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6.453 Quantum Optical Communication - Lecture 12

= Announcements
= Turn in problem set 6
= Pick up problem set 6 solutions, problem set 7, lecture notes, slides

= Single-Mode and Two-Mode Linear Systems
= Attenuators

= Phase-Insensitive Amplifiers
= Phase-Sensitive Amplifiers
= Entanglement

cips: I
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Single-Mode Linear Systems: Quantum Case

= Attenuation

Qe 0<L<1 i, =VLay, +V1— Lay

minimum-noise case: @, in its vacuum state

= Phase-Insensitive Amplification

Q| G>1 | oy = VG aw + VG — Lal,

minimum-noise case: (; in its vacuum state

cips: I .
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Output State of the Attenuator

= Quantum Characteristic-Function Analysis:

XA (¢ 0) = X5 (VLG VLO X (VI = L¢™, V1 = L()
— Pm(\/_g* \/_C) (1-L)i¢® , for vacuum-state ar,
_ e—C*\/_&in—FC\/EOATn—\C\Q

= (VIaple < dmeSilu

, for coherent-state ai,

\/Eain}

= Attenuation Preserves State Classicality:

Pulo,a”) — 1Pm(j_ \O‘F)

cips: I .
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Output State of the Phase-Insensitive Amplifier

= Quantum Characteristic-Function Analysis:
X (¢, €) = XA (VG VEOX (—VE = 1¢, VG —1¢7)
= (VG VGQ), for vacuum-state dg
_ o VGam¢VGag, —G¢)?

= (VGay|eS Bont ¢Sibus

, for coherent-state a;,

VGagy)e (DI

= Phase-Insensitive Amplification Preserves Classicality:

e a* ) e_|a|2/(G_l)

o tlp @ o
pufo.e) — (G Vg ) * T

cips: I .
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Semiclassical Photodetection Results

= Attenuator with Known a;p,

\/Eain
Photodetection
G, mmmpy | 0< L <1 | mmmp system

= Direct detection: N Poisson with mean L|a;,|?
= Homodyne detection: ag ~ N(\/Ea,me, 1/4)

= Heterodyne detection: vy, vy SI, a; ~ N(\/Zaim, 1/2)

cips: I .
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Semiclassical Photodetection Results

= Phase-Insensitive Amplifier with Known @,

VGay, +n
. a1 é Photodetection
mn - > system

n =ny + jng, with ny,ny SI ,n; ~ N(0, (G —1)/2)

= Homodyne detection: vy ~ N(\/Eaing, (2G —1)/4)

= Heterodyne detection: vy, o ST,y ~ N(VGay,,, G/2)

cips: I !
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Semiclassical Direct Detection Results

= Phase-Insensitive Amplifier with Known @,

(N) = Glan|*> + (G-1)
N—— N——

amplified signal amplifier noise

(AN?) = (N) + (AN?) | where N = [VGay, + n|?
~— ——
shot noise excess noise

= [Glaw|* + (G = )]+ [2G(G — Daw|* + (G — 1)?]

L. - L. -
e "

shot noise excess noise

cips: I .
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Two-Mode Linear System: Parametric Amplifier

Type-ll Phase-Matched R

Ein(t) B> | Degenerate Parametric | I E, . (1)

Amplifier

= Input and Output Field Operators:

. _j . —jwt
~ ip_ € jwt, Qin, € 7 .
Ei,(t) = ——=—1i, + —Y—=—1, + other terms
v T VT
Bty = Gt Gowge
out(t) = —=—i, + —*=—1, + other terms
VT VT
CiPS: v .
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Two-Mode Linear System: Parametric Amplifier

= Two-Mode Bogoliubov Transformation:

. _ -t
Qout, — HMAip, + Vainy
~ _ e e T

aouty — /Ja’iny + Vainm

where |u* —|v|? =1

* Phase-Insensitive Amplifier:
ain, = signal input, a,yt, = signal output

din, In vacuum state

n=vG>1v=vG—-1>0

CiPs: lMir "
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Two-Mode Linear System: Parametric Amplifier

= Bogoliubov Transformations for the Diagonal Basis:

- af
Qout 4 — ,uamﬂ, +va in44s

= Phase-Sensitive Amplifier: 1 =VG>1,r=vG—-1>0

<&out451> = E\/E + VG — 1l<din451>

amplification

< Qoutys, ) - (\/E VG — 1)l<din452>

attcnuation

CiPS: Miv y
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Output State of the Parametric Amplifier

= Quantum Characteristic-Function Analysis:
- *doutm_ =“a‘Jout mdiut &Imt
NG G o Gy) = (e e T T, F
pm (533: gy? 53:: g’y)
& =VG¢ — VG —1¢ and &, = VG, — VG - 1¢;
= |Important Special Case: Vacuum-State Inputs
(G G G ) = e CUG G +2V/GG-DRe(C )
?é Poutm (QI, QI) Pouty (g;’ Qy)

output state is entangled

CiPS: Miv »
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Coming Attractions: Lecture 13

= | ecture 13:

Four-Mode Quantum Systems
= Polarization entanglement
= Qubit teleportation

CiPs: lMir .
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