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The photon detection mode of photomultiplier tubes considering the
pulse height distribution
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(1. School of Electronic Information, Wuhan University, Wuhan 430072, China;
2. China Academy of Space Technology, Beijing 100098, China;

3. Wuhan Institute of Quantum Technology, Wuhan 430010, China)

Abstract: Photomultiplier tubes (PMT) have unique advantages in photon-counting LIDAR applications due to its pho-
ton-level sensitivity and lack of photon detection dead time. However, the output pulse height of PMT responds to the
single photon follows the Gaussian random distribution, and there may produce pile up between different pulses. When
using the fixed threshold method to identify the photo-events, the traditional single photon model can not accurately de-
scribe the photon detection process of PMT. By analyzing the influence of PMT output pulse height distribution, pulse
pile up and the amplitude of photo-event discrimination threshold on the photo-events detection probability, a new PMT
photon detection theoretical model was built, and the mode was simplified according to the practical application scene.
The applicability of the simplified model was verified by Monte Carlo simulation. The correlation characteristics of the
new model in photon-counting ranging are analyzed. A photon-counting LIDAR system is built, compared with Geiger
mode APD, the PMT photon detection model has a slight loss of photon detection probability, but it has a smaller rang-
ing walking error and higher ranging accuracy in photon-counting ranging applications. The experiment also proves that
the new model is more consistent with the photo-event detection probability of PMT than the traditional single photon de-
tection model. The new model has important guiding significance for the system design and theoretical analysis of PMT
photon-counting LIDAR.
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dashed line pulse represents the electron flow pulse of PMT re-

Effect of pulse pile-up, in the figure, the green

sponding to the output of a single photon, and the solid green
line pulse represents the electron flow pulse after pile up: (a)
dead time effect caused by pulse, (b) height increase effect caused by

pulse pile-up
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Fig. 6 The relationship between PMT detection probability,
ranging walking error and photon event identification thresh-
old, (a) the relationship between the detection probability and
the threshold when the number of incident photons Ns=2, (b)
the relationship between the ranging walking error and the
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Table 2 The relationship between adjustable attenua-

tion scale and incident photon number
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Fig‘ 9 Experimental results: (a) experimental results and theoreti-

cal curves of incident photon number and ranging walking error, the sol-
id blue line in the figure is the theoretical curve of GM—-APD ranging
walking error changing with incident photon number, and the blue "o’ is
the experimental data point of GM=APD, the solid orange line is the the-
oretical curve of PMT ranging walking error varying with the number of
incident photons, and the orange 'x’ is the experimental data point of
PMT, (b) experimental results of the ranging accuracy of PMT and GM-

APD varying with the number of incident photons
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Fig. 12 When the threshold T=1, the relationship between
the ranging walking error, ranging accuracy and incident pho-
ton number of the three pulse height distribution functions: (a)

ranging walking error and (b) ranging accuracy
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Fig. 17 The photon-events detection probability time distribution when the pulse width of echo pulse is 10 ns, in the figure, the

solid orange line is the photon detection probability of the traditional single-photon model, the solid blue line is the detection proba-

bility of the simplified PMT model, and the yellow 'X' is the Monte Carlo simulation data point: (a) Ns=1, (b) Ns=2, (c) Ns=4,

(d) Ns=8
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