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6.453 Quantum Optical Communication - Lecture 18

= Announcements
= Pick up random processes notes, lecture notes, slides

= Continuous-Time Photodetection
= Semiclassical theory — Poisson shot noise
= Quantum theory — photon-flux operator measurement
= Direct-detection signatures of non-classical light
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Real Photodetection Systems
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“ldeal” Photodetection System: Efficiency <1
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Classical Field versus Quantum Field Operator

= For Semiclassical Photodetection of Narrowband Light
= |llumination is a classical photon-units positive-frequency field:

E(t)e 7wt
= Short-Time Average Power on Detector:

P(t) = hw,|E(t)|”

= For Quantum Photodetection of Narrowband Light
= |llumination is a photon-units positive-frequency field operator:

E(t)e Iwet

= Only non-vacuum frequency components are within Aw < w,
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Semiclassical versus Quantum Photodetection

= Semiclassical Theory: Given{ P(t): 0 <t <T}
= { N(t) : 0 <t < T }is an inhomogeneous Poisson Counting Process
= Rate function A\(t) = nP(t)/hw,

= Quantum Theory:
E'(t) = E®) + VT —nE,t)

i(t) — i(t) = gE"T () B (t)

¢
N(t) « l/dT%(T), for0<t<T
0

=
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Inhomogeneous Poisson Counting Process (IPCP)

= Definition: { N(t) : t > 0} is an IPCP with rate \(¢)
= Starts counting at zero: N (0) = 0
= Has statistically independent increments

= |ncrements are Poisson distributed

N ([amxe) e (= [aram)

n!
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Mean and Covariance: Deterministic lllumination

= Semiclassical Photocount and Photocurrent Mean Functions:

) = [ar T ad (i) = g%

= Semiclassical Covariance Functions:
(AN(H)AN (u)) = (N(min(t,u)))
(Ai(t)Ai(u)) = q(i(t))d(t — u)
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Mean and Covariance: Random lHlumination

= Semiclassical Photocount and Photocurrent Mean Functions:

iy = [[ar 20D

(o) = 2

= Semiclassical Covariance Functions:
(AN(t)AN(u)) = (N(min(t, u)) /de a1 AP AP( )

shot noise

excess noise

(Ai(D)Ai(u)) = gli(1) 5 —w) +q2”2<Afh<i>)A2P(u)>

excess noise
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Mean and Covariance Functions: Quantum Case

= Quantum Photocount and Photocurrent Mean Functions:

(N(t)>/0dTTi<ET(T)E(T)> and (i(t)) = gn(ET () E(t))

= Quantum Covariance Functions:
(AN(DAN () = (Nmin(t, )
v [ar [fary (PEMEE) — B (OE@NE () E))

(Ai(H)Ai(w)) = gi <t>>5<t—u)
+atn? (BN ET W) B () — (BT E®)(E () Ew))]
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Direct-Detection Signatures of Non-Classical Light

= Semiclassical Theory is Quantitatively Correct:
= For coherent-state inputs |F(t))
= For inputs that are classically-random mixtures of coherent states

= Sub-Poissonian Photon Counting:
= Semiclassical theory:

(ANZ(1)) = (N (1))

= Quantum theory:

(AN?(t)) >0
(AN?(1)) < (N(t))
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Direct-Detection Signatures of Non-Classical Light

= Photocurrent Noise Spectral Density for CW Sources:

Sii(w) = /oodfr (Ai(t +T)Ad(t))e 79T

— 0

= Semiclassical Theory:

Sii(w) = q{i) +q

2
2 1°Spp(w) .
>
(hw)2 = a(i)
= Quantum Theory:

= Sub-Shot-Noise Non-Classical Signature:

Sﬁ; (w) < q(z)
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Coming Attractions: Lecture 19

= |Lecture 19:

Continuous-Time Photodetection
= Noise spectral densities in direct detection
= Semiclassical theory of coherent detection
= Quantum theory of coherent detection
= Coherent-detection signatures of non-classical light
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