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Propagation in a Kerr medium
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Propagation in a Kerr medium
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Self-focusing nonlinearity

CW beam intensity distribution
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CW beam intensity distribution Nonlinear Schrédinger Equation
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Nonlinear Schrédinger Equation
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nonlinear Schrodinger equation and the

generation of rogue waves
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Nonlinear Schrédinger Equation Shock-like Waves
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Nonlinear Schrédinger Equation
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Rect Function in Nonlinear Optics:
Topological Control of Extreme Waves
and Quantum Peregrine Solitons

» Topological control of extreme waves:
» Geometry of NLSE solutions

» Framework in a photorefractive crystal
» Propagation of a beam with large waist: Akhmediev breathers
» Propagation of a beam with small waist: Peregrine solitons

» Quantum Peregrine soliton generation:
» Quantum nonlinear waves
» Our approach to quantum NLSE
» Effect of quantum noise on rogue waves
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EXTREME WAVES

Tamed by topology

Nat. Commun. 10, 5090 (2019)
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Topological control of extreme waves
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Topological Control of Extreme Waves:
Geometry of NLSE Solutions

Theta functions and non-linear equations

To cite this article: B A Dubrovin 1981 Russ. Math. Surv. 36 11

NLSE: 28,4 + 824 + 2||%p = 0

0
@g(t’z’u—)ezqzz
@g(t,z,u_?_)

P(t,2) =q

g € R, V(:)t € R Riemann theta-function phases.

By finite-gap theory (counterpart of IST for periodic problems), solutions
of NLSE are ratios between Riemann theta-functions associated to
hyperelliptic Riemann surfaces of same genus g.
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Topological Control of Extreme Waves:
Geometry of NLSE Solutions

Theta functions and non-linear equations

To cite this article: B A Dubrovin 1981 Russ. Math. Surv. 36 11
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Isomorphism between wave classes and
genera: by a simple integer number, we
characterize complex wave regimes.
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Topological Control of Extreme Waves:
Geometry of NLSE Solutions

Theta functions and non-linear equations

To cite this article: B A Dubrovin 1981 Russ. Math. Surv. 36 11
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0 & R# Riemann theta-function phases.

Can we conirol the genus?
Does this mean to control the output of
an experiment?
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Topological Control of Extreme Waves:
Framework in a Photorefractive Crystal

_ _z _ ol i _ Wo 2ng
(= S w Y= 2 (t) '= 2;5\/ Srof (D

Photorefractive media NLSE in the Kerr-like regime:

1
z@A+§I£A+2MQMFA:0

1
kéng f(t), f(r) =1— e~ t/T = no + 25{;()!{(?)' = |A]?, A(x, 0) = { \/E for [x| < 5 W

p(t) =
molo 0 elsewhere

o
—_
m

(1) -

f
o
-
na

e

As the nonlinearity changes,
also the genus changes.
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Topological Control of Extreme Waves:
Framework in a Photorefractive Crystal
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Photorefractive media NLSE in the Kerr-like regime:
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As the nonlinearity changes,
also the genus changes.
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Topological Control of Extreme Waves:
Framework in a Photorefractive Crystal

Photorefractive media NLSE in the Kerr-like regime:
i 1
102A + ﬂij}%A +2p(t)|APA =0
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Dispersive
Shock Waves

As the nonlinearity changes,
also the genus changes.
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Topological Control of Extreme Waves:
Propagation of a beam with large waist

pump laser
CW laser

v
A y-polarized optical beam, A = 532nm, from a CW 80mW Nd:YAG

laser, is focused by a cylindrical lens down to a quasi-one-dimensional

beam. The initial box shape is obtained by a tunable mask, placed in

proximity of the input face of the KLTN photorefractive crystal.

1.00 I/IO 1.25

Soliton Gas
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Topological Control of Extreme Waves:
Propagation of a beam with large waist

pump laser
CW laser

mask
A y-polarized optical beam, A = 532nm, from a CW 80mW Nd:YAG /

oL

laser, is focused by a cylindrical lens down to a quasi-one-dimensional cL

g
beam. The initial box shape is obtained by a tunable mask, placed in ////// m 4

proximity of the input face of the KLTN photorefractive crystal.

Breathers Soliton Gas

Dispersive
Shock
Waves
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Topological Control of Extreme Waves:
Propagation of a beam with small waist

Peregrine Solitons
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Topological Control of Extreme Waves:
Propagation of a beam with small waist

Peregrine Solitons
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JM2E.5.pdf Advanced Photonics Congress (IPR, Networks, NOMA,
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Quantum Peregrine Soliton Generation

Giulia Marcucci'->3*, Robert Boyd'*, and Claudio Conti®>

) ! Department of Physics, sity of Ottaw
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Quantum Peregrine Soliton Generation:
Quantum nonlinear waves

RESEARCH

QUANTUM OPTICS

Observation of three-photon » First experimental observation of a
bound states in a quantum quantum soliton, following the definition
nonlinear medium of P. D. Drummond and H. He,

Qi-Yu Liang,' Aditya V. Venkatramani,? Sergio H. Cantu,' Travis L. Nicholson,' PRA 5 6 ( 1 997) !
Michael J. Gullans,** Alexey V. Gorshkov,* Jeff D. Thompson,” Cheng Chin,°

Mikhail D. Lukin,?* Vladan Vuletié**
Liang, Science 359, 783 (2018)

» Quantum nonlinear optical processes in fibers, microresonators and cavities.

» Generation of frequency combs, supercontinuum, solitons, squeezed light, etc.

» Highly entangled multimode states.
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Quantum Peregrine Soliton Generation:
Quantum nonlinear waves

Zur Theorie der Metalle.

I. Eigenwerte und Eigenfunktionen der linearen Atomkette.
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Quantum Peregrine Soliton Generation:
Quantum nonlinear waves

Lai-Haus Quantum Soliton

¥s)e=0 = | dpg(p)la(p)),
Vs(x) == <¢S|&>(X7 0)|ths)| =~ m\/mseCh (l(:l%x) e_(ApX)Z,
Gaussian distribution: g(p) = exp(—p?/2Ap?)/(/TAp)t/2.

n=10°, Ap = 100 n = 200, Ap = 100

: 1
Quantum noise (oc \/n—o) causes

phase fluctuations:

photons phase relation is broken
and QSs spread out!

QSs are no more propagation
invariant as CSs!
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Quantum Peregrine Soliton Generation:
Quantum nonlinear waves

Wy = —1hx + 2|01 H = / (|1/)X|2 + C|fz[)|4> dx

Second Quantized Nonlinear Schrodinger Equation:
?,&Dt — —&DXX + QC&)T&)&)?
®(x, t) is the field operator.

W(x, t) := (extreme|P(x, t)|extreme) =31 Vextr(X, t).
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Quantum Peregrine Soliton Generation:
Our approach to quantum NLSE

Positive Glauber-Sudarshan P-representation

It maps a nonlinear field theory into a system of

stochastic differential equations. Elauber & Siidarshan 1683,
Gardiner & Drummond 1980.

Density matrix p expanded in two sets of coherent states,
spanned by complex parameters o and (3:

p=J Pa, B) d2aa?s

Orp = —102¢ + 1> + /1cé(t, x) @,
O = 1902 — 1cpp® + /—ien(t, X)),

¢ and 7) are independent white noises.
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Quantum Peregrine Soliton Generation:
Our approach to quantum NLSE

1 = —b,, 4200000 — 5 = [H ]
H=[ (0D, + cDIOIOD) dx

(0) =Tt (/ j(I)) p=JPlap ;]%cjlgtjrclzﬁ’

10y = e — ca? B+ 1/icéa da = V(a)dt + B(a) - AV,
13, = — . + c ?’“) —+ 14/ —2.(3?],{3 D(a) = B(a) BT (a)
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Quantum Peregrine Soliton Generation
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Quantum noise (oc —) causes

S ﬂo

phase fluctuations:

photons phase relation is broken.
Does this affect the intensity peak
per number of photons?
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phase fluctuations:

photons phase relation is broken.
Does this affect the intensity peak
per number of photons?
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Conclusions

» We demonstrated that topological invariants describe complex light regimes.

» We showed theoretically and experimentally that transitions between shocks, rogue waves,
and soliton gases can be supervised by topological control.

» We showed how to solve the quantum nonlinear Schrodinger equation by phase-space
methods and stochastic simulations.

» We reported our results on quantum noise effects on rogue waves generation efficiency.
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Conclusions

» We demonstrated that topological invariants describe complex light regimes.

» We showed theoretically and experimentally that transitions between shocks, rogue waves,
and soliton gases can be supervised by topological control.

» We showed how to solve the quantum nonlinear Schrodinger equation by phase-space
methods and stochastic simulations.

» We reported our results on quantum noise effects on rogue waves generation efficiency.

Thank you for your attention!
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giuliasnonlinearworld.wordpress.com
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Topological Control of Extreme Waves:
Propagation of a beam with larger waist
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(a)W, = 300um, (b)W, = 260um, (c)W, = 220um,
(d)W, = 180um, (e)W, = 140um
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Topological Control of Extreme Waves:
Propagation of a beam with small waist
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