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EXCITON-POLARITON

Semiconductor cavities : Half-light and Half-matter

Bragg mirror
Bragg mirror

Figure: Kasprzak et al. Nature 443 (2006)
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EXCITON-POLARITON : MICRO-CAVITY

¢(x,t) : photons Y(x,t) : excitons

0 = (we—irec— g=0)p+7Y
i) = (we — ik + glO )Y+ 70
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EXCITON-POLARITON : MICRO-CAVITY

¢(x,t) : photons Y(x,t) : excitons

Zﬁtd) = (wc — iKe — ﬁA)é + ’7111

0 = (wg —ikg + gl + ¢

Parameters :
Space: z € R? Time: t € R
Frequencies: wy, w, Half of Rabi frequency: ~

. _1 f .
Attenuation rates: kg, Ke g= { » locusing

+1, defocusing
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EXCITON-POLARITON: REDUCTIONS

Attenuation rates :
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EXCITON-POLARITON: REDUCTIONS

Attenuation rates : Ky = k. =0
Photon frequency : w. =10

{ z@tqb _AQZ) + 'Y¢
i0h = (wo+glvf ) +7¢

Initial conditions:

{gb(w,O) = ¢o(v)
b(z,0) = 0
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EXCITON-POLARITON: REDUCTIONS

Attenuation rates : Ky = k. =0
Photon frequency : w. =10
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NONLINEAR SCHRODINGER EQUATION

Nonlinearity : p
10 = —Ad + M (6, gl ", 1)
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NONLINEAR SCHRODINGER EQUATION

Nonlinearity : p

0 = —Ad +YM (¢, glo[P b, t)

NLS,(R™)
i = —Au+ gluP~tu
GP(R?)
i = —Au+V(x)u+ glulu
Parameters :
Space : x € R"
Time : teR

| =1, focusing
9= +1, defocusing
Initial data : wu(z,0) = ug(x) € H(R™)
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CONSERVED QUANTITIES

e Number of particles (Mass)

MU = [l )z = ol

e Hamiltonian (Energy)

1

Elu](t) = 2/n |Vu(z,t)|*dz — Z% /Rn lu[PTtda.

o Momentum
Plu|(t) =Im [ aVu
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INVARIANCE/SYMMETRIES

@ Spatial translation
u(z,t) = u(z + xo,1t)
e Time translation
u(z,t) = u(z,t +to)
o Galilean transformation
u(x,t) = u(x — €, t)elFx—t)
e Scaling

u(z,t) = Mu(Nz, \t)
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LLOCAL THEORY

@ Local wellposed for small t > 0
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LLOCAL THEORY

@ Local wellposed for small t > 0
Iterate = T=400 or T<4x
o T' = 400 global

o T < oo finite blowup ~ ||Vul/z2 7 +o0
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LLOCAL THEORY

e Standard tools: Strichartz estimates

it
e 5 ool
| / ei(t—T)AF(T)dT < HF||L3,L£,
" LiLry
2
7+ﬁ = g—s, with 2<g,r<oco and (g,7,n)# (2,00,2)
q
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NLS, (R")

t
u(t) = e"Pugy + z/ M P~y (r)dr = NLS(t)ug
0
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NLS, (R")

t
u(t) = e"Pugy + z/ M P~y (r)dr = NLS(t)ug
0

Aoy ~ NLS(t)ug

Questions :

When do solutions scatter?

u(t) — Aot as t— o0
When does Blow-up occur?
IVu(t)|| 2 — oo as t—T*
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LLOSSLESS POLARITON

Ky = ke =0
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LLOSSLESS POLARITON

Ky = ke =0

wa(0)= (0% e ) ()
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. QZ) o we — A v ]
Zat(f/J)_( vy wx—g\w\2><¢>'

Conserved quantities

e Number of particles (Mass)

MUt = [ (0 + [6F) da
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. QZ) o we — A v ]
Zat(f/J)_( vy wx—g\w\2><¢>'

Conserved quantities

e Number of particles (Mass)

MUt = [ (0 + [6F) da

e Hamiltonian (Energy)

Blul() = [ (G190 +ealof? + oxlvl + Lol + Re(ud))
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LLOSSLESS POLARITON

Invariance

@ Spatial translation
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LLOSSLESS POLARITON

o Galilean transformation

(sh) = (Ui e,
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LLOSSLESS POLARITON

o Galilean transformation

(sh) = (Ui e,

(3% )
Y wx_gW)‘Z

!

(7 ——
v we = [P — gl —ig - VY
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LoOSSLESS POLARITON: WHAT ABOUT THE GROUND STATE?

Komineas, Shipman, Venakides’ 14: z € R

$lw,t) = Ge(x)e'~N

A

|
I
|
I
!
|
|
I
!

]
]
|
]
o
|
I

291 1.1 2.2
| 1
1 l i
3 2 1 W5
bright  dark bright dark
g=0 g=0 g=0 g =0
stable stable stable unstable
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LOSSLESS POLARITON: TRAVELING WAVES(Delgado-G.)

p(x,t) = Golx — ct)eikz—wt)
{ Y(a,t) = Yoz —ct)ellkeet)
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LOSSLESS POLARITON: TRAVELING WAVES(Delgado-G.)

p(x,t) = Golx — ct)eikz—wt)
{ Y(a,t) = Yoz —ct)ellkeet)

e w, k#0,and c=0
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LOSSLESS POLARITON : TRAVELING WAVES(Delgado-G

g >0, w—w:>0 and w—wz >0
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LOSSLESS POLARITON: TRAVELING WAVES(Delgado-G.)

g >0, w—w:>0 and w—wz >0

DoGraph[l, 1, .5, .4] DoGraph(l, 1, .5, .6]

[b, 0.008248, 0.011851% 0, 0.003528, 0.003518521

Dograph[l, 1, .5, 5]
{0, 0.0878125, 6.00810185)

OoGraph(l, 1, .5, .0)
(0, -0.00%14815
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LOSSLESS POLARITON: TRAVELING WAVES(Delgado-G.)

Discontinuous soliton

1.00




LoSsLESS POLARITON WITH w, = 0

Consider

iy = —Ad + 71
iy = (we + glY|*) + 70

( Z(x,()) ) _ < ¢oéa:) ) € HS(R")  withs > g

and
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EXISTENCE

Given:

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

There exists a unique solution ( E"Z’ g > € C(I,H*(R™)) to the

< o

polariton system such that

l6(O)llgs <N and  [[¢(t)]l s <N

for

0<t<1—7a
T T 2y +[gIN?
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EXCITON-POLARITON

Bragg mirror
Bragg mirror

Figure: Kasprzak et al. Nature 443 (2006)
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SHORT-TIME BEHAVIOR

e Up to what time is the effect of the exciton on the photon field
negligible?

iy = —Ag

‘ Approximation A)
i = wx + 7. (
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SHORT-TIME BEHAVIOR

e Up to what time is the effect of the exciton on the photon field
negligible?

iy = —Ag

. Approximation A
Wy = wx +7¢. ( )

e Up to what time thereafter is the effect of the nonlinearity on the
photon field negligible?

iy = —A¢ + 70

. (Approximation B)
Wy = wx ) + 9.
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GENERAL CASE (Guevara-Shipman)

0<exl, cp,c0 €Rsit. co® < T.

( z((i)) > < polariton,

o (20)-(30)-(

C. Guevara

(é(t) ) { approx. A
( p(t) “ approx. B
o

0

") and ol = M £0

Exciton-Polariton

[0, 0161/2]

[cre

1/2

,6266]




GENERAL CASE (Guevara-Shipman)

0<exl, cp,c0 €Rsit. co® < T.

(2 mn (38)-{ 00 B

(t) approx. B [cie'/?
#(0) ¢~>(0) (o .
e (00 )= (a0 )= () md ool =emnzo0
16) = é(®)]s

< Kie+ O(e?) 0<t<cel/?
e()]ls

,6266]

(e = 0),
b(t) — d(1)]]s
lle®) — @l < Kae+ O(e) cret/? <t < P (e = 0).
le()]ls
3/2<g¢=min{2, 1+ 2 +a(p-1)}
1 1 p-1
if 0<a<— th = —-——=
i _a<p_1 en P p+2a

C. Guevara
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OUTLINE

Compare the systems

S) %\>
|
< S
|
< o

C. Guevara

Exciton-Polariton



OUTLINE

Compare the systems

b = 6o
o= Y=
ift e [0, 0161/2]
qut = —AE;B +9(t) @(o) —0
ity wx ) + 79 + glp(t)*(t) ¥(0) =0
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OUTLINE

Compare the systems

b = 6o
o= Y=
ift e [0,0161/2]
qut = —AE;BJFy}p(t) @(o):o
Wy = wx®+ ¢+ glp(t)*y(t) ¥(0) =0

161l < / () dr < 4 / un (7) dr

1 1
= 572Mt2 + O(t4) < Q’YQMC%E + 0(62)
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OUTLINE

Compare the systems

if t S [0, 0161/2]

io = —Do+yU(1)
Wy = wx¥ 470+ gl(t)PY(t)

161l < / () dr < 4 / un (7) dr

1 1
= 572Mt2 + O(t4) < Q’YQMC%E + 0(62)

1
< 5’}/20126 + O(é%).
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THEOREM: p=3, a =0

{ 1
(o

Then

(G 0 ’

(wo + glY1* )Y + ¢ (2,0)

l6(t) — (1)l
lo()ls

< Kie+ 0(62) 0<t<cre/?




THEOREM: p=3, a =0

{ ¢ = A+t { o0 =
Ve = (Wo + glY*) + 7o H@0) =0 .
Then

o (t) — o(t)lls 2 .

~e®ls < Kie+ 0(€) 0<t< e

i) — o(®)lls

IN

Koe+O(€/) 1€/ <t < cpe /.

o)l




NUMERICS

gbo(r):e*%‘“’z with g=-—1, p=3 in R?
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NUMERICS

d)o(r):e*%‘”’z with g=-—1, p=3 in R2

og 19 = ()12

logt vs. 1
1) || 2
approx. A approx. B
///
/'/
/ ///
S g
/ p
slope = 0.5000 ~ 1/2 slope = 0.2003 ~ 1/5
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NUMERICS

d)o(r):e*%‘”’z with g=-—1, p=3 in R2

g 19(0) — 6(0)

logt s
1) || 2
approx. A approx. B
///
/'/
/ ///
S g
/ p
slope = 0.5000 ~ 1/2 slope = 0.2003 ~ 1/5

Thanks Svetlana-Kai
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NUMERICS: Cubic R?

o(r) = ez g=1
—approx. A

7 0.5 1.0 2.0
slope || 0.5000 | 0.5000 | 0.5000 | ~ 1/2

—approx. B

7 0.5 1.0 2.0
slope || 0.2002 | 0.2003 | 0.2008 | ~ 1/5
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NUMERICS: Cubic R?

do(r) = "3, g =1
—approx. A

7 0.5 1.0 2.0
slope || 0.5000 | 0.5000 | 0.5000 | ~ 1/2

—approx. B

7 0.5 1.0 2.0
slope || 0.2002 | 0.2003 | 0.2008 | ~ 1/5

dolr) = e~ 3t et g =1

— approx. A

[ 0.5 1.0 2.0
slope || 0.5000 | 0.5000 | 0.5000 | ~ 1/2

—approx. B

slope || 0.1992 | 0.2036 | 0.2101 | ~ 1/5
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GENERAL CASE-NUMERICS

{ iy = —Ap+Y { ¢(x,0) = ¢o(x) (a=0)
i = (wo+gl¥lP Dy +¢ ¥(x,0) =0

Mﬁkﬁ&ﬂﬁge+o&% for 0<t<Ceb; ﬁ:mw{Q—L%
p+2

le(#)|l 22
ORI
logtvs. 100 Tl
,-//
p=23, ug= E(*l*Sl)rg in &2 p=25, up= ef0,257'2 in &3 p=7T, ug= e(ﬁ0.5+0,5i)12 in B2
slope = 0.19821~1/5 slope = 0.14323 = 1/7 slope = 0.11360 =~ 1/9
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GENERAL CASE-NUMERICS

Qst = —A¢+fyq/; .
{ U = (wo+ gl )Y+ ¢ [ dolls = e* M

1
if 0<a<— then = — -+ ¢
p—1 b p+2 p+2
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GENERAL CASE-NUMERICS

o = —Ap+yY .
{ U = (wo+ gl )Y+ ¢ [ dolls = e* M

1 1 1
if 0<a<—— then 8= — 24
p—1 p+2 p+2
¢o(r) = e=zhr? a vs. B
PE5(R?) in H? PE3(R%) in H?
int. = 0.1431 ~ 1/7 int = 0.2006 ~ 1/5

slope = —0.5734 ~ —4/7 slope = —0.3997 =~ —2/5
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COMMENTS

e Exciton bounds
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COMMENTS

e Exciton bounds
o Approximation A: 0 <t < ¢ie!/?

[ oo rrs
1] Lso mrs
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COMMENTS

e Exciton bounds
o Approximation A: 0 <t < ¢ie!/?

[ oo rrs

Wlleers o o)
1] Lso mrs

e Approximation B: 0161/2 <t < e

11 Loo s
”w”Lf“H;

~ O(c%)
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COMMENTS

e Exciton bounds
o Approximation A: 0 <t < ¢ie!/?

[l g 0(6)
191l Lo b
o Approximation B:¢je'/? <t < cpe?

11 Loo s
”w”Lf“H;

~ O(c%)

@ Are these optimal bounds?

C. Guevara Exciton-Polariton



Thank you !!
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