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Fig. 1. The propagation trajectory of the center lobe of a

bended Bessel-like beam through the superimposed profile
(in red).

I 2(a) R, LEAEHE ooy T EIR—AE
By v BOMIERY) A, 4 ASER 2 MRS &
BB il E 0 A Dy, X F B4 EO0 R P-

Dy M P'-Dyy,, EATRDEREASE. SN |
FRA G, BVRTZERh EARARA I T, A B2
DUFEIRIEA L. 2R LR OO
Dy BN B [6]— VT 2p T Dasym s, H TR
TSGR P-D,yy B P'-Dg HI5E, T EEAERIAE I
BIN—AGE R, T RS kMRl 1 R 3
PR EOCREMATE. B 2(b) AT, IR FN Dagym
SRR H-D,p,. RBEGAE H TS
JEAET 0, AT Dl ¥ s BT AL S H-
Doy B AT FO 8 OR TH 55 V4 8% B THT 11 R (A 5 )
AOL (r,6). HiEl 2(b) AT H-Dygyr, HIOEREA
Luyp = \/AD2 + r2csc? (2a4y) + 2rAD | (1)
X F R IR AR R v AN 0T S P, 1T
14 P-D,gy, WOERE N
Lpp = \/AD? + r2¢sc? (204,) + 2rADcosf , (2)
W P-D,gyy F H-D,oyy ZIRIEREZERIRA Ny
AOL (r,0) = Lyp — Lpp , (3)
HHAD = Dy

- Dasym .

Dasyw Do Duym

K2 kR JLEERGT (o) I EEERSWE R
EHE s (b) B -5 PR I R OB TR

Fig. 2. Off-axis point geometric analysis: (a) The distance
between any point on the thin ring and the off-axis point;
(b) the longest distance between the off-axis point and the

point on the thin ring.
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Fig. 4. The simulation of self-accelerating Bessel-like beam along a parabolic trajectory: (a) Numerically simulated side-view
propagation of the generated beam; (b) intensity of a bended Bessel-like beam when propagation distance z = 40 cm; (¢)—(f) cross-

sectional images of Bessel-like beam along different distance.
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Fig. 5. Assembly of the prototype MFDM: (a) Actual dia-

gram; (b) schematic diagram.
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Fig. 6. Layout of the experimental system setup based on
the wavefront sensor: (a) Schematic diagram of optical

path; (b) actual diagram.
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(¢) mirror profile; (d) the combination of both axicon and mirror profile.
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Abstract

With the development of laser technology, the application scope of nondiffracting beams, such as Bessel
beams, Mathieu beams, cosine beams, and parabolic beams, which remain invariant along their propagation,
continues to expand. During its propagation, the main lobes of these beams tend to bend towards off-axis
position, which is called self-accelerating (or self-bending) property. A Bessel-like beam with self-acceleration
can realize the propagation of the main lobe along a curved trajectory while maintaining the non-diffraction.
Because of the above property, Bessel-like beams have been utilized in various areas such as guiding particles
along arbitrarily curved trajectories, self-accelerating beams in nonlinear medium, plasma guidance, and laser-
assisted guiding of electric discharges around objects.

In this paper, we propose a method of bending the trajectory of Bessel-like beams by using a magnetic fluid
deformable mirror (MFDM) instead of traditional spatial light modulator (SLM) and Pancharatnam-Berry (PB)
phase manipulation. The MFDM provides a method without pixelation, where all parameters can be rapidly
modified for fine-tuning. Furthermore, compared with the conventional deformable mirror, the MFDM has the
advantages of a continuous and smooth mirror surface, large shape deformation, low manufacture cost, easy
extension, and large inter-actuator stroke. Therefore, it is easy for the MFDM to generate the ideal shape of an
axicon. Firstly, according to geometric analysis, the asymmetrical mirror profile to produce a self-accelerating
Bessel-like optical beam is proposed. The proposed mirror profile can be used to compensate for the difference in
optical path length for each annular slice of the axicon. If a collimated Gaussian beam is incident on the mirror
combining the axicon and the asymmetrical mirror profiles, which can obtain Bessel-like beams with arbitrarily
curved trajectories. Secondly, the resultant of the self-accelerating Bessel-like beams along parabolic trajectories
is validated by the simulation in MATLAB. Finally, a prototype of MFDM consisting of the dual-layer arrays
of miniature electromagnetic coils, a Maxwell coil and the magnetic fluid filled in a circular container is
fabricated for the experiment. The experimental results show that the Bessel-like beams propagate along the
parabolic trajectories, with the MFDM used, and the accuracy of the curved trajectories is verified. The
proposed method in this paper opens a new experimental way to the study of Bessel-like beam; the theoretical

approach can also be generalized mathematically for other non-paraxial beam propagation.
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