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Fig. 1. Theoretical model of double HBT scheme. B0, B1,
B2, B3: Beamsplitter; D1, D2, D3, D4: Detector. The letters
in parentheses L, N, K, et al, denote the photon numbers of

splitting light paths, respectively.
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Fig. 2. (a) Third-order, and (b) fourth-order photon correlations g™ and gy’ of single-mode thermal state versus the mean photon
number « .
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Fig. 3. (a) Second-order, (b) third-order, and (c) fourth-order photon correlations of single-mode squeezed vacuum state versus the

squeezing parameter 7.
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Fig. 4. The third-order (blue hollow square) and fourth-order (red solid circle) photon correlations of Fock state versus the photon

number: (a) v =0.001, n =0.5; (b) v =0.001, n=0.1.
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Fig. 5. Schematic illustration of the experimental setup (ISO, isolator; HWP, half-wave plate; PBS, polarized beam splitter; M1,
M2, mirror; L, optical lens; RGGD, rotating ground glass disk; BS1, BS2, BS3, beam splitter; D1, D2, D3 and D4, single photon

counting module, SPCM; DAS, data acquisition system).
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Fig. 6. Measured (a) third-order and (b) fourth-order photon correlations of thermal state and coherent state versus the counting

rate for resolution time of 2!° ns. The red and blue solid lines are the ideal results of the high-order photon correlations of thermal
state and coherent state.
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Fig. 7. Measured (a) third-order and (b) fourth-order photon correlations of thermal state and coherent state versus the resolution

time for counting rate of 80 kc/s. The red and blue solid lines are the ideal results of the high-order photon correlations of thermal

state and coherent state.

To =0 ps
oL@

g®) (1)
g(g)(ﬁ)

g®(m1)

—20 —10 O 10 20
T1/18

[l 8

—20 —10

0 10 20

T1/18

—20 —-10 O 10 20

T1/18

S =B 67 OCTE R A8 3R 1 1] (9 A8 4k, 43 BEES )2 210 ns, 7HE0% N 80 ke/s. M A R/R LA R, MAEASIL VIS

(a) 7o = 0 ps; (b) 7y = —10 ps; (¢) 7o = 10 ps. HP [l (a) FIER AL I K 5.98 70018

Fig. 8. Measured third-order photon correlation of thermal state versus delay times for resolution times of 2!° ns and counting rate

of 80 ke/s. The blue dots and black solid curves are the experimental and theoretical results, respectively: (a) 7 = 0 us; (b) 7 =
10 ps; (c) 75 = 10 ps. The peak value of ¢® in Fig. (a) is 5.9870:91%8.
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Fig. 9. The fourth-order photon correlations of thermal state at complete time delays for (a) 73 = 0 us, (b) 73 =10 us, (¢) 73 = 10 ps.

The peak value of g9 in Fig. (a) is 23.810:17.
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Fig. 10. Measured fourth-order photon correlation of thermal state versus delay time 7, for resolution times of 2!° ns and counting

rate of 80 kc/s. The dots are the experimental results, and the black solid curves are the theoretical fittings.
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Abstract

High-order photon correlations of light fields are important for characterizing the quantum nature. Since
Hanbury Brown and Twiss conducted the pioneering experiments in the 1950s, the HBT effect has inspired
extensive research on high-order photon correlation in quantum optics, quantum information, and quantum
imaging. The Single-photon counting module is one of the most widely used single-photon detectors. Due to its
high detection efficiency and low dark counts in the visible and near-infrared region, it is reasonably chosen for
basic research on quantum mechanics. Many researches have demonstrated that the maximum value of second-
order photon correlation ¢?(7) at zero delay (7 = 0) can be used to distinguish different light fields. Therefore,
the HBT scheme containing two single photon detectors have been widely used in many advanced studies, such
as space interference, ghost imaging, single photon detection with high efficiency, etc. However, higher-order
photon correlations ¢ (n > 2) can reveal more measurable characteristics of light fields, such as information
about the non-Gaussian scattering process, the skewness and kurtosis of photon number distribution, etc. When
the extended HBT scheme is used to measure higher-order photon correlations, the experimental conditions
including quantum efficiency and background noise greatly affect the photon correlation measurement. The
influences of the counting rate and resolution time of the detection system on the measurements are also very
important and cannot be ignored. Therefore, the comprehensive considering of various influence factors is
necessary for accurately measuring the high-order photon correlations and also a challenge.

In this paper, we present a method based on double Hanbury Brown-Twiss scheme for the accurate
measuring of high-order photon correlations ¢ (n > 2). The system consists of four single photon counting
modules and is used to detect and analyze the joint distribution probability of temporal photon correlation.
Considering the effects of the background noise and overall efficiency, theoretically, we analyze the correlations
of the third- and fourth-order photon with the incident light intensity, squeezing parameter and photon number

respectively for thermal state, coherent state, squeezed vacuum state, and Fock state. Meanwhile,
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experimentally we study the influences of resolution time and counting rate on correlations of the coherent state
and thermal state with third- and fourth-order photon. On condition that the resolution time is 2'° ns and the
counting rate is 80 kec/s, the correlations of third and fourth-order photon with the thermal state at zero time
delay are accurately measured, and the relative statistical deviations of the measured vales from the theoretical
values are 0.3% and 0.8%, respectively. In addition, the third- and fourth-order photon correlations of the
thermal state at different delay times are also observed. It is demonstrated that the high-order photon
correlations of light fields are measured accurately by comprehensively analyzing various influencing factors.
This technique provides a promising and useful tool to investigate quantum correlated imaging and quantum

coherence of light fields.

Keywords: high-order photon correlation, single photon counting, delay time
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