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Abstract: We experimentally demonstrate the temporal Talbot effect of optical dark pulse 
trains in frequency combs. It features a mixed pattern of dark and bright pulses at positions 
of higher-order fractional self-imaging. 

1. Introduction

The intriguing Talbot self-imaging of waves has caught numerous scientific attention since its discovery. Especially
in the past decades, there has been growing interest in novel types of Talbot effects across different domains [1].
For temporal Talbot effect, one important feature is the pulse repetition-rate multiplication [2], which is useful for
applications in lasers and optical communications. So far, most of the reported temporal Talbot effects are based
on bright pulses. While dark pulses are also ubiquitous in laser cavities [3] and microresonators [4], no studies
have discussed the self-imaging properties of dark pulse trains.

In this work, we experimentally demonstrate the temporal Talbot effect of a dark pulse train in a frequency
comb through single-mode fiber (SMF) propagation. The Talbot phenomena are analogous to their bright pulse
counterparts, but exhibit distinct features towards higher-order fractional planes where mixed patterns of bright
and dark self-images are observed.

2. Principle and experimental results

Using a dark pulse train as input, and when the phases of the corresponding comb lines satisfy the Talbot relation
φk = π(p/q)k2 [1] (p,q are coprime positive numbers and k is the index of comb line), a dark Talbot carpet can be
obtained as shown in Fig. 1(a). Here only the first half of the full carpet is illustrated. It can be seen that a shifted
copy of the input is reproduced at half of the Talbot length (p/q = 1), similar to its bright counterpart. In addition,
fractional self-imaging patterns are also revived across the carpet. A unique feature of such a dark carpet is that
the patterns at higher-order fractional planes (e.g. p/q = 1/3,1/4, ...) consist of both bright and dark self-images.
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Fig. 1. (a) Dark Talbot carpet (half a period); (b) Experimental setup. EDFA: erbium-doped-fiber
amplifier; OSA: optical spectrum analyzer; OSO: optical sampling oscilloscope.

Figure 1(b) depicts the experimental setup. First, a 30 GHz electro-optic comb is generated by phase modu-
lation of a continuous-wave (CW) laser at 1550 nm. The comb is then shaped into a dark pulse train by using
a programmable pulse shaper. Specifically, we set the phase of the center comb line to be π-shifted from all the
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other lines, and also tune its amplitude to be the sum of the rest. As such, a dark pulse train is synthesized as the
destructive interference of a bright pulse train and a CW background. Afterwards, the generated dark pulse train is
launched into SMFs of different lengths to demonstrate the Talbot phenomena. The output waveforms and spectra
are measured with an optical sampling oscilloscope and an optical spectrum analyzer, respectively.
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Fig. 2. (a) Waveform and spectrum of the input pulse train. Waveforms and phase distribution dia-
grams of their constituent components (green dot: CW; blue dot: Talbot pulse) after SMF propaga-
tion for (b) one- (c) two- (d) three-fold self-imaging. Solid line: experiment; dashed line: simulation.

Figure 2(a) shows the experimental pulse shape and spectrum of the input dark pulse train. In the experiment,
we prepare three spools of SMFs with lengths of 8.18 km, 4.08 km, and 2.72 km in order to demonstrate one-,
two-, and three-fold temporal self-imaging, respectively. The required fiber lengths are calculated based on the
Talbot condition of p/q = 1,1/2,1/3, and are measured by using an optical time-domain reflectometer. Figures
2(b)–(d) show the measured output waveforms after propagating through these fibers. A dark pulse train is revived
at the output of the 8.18 km fiber (Fig. 2(b)) resembling the input dark pulse train. Besides, two-fold dark self-
images are reproduced within one time period (Fig. 2(c)), but with shallower pulse depth as compared to the input.
Furthermore, we observe a mixed pattern of bright and dark self-images (Fig. 2(d)) for the three-fold fractional
Talbot effect. To understand these pulse patterns, we can view the dark Talbot pulse train as the superposition
of a CW background and a bright Talbot pulse train, where their phase distributions are illustrated in the bottom
row of Figs. 2(b)–(d). The phases of the bright Talbot self-images (blue dots) are calculated from the properties of
generalized quadratic Gauss sums [1], while the phase of the CW background (green dots) remains unchanged. The
vector sum of these fields defines the dark Talbot pulse train. The phase diagrams explain the Talbot waveforms
in the dark pulse regime, in particular accounting for the existence of the bright self-image in Fig. 2(d) as a result
of π/2 relative angle between the CW background and one of the pulse. Similar situations are also found at
higher-order self-imaging.

3. Conclusions

We present theoretical analysis and experimental demonstrations of the temporal Talbot effect of a dark pulse
train. Its underlying dark Talbot carpet should also be produced in the reflection direction of an amplitude grating
by plane wave illumination, and may occur in other spaces such as the azimuthal angle of light beams [5].
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