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Text A: Expansion equations of optical Bloch equation

The density equations ,, of the system is obtained by substituting the Hamiltonian to the

optical Bloch equation ,8p/8t=—i[|:|,pyh—l"[p]. For the 545 density matrix, we get the

following expansion equations of optical Bloch equation.
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Here I'; denotes the spontaneous emission decay rate between states | j> and |I> , and yi‘jjep is the

dephasing rate between the states |j> and |I>

Text B: Expansion equations of zeroth order density matrix elements and the first order
solutions

(i) At the zeroth (m = 0) order, equations for ,03(,3) ; ,022’ ) Pig) ) ,05((2)) , pég), and pég) are given by
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Equations for pl(f), pég), pg(g), and pﬁ) read
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(ii) At the first (m =1) order, the solution for nonzero matrix elements reads
* © _ (0 2 _+(0)
B T S aCY
1
© _ 0 *(0)
pY = (a)+dz1)(a)+d31)(gn —Par )+ Py Fleig" =a® Fleig" (B4)

1

p(l) _ Q. (o+d,)(w+ d3l)(pl(f) - pz(l?l)) + QanPZ§O)
51 =

Fe” =alFe” (B5)
Dl

2 %(0)

Q@+ d)(@+de) (0 —p) + (0+ A )AL + (w+dg) |2 o i
_ 32 52 22 44 32 54 52 | | 43 er 6, :a:%)[:ze A (BG)

D2
2

1 _
P2 =




(2)) +(o+ d32)Q;,05(2) +(w+ dsz)QchO)

p(l) (0+dy,)(@+ dsz)(,o(o)

42

P Q, (0+d,,)(@+dy,) () - p

D,(w+ds,)

))+(a)+d32)|Q | ,0 "'(C‘H'dsz)Q angO) F ol
2

52

with other pﬁ) =0.

Text C: The second order solution
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At the second order, the solution for nonzero matrix elements reads
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Text D: Explicit expressions of W;
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