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Quantum Efficiency Calibration of UV-VUV Photomultiplier Tube

Li Hanshuang'?*, Li Bo'*, Wang Shurong'**
Y'Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun , Jilin 130033 , China ;
*University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract In order to investigate the performance of photomultiplier tube to meet the needs of on-orbit application
requirements of the space remote sensing instruments, we construct a set of quantum efficiency calibration system
based on standard vacuum phototube with deuterium lamp, vacuum ultraviolet monochromator , photomultiplier
tube, and so on. According to the principle of the cathode quantum efficiency measurement about photomultiplier
tube, the photomultiplier tube is transformed into phototube without electron beam multiplying, and the standard
transferring from the standard vacuum phototube to the phototube R2078 is realized. On this basis, direct
measurement of the quantum efficiency of phototube in ultraviolet-vacuum ultraviolet (UV-VUV ) range of 150-
300 nm is realized for the first time in China. The measurement results show that, owing to the window material is
fused silica, the phototube R2078 has the lowest transmissivity at 155 nm, so the quantum efficiency obtained at
155 nm is the smallest, and the quantum efficiency at 230 nm is the largest. Finally, the uncertainty of the
measurement results is analyzed and estimated, and the total synthetic uncertainty is 3.4%.

Key words detectors; ultraviolet-vacuum ultraviolet; calibration ; quantum efficiency; photomultiplier tube ;
uncertainty
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Fig. 1 Electrical connection diagram of phototube
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Fig. 2 Light path diagram of vacuum system
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Table 1 Data of standard vacuum phototube

A /nm I, /(A0 A) L, /(107" W) 7 /%
150 2.4251 1.8872 10.643
170 3.5335 1.7360 14.875
190 6.4835 2.2544 18.805
210 7.9854 2.4991 18.904
230 8.2438 2.4206 18.396
250 6.4642 1.9800 16.225
R2078,
, s 150 ~
300 nm R2078 ,
) (1. (2)
1 ,
R2078 ,
2 o

2 R2078
Table 2 Data of phototube R2078

A /nm I, /(107" A) L, /(107" W) 7 /%
150 0.1878 1.8872 0.824
170 1.8287 1.7360 7.698
190 3.6779 2.2544 10.668
210 4.8237 2.4991 11.419
230 5.6916 2.4206 12.701
250 4.6918 1.9800 11.776
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Fig. 3 Quantum efficiency curves of standard

phototube and phototube R2078
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Table 3 Estimated calibration uncertainty of phototube R2078

Source of uncertainy Uncertainty estimation /%

Deuterium stabilization 2.5
Monochromator repeatability 0.5
Uncertainty of standard phototube 2
Uncertainty of phototube R2078 1
Association uncertainty 3.4
o
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