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1 Second order photon correlation in the presence of LO
photons

1.1 Conventions, etc.

E(t) =
∫ ∞

−∞
E(ω)eiωtdω (1)

E∗(ω) = E(−ω) because E(t) is real valued.{
E(+)(t) ≡

∫ ∞
0

E(ω)eiωtdω

E(−)(t) ≡
∫ 0

−∞ E(ω)eiωtdω
(2)

E(+)(t): positive frequency component.
E(−)(t): negative frequency component.

E(+)(t)∗ = E(−)(t).
E(t) = E(+)(t) + E(−)(t)

1.2 Beat signal

E(t)

ELO(t)

Etot(t) = E(t) + ELO(t)
E

(+)
LO (t) = E0 exp(iωLOt)

I = 〈E(−)(t)E(+)(t)〉
ILO = |E0|2

Two photon correlation in the presence of LO photons:

〈E(−)
tot (t)E(−)

tot (t + τ)E(+)
tot (t + τ)E(+)

tot (t)〉 = A1 + A2 + A3 (3)

where
A1 = 〈E(−)(t)E(−)(t + τ)E(+)(t + τ)E(+)(t)〉 (4)

A2 = ILO g(1)(τ) exp(−iωLOτ) + c.c. (5)
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A3 = 2IILO + I2
LO (6)

with g(1)(τ) ≡ 〈E(−)(t)E(+)(t + τ)〉.
If we Fourier transform the two photon correlation data, then we obtain the
Fourier transform of g(1)(τ) offset by −ωLO (and not that of |g(1)(τ)|). See also
next section.

1.3 Example 1

For a Lorentzian line shape of width δ centered at ω0,

g(1)(τ) = e−δ|τ | exp(iω0τ) (7)

and thus A2 is reduced to

A2 = 2ILO |g(1)(τ)| cos(ω0 − ωLO)τ (8)

which coincides with the expression in the ref.[1].

1.4 Example 2

Suppose E(t) has two frequency components ω1 and ω2 (with Lorentzian line
width δ1 and δ2) with relative intensity α and β,

g(1)(τ) = αe−δ1|τ | exp(iω1τ) + βe−δ2|τ | exp(iω2τ) (9)

then

A2 = 2ILO{αe−δ1|τ | cos(ω1 − ωLO)τ + βe−δ2|τ | cos(ω2 − ωLO)τ} (10)

which cannot be written in the form of (8).

2 g(1)(τ) and the spectrum

g(1)(τ) ≡ 〈E(−)(t)E(+)(t + τ)〉

=
∫ ∞
−∞

{∫ ∞
0

E∗(ω)e−iωtdω
∫ ∞
0

E(ω′)eiω′(t+τ)dω′
}

dt

= 2π
∫ ∞
0

|E(ω)|2eiωτdω

(11)
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