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Abstract: On the basis of the properties of two beams in heterodyne detection, the photon statistical
models for the coherent light and multi-mode thermal light fields were analyzed. The second and third
order statistical characters of the two kinds of optical fields were discussed, in which the second order
statistics was corresponding to the Fano factor, while the third order one was to the symmetry param-
eter. The Fano factor and the symmetry parameter for the two kinds of light fields were measured ex-
perimentally. The results indicate that Fano factor and symmetry parameter do not change with the
variance of incident photons for the coherent light field. Combined with the theoretical model and ex-
perimental data, it shows that the cross-talk probability is 0. 032 1 and the gain coefficient is 1. 0460

ph. However, the Fano factor of multi-mode thermal light field increases with the incident photons
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and gives a linear ascending trend. The factor reduces with the increase of the target velocity, which

means the fluctuation of the echo photons decreases because of the averaging effect caused by increas-

ing the number of thermal modes.

Moreover, the symmetry parameter of multi-mode thermal light

field is parabolic curve distribution. The research of coherent and multi-mode thermal light statistics

provides a foundation for the laser heterodyne detection based on photon counting.

Key words: coherent light field; multi-mode thermal light field; photon statistics; photon statistics; Fa-

no factor; symmetry parameter; cross-talk probability; gain coefficient
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Fig.1 Sketch map of photon-counting experiment

MPPC % th 18 3 #8455 4390 B AR I 2% Fl 22
PN A XL, AR AR E
SRR T BT K b B DL K L A
W i ATHEALEAE 5 2 [ i R R 2 0 1 3 52
PR keps, FUAFEFTEJ N 1 ms 3] 1 s A] H 47X
B R EOE K 2 BrR 1AL S T
e aE 3 iR .

|
i

:L ﬁ::;ﬁn J "h -l' "

hovee s b Mp'uw w{wlﬂ\m 1*-\*»4-%",\%

\|ﬁ‘~ ‘n T L1 [ r‘h‘

]m Wt !' v

e T L]

B2 Rk A s OE
Fig. 2 Output waveforms with oscillograph
LUNESIR NN 3 TRANE) S M o o W e
Jok o A5 5 Tk ves BE ARG 3R A% I 200 30 3K 1 06 188 D



B3 AL Y

Fig. 3 Output waveform with computer
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Fig. 4 Graphs of coherent optical field statistics
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Fig. 7 Photon statistics under 80 mV driving voltage
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