
,

Spontaneous Emission of Microcavity Exciton-Polariton coupled with a
One-dimensional Photonic Crystal in terms of the Complex Spectrum

Analysis

Seiji Shimakawa, Satoshi Tanaka

Dept. Phys. Osaka Pref. Univ.

We investigate the spatio-temporal propagation of the radiation from the microcavity in

which an exciton and cavity photon are coupled to form the exciton-polariton. The photon

is spontaneously emitted to a one-dimensional photonic band coupled with the microcavity.

We have solved the complex eigenvalue problem of the total system Hamiltonian, includ-

ing the continuous photonics band, to obtain the bi-orthonormal complete set outside the

Hilbert space. In terms of the complex spectral expansion, the time evolution of the total

system has been analyzed. We have found the characteristic spatio-temporal photon prop-

agation reflecting the Rabi oscillation between the exciton-polaritons. The correspondence

is attributed to the quantum mechanical nonlocal nature of the wave function, which is rep-

resented by the linear superposition of the exciton-polariton and the photonic band photon

states. We found out that the quantum correlation is significantly changed with the relative

energies of the excitonic polaritons to the photonic band, presenting a method to control

the nonlocal quantum correlation.
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Ĥ = ĤC + ĤL + Ŵ (1)

ĤC = εcĉ
†ĉ+ εdd̂

†d̂+ μ1

(
ĉ†d̂+ d̂†ĉ

)

= εaψ
†
aψa + εbψ

†
bψb (2)

ĤL = εL

±∞∑
l=±1

b̂†l b̂l − J
±∞∑
l=±1

(
b̂†l±1b̂l + b̂†l b̂l±1

)
(3)

Ŵ = g
∑
l=±1

(
ĉ†b̂l + b̂†l ĉ

)
(4)

ĤC , ĤL, Ŵ Cavity

Cavity

ĉ, d̂, b̂l

Cavity photon DBR

μ1, g Cavity

photon Cavity photon

DBR

Cavity μ1

|ψa〉 |ψb〉

|ψa〉 ≡ ψ†
a|vac〉, |ψb〉 ≡ ψ†

b |vac〉, |l〉 ≡ b†l |vac〉 ,
(5)

|kj〉 =
√

2

N

N∑
l=1

cos (kj l) (|l〉+ | − l〉) , (6)

2 εk

εk = εL−2J cos k εL = 0, 2J = 1

−1 1

3

Ĥ|Φξ〉 = zξ|Φξ〉, 〈Φ̃ξ|Ĥ = zξ〈Φ̃ξ| . (7)

|Φξ〉, 〈Φ̃ξ|
δξ,ξ′ =

〈Φ̃ξ|Φξ′〉 1 =
∑

ξ |Φξ〉〈Φ̃ξ|
Ĥ

Brilluoin-Wigner-Feshbach

P̂ ≡ |ψa〉〈ψa|+ |ψb〉〈ψb|
Q̂ ≡ ∑

k |k〉〈k|

Ĥeff (z) =

(
εa + g2aΣ

+(z) gagbΣ
+(z)

gagbΣ
+(z) εb + g2bΣ

+(z)

)
, (8)

Σ+(z)

Σ+(z) ≡ 4

N

∑
k

cos2 k

z − εk
= 4z

(
z√

z2 − 1
− 1

)
,

(9)
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|Φj〉 = uja|ψa〉+ ujb|ψb〉
+ {gauja + gbujb} 2√

N

∑
k

cos k

(z − εk)
+
zj

|k〉 .

(10)

( )

|Φk〉

4

|Ψ(t)〉

|Ψ(t)〉 =
∑
j

e−izjt|Φj〉〈Φ̃j |Ψ(0)〉

+
∑
k

e−iεkt|Φk〉〈Φ̃k|Ψ(0)〉 . (11)

|Ψ(0)〉 =

|d〉 t

(Pd (t) ≡ 〈Ψ(t)|d†d|Ψ(t)〉) Cavity photon

(Pc (t) ≡ 〈Ψ(t)|c†c|Ψ(t)〉)
t

Cavity l (X (t, l) ≡
〈Ψ(t)|b†l bl|Ψ(t)〉)
Cavity Rabi

(t = 200) Pc (t)(

) X (t, l)
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X (t, l) 2 (b)

2 (b) ( )

( (10)) 3
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1
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X (t, l) 2 Rabi
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l
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