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Intracavity optical trapping. The trapping optics (collimators C1 and C2, lenses
L1 and L2) are placed within the cavity of a ring fiber laser (whose direction is
indicated by the red arrows) so that the position of the particle can influence the
cavity loss. a When the particle is not in the trap region, the optical loss of the
cavity is low, the intracavity laser power P is high, and consequently the particle
is attracted toward the center of the trap. The laser power scaling curve (solid
line) shows that the pump power Ppump (vertical dashed line) is above the lasing
threshold. b When the particle is at the center of the trap region, cavity losses
due to scattering of light out of the cavity by the particle are maximum. The
power scaling curve is right-shifted and the laser is below or barely above
threshold for the same Ppump. The particle is not strongly trapped. c When
thermal fluctuations displace the particle away from the trap region, the optical
loss of the cavity decreases, P increases, and the particle is pulled back toward
the center of the trap
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When studying biological cells using optical tweezers, one main issue is
the damage caused to the cell by the tool. Giovanni Volpe, University of
Gothenburg, has discovered a new type of force that will greatly reduce
the amount of light used by optical tweezers—and improve the study of
all kinds of cells and particles.

"We call it 'intra-cavity feedback force.' The basic idea is that,
depending on where the particle or cell you want to study is, the amount
of laser light used to trap it changes automatically. Whenever the particle
is in focus, the laser switches off. When the particle tries to escape, the
laser switches on again," says Giovanny Volpe, senior lecturer at the
Department of Physics, University of Gothenburg.

An optical tweezer is a focused laser beam that can trap particles.
Previously, two different types of forces that emerge from this type of
tool have been identified: gradient force (which means the particle goes
against the intensity of the laser) and scattering force (where the particle
is pushed towards the laser). Giovanni Volpe and his team have
discovered a third type of force in this realm, and a new way of
constructing optical tweezers. These breakthroughs are poised to greatly
improve the study of single biological cells.

"With this method, as much as 100 times less light is needed, in some
cases, compared to using a traditional optical tweezer," Giovanni Volpe
explains. "With less light, you cause less photo damage to the cell you
are studying."
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Experimental setup. a The setup comprises a diode-pumped Yb-doped fiber
laser, the trapping optics, and the digital video microscope. The arrow represents
the direction in which the light travels. b Measured power scaling with a trapped
4.9-μm-diameter polystyrene particle (orange squares) and without the trapped
particle (red circles). At a pump power of 66 mW (dashed vertical line), the laser
is below threshold with the particle (orange squares), but above threshold without
the particle (red circles)

This could be useful for studying any cell that is usually suspended in a
solution—a blood cell or a yeast cell, for example—that a researcher
would want to study over a long period of time.

"One of the main issues when using optical tweezers is that the light
raises the temperature of the cell, which is damaging. A rise of 10
degrees might not be tolerable, but the rise of 0,1 degrees might be fine.
So using less light, and therefore limiting the rise in temperature, could
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make a huge difference. Experiments could be done in a more realistic
manner in relation to the cell's natural life cycle," says Giovanni Volpe.

The findings are published in Nature Communications.

  More information: Fatemeh Kalantarifard et al. Intracavity optical
trapping of microscopic particles in a ring-cavity fiber laser, Nature
Communications (2019). DOI: 10.1038/s41467-019-10662-7
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