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Influence of spontaneous radiation on detectors of
different-shape radiation shields

XIE Xiumin', XU Qiang', HU Weiying', CHEN Jian', HUANG Shuai',
TAN Yang', JIANG Ruomei' , SONG Haizhi'*
(1. Southwest Institute of Technical Physics, Chengdu 610041, China; 2. Institute of Fundamental and Frontier Sciences, Uni-
versity of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: In order to clarify the influence of the spontaneous radiation of different-shape shields on detectors and find out
the shape that has the least impact, the spontaneous power to the detector from the inner shields with different shapes was
systematically analyzed by theoretical calculation. The shapes of the shields include paraboloid, hyperboloid, semi-ellipsoid
(including hemisphere) , and frustum of cone (including cylinder and cone). The results showed that the spontaneous power to
the detector of all shapes of shields first decreases and then increase with the increase of the ratio of the height of the shield to the
radius of the bottom. The maximum radiation power is a constant related to the size of the detector, and the minima appear when
the heights of the shields are close to or equal to the radiuses of the bottoms. When the shield is semi-ellipsoidal and the height
is equal to the radius (i.e. , hemisphere) , the power of spontaneous radiation to the detector is less than that of any other shield
and it has nothing to do with the size of the shield or whether there are small holes on the top. This study can provide a valuable
reference for the design of radiation shields.
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Fig.1 Schematic diagrams of different shapes of radiation shields( the insets
illustrating the 3-D structures)

a—parabolic, hyperboloid and semi-ellipsoidal shields — b—frus-

tum-of-cone shields
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Fig.2 Spontaneous radiation power of different-shape shields to the detector

a—overview b—partial enlargement
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a—overview b—partial enlargement
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Fig.4 Spontaneous radiation power to the detector of different shields with

varying-size holes on the top

a—overview b—partial enlargement
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Table 1  Photon emission rate spontaneously radiated to the detector by di-

fferent shapes of shields at different temperatures /Hz

shape of temperature of the shield 7/K

the shield 60 70 80 90
hemisphere  1.213x10*  2.507x10°  2.484x10° 1.505x10’
paraboloid 1.229x10*  2.539x10°  2.517x10° 1.525x10’
hyperboloid ~ 1.230x10*  2.541x10°  2.518x10° 1.526x107
cone frustum  1.263x10*  2.611x10°  2.588x10° 1.568x10’
cone 1.292x10*  2.671x10°  2.647x10° 1. 604x10’
cylinder 1.421x10*  2.937x10°  2.910x10° 1.763x10’
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