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Reysﬂults: contradiction between two metHods_

Plano-concave cavity 9,9, = 1/4 : VW mode
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Fox-Li approach -
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Numerical results: VW mode
Fox-Lli
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Experimental setup
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Narrow-N to wide-N.-mede..

Narrow-N mode:propagation- - .
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Summary

1. We generate a geometric VW mode and
clarify the differences between the operator
method and SU(2) wave representation

2. We indicate that both the operator method
and the SU(2) wave representation are
insufficient

3. We demonstrate the evidences for geometric
modes outside the MBFGB model
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Geometric picture: three-round-trip superposition
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Three beam waists
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Bottles at 1/5-dégeneracy _—
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Application 1: laser trapping
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Vector plot
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Spontaneous emission rate may be aItered In resonators
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Rate equation
rgN(z)=rR(z)—(1+@)N(z)+

Energy diffusion: diffusion of electrons from the transfer
of the energy of an excited ion to a neighboring ion in the
ground state

Auger upconversion: an energy transfer between two
ions in the upper level of the laser transition

Good overlap integral of pump and mode *3/4
Spatial hole burning (single mode)  *2/3
Cavity decay rate (photon lifetime)
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Flano-concave
Nd:YVOa laser
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Summary

®\\Ve generated bottle beams from a bare laser in
different degenerate cavities.

®Multi-beam waists can be explained by a
geometric picture.

®The deep bottles can be obtained by a small
pump size and a proper aperture.

®Such beams may be used as an optical tweezers,
sub-wavelength focusing, atom trap...
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Laser dynamics:
nonlinear dynamics of lasers
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d?x Deterministic system
FX(X,t)—m—2=—k . . .
t ® The time evolution equation
2
d_;( = —ax + bx? ® The values of the parameters
t

® The initial conditions
1. What kind of nonlinear system exhibit chaos?

2. How does the behavior of a NL system change if the
parameters change?

3. How do we describe chaos?
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Output power (arb. units)
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Summary

@ Deterministic chaos are found in a tightly-
focused end-pumped solid-state laser

® New torus in phase space is described for
quasi-periodic behavior

® The route to chaos is the mixed effect of
period doubling and quasi-periodic

23



Thanks for Listening

Ti-sapphire
| aser | i : !
A —l— Reference
/) / plane i \
LF i S LF

Image plane - near field I mage plane - far field

24



25



