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Biexciton and Polarization Entanglement





Fine Structure Splitting in Biexcitons

Delta 1 = S –> the splitting

Integration over T destroys the 
Entanglement as it mixes the phases between 
Two terms, unless delta1 or the splitting is very 
Small.



Typically an energetic splitting (S) between the two intermediate exciton 
states provides such information, though there has been a significant effort 
made by a number of groups worldwide to reduce the exciton level splitting. 
These include 
*  the simple selection of dots with small splitting [6, 10, 11], 
*  rapid thermal annealing of samples containing quantum dots [10, 12, 13], 

How to get small splitting:

Young, R. J. et al. Bell-inequality violation with a triggered photon-pair source.
Phys. Rev. Lett. 102, 030406 (2009)

*  rapid thermal annealing of samples containing quantum dots [10, 12, 13], 
*  applying an in-plane electric [14, 15], magnetic [16, 17] or strain [18] field, 
*  and post-emission spectral filtering of the photons [5].



Device and its Fabrication



Crucial features of design

1. Cavity is double resonant: thick
2. Large intrinsic region stops electrons 

from negative region to tunnel into the 
biexciton after the first photon gets outbiexciton after the first photon gets out

3. Make sure the energy of emitted photons 
is ~1.4 eV. This ensures small fine 
structure splitting.  



Molecular Beam Epitaxy
MBE

Movie time! 



Experimental parameters

• D.C. current density of 31nAum^(-2), 2ns coincidence 
window:
Entangled pair detection rate of ~9,900 per hour

• AC mode 4.5V pulse, width 300ps, superimposed on a 
2.0V DC signal: 2.0V DC signal: 
Entangled pair detection rate was ~940 per hour. Prob of 
emitting and entangled pair per cycle is 3%.



Exp sketch



What to measure?

Density Matrix to be theoretically reconstructed:

But it seems that it cannot be done probably due to low count rate



The correlation coefficient:

Degree of polarization: 
Ratio of the intensity of polarized light to the total intensity

Component for rectilinear bases for one photon:



Density Matrix in terms of correlations 
and degrees of polarization



Fidelity

For unpolarized light:



In the language of the paper:

Bell parameters: CHSH inequality



Results:



Results

Fidelity

3 S parameters



Results and conclusion:


