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Shielding of High Energy (10-30 MeV) Accelerator
by

Hiroji Noda and Akihiro Shiragai
Division of Physics, National Institute of Radiological Sciences, Chiba-Shi, Japan

Attenuation of 10-30 MV primary X-rays from the betatron in materials (Al, Fe, Pb) was measured
for narrow and broad beam geometries. Energy of leakage radiation from the betatron was decided by
the attenuation measurements using aluminum and iron. These results showed that the attenuation
curves of primary X-rays in materials and the tenth-value thicknesses were different about 109 from other
reports and in Pb about 20%. The energy of leakage radiation from the betatron operated at 30 MV
was about 10-20 MeV.

The calculation of attenuation of primary X-rays in concrete was attempted by using exponential
formula. The calculated attenuation curves were a little different from the measured and the other
data, but agreement of the calculation with NBS data was fairly good. The calculated tenth-value thick-

nesses corresponded within 109, with the measured and the other values.
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Fig. 1. Experimental arrangements for attenuation measurements of primary X-rays.
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Fig. 2. Equipment of attenuation measure-
ments by thick slab. (Narrow beam geometry)
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Fig. 4. Experimental arrangement for atte-
nuation measurements of leakage radiation.
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Fig. 5. Transition curves in Al and Acrylate.
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Table 1. Thickness of build-up maximum
in cm. (Narrrow beam geometry)

energy of X-rays

materials de_nsitg
o(glem®) oMV | 20MV | soMV
Acrylate 119 | 2.0 3.5 5.0

Aluminum 2.7 0.8 1.6 2.3

Iron 7.86 | 0.25 0.55 0.7

Lead 11.34 | 0.12 0.25 0.35
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Fig. 6. Transition curves in Pb and Fe.
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Fig. 7. Attenuation curves in aluminum.
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Fig. 8. Attenuation curves ir iron.
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Fig. 9. Attenuation curves in lead.
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Fig. 10. Attenuation curves of leakage radia- thivfEEENDBS, DINDfEd Ol
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Table 2. Tenth-value thickness in cm.
energy of narrow beam broad beam
X-rays Aluminum Iron Lead Aluminum Iron Lead
10 MV 24.0 8.6 4.5 35.4 10.4 5.6
20 MV 33.0 9.5 4.2 39.5 11.8 5.2
30 MV 36.7 9.2 4.2 42.0 10.8 5.1
Table 3. Comparison of tenth-value thickness in cm.
energy of concrete Iron Lead
X-rays measur.® NBS DIN measur. DIN measur. DIN
10 MV 38.9 38.1 36.6 10.4 9.7 5.6 6.95
20 MV 43.5 43.2 45.2 11.8 10.7 B2 6.95
30 MV 46.2 45.7 47.3 10.8 10.1 5.1 5.35

* Thickness of concrete is calculated from thickness of aluminum (Table 2) multiplied by p (Al)/p
(concrete) = 1.1p is density. Measurements were made at broad beam geometry.
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Table 4. Linear attenuation coefficients ¢ for

concrete (NBS circular 583) and
value of ““a” in build-up factor B

=1 4a-ux.

Sr?eortgg H ro&:;??; Tete value of a

(MeV)
2 0.1055 —
4 0.0745 0.465
i 0.0630 0.357
8 0.0571 0.311
10 0.0538 0.258
12 0.0520 0.216
14 0.0508 0.190
16 0.0500 0.166
18 0.0495 0.150
20 0.0491 0.135
22 0.0490 0.122
24 0.0489 0.112
26 0.0489 0.103
28 0.0490 0.095
30 0.0491 0.0915
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Table 5. Values of parameters in exponential

approximation to dose build-up fac-
tor in concrete (from Tayler)

1 energy parameter

| (MeV) A T -

é 2 6.3 0.069 0.058

|4 3.9 0.059 0.083
6 3.1 0.059 0.083
8 2.8 0.057 0.086
10 2.6 0.050 0.084
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Fig. 12. Tenth-value thickness in concrete.
The measurements were made at broad beam

geometry.
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