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Abstract: In this paper, we analytically solved the Bloch equationsm,, ,As excitonic two level QD semiconductor system. In
addition, we calculated the atomic occupation probabgiti 1, P22, the atomic inversion and the purity for some special valdeke
total dephasing ratg and the Rabi frequenc@,g. Hence, we studied the effects of the total dephasingyasad the Rabi frequency

Qg on the atomic occupation probabilitips;, p2», the atomic inversion, and the purity.
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1 Introduction Here, we focus on quantum computation based on
excitonic two-level system in am,G,, ,As quantum dot.
Quantum information processind][such as quantum This article is organized as follows: in section (2) we

communication 2] and quantum computatior8] holds  solved the Bloch equations analytically, in section (3) we

promise for the solution of many intractable problems in presented the atomic inversion, in section (4) we calcdlate

information technology. One of the promising candidatesthe purity. Conclusions are summarized at the end of the
for the implementation of the quantum information paper.

processing devices is a semiconductor quantum dot (QD)

system. Semiconductor quantum dots (QDs) serve as

attractive platform for quantum information science and2 The optical Bloch equations

technology. Because of flexibility in controlling number

of carriers and spins in atom-like density-of-states and of\ye study the InGa, ,As excitonic two level QD

well-suppressed interaction of quantized electrons andgmjconductor system. The experimental measurements
holes with environmental degree of freedo#5{6] o, the photocurrent iNnGa, ,As excitonic two level

Semiconductor quantum dots confine electrons and h0|e§’ystems 19 my be understood within the following

in discrete energy levels a few nanometers in site.[ optical Bloch equations of the two level syste2]
These properties have driven speculation that quantum

dots may provide physical realization of qubits. Proposed

implementations using quantum dots include the presenc@Pll — _i0%ogmt _ 1
versus absence of an electron in a certain dot le3/&0[ dt RCOS L) (P21~ P12) + a2z, @)
11] the spin-up versus spin-down state of an elect@n,[ dpz . o

12,13,14] or the presence of an electron or a hole in one gt — T <2RCOLOL) (P21~ P12) — Y122, (2)

dot versus another dot$ 16,17,18 The growth of dp;, . 0

compositionally uniform alloy crystals is promising for —5~ = iwp1p12+iQrCO W) (P11 — P22) — VoP12,  (3)
variety of applications because lattic parameters as welldle
as electrical and optical properties can be controlled byT
composition. Among them,nyGa,, ,As bulk crystals are
expected as substrates of laser diodes with emittingvhere p1; and py» are the corresponding number
wavelength of 1.3/m. occupations of the two levelsy_ is the laser frequency,

—iawp1p12— 1Q8cog @ t)(p11— P22) — Yop21, (4)
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Q,g is the Rabi frequency, defined as Where
Q_d'E_QO t 5 0%, 2 2_42.4
R=—p = Qrcoga.t), (B) Ky =120% «fsint w |? — 2w (¥

—2y1yo + V5 — 3w5)),

where d is the conduction-valence dipole matrix
~180Y sinft w_]? +t2wl(y2

element,y; and y, represent the recombination rate and K2

the total dephasing rate, resp_ectively. _ —2V+ y% + ga,221)7
We solve the Bloch equations analytically : 2 a4 )
Firstly: Kz = (y1—y2)[18 Qg a sinft a |
We can write the Bloch equations as the form: —9t3w5 P — 33w’ yE] + 3wl (5 — V),
PO _ atyp(t) +B(1) @ =Kot repin-n g (D
dt ’ . .
h For each eigenvalue)d; , we determine the
where corresponding eigenvectors.
s i0%cogwt) —iQRcogat) 4 Hence, we get the transition matrix of the matrix
A) iQ3codat) iapi—ye 0 —iQRcogarLt) t
“iQRcof@t) 0 i@y iQgcodat) (fA(r)dr) , and denoted by, the Jordan fornd of the
4 —iQ%cogmt) iQ3cogwt) 4 0
0 ® matrix A(T) is a diagonal matrix with the eigenvalugs
8 o) on the diagonal:
B(t) = 0 andp(t) = parlt) |- (@]
4 p22(t) .
Secondly: J=H1 /A T)dr | H
We construct the general solution of the homogeneous ()
system 0
A 00O
dp(t) | 0A00
at Alt)p(t), (8) “looano0 (12)
Note that the matri(t) of the system is symmetric, 00 0A
therefore, the fundamental matrix of the system is given
by
t
o) = exp(/A(r)dr) Then
o
_ -1
i i % sina) 12 sina) e P(t) = He-xp(J)H : (13)
Si%Bsinat) (imm— )t 0 P28 sin(ca t) Thus, the general solution of the homogeneous system
=exp| of . So 9 s given by
|qum(oq_t) , 0 7(|(8>21+ Vo)t —lqum(oq_t)
ut iBsin(@t) —igEsin@t) St Xo = ®(t)C. (14)

Now we perform the necessary transformations with  Thirdly:
the matrix exponential to write the general solution ofthe e find a particular solution X;(t) of the

homogeneous system. . nonhomogeneous system equat&)rsuch that
We find the eigenvalues of the matr(fo(r)dr) (Ai
i=1,2,3,4) ° p(t) = Xo+X1
= ®(t)C+ X;. (15)
A =0 In accordance with the method of variation of
’1 Ky parameters (Lagrange method), we replace the constant
do= — 4t (2% —) — — vectorC with the vector functiorC(t).
2 30)5{ W (2y2 —y1) K4+K4}, (t)
R 1 —4t W2+ 1) p(t) = @(t)C(t) (16)
3 120y +% +2i(i+vV3)Ky [ Substituting this equatioff) into the nhonhomogeneous
— N ) system equatioy, we find the unknown vect@2(t):
Aq = A3 (the complex conjugate af3). (20)
B(t) = ®(1)C(t). (17)
(@© 2016 NSP

Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.10, No. 4, 1579-1583 (2016)www.naturalspublishing.com/Journals.asp %N =¥} 1581

The derivative of this function is given by the relation
C(t) = @ (1)B(t) (18)
So .
ct) = / ®1(1)B(1)dr (19)
JO

Hence, we get the general solution of the
nonhomogeneous system equat&)n(

3 Theatomicinversion

The atomic population inversiorg,) = p; = P11 — P22,

can be considered as one of the simplest important
quantities, it is defined as "the difference between the
probabilities of finding the atom in its exited state and in
its ground state”.

4 The purity

-The evolution of the puritys(t) is given by

Ps(t) = 1—Trs(p4(t))
= P2 +2|p1al*+ P2 (20)

P11
1

0.4
0.2

P22
1

0.8

wherepg(t) is the reduced density matrix of the system Atomicinversion

which is defined bys(t) = Tre p(t).

Present calculations are performed by using the optical
Bloch equations withy; corresponding]9] to a lifetime of
Ins.

In  the numerical results we  consider
(w1 = 1,Q% = 1). In Fig. 1, we investigate the effect of
the total dephasing ratg, on the atomic occupation
probabilitiesps1, p22, the atomic inversion and the purity.
We show that when the total dephasing rgge= 1, the
occupation probability of the lower level starts from
maximum,p11 = 1, then it decreases until it reaches its
minimum value Once the dephasing rate has decreased,
yv> = 0.5, the minimum value op,1 decreases, and when
¥> = 0.1 the minimum value op,1 decreases even more.
However, when the total dephasing rage = 1, the
occupation probability of the upper level starts from
minimum, p,> = 0, then it increases until it reaches its
maximum value Once the dephasing rate has increased,
y> = 0.5, the maximum value gb,, increases, and when
¥v> = 0.1 the maximum value gb,, increases even more.
Hence, the decreasing total dephasing yateauses both
the minimum value o1 to decrease and the maximum
value of py, to increase relatedly. Also, when the total
dephasing ratgr = 1, the atomic inversion starts from

1

t
5 10 15 20

t
5 10 15 20

maximum value,(gz) = 1, then it decreases until it Fig. 1: Figures of the case in whiaip; = 1,23 = 1, where dot,
reaches its minimum valyafter that the atomic inversion bold solid and grey curves correspond, respectively, tctdted
decreases tdoy) = 0.2 with small osculations. When dephasing ratg (1,0.5 and 01t = w t

> = 0.5, the minimum value of the atomic inversion
decreases until it reachés,) = 0, and when, = 0.1 the
minimum value of the atomic inversion decreases also
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Jo until it reachesgz) = —0.2. We find that the increase of
1 11 the purity is remarkably related with the increase of the

2 4 6 8 101214

P22
1

2 4 6 8 1012 14
Atomicinversion

t
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Fig. 2: Figures of the case in whictw; = 1,y» = 1 where dot,
bold solid and blue curves correspond, respectively, tdRthki
frequency@3 (1,5 and 10 = c. t

time. The purity increases also remarkably, when the total
dephasing ratg decreases. This means that the effect of
the field is very weak. This clearly shows the effect of the
total dephasing ratg.

In Fig. 2, we investigate the effect of the Rabi
frequency3, on the atomic occupation probabilitipg;,
P22, the atomic inversion and the purity. Wh@ﬁ =1,
the atomic occupation probabilities;;, p22, and the
atomic inversion have regular oscillations. When the Rabi
frequencyQg increases, it is noticed that, in the interval
0 < w_t < 6, they have irregular oscillations. After that,
in the interval 6< wt < o, they have regular and
periodic oscillations with a larger phase. However, when
the Rabi frequenc;Q,g increases, the purity decreases
with small osculations. This clearly shows the effect of
the Rabi frequency2?.

5 Conclusion

In this paper, we calculated the atomic occupation
probabilitiesps1, p22, the atomic inversion and the purity
for some special values of the total dephasing yatend

the Rabi frequencﬁ,g. It is obviouse that when the total
dephasing rate» decreases, both of the minimum value
of p11 and the atomic inversion decrease, while both of
the maximum value ofpy; and the purity increase
remarkably. When the Rabi frequen@& increases, the
oscillations ofpy1, p22 and the atomic inversion become
irregular at first. Then they gradually become more
regular in shape and larger in phase. The purity, on the
other hand, decreases with small osculations. From the
above-mentioned we concluded that the changes of the
total dephasing ratg and the Rabi frequenc®? have
remarkable effects on the atomic occupation probabilities
P11, P22, the atomic inversion and the purity.
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