









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Population oscillations of two orthogonal states in a single quantum dot Q. Q. Wang1,2 , A. Muller2 , H. J. Zhou1 , M. T. Cheng1 , P. Bianucci2 , C. K. Shih2 1



Department of Physics, Wuhan University, Wuhan 430072, P. R. China



2



Department of Physics, The University of Texas at Austin, Austin, Texas, 78712



This work was supported by: NSFC (Grant 10344002 and 10474075), NSF (DMR-0210383 and DMR-0306239), the Texas Advanced Technology program and the W. M. Keck Foundation.



QELS Conference 20005, Baltimore



Outline



Introduction Theoretical model The equations of motion Predictions Experimental results Conclusions



Introduction



A V-type energy level structure.



V-type systems show quantum interference. I



Good for coherent control of the wavefunction!



A V-type system in a semiconductor quantum dot I SQD anisotropy leads to a fine-structure split of the exciton levels. I The fine-structure doublet and the vacuum state define a V-type system.



Energy structure for a V-type system in a non-circular quantum dot.



Theoretical model: The equations of motion



Energy structure for a V-type system in a non-circular quantum dot.



Incident field polarization.



ˆ int = 1 µx εx (t)e −iνt |xihv | + 1 µy εy (t)e −iνt |y ihv | + h. c., H 2 2 Using a “Bloch vector” formalism: ~S = (U1 , U2 , Uxy , V1 , V2 , Vxy , W1 , W2 ), U1



=



ρxv e



iνt iνt



+ c. c.



V1



=



iρxv e



W1



=



Uxy



=



ρxx − ρvv ρxy + c. c.







+ c. c.



=



ρyv e



V2



=



iρyv e



W2



=



Vxy



=



ρyy − ρvv −iρxy + c. c.



˙ ~S(t) = M(t)~S(t) − Γ~S(t) − ~Λ 







iνt



U2



 



iνt



+ c. c. + c. c.



Theoretical model: A realistic two-pulse case 



 











˙ ~S(t) = M(t)~S(t) − Γ~S(t) − ~Λ



First pulse: Ω(x,y )1 =



µx,y ~ µx,y ~



0 cos α1 ε01 sech( t−t τp ),



Second pulse: Ω(x,y )2 = cos α2 ε02 sech( t−tτ0p−td ), φ = 2πνtd .



Model predictions (single pulse, ideal case) When ρxx (0) = ρyy (0) = 0 (a, b): ρyy



= sin2 αeff sin2 (θeff /2),



ρxx



= cos2 αeff sin2 (θeff /2).



When ρxx (0) = 0, ρyy (0) = 1 (c): ρyy



= [1 − 2 cos2 αeff sin2 (θeff /4)]2 .



ρxx



= sin2 (2αeff ) sin4 (θeff /4), q Defining: µeff = µ2x cos2 α + µ2y sin2 α, Rt θeff = µ~eff −∞ ε(t 0 )dt 0 ,   µ sin α αeff = arctan µxy cos α .



Experimental results: Single pulse



Incident field: α = π4 Initial condition: ρxx (0) = ρyy (0) = 0 I



PL(y) and PL(x) have the same period.



I



PL(y)-PL(x) almost vanishes.



Experimental results: With π pre-pulse



Incident field: α = π4 Initial condition: ρxx (0) = 0, ρyy (0) = 1 I



Population transfer between |y i and |xi, even though they are not directly coupled.



I



PL(y) - PL(x) has a minimum at θ = 2π.



Conclusions



I



We investigated a V-type system composed of anisotropy-split excited excitonic levels and the exciton vacuum in semiconductor quantum dots.



I



There is an indirect coupling between the two orthogonal excitonic states; this coupling is mediated by the exciton vacuum state.
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