolant water 
was not less than 40 оС. 

Four Nd-Fe-B and four Sm-Co magnets were used in 
experiments. The following designation was used for both 
types of magnets. Samples 1 and 2 were irradiated con-
tinuously for 20 hours. Electron beam went directly to the 
surface of sample 1. The absorbed dose for the sample 1 
was 16 GRad (the total electron flux was of about 
1.4×1017 electrons/сm2). Sample 2 was irradiated simulta-
neously with the sample 1, but sample 2 was set far from 
the electron beam at the distance of 40 mm. Sample 3 was 
irradiated for 20 hours with 24 intervals. The total ab-
sorbed dose for the sample 3 was 160 GRad. Sample 4 
was not irradiated and it was used as the reference simple 
for the measurements.  

The activity of magnets after irradiation was measured 
by CANBERRA GC1818 spectrometer with semicon-
ducting pure germanium sensor. 

The measurements of the normal component of mag-
netic flux were performed using Hall probe line (HPL). 
The distance between Hall probes on the HPL was about 
6 mm. The sample was passed transversely to the HPL. 
The initial position of the sample within HLP was fixed 
by stoppers. Magnets passed over the HPL with the step 
from 3 to 5 mm. The distance between magnets and HPL 
was 3.05 mm. The precision is of magnet’s position is 
about 1 micron [15].  

The measurements of the normal component of mag-
netic flux were carried out from both sides (poles) of the 
samples within longest axis. The relative error of magnet-
ic flux is about 0.01%. 

ACTIVITY MEASUREMENTS  
In 24 hour after electron irradiation, the spectrums of 

the sample’s gamma radiation were measured. It was 
revealed that Nd-Fe-B magnets had a small amount of 
147Nd unstable isotope. It is the result of 
148Nd(γ,n)147Nd reaction with the energy threshold of 
7.3 MeV and half lifetime of 10.98 days. The radiation 
spectrum of SmCo magnets was characterised by the 
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153Sm isotope produced by 154Sm(γ,n)153Sm reaction 
under gamma radiation of electron bremsstrahlung. The 
isotope half lifetime is 46.284 hours. Thus, the activity of 
the magnets after the irradiation was within normal range. 
The latter allows normal operation of the devices with 
Nd-Fe-B and Sm-Co magnets in accelerators with the 
energy of 10 MeV. 

MAGNETIC MEASUREMENTS ND-FE-B 
MAGNETS  

Figure 1 shows the HPL experimental data for Nd-Fe-B 
magnet (sample 1) before treatment. 

 
Figure 1: Magnetic field distribution of the Nd-Fe-B 
magnet (sample 1) before electron irradiation. 

3D quadratic interpolation can be used to estimate ap-
proximation of magnetic field gradients along the plane of 
a magnet. It was done using the measured HPL data. The 
interpolation area was set by the distance between outer-
most probes of HPL and x-y scanning area. The scanning 
area was precisely determined by the sample coordinate 
system. Figure 2 shows the interpolation results for the 
HPL collected data for sample 1 (Fig. 1). 

 
Figure 2: Interpolation of the experimental data for the 
Nd-Fe-B magnet (sample 1) before irradiation. 

In order to estimate the changes in magnetic flux, the 
integral of the 3D interpolation normal component of 
magnetic flux was used. Calculated S parameter measured 
in arbitrary units was chosen as integrated z-component 
of magnetic flux. The S parameter is calculated within the 
x-y plane of the magnet. The relative error for S parame-

ter is about 0.5 % within HPL boundaries. The S parame-
ters of Nd-Fe-B magnets before and after the electron 
irradiation are shown in the Table. 2. S parameter for both 
poles (South and North) coincided within the experiment 
accuracy. 
Table 2: Magnetic Properties of Nd-Fe-B and Sm-Co 
Magnets 

 
Nd-Fe-B 
magnet 

Calculated S 
before electron 
irradiation 

Parameter, a.u. 
after electron irra-
diation 

Sample 1 175.763 (N) 0.75 in (19 mm) 
Sample 2 179.556 (N) 0.75 in (19 mm) 
Sample 3 176.357 (N) 0.79 in (20 mm) 
Sample 4 175.452 (N) 1.02 in (26 mm) 
 
The interpolation of magnetic field distribution of the 

sample 1 (North Pole) after electron irradiation is depict-
ed in Fig. 3. One can see that S1 value was decreased to 
162.356. 

 
Figure 3: Interpolation of experimental data for Nd-Fe-B 
(sample 1) after irradiation. The absorbed dose was 
16 GRad. 

The magnetic field distribution for the sample 2 after 
bremsstrahlung irradiation is the same as before irradia-
tion and the integral value S2 is 178.526 is practically the 
same. 

 
Figure 4: Interpolation of magnetic field distribution after 
irradiation for the sample 3. 
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The essential changes in the magnetic field distribution 
after irradiation were observed for sample 3 (Fig. 4).The 
integral value of S3 for the sample 3 was decreased to 
126.556. It should be noticed that field integral S decreas-
ing was not proportional to the absorbed dose value. 

SM-CO MAGNETS 
The similar magnetic measurements were done for 

SmCo magnets. The S parameters are as following the 
South Pole for the sample 1 is 151.94, for the sample 2 is 
149.007, for the sample 3 is 152.326, for the sample 4 is 
152.519. The S parameters of North Pole were the same 
as for the South Pole within experiment accuracy. 

The interpolation of the magnetic field distribution of 
sample 1 after irradiation is shown in Fig. 5. It was re-
vealed that magnetic field distribution was as before the 
irradiation. 

 
Figure 5: The interpolation of magnetic field distribution 
for SmCo magnet (sample 1) after irradiation. 

The absorbed dose of 160 GRad for the sample 3 did 
not change the initial magnetic field distribution around 
the magnet. The S parameter of sample 2 is 148.397 and 
149.727, for the sample 3 are 149.714 and 150.065 for the 
north and south poles respectively.  

The magnetic field distributions of reference samples 
were not changed during experiments. 

CONCLUSION 
In summary, direct electron irradiation of Nd-Fe-B 

magnets results in some losses of magnetic flux and 
change of its distribution. Re-magnetization of Nd-Fe-B 
magnets after irradiation returns their magnetic properties 
to the initial values. Bremsstrahlung generated by electron 
beam does not change the magnetic flux of samples. 

SmCo magnets irradiated with absorbed dose up to 160 
GRad do not show changes in the magnetic performance. 
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