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A. Poisson statistics 

 
Fig. S1. Numerical calculations of Poisson distribution. (a) Probability vs. photon number. (b) Probability vs. 
photon number (expanded of a), where the number indicates a ratio η, η = p(N + 1)/p(N). (c) Probability vs. 
mean photon number. 

In the theory of individual photon statistics, the Poisson distribution (probability) is described as follows: 

p(n, N) = 𝑛𝑛𝑀𝑀𝑒𝑒−𝑛𝑛

𝑀𝑀!
,        (S1) 

where n is mean photon number, and M is the number of occurrence (observation). Using equation (S1), numerical 
calculations with respect to mean photon number and photon number occurrence are calculated in Fig. S1. In Fig. 
S1b, relative occurrence ratios calculated for the mean photon number in Fig. S1(a). According to the numerical 
calculations, the ratio of doubly bunched photon to single photon is 1/7, 1/10, and 1/20 for the mean photon 
number of 〈𝑛𝑛〉 = 0.3, 0.2, and 0.1 , respectively (see Figs. S1(b) and (c)). The best fit curve for these ratios 
roughly follows c/〈𝑛𝑛〉, where c is an adjust constant. The higher order ratio rapidly decreases. As an example, for 
〈𝑛𝑛〉 = 0.1 , the doubly bunched photon occurrence to the single photon one is 0.5%, while the triple photon 
occurrence to the single (double) photon is 1/600 (1/30). 

 
Fig. S2. Numerical calculations for Poisson distribution. 𝜂𝜂𝑖𝑖𝑖𝑖 = 𝑃𝑃(𝑛𝑛=𝑖𝑖)

𝑃𝑃(𝑛𝑛=𝑗𝑗)
. (a) Photon probability vs. mean photon 

number. (b) Photon probability ratio. 

Using equation (S1), Poisson distribution is calculated in Fig. S2 for n=1 and n=2 with respect to mean 
photon number 〈𝑛𝑛〉. For 〈𝑛𝑛〉 = 0.01, double to single photon generation rate is 𝜂𝜂21 = 0.005 (see the red line). 
Thus, the higher order (n>2) bunched photon generation except for the doubly bunched photon (n=2) is neglected. 
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B. An asymmetric PZT scan method to induce decoherence 

The coherent light source of HeNe laser has a typical coherence length of 30 cm, whose corresponding bandwidth 
is 1 GHz. This bandwidth is due to the inhomogeneity of HeNe laser by Doppler broadening, where individual 
photon’s linewidth is about 1 kHz determined by the decay process from 3𝑆𝑆2  to 2𝑃𝑃4  of Ne atoms at λ =
632.8 nm . In other words, the coherence length of each single photon is comparable to 300 m. Thus, the 
coincidence detection in the scan range of a few microns has no practical meaning as in most HOM dip 
experiments. 

 
Fig. S3. Asymmetric PZT scanning to induce decoherence. (a) Side view of PZT actuator. (b) A PZT controlled 
beam walk-off. (c) Numerical simulation for (a) and (b). 
 

For the intentional decoherence induction in measurements, a PZT scanning method is set to be asymmetric 
with respect to the wave front on the second BS of MZI. For the asymmetric PZT scanning, only one axis of a 
three-axis PZT actuator is scanned, resulting in linear phase increase in the cross section as shown in Figs. S3(a) 
and S3 (b). Because whole interacting light is captured by SPCM, the number of interference fringe to be detected 
increases as the scanning length increases. For the symmetric phase control effect, the position walk-off induces 
position-dependent phase increase, φ = dsinθ, where d is the beam diameter and θ is the PZT scan dependent 
angle from the horizon. Because the single photon detector captures the whole area of the beam cross section, the 
walk-off induced phase incoherence increases, resulting in coherence washout as shown in Fig. S3(c). This is the 
origin of intentional decoherence in the present experimental scheme for Fig. 1. 

Figure S3(c) is numerical simulations for the asymmetric PZT scanning. For simplicity, the position of cross 
section is set to be one dimensional, and the scanning is replaced by a relative phase φ , in which the same 
proportional constant is multiplied to both variables. Then, the resulting interference fringe is averaged for the 
final measurement corresponding to the signal. The blue curve is the reference without walk-off, while the red 
curve is for the walk-off. This effect is the same as the typical phenomenon observed with wide bandwidth light 
source. When the modulation visibility reaches zero, it resembles incoherence particles. For the classical bound 
with individual and incoherent photons, 𝑔𝑔(2)(0) = 0.5. For coherent photons, 𝑔𝑔(2)(0) = 1. Thus, we can set the 
reference values for the intensity correlation of 𝑔𝑔(2)(𝜏𝜏) for these known cases. Here, the higher order bunched 
photon effects are neglected as discussed in Section A (see Fig. S1). 
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C. Measurements of Poisson distributed photon statistics using a coincidence counting module (CCM) 

Table S1. Photon statistics from the attenuated He/Ne laser. 𝑁𝑁𝐴𝐴: single photon detection counting number in 
path A, 𝑁𝑁𝐵𝐵: single photon detection counting number in path B. 𝑁𝑁𝐴𝐴𝐴𝐴: coincidence detection counting number 
between path A and B. 𝜂𝜂21 = 𝑁𝑁𝐴𝐴𝐴𝐴

𝑁𝑁𝐴𝐴+𝑁𝑁𝐵𝐵
: doubly-photon to single-photon counting ratio. 

 
Table S1 shows the measurement results by CCM. The first two columns (𝑁𝑁𝐴𝐴 and 𝑁𝑁𝐵𝐵) are for single photon 
detection counting numbers from MZI paths B and A without BS2 in Fig. 1, respectively, for different ODs of 
ND filters. The third column (𝑁𝑁𝐴𝐴𝐴𝐴) is for the coincidence detection measurements between A and B with BS2. 
The last column is the corresponding ratio of the coincidence detection (𝑁𝑁𝐴𝐴𝐴𝐴) to single photon counting (𝑁𝑁𝐴𝐴 +
𝑁𝑁𝐵𝐵) numbers.  
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D. Measurements of Poisson distributed photon statistics using a fast oscilloscope 
 

 

Fig. S4. Poisson distributed photon streams captured on oscilloscope screen. Horizontal: time; Vertical: voltage. 
Each pulse voltage is set to be 4 V by SPCM module. Yellow and green for the captured in each MZI path. 

Figure S4 is the screen captures for the observations of Poisson distributed photon generations by an attenuated 
typical HeNe laser (JDS Uniphase, Novette 1508-0). The light polarization of HeNe laser is random. For the 
attenuation, several ND filters (fixed and variable) are combined for different optical densities. There are four 
different photon counting cases in four different time scales in Fig. S4. Once a single photon is detected by SPCM 
(Excelitas AQRH-SPCM-15), its output signal is fixed at 4V with 10 ns pulse duration. As the single photon 
counting rate is separately measured by a coincidence counting module (CCM, Altera DE2), photon characteristics 
of antibunched and bunched photons are measured. As attenuation increases from Fig. S4(a) to Fig. S4(d), the 
mean photon number decreases as discussed in Fig. 1. The ratio of doubly bunched photons to single photons is 
also measured to confirm the CCM-based numbers in Fig. 3 of the main text. 
 


