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cavity polaritons
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Bragg mirror

QW free carrier

b
- states
s 1.77 y
=
o
? ’
5 1.76 / A
10 10 15
1.72 [ T T :¢
Upper polariton
1.7}
1.70
% Photon \ [
B A = £
& s
G 189+ Exciton

1.67

Continuous wave
Ti-sapphire
1,768 meV

d = 35 um spot

Lower polariton

-60-30 O 30 60

) (degree)

Grenoble Group, Nature (2006)

T=5K

Emission angle, # (degree)
-20 -10 0 10 20

-20 -10 0 10 20 -20 ~-10 O 10 20

-1 0 2 3 -3-2-101 2 3-3-2-1401 2 13
In-plane wavevector (10? cm™)

Grenoble :
Institut Néel

Marcoussis : LPN
Paris : LKB

slide 3



Garching 2015

Superfluidity - hydrodynamics

Landau criterion

left . Vﬂow > ‘/crit
right :  Vaow < Verit

LKB group, Nat. Phys. (2009)

o e(p)
Landau criterion : S s
V=V —-p/M
L N2
Energy and momentum conservation: 2 V? =& (V — %) + e(p).

for M > m this reads e(p) = V.p

6(19)]

emission of excitations possible only if |V > vy, = min [
p
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supersonic flow L s
P convective instability
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Expected scenario in 2D: (neglecting damping and polarization effects)
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Dark solitons : 1D objects
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A controversy :
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A Sim p|e mOdel : Lord Rayleigh, Phil. Mag. (1918) 5, ih2k2
T 2m
Uo

h2 o Up (S£S0oroo) if r<a,
GU() e, U =] S0

ihy = ——
t 2m 0 it r>a.

( o0

Z i" A, J,(kor) €™ r<a,

¢(77) — eikx""¢scaut (77) y wscat (77) — < nzogoo ~ ‘
Z i"B,HY (kr) ™ r>a.

\ n=——oo

ko = k% —2mUy/h? (possibly complex), 7= (r,p)= (z,y).
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N——"

simple numerics (Npax ~ ka
ka = 4.5

top figure: hard disk
below : attractive disk

with 2ma?Uy /h? = —15.

(units: a = 1)

black lines: Im ¢ =0
yellow lines: Re ¢ = 0

—
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Wave singularity

model case:

Y = (ax —iy) e
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Wave singularity

model case:
Y = (ax —iy) e
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Wave singularity model case bis:
) =[x —ik(y® —b)]e* ™, beR

(0,£vb—k=2) for b> k™2,

vortices: (0,+£Vb), saddles:
(+vb — K202,0) for 0<b<k 2.

Scenario of Nye, Hajnal and Hannay (1988):

2
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Wave singularity 2D scattering ~ 2ma2U,/h2 = —15.
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Wave singularity
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Resonant scattering (U > 0) ih2k2
h2 h2k2 2m
Uy > —, and —~ Uy < Uy : _ ||t

ma? ’ 2m

pole of the scattering amplitude:
koJ! (koa)HS" (ka) = kJn(koa)HSY (ka).  Hence koa ~ zero of J,,.

1 j2 2 = 2mUyh?, here a)? =
ka ~ Qoa+— I, ., where 0 ’ (Qoa)
2 Qoa Jn.s 1 8" zero of J,

ka = 8.69 (

@
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Cross section [Uo >0, (Qoa)?® = 60]

i i 27 ~
poethr 4 Lotk g — (7 £(0))2 =43,z |Bul® -

—1

Low energy: BO ~ Rae”) 1 Io(Qoa)

where ln( 5

112 In(k/r)
(only s-wave)

~ Qoa T, (Qoa)

slide 16



Garching 2015

Qualitative analysis of the linear regime
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Q Ua ntitative a na |ySiS A. Amo et al. arXiv:1401.7347

(é) Linear regime Ref. [1]
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10; :: :
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[1] Cilibrizzi et al. PRL 113 (2014)
[2] Amo et al. Science 332 (2011)
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Summary :
Vaow — 0 | elongated regions of low density | phase pattern
. _ around nodal points . .
linear o diverges dislocations
sensible to details
. . around oblique solitons smooth
non-linear || superfluid .
robust phase jumps

CONCLUSION :

linear physics: interesting per se (motion of dislocation, resonances),

effects within experimental reach.

What about the linear <> non-linear transition 7
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Sti | | U nC|ea r : A. Amo et al. Science 332 (2011)
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