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Exciton-Polariton

Semiconductor cavities

Half-light & Half-matter

Strong coupling: Excitons - Photons
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Exciton-Polariton: 1d micro-cavity

o(x,t) : Y(x,t) : excitons

10 = (wc —1Ke — %A)qb + Y

Zatd) = ((/Jx — kg + g|¢|2)1/} + F}/d)v

Parameters:
Space: x € R" Time: t € R
Frequencies: w;, we Half of Rabi frequency: ~
Attractive: g >0 Repulsive g < 0

Attenuation rates: kg, ke



NLS;(R")

0 = —Au+gluPu  NLS3(R")
Parameters:
Space: z € R™ Time: t € R
Attractive: g > 0 Repulsive g < 0



NLS;(R")

Invariance

@ Spatial translation
u(z,t) — u(x + xo,1)
@ Time translation
u(x,t) — u(x,t+tp)
o Galilean transformation
u(x,t) > u(z — &t t)eFx—eh)

@ Scaling
u(x,t) — Au(N2z, At)



NLS;(R")

Conserved Quantities
o Number of particles (Mass)

o Hamiltonian (Energy)

1
Elu)(t) = 3 /Rn |Vu(z,t)|?dx + % /Rn lul*dz.

o Momentum

Plu](t) =Im | aVu
R



NLS;(R")

Norms
o Lebesgue norm:
Pec =T
[ullLre ®ny = [luallLre ()
e Sobolev norm: "
Se = 5 —1
ull grac ny = Nuall groe @)
Others conserved quatities
lull 2°(IVull5.  and  Mlu]'=*E[u)*
o 5. <0 — n=1 mass-subcritical
e s.=0 — n=2 mass-critical
e 0<1lsce <l = n=3 mass-supercritical energy subcritical
o s.=1 — n=25 energy critical
o s.>1 = n=>5 energy supercritical



NLS;(R")

Ground State Soliton Solution
uy(x,t) = P'Q(ax). - solution if =3 Q + a? AQ + Q> =0,
a:=+/n, and B:=1— 232
o Elliptic PDE theory: infinitely many H'! solutions
choose the minimal L? norm solution = ground state @
Properties:

@ Q - positive, radial, vanishing at oo
@ Minimizer for Gagliardo-Nirenberg (Weinstein’ 82):

lullzs < CanlIVullgellulzz"

with
c 2
GN = 77A19 -
1QII7



NLS;(R")

u(t) = e"®ug + 1/ e =2y 2u(r)dr = NLS(t)ug
0

ePug ~» NLS(t)ug
Questions:

When do solutions scatter?

u(t) — Ayt as t — o0
When Blow-up occurs?
IVu(t)|| 2 — oo as t—T"



Lossless Polariton
. o _ we — A v ¢
Zat(w)_< o wx—glwl2>(¢)'

Conserved quantities

o Number of particles (Mass)

Mu)(t) = / (0P + 16%) da

e Hamiltonian (Energy)

Blul() = [ (G190 +walof + wxl + L1ul! + 21Re(u) ) d



Lossless Polariton

Invariance
@ Spatial translation
@ Time translation

Break of Invariance

@ Scaling



Lossless Polariton
@ Galilean transformation
P(x,1) ) ( P(x — &t, 1) ) i(€x—|€|2t)
( T/J(Xa t) ~ T/J(X - £t7 t) ‘ ’

( we — A y )
i wx_gW]P

I

(wC—A y )
v wr— P =gl — i VY



Lossless Polariton

What about the ground state?

Pla,t) = Plz)e ™,
olat) = plx)e "

Komineas, Shipman, Venakides
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Lossless Polariton with w, = 0

Consider

igr = —A¢ + 1
ithy = (wx + glY*) + 7o

( Z(x,()) ) _ ( %(()a:) ) CI®)  withs>

and



Existence and Local wellposedness

Existence of solutions to the polariton equations
Given:

ldoll s < aN for N >0, ac(0,1)

There exists a unique solution ( ¢(i’ 2 ) € C(I,H*(R™)) to the

polariton system such that
o)l s <N and (&)l e < N
for

D<t<_ Lt
T T 2y +|g|N%



Short-time behavior

Observing the photon field:

@ up to what time is the effect of the exciton on the photon field
negligible?

iy = —A¢

, (Approximation A)
iy = wxp+7¢.

@ up to what time thereafter is the effect of the nonlinearity on the
photon field negligible?
iy = —Adp+ Y

) Approximation B
W =wx +79¢. ( )



Let ( o(t) )( ji}(t) ) € C((0,t], HS(R™)) >0, c1,00 € R st

¥(t) (t)
0261/5 < ts.
- approx. A [0, c1€'/]
( igg ) « Polariton’< o ) < 4 approx. B [e1e!/?, cpe! /7]
b(t) polariton [ca€!/5, t3]
IC

(Vo )=

ﬁgg )= (%) e looll =01 20

Then
—||¢(|t|)¢zt)¢|)|(:)|ls < Kie+ O(€) 0<t<cel/? (e = 0),
—”qb('t')(b&ﬁ(t)'ls < Koe+O(€7)  c1e/? <t < cpelld (e = 0).



Tools

o H?® Estimates

@ Triangle inequality

We are NOT using
. 1
ezm%‘ < CWH%HU-




NLS3(IR?) Theorem

u(t),u(t) € C([0,ta], H*(R™))

€ >0, ¢4 €Rs.t. C4€1/2 < to.

o iy = —Au 0<t<cqel/?
u(t) = NLS3(R")  a(t) — { NtLSg(R") ciel/? < t4< to
IC:
u(@,0) = u(z,0) = ug(x) and |luglls = N
Then

—”“(ﬂa;ﬂ(”ns < Kie+O(eY)  0<t<ce? (e —0).



NLS3(IR3) Theorem -small data

u(t), a(t) € C([0,ta], H*(R™))

0§Ot§1 €>0, cg eRs.t. C36172a<t2.

3
- uy = —Au 0<t<cgel—2e
s Ns®) a0 | NMSwy o3 S,
IC:
w(z,0) = u(z,0) =ug(z) and |uglls = €*
Then

||u(t) — u(t)Hs < K3€ + 0(62—3oz) 0 <t< C3€1_2a (6 N O)



Comments

@ Exciton bounds
o Approximation A: 0 < t < ¢ e'/?

19| o b
19| Lo 15

o Approximation B:cie'/2 <t < ¢qel/?

0| oo s
2707 e ~ 0(62/5
ol )

@ Optimal bounds?



Thank you - Dziekuje Ci - Gracias
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