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Abstract: Nearly diffraction limited beams are demonstrated in a disordered optical fiber.
High quality beams with M2 ∼ 1 are obtained at various transverse positions across the output
facet of the fiber.
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High quality single-mode or diffraction-limited beams are of paramount importance in lasers [1] and optical com-
munication [2]. Transverse Anderson Localization (TAL) [3] has recently fostered a new class of waveguides where
strong transverse confinement granted by Anderson localized modes in a disordered optical waveguide is exploited
to compensate diffraction of light as it freely propagates along the waveguide [4–7]. In a recent study, it was shown
that localized modes of a disordered fiber can be exploited for single-mode transmission [8]; localized states provide
a high degree of isolation and induce single-mode transmission channels in a disordered matrix. Strong transverse
confinement of localized lasing modes are also proven to be beneficial in making directional and highly stable random
fiber lasers [9].

In this paper, we evaluate beam quality of highly localized modes in a glass Transverse Anderson Localizing Optical
Fiber (glass-TALOF). It is shown that a high degree of wavefront quality is achieved due to the strong transverse
disorder in the fiber and not in spite of that. An experimental evaluation of the beam quality of strongly localized
modes is done. Localized modes exhibit a phenomenal M2 ∼ 1 value indicative of a nearly diffraction limited beam
quality.

The glass-TALOF used in this work is fabricated at CREOL using silica rods and tubes in a stack-and-draw ap-
proach. A Scanning Electron Microscope (SEM) image of the fiber and a magnified version are shown in Fig. 1b and
Fig. 1c, respectively. The dark sites are representative of the air-holes which remain the same along the disordered

Fig. 1: a) Experimental setup for M2 measurement. b) SEM image of the tip of the disordered fiber. c) A magnified
portion of the SEM image. d) A localized beam profile recorded in the far field.
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fiber. Transverse randomness of the refractive index profile results in strong scattering and therefore TAL. In order to
excite highly localized modes in glass-TALOF and evaluate their beam quality, the experimental setup demonstrated
in Fig. 1a is used. The output of a He-Ne laser is coupled into a single mode optical fiber (Thorlabs SM400). A high
precision xyz translation stage is used to butt-couple the output of the single mode fiber into glass-TALOF and scan
the launch transverse position accurately across its input facet. The output of glass-TALOF is magnified by a 60x
microscope objective. Light after the objective freely propagates and the beam profile is captured at different locations
along z axis by a CCD beam profiler (Fig. 1d).

Fig. 2: Experimentally excited localized beams and their M2 values in x and y coordinates. M2
x ∼ 1 and M2

y ∼ 1 are
indicative of nearly diffraction limited quality of the localized beams.

Figure 2 shows the beam profile of two experimentally excited localized modes and their corresponding M2 values
in x and y coordinates. Excellent M2 ∼ 1 values proves nearly diffraction limited beam profile of the localized modes.
It is critical to note that the highly localized modes are excited easily by scanning the launch fiber across the facet of
glass-TALOF. The disordered fiber contains several compactly spaced localized modes that possess excellent beam
qualities. The high quality localized beams are obtained because of the disorder and the strong scattering which results
in a highly localized beam and not in spite of that.

In conclusion, strong transverse localization in a glass-TALOF suppresses spatial overlap of the guided modes and
results in a nearly diffraction limited wavefront that resembles a single mode.

References

1. A. E. Siegman, Lasers (Technology & Engineering, 1986).
2. S. Miller, Optical fiber telecommunications (Elsevier, 2012).
3. H. De Raedt, A. Lagendijk, and P. de Vries, “Transverse localization of light,” Phys. Rev. Lett. 62, 47 (1989).
4. S. Karbasi, C. R. Mirr, P. G. Yarandi, R. J. Frazier, K. W. Koch, and A. Mafi, “Observation of transverse

anderson localization in an optical fiber,” Optics letters 37, 2304–2306 (2012).
5. A. Mafi, “Transverse anderson localization of light: a tutorial,” Adv. Opt. Photonics 7, 459–515 (2015).
6. B. Abaie and A. Mafi, “Scaling analysis of transverse anderson localization in a disordered optical waveguide,”

Phys. Rev. B 94, 064,201 (2016).
7. J. Zhao, J. E. Antonio-Lopez, R. Amezcua-Correa, A. Mafi, M. Windeck, and A. Schülzgen, “Image transport

through silica-air random core optical fiber,” in “CLEO: Science and Innovations,” (Optical Society of America,
2017), pp. JTu5A–91.

8. G. Ruocco, B. Abaie, W. Schirmacher, A. Mafi, and M. Leonetti, “Disorder-induced single-mode transmission,”
Nature Communications 8 (2017).

9. B. Abaie, E. Mobini, S. Karbasi, T. Hawkins, J. Ballato, and A. Mafi, “Random lasing in an anderson localizing
optical fiber,” Light Sci Appl. 6 (2017).


