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Fig. 1. (color online) Second-order degree of coherence
and photon number distribution of different optical
field: (a) Second-order degree of coherence of chaotic
laser, coherent light, thermal light and single photon
state versus delay time with 0.6 ns coherence time;
(b) photon number distribution of Gaussian random
(blue solid curve), Poisson (green dot-dashed curve)
and BoseEinstein (black dashed curve) for (n) = 1.8.
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Fig. 2. (color online) Schematic of the experimental setup for measuring dynamics and second-order degree
of coherence of a chaotic laser (DFB-LD, distributed feedback laser diode; PC, polarization controller; OC,
optical circulator; FC, fiber coupler; VA1, VA2, variable attenuators; BS1, BS2, beam splitters; PD, a
photodetector; OSC, oscilloscope; SPD, single photon detector; DAS, data acquisition system).
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Fig. 3. (color online) Different photon number distributions and g()(0) of chaotic laser. Red histograms

represent experimental results.

Blue solid, green dot-dashed and black dashed lines represent Gaussian

random, Poissonian and Bose-Einstein fitting respectively.
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Fig. 4. (color online) (a)-(c) Measured power spectra and (d)—(f) second-order degree of coherence g(2)(0)

of chaotic laser in different feedback strengths.
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Abstract

The researches on higher-order coherence and quantum statistics of light field are the important researching issues
in quantum optics. In 1956, Hanbury-Brown and Twiss (HBT) (Hanbury-Brown R, Twiss R Q 1956 Nature 177 27)
revolutionized optical coherence and demonstrated a new form of photon correlation. The landmark experiment has
far-reaching influenced and even inspired the quantum theory of optical coherence that Glauber developed to account
for the conclusive observation by HBT. Ever since then, the HBT effect has motivated extensive studies of higher-order
coherence and quantum statistics in quantum optics, as well as in quantum information science and cryptography.
Based on the HBT scheme, the degree of coherence and photon number distribution of light field can be derived from
correlation measurement and photon counting technique. With the rapid development of the photoelectric detection
technology, single-photon detection, which is the most sensitive and very widespread method of optical measurement, is
used to characterize the natures of light sources and indicate their differences. More recently, HBT scheme combined
with single-photon detection was used to study spatial interference, ghost imaging, azimuthal interference effect, deter-
ministic manipulation and detection of single-photon source, etc.

Due to broadband RF spectrum, noiselike feature, hypersensitivity to the initial conditions and long-term un-
predictability, chaotic laser meets the essential requirements for information security and cryptography, and has been
developed in many applications such as chaos-based secure communications and physical random number generation, as
well as public-channel secure key distribution. But the research mainly focused on macroscopic dynamics of the chaotic
laser. Moreover, the precision of measurement has reached a quantum level at present. Quantum statistcs of light field
can also uncover profoundly the physical nature of the light. Thus, it is important to exploit the higher-order degree of
coherence and photon statistics of chaotic field, which contribute to characterizing the field and distinguishing it from
others.

In this paper, photon number distribution and second-order degree of coherence of a chaotic laser are analyzed and
measured based on HBT scheme. The chaotic laser is composed of a distributed feedback laser diode with optical feed-
back in fiber external cavity configuration. The bandwidth of the chaotic laser that we obtain experimentally is 6.7 GHz.

The photon number distribution of chaotic laser is fitted by Gaussian random distribution, Possionian distribution and

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61405138, 61505136, 61505137,
61671316), the Funds for International Science and Technology Cooperation Program of China (Grant No. 2014DFA50870),
and the Shanxi Nature Science Foundation of China (Grant Nos. 201601D011015, 201601D021021).
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Bose-Einstein distribution. With the increase of the mean photon number, the photon number distribution changes
from Bose-Einstein distribution into Poissonian distribution and always accords with Gaussian random distribution well.
The second-order coherence ¢ (0) drops gradually from 2 to 1. By changing the bias current (I = 1.0Iy, — 2.0L)
and feedback strength (0-10%), we compare and illustrate different chaotic dynamics and g(z)(O). From low frequency
fluctuation to coherence collapse, the chaotic laser shows bunching effect and fully chaotic field can be obtained at the
broadest bandwidth. Furthermore, the physical explanation for sub-chaotic or weakening of bunching effect is provided.
It is concluded that this method can well reveal photon statistics of chaotic laser and will open up an avenue to the
research of chaos with quantum optics, which merges two important fields of modern physics and is extremely helpful

for the high-speed remote chaotic communication.

Keywords: chaotic laser, second-order degree of coherence, single photon counting, semiconductor laser
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