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Indirect	Excitons	

Indirect	excitons	(IX):	bound	e	and	h	pair,		
e	and	h	confined	to	spa$ally	separated	
quantum	wells	
	
	

•  Long	lifeJmes	
	
	

•  Oriented	dipoles	

disorder	screening	

E	

z	

GaAs	

AlGaAs	

long-range		
transport	

Can	control	IX	
energy	with	applied	
voltage:	δE	=	-edFz	

These	properJes	allow	for:	
	

•  basic	studies:	exciton	transport,	spin	transport,	interacJon,	kineJcs,	coherence,	condensaJon,	
composite	bosons	in	strong	magne6c	field	regime	

•  development	of	excitonic	devices:	excitonic	transistors,	traps,	ramps,	laSces,	conveyers	



UCSD	opJcal	diluJon	refrigerator	
•  40	mK	bath	temperature	
•  16	Tesla	magneJc	field	

High	magneJc	field	regime	for		
composite	bosons:	

	

ħωc ≥ Eb 
cyclotron	energy	≥	binding	energy	

	
This	requires:	

	

~	106	Tesla	for	atoms	
	

Only	a	few	Tesla	for	excitons	

due	to	large	ħωc = ħeB/(µc) 
and	small	Eb ≈  (µe4)/(2ε4 ħ2) 

	
because	of	small	mass	and	ε > 1 

High	Magne6c	Field	Regime	for	Excitons	

High	magne6c	field	regime	for		
excitons	is	achievable	in	lab	



High	magne6c	field	regime	for		
excitons	is	achievable	in	lab	

IXs	are	a	model	system	for	studying	cold	bosons	in	high	magne6c	fields:	

LifeJme	long	enough	for	IXs	to	cool	below		
the	temperature	of	quantum	degeneracy	

	
T0	=	2πħ2n/(kBMx)	

	

(for	a	GaAs	CQW	with	n	=	1010	cm-2,	T0	∼	3	K)	

Long-range	transport	
	

can	study	exciton	transport	with		
opJcal	imaging	

IX	density	controlled	by	laser	excitaJon,	
allows	the	realiza6on	of	virtually	any	

Landau	level	filling	factor		
	

ranging	from	fracJonal	ν	<	1	to	high	ν,	even	
at	fixed	magneJc	field	

IXs	have	long	life6mes	
(orders	of	magnitude	longer	than	
lifeJmes	of	regular	direct	excitons)	
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High	B	limit	
Magnetoexciton	(MX)	

•  MXs	formed	from	e-h	Landau	levels	(LL)	
	

•  dispersion	determined	by	coupling	induced	by	
magneJc	field			

	

•  M	depends	on	B,	independent	of	me	and	mh	

B	=	0	
Hydrogen-like	exciton	

•  quadraJc	dispersion	
	

											Ex(P)	=	P2/2M	–	Eb	
	
•  M	=	me	+	mh	

re,h	=	klB2	

lB	=	(ħc/eB)1/2	

photon	

M(B)	∝	B1/2	

OpJcally	acJve	IMX:	
Ne	=	Nh	

k	≲	k0	≈	Egε1/2/ħc	
Jz	=	±	1	
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	long	IX	lifeJmes		

long-range	transport	and		
cooling	to	low	T		

can	measure	cold	IMX	transport		
by	opJcal	imaging	
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0e	-	0h	IMX	PL	intensity	enhanced	outside	the	excitaJon	spot	
 è	IMX	inner	ring	
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0e	-	0h	IMX	transport	length	decreases	with	increasing	magneJc	field	
 è	IMX	mass	increase	
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Transport	of	1e-1h	and	2e-2h	IMXs	
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No	IMX	transport	at	low	Pex	
0e	-	0h	IMX	transport	length	increases	with	increasing	Pex	

	è	IMX	localiza6on-delocaliza6on	transi6on	
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IX	have	built-in	dipole	moment	

	
IXs	screen	disorder	

B	=	3	T	

0e-0h	IMX	

Transport	of	0e-0h	IMX	vs	Density	

Spectral		
profiles	

SpaJal		
profiles	



	heat	balance	equa6on	

	driX-diffusion	equa6on	

The	exciton	system	was	modeled	by	solving	coupled	differenJal	equaJons:	

driw	

cooling	through	
phonons	

heaJng	due	to		
laser	excitaJon	

exciton	
generaJon	

opJcal		
decay	

diffusion	

•  D	and	μx	inversely	proporJonal	to	MX	effecJve	mass,	M(B)	
	

In	magneJc	field:	

Numerical	Simula6ons	of	IMX	Transport	



0	 2	 4	 6	 8	 10	0	

1	

0.5	

B	(T)	

M
/m

0	

0

0.5

1

Numerical	Simula6ons	of	IMX	Transport	

R	
(μ
m
)	

0

5

10

15

20
260 µW
75 µW
30 µW
10 µW
1 µW

20	

15	

10	

5	

0	

B	(T)	
0	 2	 4	 6	 8	 10	

R	
(μ
m
)	

0	 2	 4	 6	 8	

5	

10	

15	

10	0 2 4 6 8 10

5

10

15

260	

75	

30	

10	
1	

Pex	(μW)	

B	(T)	

Theory:	
Experiment:	

I PL
	(a
.u
.)	

0	 5	 10	 15	 20	
r	(μm)	

0

2

4

6
10 T
8 T
6 T
4 T
2 T
0 T

Theory:	
Experiment:	
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increases	with	increasing	Pex	

IMX	transport	distance	decreases	with	increasing	B	IMX	mass	increases	with	
	increasing	B	
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•  Transport	of	cold	bosons	in	the	high	magne6c	field	
regime	was	measured	in	a	system	of	indirect	excitons	

•  IMX	transport	length	decreases	with	increasing	
magneJc	field	

•  0e-0h	IMX	PL:	ring	shape	
	
•  At	low	densiJes	IMXs	are	localized,	at	high	densiJes	

IMXs	are	delocalized	

•  TheoreJcal	model	of	IX	transport	is	in	agreement	with	
experiment	

disorder	screening	

MX	effecJve	mass	increase	

increased	occupaJon	of	radiaJve	
zone	away	from	excitaJon	spot	

Conclusion	
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