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@ Dynamical optical complexity
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= QOptical spikes = Extreme pulses
Semiconductor laser with optical feedback Semiconductor laser with injection
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@ s g oL e oA Big data approach
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= Optical systems allow recording long time-series under
controlled conditions.

= With this “optical big data” we can
* test novel analysis tools (prediction, control).

 capture relevant features in the data (classification,
model verification, parameter estimation).



@ e oL TEe e Optical systems:
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= Semiconductor lasers LW

- Edge-emitting lasers (EELS)

« Vertical-cavity (VCSELS)

" Fibre laser

longitudinal
mode

L=1 km, millions of longitudinal modes
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@ s g oL e oA Method of time-series analysis:
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— Brandt & Pompe, PRL 88, 174102 (2002)
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o _ . Random data
The OP probabilities allow to identify frequent — OPs are

patterns in the ordering of the data points equally probable

— Advantage: the probabilities uncover temporal correlations.

— Drawback: we lose information about the actual values.



_————SssssssssSSSSSSsSSSSSSSSS——————————————————.—_—.———————
Number of possible

ordinal patterns: D!
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= How to select D?

depends on:
— The length of the data.

— The length of correlations in the data.

U. Parlitz et al. / Computers in Biology and Medicine 42 (2012) 319-327
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First example: optical spikes in

EELs with optical feedback

X={...AT, ATy, ATrns ..

.}

Time intervals between spikes

Empirical data
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A. Aragoneses et al, Sci. Rep. 4, 4696 (2014)



@ Example 2: early warning
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C. Masoller et al, New J. Phys. 17 (2015) 023068
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@ s oL TECN A Three early-warning indicators
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PS data NO PS data
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@ Example 3: laminar—turbulence
regime transition in a fiber laser
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A. Aragoneses et al, arxiv.org/abs/1505.07365
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@ s oL TECN A Example 4: extreme pulses
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= Optical rogue waves
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C. Bonatto et al, PRL 107, 053901 (2011)



@ What is a Rogue Wave?
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A “monster wave”, a “freak wave”, an ultra-high wave.

(a) Hokusai’s Great Wave

(b) Breaking Wave in the Southern Ocean

Can develop suddenly even in calm and apparently safe seas.

Adapted from F. Dias (Dublin, Ireland)
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@ s oL TECN A RWs appear suddenly and
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Industry, for the design of safe off-shore platforms.

Source: National Geographic
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@ S L TEeeA Optical RWs: first observation
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D. R. Solli et al, Nature 450, 1054, 2007
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@ Injected semiconductor lasers provide a
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controllable setup for the study of RWs

= RW definition: pulse above a threshold (<H> + 4-8 o)

E Time series
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RWs can be deterministic, generated by a crisis-like process.

RWs can be predicted with a certain anticipation time.

RWSs can be controlled via noise and/or modulation.

C. Bonatto et al, Deterministic optical rogue waves, PRL 107, 053901 (2011).

J. Zamora-Munt et al, Rogue waves in optically injected lasers: origin,
predictability and suppression, PRA 87, 035802 (2013).

« S. Perrone et al, Controlling the likelihood of RWs in an optically injected
semiconductor laser via direct current modulation, PRA 89, 033804 (2014).

« J. Ahuja et al, Rogue waves in injected semiconductor lasers with current
modulation: role of the modulation phase, Optics Express 22, 28377 (2014).
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o Complex field, E
o Carrier density, N

dE 1 : :
= L+ia)(N-DE + 1Aw + | B, + 28, /7,S(t)
dt 27 | ) )
P | |
dN 1 > optical injection spontaneous
dt - (ﬂ'N'N‘ E‘ ) n: injection strength ergls_smn
\ N ] Ao= o.-0,: detuning OIS€
|
Solitary laser Typical parameter values:

u: normalized pump current parameter

C. Masoller 18
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@ S L TEeeA RWs can be suppressed by
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S. Perrone, J. Zamora Munt, R. Vilaseca and C. Masoller, PRA 89, 033804 (2014)
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o CATALUNYA RWs can be induced by the combined
influence of noise and modulation
Bsp=0

umod'u') (percentage)

White = No RWs

“safe” parameter region is robust to noise
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= Take home message:

When observing complex output signals, nonlinear analysis
tools might capture hidden features in the data.

= Present work:

 characterizing the performance of these analysis tools for
anticipating i) extreme pulses (identifying precursors) and
II) abrupt transitions (false positives and false negatives).

 applying nonlinear tools to 2D optical biomedical images
(H2020 BE-OPTICAL).

~ 3Uz03 u.mu.\c:uu-.x 1915

EEe@L

Extreme Events in Complex Optical Systems
WWW.eecos.org
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VCSEL polarization-switching data:
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Fibre laser data:
 Prof. Turitsyn’group (Aston University, UK)
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