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WHAT IS BOSE-EINSTEIN CONDENSATION ? (REMINDER)
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THE CONDENSATE WITH PARTICLES FILLING A STATE WITH MOMENTUM P = 0 IS 

MACROSCOPICALLY COHERENT STATE !
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PROBLEMS & CHALLENGES

� There is no Bose-Einstein condensation in an ideal 2D 
system. Does a disorder make this statement wrong?

� Does the Bose-Einstein condensation take place if the 
boson life time is finite?

� What is the role of the boson-boson repulsion in 
forming of the system state?

� What is the role of pumping intensity fluctuations if we 
deal with the pumped exciton system?

� How does a local perturbation of condensate density   
propagate in space?



DISORDER ORIGINS & DENSITY OF STATES

QW WIDTH 

FLUCTUATIONS
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- RANDOMLY DISTRIBUTED CHARGES

IN BARRIER LAYERS

We consider the situation when the energy spectrum is bounded 

from below. 
We set the bottom boundary of spectrum E=0

DOS(E) =

I. M. LIFSHITZ, THEORY OF FLUCTUATION LEVELS IN DISORDERED 

SYSTEMS, Zh. Eksp. Teor. Fiz. 53, 743-758 (August, 1967) 

In the model of lateral potential 

wells, ��	is the well concentration



BOSE-EINSTEIN CONDENSATION IN 2D

EQUILIBRIUM DISTRIBUTION FUNCTION BEC OCCURES AT ZERO CHEMICAL POTENTIAL

μ = 0 

THE INTERRELATION OF THE CRITICAL TEMPERATURE, ��	, AND CRITICAL CONCENTRATION,  �	,
IS GIVEN BY THE EQUATION:
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In a disordered 2D system, 

the BEC critical temperature �* profoundly exceeds the 

temperature �+	corresponding to the de Broglie wave 

length close to the average distance between particles!

This is due to filling in of deep fluctuation potential wells.



DOES A CONDENSATE ARISE IF THE PARTICLES 

HAVE A FINITE LIFETIME?

incoming excitons

tunneling thermal excitation

+ tunneling

annihilation

radiative & 

nonradiative

MAIN PROCESSES Probability of hopping between levels E

and ,-of 2 wells on distance r per unit of 

time (ϰ is inverse tunnel length):

E

,-

We call the wells as TRAPS, if the time 

of annihilation of particles in them, 

./	, is less than the time of their 

hopping into neighboring wells

THE ENERGY DISTRIBUTION FUNCTION OF EXCITONS IN TRAPS (G is generation rate):
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THE PROBABILITY 

OF A WELL BEING A TRAP



CONDITIONS OF BEC EXISTENCE

THRESHOLD ENERGY LEVEL, ,* : THE WELLS WITH ENERGY ,	 C ,*	ARE NOT THE TRAPS 

012	 ,* � 345 6D %$-%82:8!"# $-;<,*→=?,2@./	AB		 < 1
For long enough lifetimes where the exciton hopping between the wells is 

effective, i.e.                                 :

condencation is feasible 

under the condition 

T	C ,*	

State diagram

Horizontal lines are BEC temperature at EF � ∞
for the few values of N/NP. The solid line is EC at 

ϰ-2Np = 0.3. The shadow areas are the regions of 

the BEC existence, $� � � � �� �



THE ROLE OF THE BOSON-BOSON REPULSION

In a lateral potential well of 2D system, the particle energy shift  due to 

pair collisions in low density approximation is
– - the scattering amplitude

a – characteristic radius of the 

interaction potential

Γ - the bare interaction constant

With logarithmic 

accuracy 

Repulsion of particles results in a limitation of their number in each of the 

wells and screening of potential fluctuations



ELEMENTARY EXCITATIONS OF BEC

Elementary excitation spectrum and the correlation function might be obtained using 

ideal liquid hydrodynamic equations* supplemented with the terms describing 

particle generation and annihilation 
*An introduction to the theory of superfluidity by I.M. Khalatnikov ; Cambridge, Mass., 2000
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CORRELATION FUNCTION OF BECCORRELATION FUNCTION OF BEC

The damping of the correlation is due to the particle generation fluctuations

3D GAS

At 8 � 	 RB 	6	RS → ∞
→ 0

U 0U 0
LONG-RANGE ORDER

2D GAS

→ 0 as  !V/8
 NO LONG-RANGE ORDER

Naturally, thermal fluctuations also result in destruction of the long-range order



PROPAGATION OF A LOCAL PERTURBATION OF  

BEC DENSITY IN SPACE

Simple approximation 

neglecting diffusion

Development of the 

concentration perturbation 

profile in 2D system 

We use the system of units: 

s = 1, EF= 10, JF= 10. 

The profiles calculated with 

the “exact” equation (dot 

line) and the analytical 

equation (solid line) at t = 2 

are presented in the 

insertion.



CONCLUSIONS
� In contrast to ideal 2D system, in the disordered system Bose-Einstein 
condensation is feasible

� The finite life time of bosons results in emergence of low-temperature 
boundary of the BEC region on the phase diagram

� The boson-boson repulsion results in a limitation of their number in each 
of the the lateral potential minima and in screening of the potential 
fluctuations

� The pumping intensity fluctuations as well as thermal fluctuations destruct 
the long-range order and the correlation function falls off with distance r as B/
Rα

� A local perturbation of condensate density propagate with the condensate 
sound velocity and its amplitude decays exponentially with time due to the 
finit particle life time
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2D CRYSTAL vs BE CONDENSATION
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Интенсивность

Энергия

 L_P

ν = n HS

Θ = T ε Η/eS


