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|6.453 Quantum Optical Communication — Lecture 8

= Announcements
= Pick up lecture notes, slides

= Quantum Harmonic Oscillator

= Positive operator-valued measurement (POVM) of @
= Reconciling POVMs and observables

= Single-Mode Photodetection

= Direct Detection — semiclassical versus quantum
= Homodyne Detection — semiclassical versus quantum
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Measuring the ¢ Operator: Definition

= Definition: Measurement of the a Operator
= yields an outcome that is a complex number x = 1 + ja2
= joint probability density for getting this outcome is

o)  llak)

= Consistency Checks:

Measuring the @ Operator: Characteristic Function

= Joint Characteristic Function for the @ Measurement

2
Mo, s (Jv1,Jv2) = /dza gJviartjvzan M
) ? -

= XA(C*aC)|C:jv/2

= Anti-Normally Ordered Characteristic Function of the State

Xa(C0) = (e 4y =y (¢*, Qe 1< /2
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Measuring the a Operator: Examples

= Number State |n):

2n

o

pla) = 2L elar
!
= Coherent State |3):

—|a—p|?

e

pla) = —

= Squeezed State |5; i, v), u,v real :
e (@im @20t (i) = (u+ (-1)')B;

p)=]] V2ro? g2 (D)) +1

1=1
* 4
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Measuring the ¢ Operator: Summary

State (o)
In) 0
18) B
Bsp,v) || w8 —vp”
State (Aa?) (Aa3)
In) (n+1)/2 (n+1)/2
18) 1/2 1/2
Bip.v) || (p—vP+1)/4 | (p+v>+1)/4
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Reconciling POVMs with Observables for p(a) ‘

= Measure Two Commuting Observableson H = Hs @ Ha

ag1

(g e— /O
A e— é@

Qg2

= Signal in State |¢) s, Ancilla in Vacuum State |0) 4

= Commuting Observables are Real and Imaginary Parts of:

d5+&LE&5®iA+IAs®&L
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Real Photodetection Systems
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Ideal Photodetection System

IDEAL i(t)
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Single-Mode Quantized Electromagnetic Field

= Photon-Units Field Operator on Constant-z Plane:

. ae vt
E.(x,y,t) = W + other terms

N—— unexcited modes
excited mode
for (x,y) €e A,0<t<T

= Photon Annihilation and Creation Operators: @, a'

with canonical commutation relation [&, dw =1
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Direct Detection: Semiclassical versus Quantum

= Single-Mode Photon Counter: Semiclassical Description

—jwt Z(t) T
ae — D—»l/ dti(t) b—e N
\/AT q9Jo
2n >
Pr(N=n|a=a)= |O‘|' e lal
n:

= Single-Mode Photon Counter: Quantum Description
i(t

ae vt (t) 1T
— —> D—»a/0 dti(t) —= N

Pr(N =n | state = [¢)) = |(ny)

i "

]Single-Mode Balanced Homodyne Receiver

é i ()

Ai(t) = i (t) —i_(t)

T

T +
signal "L dt Ai _>OUtPUt = —
_>/—> % K J, t Ai(t) (67} 9 NLO
1_

50/50 K — 2Q\/N7LO

local oscillator

- Semiclassical Description: g ~ N (Re(ae™7%),1/4)

= Quantum Description: (ig «— a9 = Re(&e_ja)
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Coming Attractions: Lectures 9 and 10

= Lecture 9:
Single-Mode Photodetection

= Heterodyne Detection — semiclassical versus quantum
= Realizing the G measurement

= Lecture 10:
Single-Mode Photodetection

= Signatures of non-classical light
= Squeezed-state waveguide tap
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