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Types of nonlinear transport

@ no obstacle
@ one obstacle

@ many obstacles




NLS for paraxial nonlinear optics

o 1 o= . .

V2E(F,t) = e 0¢D(7, 1) E(7,t) = % {3A(FL, z) e(P0=700) t c.c.}
Y D(7,t) = eoE + PL(7, t) + Pui(F, t)
\

Q) ; . \ I3L(F, t) = 50)(530)(?)E(F7 t)
S

> Pui(F, t) = eox®:E(7, t)E(F, t)E(F, t)

= eo3xP|EPE(F, 1)

3 (3) (3
(@ = x5y + Xy + x)

NL medium

o linear, homogeneous system: PW with o = “2(1 + X ))1/2 = ko n(wo)

nonlinear, non homogeneous system. paraxial approximation 9;A < BoA

1 -
X = x5 + AP (R) 10,4 =~ VPA — koAn(7)A

A7) = FAxWV(7)/n(wo)

An(7) = AnM (7)) +m|A(7, z) with
m = %Xm/n(wo) < 0 in the following
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A=&Lxn dispersionless hydrodynamics
. . z=2Zn X z = 3
Io typical light A=E x A7 2) A(FL, z) = \/pexp{i S}

intensity
ZNL = —1/(!72/(0/0)
&1L =+/Zn/Bo i0,A = f%ﬁfA+ |A|2AJ {@P + VL (pd)=0

A0+ (a-V.)i+Vip=0

V.S=1i

for thin NL medium (z < L) : p(¥L,z) =~ p(7L,0) and if & was initially small,
it remains small ~ S(7,z) = —z x p(r.,0)

Durbin, Arakelian, Shen (1981)
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A=&Lxn dispersionless hydrodynamics
. . z=2Zn X z = 3
!0 typl_cal light A= x A7, 2) /4_\‘(@,2) = /pexp{iS}
intensity V.S =i

ZNL = —1/(!72/(0/0)
&1L =+/Zn/Bo i0,A = f%ﬁquL |A|2AJ Op+ VL - (pd) =0
A0+ (a-V.)i+Vip=0

for thin NL medium (z < L1) : p(7L,z) =~ p(7L,0) and if & was initially small,
it remains small ~ S(7,z) = —z x p(r.,0)

Y, . .
/ o AR =[ErG(RPAM
R

Y = = q 5 =
- (Z+D> G(R,7) ~ ;25 exp{iko|R — 7|}

’ A7) = A(x, z = 0) exp{iS(x, £)}
N ) A(R) =
. eilko D+ /4) Se—
< Osﬁ;kfdxA x,0) exp{iko " X) +iS(x,£)}
w,
n D | S(x,60) = — £ A%(x,0)/lo |
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A(R) fdx A(x,0) exp{—ip(x)} where p(x) = %x + ZL;IL exp(—2x?/w?)

A%(x,0)
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/’/plot for a given R far field picture with S o< —A?
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A(R) fdx A(x,0) exp{—ip(x)} where p(x) = %x + ZL;IL exp(—2x?/w?)

A%(x,0)

’/plot for a given R

By V27 A(x0,0)  —i(p(xa )+oam/4
A(R) = X0,y 5 o) gi(otee) /o)

very rough estimate

A%(R) ~ C*[1 + sin(Ayp)]

Ap = p(x1) — ¢(x2) varies from ¢/ Zy; (for
X =0) to 0 (when the stationary points
merge, at keXw/D = 2e~ Y20/ Zy,).

2‘0 ‘ T 40
T k,XW/D T
Ap=1/Zn Ap =0
To count the number of rings, it
suffices to count the maxima of
sin Ap when Ay varies from 0 to
0/ Zni (= 30 on the figure).
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dimensionless units:

2
S om(l—%5)if x| < w
r,z=0)= w
Pl ) {0 otherwise

self-similar profile: Talanov 1965

px,z) = f% (1 - ﬁzz(z))
u(x,z) = x - ¢(2)

p="r/f
In(VF+VF —1)++/f(f — 1) = 2z\/pu/w

=
2 05
a
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dimensionless units: in the presence of pyg

X2
T (AL

0 otherwise
Pb, = ./
self-similar profile: Talanov 1965 < /__\ Pbe
) 7 N \
px,2) = 25 (1- 25 ) x
u(x,z) = x - ¢(2)
b =f/f gispekfsive regularization of wave
IN(VF+VF = 1)+/F(Ff — 1) = 2z, /pm/w 2
1
H z=0 fast
<osk
a z =20
I z=40 slow
03 ‘3 1 1 B ; > 5
x/w T
dx




The fellowship of the ring(s): Fleischer's group 2006

dimensionless units: in the presence of pyg

X2
T (AL

0 otherwise
Pb, =
self-similar profile: Talanov 1965 e /__\ V/Prg
. 7 N—
pl,2) = 128 (1~ 2 ) )

u(x,z) = x - ¢(2)

=
2 05
a

¢ - f,/f
In(VFAVF = 1)+ /FF — 1) = 2z /pm/w breaking
X v
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output
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photo-refractive material: NL induced by a voltage bias across the crystal

output MG

eN4sIliM nonlinear
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— Imm — Imm

L < Lrangent < Lz @ highly nonlocal paraxial approximation
Snyder & Mitchell 1997, Folli & Conti 2012

Ann(rL,z) = /d2/ix(Fj_')A2(Fj_ — Fj_',z) ~ (7L )/der'_A2(FJ_',z)

=x()x C*

- V(r)
—i8,A = —JV2IA+ V(r)A
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lagrangian manifold

t=20 12 t=0
300 =200 —— 1 =200 ——

200 ~ 08
=

S <06
~—
100 3

— 04

0
0.2
-100 0
0 02 04 06 08 1 0 02 04 06 08 1
q T

One evolves a swarm of test points (r, p)
in phase space with the Hamilton equations

The density conservation eq. gives : ’AZ [r(ro, t)]| dr = |A8[ro]| dro
Or |2
o |A(r, )] = ‘W Aot )
rolr,
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lagrangian manifold

t—0 t—0
300 =200 —— 1 =200 ——
200 ~ 038
=
& <06
~—
100 =
— 04
0
0.2
-100 0
0 02 04 06 08 1 0 02 04 06 08 1
q T
real space trajectories semiclassical approximation
400 T 8 ]
I =400 —
simulation -~
300 6
o™
=
= 200 £ 4
=
100 2
(3)¢
e
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lagrangian manifold

Faon t=0
300 1 4900 —— 1 N R
200 Vs
=
) <06
S~
100 E
— 04
0
0.2
-100 .
0 02 04 06 08 1 0 02 04 06 08 1
q .
real space traJeCtorLef o Ay near the caustic
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lagrangian manifold

t—0 t—0
300 =200 —— 1 =200 ——
200 o 08
=
& <06
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100 =
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-100 0
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real space trajectories ' uniform approximation
400 o 8
2oxd s t— 400 ——
300 6 ‘
o
=
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=
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Self-accelerated Airy beams Berry & Balazs 1979

. 142 . t2 . 3
i0:® = =50, ~  O(x,t) = A/(x — Z> exp{i(xt/2 —t /6)}J

p
1N —2'2/4 i e initial swarm of particles
= 2
Xo = —Po
p=t/2
e free propagation

\ - {x(t)onrpot

- p(t) = po




Self-accelerated Airy beams Berry & Balazs 1979

. 142 . t2 . 3
i0:® = =50, ~  O(x,t) = A/(x — Z> exp{i(xt/2 — t°/6)} ’

50 1.0
e initial swarm of particles
X0 = —pj
o free propagation
{X(t) = xo + pot
p(t) = po

Arbitrary units

0.0

simple and cheap alternative to a spatial light modulator



Self-accelerated Airy beams Berry & Balazs 1979

. 142 . t2 . 3
i0:® = =50, ~  O(x,t) = A/(x — Z> exp{i(xt/2 —t7/6)} ’

1.0
e initial swarm of particles
X0 = —pj
e free propagation

{x(t) = Xxp + pot
p(t) = po

— | mm

Arbitrary units

0.0
2

i
tn

0.0 r{(mm) 2.

simple and cheap alternative to a spatial light modulator



an obstacle in 1D propagation Pomeau & Rica 1993

NLS in the presence of an obstacle

model potential:
10;A = —18xA + (Uewe(x) + |A]*)A Uext(x) = A 6(x)

“stationary” solutions A(x, z) = e'*Za(x)e'5™

p(x) = a*(x) and v(x) = d—f current conservation ~ p(x)v(x) = C* = J



Stationary solutions of the NLS equation in the absence of U(x)

first integral:

—la. + +J7,
2 dxx 4 2p 2

2

1al + W(p)

J
Eq, where W(p)=—-"+up+—.

} a=0, where J=p(x)v(x) and a(x)=./p

p2 2

2 2p

p+J2/2p?
</

- N S

W (p)

p(x)/p2

2

f1

274\
|
|
|
|
|
|
|

p(x)/p2

p(x)/p2

p—

(X

-10 0 10 20

1

05

-10 0 10 20

° soliton % Eq = W(p2)

P2

Cl

RVIAAVIRVE

cnoidal wave W(p1) < Eq < W

ANV AVANVENVEN

harmonic wave Eq — W(p1)

-10 0 10 20

X

P2)



Stationary solutions of the NLS equation in the absence of U(x)

2
éaxx+[p+'2/u}ao, where J = p(x)v(x) and a(x)=./p
p

first integral

2 2
p J
fa + W(p) =Ey, where W(p)=—-"=+pup+ —.
2 2p
o
g 1
N < T
N 05 .
>~ X soliton Eq = W(p2)
= n <
1 | | -
U I I N J
| | | QL
| | | ~
/?1 '{?2 < We propose to attach to this gype of wave the nimme of
| ! o nofdal waves (in analogy with sinusidal waves), For k=1
| ~10 0 10 20
|
> |
| SRV VAAVAAVAVN
i = 05 1
} < harmonic wave Eq — W(p1)

-10 0 10 20

p— *



model 1D case : Flow past a point-like impurity

1 2 )
— 500 A+ (Uest(x)+AP)A = 1A | Fo /dxp(x) dUext

R dx

Uext(X) = )\6(X) .

Perturbative treatment

2.5
2
vV >C=./p(-)
P B
2t 2 i e in 1D, F o |[(—#|Uext|r)|?
upersonic statiopary where kK = |v2 = C2|1/2
15+ 1
non stationary X n
S .
~ flow non stationary e For a § impurity :
S
] flow | F o CSt 1D
F o (V2 —c?)/v 2D
ZJL 2 Fov?(1—c?/v?)? 3D
v
0.5 ! 1 T 1
0 0 —
Hakim, PRE (1997)
subsonic stationary
0 Lebceuf & Pavloff, PRA (2001)
-1 -0.5 0, 05 1
A Pavloff, PRA (2002)

Astrakharchik & Pitaevskii, PRA (2004)



Historical context

Landau criterion
(1941) J

-

v2=_M
)

P_ e(p)
(p)-

—%) +e(p
e(p)/p

e Energy and momentum conservation: 7

for M >> m this reads  &(p) = V., hence V cosf =

E(p)}
p

emission of excitations possible only if |V > v;, = min {

20

o :
e Excitation spectrum phonons
of superfluid *He < st -
— 2% — slope :
10 _
] v, =59 m/s
~
o)
due to vortex formation, T e
in most experiments : i fad

1 mm/s S Verit,exp 5 5 m/S




Historical context

—

e(p)

p
Landau criterion 14
(1941) J V=V _p/M

S 532
® Energy and momentum conservation: %Vz = % VvV — ﬁ) + e(p).

for M >> m this reads  &(p) = V.B, hence V cos6 = (p)/p

emission of excitations possible only if |V > v;, = min {(p)}
p

onset of Wave resistance }

Burghelea and Steinberg, PRL 2001
4
gravity-capillary waves at the 7
surface of water:
2 2
w” = k(g + %k ) ®
_ (4go\V/A _
va( ” ) =23 cm/s /,
7
Kelvin (1871) gl
7
-

k V =25.33 cm/s




Engels & Atherton, Phys. Rev. Lett. (2007)

-

a)

Direction of sweep
—

N
o
ls:]
Amount of
excitation ¢ [a.u.]

2 0.0 02 04 0.6 0.8

2 2

Dipole beam Sweep velocity [mm/s] . E} )
05

3 0

) 32
“
i
E
E
" " 0.0 05 1.0 1.5 2.0 2.5 3.0 3.5
Repulsive potential Sweep velocity [mms]
Umax/p ~0.24, c =2.1 mm/s Attractive potential

v=04-038,1, 13,2 33 mm/s v =1.25 mm/s, ¢ = 2.1 mm/s

| Umin|/p ~ 0.17,0.32




Dispersive shock wave Gladush, El, Gammal and Kamchatnov, Phys. Rev. A (

Non-stationary
regime

numerical solution analytic solution

1
12 | U

Wy

I
\
I

The obstacle (located at x ~ 0) typically
emits 2 dispersive shock waves Waves generated by wind
South China sea



Scenario in two dimensions

Flow around an impenetrable cylinder (no damping, no polarization)

1.44

vortices
appear

Frisch, Pomeau, Rica PRL (1992)
Huepe, Brachet, CRAS (1997)
StieBberger, Zwerger, PRA (2000)
Rica, Physica D (2001)

Berloff, Roberts, J Phys A (2001)

Cerenkov radiation

sets in

> Vﬂow/c

oblique solitons
Kamchatnov,Pitaevskii PRL (2008)

supersonic flow

Ay (um)

LKB group, Science (2011)

convective instability
of oblique dark solitons

El,Gammal,Kamchatnov PRL (2006)

-




convectively stable 2D dark solitons

Dark solitons :
1D objects: Vi < ¢

in 2D, snake instability:

i

X

courtesy of T. Congy

y

10



HOW to form a sonic hOI’iZOﬂ ? A. Kamchatnov & N. Pavloff, Phys. Rev. A (2012)

ol
NS DSW
2 2 7
0.5 |1 —/ >+~ 1
|
. o p(x,t) } U(x)
-1 -0.5 0 0.5 1 :
A [ \
! p(x)/p2 1 :
- — X() ~X,(t) 0 «x
flow
supersonic
region

x [au] °



BEC analogue of a Laval nozzle A. M. Leszcaysayn et al, Phys. Rev. A (200)

For a thick barrier

U(x) of width > ¢ ~ p~1/2 :

LA 30 + o) + U(x) = €

p(x)v(x) = C .

2 2 du
:)dT [v —C } =43,  Wwhere cA(x) = p(x)

v(x) S c(x) & sign(j—z) = F sign (%)

p(x)

Nozzle of a V2 rocket

Utx) transonic

— RS -

F = rh(Vout - Vin)




BEC analogue of a Laval nozzle A. M. Leszcaysayn et al, Phys. Rev. A (200)

Nozzle of a V2 rocket

F = rh(Vout - Vin)

For a thick barrier

U(x) of width > ¢ ~ p~1/2

1/2
ST 300+ ) + UG = €

p(x)v(x) = C .

dp [ 2 2 au
M:—p[v —c} =S where Ax) = p(x)

v(x) S c(x) & sign(j—z) = F sign (%)

Il
o

EAC)
transonic :

p(x)

——

Utx) transonic

— RS -




Analogous Hawking radiation Unruh, Phys. Rev. Lett. (1981)

upstream : downstream :
subsonic ' supersonic

~,

T
direction .of the flow;

.

15
1

horizon



Analogous Hawking radiation Unruh, Phys. Rev. Lett

upstream : downstream : x
subsonic supersonic B 0| &u
1 Vi <ecu Va > cq
) | m "
direction pf the flow d-peak
I P
1
1
1
1 S
| o
V., < ¢y 1 Vg > cq -
horizon 5 &
Vi < cu Va>cq
‘ ” 71
“Waterfall




Analogous Hawking radiation Unruh, Phys. Rev. Lett. (1981)

gravitational black hole

upstream : downstream :
subsonic ' supersonic

~,

T
direction .of the flow;

.

I
Vi, <cy I Vg > cq

horizon Hawking radiation 74’



Analogous Hawking radiation Unruh, Phys. Rev. Lett. (1981)

upstream : downstream : upstream : downstream :
subsonic ' supersonic subsonic ' supersonic
' L T
direction of the flow V. upstream I V4 downstream
- — —
1 < 1
) J\
1 1
! Hawking ! partner
: : (Va—a) o (Va—ca)
1% |5
Vi< cau 1 Vg > cq Vi< cu I Vo > ca

horizon horizon



Unruh (1981)

Sonic black holes : “dumb holes”

sub-sonic _ super-sonic
region v T c region
A Y
|
|
\
flow » |
|
|
T
v<c horizon v > ¢
. . — E
stimulated Hawking radiation -
rans _-
— p e
.-~ trans
o]

in the laboratory :

supersonic region

E(p)=clpl+vp
v 4

comoving  Doppler subsonic region




the position of the horizon is energy-dependent

model configuration :

velocity

v(x)

subsonic

supersonic

X

v(x)<c

region x < 0

v(x) >c

region x > 0

phase space :

inc
\L_,partner

\>trans

x

Hawkin




the position of the horizon is energy-dependent

model configuration :

_ E —v(x).p =+ Es(p)
velocity
with
@
Es(p) =cp/1+&2p?/4
v(x)
subsonic supersonic ¥

phase space :

p Inc
inc
trans
trans
x
ref )
inc

v(x)<c v(x) >c

region x < 0 region x > 0



Numerical test, model configuration: Recati, Pavioff & Carusotto, Phys. Rev. A (2009)

U(x) and g(x) step like with

U(x) + g(x)no = C** such that o <,
wo(x) = +/no exp{iko x}, verifies Vx O, W
[ | L] >,
=390 + [U(X) + g()[wol?] o = o, N4 i 4
C' = — 5
p dZ\in
‘f win | ' T ' T )

n(z)/ n,

Uin
\L» dZ\out

3
n(z) / n,

Uout ¥ 2000 3000 4000 5000 6000
dl |in z/ gl




Density correlations

Balbinot, Carusotto, Fabbri, Fagnocchi, Recati, Phys. Rev. A & New J. Phys. (2008)

w = vk £ wg(k)

vy < Cuy Vg > C4

upstream region downstream region

o [a.u.]




Density correlations

albinot, Carusotto, Fabbri, Fagnocchi, Recati, Phys. Rev. A & New J. Phys. (2008)

w = vk £ wg(k)
vy < Cuy Vg > C4
upstream region downstream region

o [a.u.]

New theoretical and experimental interest:

study of density correlation on each side of

the horizon

). ¢y = 00In(x):)
&0 X) = )

example of induced correlation:

ulout dl1lout

PNAVAV V.

X = (vd + Cd)t correlates with
x"=(vu — ci)t

affects the density correlation
pattern

X /&,

-100 |

-100 0 100 200
x/&,

Larré et al., Phys. Rev. A (2012)




Steinhauer, Nature Physics 2016 :

v—_\_ density profile near the horizon ~
- waterfall n,/ny = 5.55 5.55
' outside horizon inside Cu / Cd = 2.4 2.36
o 7T zux V./cy = 0.375 0.4245 Vy/cqg = 3.25 5.55
7\%20 10

10 4 2 x(/)gw‘z 4 T /( ) 0 36 ?

E-) -0 20 [) 20 40 60 _ H/\(8Nu) = V. b

. Tr = 20K T gm)l e, < 025

200 0.005
0.06
0.05
004 100
0.03 =

np
002 g
0.01 3< O
0
-0.01 _1 00
-0.02
-0.03




Violation of Cauchy-Schwarz inequality (T # 0)

> \/ &(p, p)
Uout —d2out

ulout

C.-S. violation : g(p, q) x g(9,q)

Uout

=2
d2out

SAVE
YOURSELF!!




Violation of Cauchy-Schwarz inequality (T # 0)

> \/gz(p, p)
Uout —d2out

x g2(9,q)

Uout

C.-S. violation : g(p, q)

=2
d2out

Boiron et al. PRL (2015)

T in units of
Ty = 0.13

Vu/cu =05
Vi/ca =4
Va/Ve =4

ny/ng =4




Two contrasting phenomena

Superfluidity Anderson localization

1> Usbst (%) T=1 E > Udis(x) T~ e Hhocl®)
> Usbst (x) —_— [ _
incident transmitted incident transmitted
Uais(x)
n(x) 4%%%@—>
— — >
0 L

Perfect transmission Large L : no transmission

No drag, no dissipation

interaction <= disorder )




A (nonlinear) beam incident on a disordered region of size L

n(x)
Ux) V=0
- >
‘ L
incident
transmitted -~
-~ reflected

[—

finite V

In the frame where the beam is at rest :

What are the density profile, the
transmission coefficient and the drag
exerted on the obstacle when the
velocity V of the beam with respect to
the obstacle is finite ?

How do these properties scale with L?

h2
2m

— 8 + [Ux = Vo) + g WP ¥ = o,




Different types of disorder

model disordered potential

U(x) = Aué Zé(x—x,,),

X,'s: uncorrelated random One has (U(x)) = Ap(ni &) and
position of the impurities (U(x)U(X)) = (U)2 = (%)2 o 5(x—x")
0= X1 S X2 S X3euny

with mean density n; with o = n; A?/¢%. [o] = length™3.

e Other disordered potentials: Gaussian (white or correlated) noise, Speckle
potential.



T. Paul, M. Albert, P. Schlagheck, P. Leboeuf and N. Pavloff PRA (2009)

time—dependent

L in units of &

8
V/e

disordered delta peaks with A = 0.5 and m{ = 0.5 (u > (U)).

model disordered potential : U(x) = Apé Y 6(x —xa) ,

Xn's: uncorrelated random position of the impurities, with mean density n;.
One has (U(x)) = Ap(ni§)



Brea kd own Of Su perfI uidity M. Albert, T. Paul, N. Pavloff & P. Leboeuf, Phys. Rev. A (2010)

@ Similar to the non-disordered Ny n(x)
case.
V. Hakim, Phys. Rev. E 55, 2835 (1997) V(x)=c(x) NV U,

@ Linked to statistics of extremes
of the random potential.

@ One obtains analytical results in
two limiting cases:

o ' =
3 ‘/ [ L/4=50 g_ =
0 2 5
0.3 Vi/c, 0.6 0
superfluid superﬂuzd Vi
0 Vi, 0 V/e,
Smooth disorder Leyp > ¢ random delta peaks

Fi(Verie) : cumulative probability distribution of Vi



Supersonic stationary regime

Ballistic (= perturbative) region

2mng
=

6n(¢) = =

¢
/ dy U(y) sin[2k(¢ — y)]

where ( = x — Vt. This yields
<T> == L/L]o(: where

2

Lioe(k) = = . (1)

g

and m:%!VQ—CQ‘l/Q. 2)

probability distribution of T :

Lloc

P(T) =t ep {1 1)t}

nw N NN

10
sr  speckle
g L/L.=01
<L
2|
00 0.2 0.4 0.6 0.8 1
T



Anderson localization

6-peaks t = 0.1, 0.5, 1 and 2
10

0
I

POLE) (A =T 1= 1, t = L/Lioc) A

is solution of the DMPK (Fokker-Planck) s , N\
equation: L 2o o5 1 15 2@

L/L,,
8tP = 8)\ [)\(A =+ 1)8>\P] 2 )
00 0.2 0.‘4 0.6 0.8 1
o This implies that T

<|n T> = *L/Lluc("{‘:) ’

where Li,.(r) is given by Egs. (1,2).

@ and that the asymptotic probability
distribution is log-normal

P(T)

1 2
- InT
L):il e 4t(t+n )

P(nT,t=
( Lloc \/471'1.'




Diffusion equation for the transmission

First integral in regions where U(x) =0

(between x, and x,41 say)

2 dA 2 i
S (%) + Wi =£9,

where A =
and

W(A) = 3(A*

4] /+/Mo, EY is a constant

From the final EC(IN‘) one computes the
transmission

_ 1
14 (2k%€%)

=i E(EIIV]) ’

—1)(14+v2 - A2 — 2/ A%).

previous slide :

N:gzo i
N |

N —

A=l

s |—E"=0—

A cl I

1

-5 6 X/E., é

Upper panel: W(A) (drawn for v = V /c = 4). Ag(= 1) and
Ay are the zeros of AW /dA. The fictitious particle is initially
at rest with E(O) = 0. The value of E) changes at each

impurity. The /ower panel displays the corresponding oscillations
of A(X), with two impurities (vertical dashed lines) at x; = 0

and xy = 4.7€.



Effect of nonlinearity: non stationary regime

time—dependent

Upper threshold

.
P
/L
" Moc

7

for the supersonic stationary regime =

ballistic

One solves the DMPK equation with the boundary condition that there exists a Amax
[corresponding to ET1® = W/(A1)] at which P(Amax,t) = 0 : i.e., this upper boundary
is a “sink".

fixed V' (V/c = 450)

‘ phase diagram
2000 T T T
1500 -
=
tho.s ’3,000,
Q.‘ *
~
500
[ I
0, L L I 0 2

10
t=L/L
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Fraction of stationary solutions



Conclusion

analogy between nonlinear optics and hydrodynamics

modulational instability

observation of dispersive shock waves

analogy with superfluid motion

in the presence of disorder : competition between SF and AL

@ possible formation of “sonic” horizon




Conclusion

rich analogy between nonlinear optics and hydrodynamics

modulational instability

observation of dispersive shock waves

analogy with superfluid motion

in the presence of disorder : competition between SF and AL

possible formation of “sonic” horizon

1D integrable turbulence in a nonlinear fiber (focusing NLS)

@ Whitham theory helpful in the initial stage of development of integrable
turbulence (stationary PDF of Riemann invariants) Randoux, Gustave, Suret, EI, PRL 2017

@ also helpful at much later stage: soliton gas
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Thank you for your attention
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