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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,
term paper guidelines

= Single-Mode and Two-Mode Linear Systems
= Attenuators
= Phase-Insensitive Amplifiers
= Phase-Sensitive Amplifiers
= Entanglement
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Single-Mode Linear Systems: Quantum Case

= Attenuation

Qi | 0<L<1 | oy = VLay, +v1— Lag,

minimum-noise case: @z, in its vacuum state
= Phase-Insensitive Amplification

Gy | G>1 | doy = VG ay, + VG — Lal,

minimum-noise case: ¢ in its vacuum state
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| Output State of the Attenuator

= Quantum Characteristic-Function Analysis:

X5 (¢, Q) = X4 (VL VIO (V1 = L¢™, V1 = L()
= x’j{"(\/fc*, \/ZC)e_(l_L)mz, for vacuum-state ar,
= e_C*‘/_ai"+C‘/zai*ﬂ_|C|2, for coherent-state a;y

= <\/Zain|€_g*d°"t64&l““|\/Zain>
= Attenuation Preserves State Classicality:

1 a of
Pin 3 * _Pin T =y =
(@) =7 (ﬁ \/Z)
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]0utput State of the Phase-Insensitive Amplifier

= Quantum Characteristic-Function Analysis:
X (67,0 = X3 (VG VGOXG (VG = 1¢, —VE = 1¢7)
= X(VGC*,VGC), for vacuum-state ag

= e_C*\/EC’“‘”LC\/EC’“"_Gld2 for coherent-state a;,

— <\/_a1n|e C aOUteCaDUtI\/_a > (G 1 |<|2

= Phase-Insensitive Amplification Preserves Classicality:

« a* > 6_|a|2/(G_1)

o) — 50 G5 U5 ) S
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Semiclassical Photodetection Results

= Attenuator with Known a;p

\/Zain

Photodetection
G, mm) | 0<L <1 | mmm) systom

= Direct detection: N Poisson with mean L|aj,|?

= Homodyne detection: g ~ N(\/Zaine, 1/4)

= Heterodyne detection: 1, s SI | a; ~ N(\/Z_}aini, 1/2)
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Semiclassical Photodetection Results

= Phase-Insensitive Amplifier with Known @in

VGai, +n
a: G 1 é Photodetection
m ‘ > system

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

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

= Heterodyne detection: a1, g SI ,a; ~ N(VGayy,,, G/2)
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Semiclassical Direct Detection Results

= Phase-Insensitive Amplifier with Known @in

(N)= Glaw]> + (G-1)
N—— N——

amplified signal amplifier noise

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

= [Glaw|* + (G = 1)]+[2G(G = 1)|aw|* + (G — 1)°]
shotvnoise exces;rnoise
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Two-Mode Linear System: Parametric Amplifier

~ Type-Il Phase-Matched A
E;,(t) s | Degenerate Parametric | Hmmm> E ()

Amplifier

= |nput and Output Field Operators:

Ei,(t) = ——=—i, + —-—=—1i, + other terms
VT vT 7
- dout e—jwt . &out e—jwt .
Eout(t) = - i, + “ i, + other terms
VT VT
i 0

Two-Mode Linear System: Parametric Amplifier

= Two-Mode Bogoliubov Transformation:

- _ -1
Qout, — HMQin, + Vainy
A _ o

aouty — ,Uainy + Vainz

where |p|? —|v|? =1

= Phase-Insensitive Amplifier:
Qin, = signal input, @,y = signal output
din, In vacuum state

p=vVG>1lvr=vVG-1>0
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]Two-Mode Linear System: Parametric Amplifier

= Bogoliubov Transformations for the Diagonal Basis:

A — 1A ~T
Qout 445 = HAiny 45 + Vain s

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

<d0ut451> - S\/E + VG - 1)J<din451>

amplification

<a’0ut452> = S\/E - VG — 1)J<din452>

attenuation

i "

]Output State of the Parametric Amplifier

= Quantum Characteristic-Function Analysis:
- *&out - *&out m&Tut dlut
X0 (G G G Gy) = (e o T oty e ousa oy ouey )
= X@f)“(&;:f;,gm,fy)
& = VGG — VG —1¢ and &, = VGG, — VG —1¢;
= Important Special Case: Vacuum-State Inputs
2 2
X’;{’“(C;a C;, Cos Cy) — e~ GG +ICyT)+2¢/G(G-1)Re(C2Cy)
£ X (G X (G )

output state is entangled
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Coming Attractions: Lecture 13

= | ecture 13:

Four-Mode Quantum Systems
= Polarization entanglement
= Qubit teleportation
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