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6.453 Quantum Optical Communication - Lecture 13

= Announcements
= Pick up lecture notes, slides

= Two-Mode Linear Systems
= Parametric amplifier statistics
= Entanglement

* Four-Mode Quantum Systems
= Polarization entanglement
= Qubit teleportation

cips: I
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Parametric Amplifier with Gain G

Uiy, , > Type-ll Phase-Matched >

Degenerate Parametric

in,, = Amplifier > (out,

= Two-Mode Bogoliubov Transformation:

&outx — \/E&in:c + v G — 1&iTny
Gout, = VGam,+VG—1al,

cips: I .
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Output State of the Parametric Amplifier

= Quantum Characteristic-Function Analysis:

X,‘;;ut ( * ;’ CI’ Cy) — <€_C: dout;;-; _C; a‘outy +CI &iutI +Cy a‘iuty )

= xw (& &y s &y)
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= Important Special Case: Vacuum-State Inputs
(G Gy Car Gy) = e GUG T +IG 42/ GIG=DRe(Gty)
£ X (G GOX (G G)

output state is entangled

cips: I .
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Parametric Amplifier Output with Vacuum Inputs

= |ndividual Output Modes are in Classical States:

t out _ <%
XA (GG = (60,6, 0) = e o]
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POU—t:c(aﬂa*) = Pouty (a,a*) =
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= Each output is a phase-insensitive-amplified zero-input field

= Joint Output State is Non-Classical:
= The +45°(diagonal) basis modes are in squeezed vacuum states

cips: I .

www.rle.mit.edu/qoptics

Parametric Amplifier Output with Vacuum Inputs

= Squeezed-Vacuum Representation:

|w>OUt - |w>out45 |¢>out_45
— |0;\/53_VG_1)45|0;\/5,VG—1>_4

= Photon-Twins Representation:
out Z Gn_|_1 |n>$|n>’y

cips: I .
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Photon-Twins Behavior

(1
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PBS

= Semiclassical Theory for Deterministic a :
(AN?) = (N;) + (V)

= Quantum Theory for Paramp Outputs a from Vacuum Inputs:

(AN?) =0

CiPS: IIiT ;
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Reduced Density Operators for Paramp Outputs

= Measure Observable O, = > 0n]0n) s (00

Pr( Oz — Op | |w)out) - tr[ﬁoutﬂon)z $<On| ®fy)]

= tr(Pout, |0n)x = (0n])
implies ﬁoutm = try(ﬁout)

= For the Parametric Amplifier with Vacuum-State Inputs

. — (G-1)"
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n=0
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Creating Polarization-Entangled Photon Pairs

= Polarization-Combined Outputs from Anti-Phased Paramps
ap, i, + &Ay iy Output 2

ax A A

Paramp A |mmm) m) (A, 1y + Gp,1; Output1

PBS
(VG.VG-1) I ap

Paramp B

(VG, V&)

= Low-gain operation: 0 < GG — 1 = AG K 1

cips: I .
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Creating Polarization-Entangled Photon Pairs

= Dual-Paramp Output State in Low-Gain Limit:

|¢>out - |¢>A & |"1D)B

= [AG™
= Z Gnﬂl )AL|n Ay®z_:0(—1) Cmr1 MBI B,

~ (10)4.10)5,) @ (10)5.10)4,)
+ VAG[(11)a,1005,) © (10)5,11)4,) = (10)4,11)5,) @ (11)5,10) 4,)]

= Entangled Bi-Photon State Realized by Post-Selection:

%(|$>1|y>2 = [y)i]x)2)
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Polarization-Entangled Photon Pairs

= Measure Outputs 1 and 2 in Conjugate-Pair Polarizations:
i) = alx)r + Bly)r and |i') = B2k — a*|y)p, for k= 1,2
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= Polarization Entanglement: Pr(N,, =1 | N, =1) =1
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The Four Steps of Qubit Teleportation

Entanglement
Source
Step 1
Message Receiver Tl\ﬁfspsoa%%d
: Classical Communication S
Joint Measurement P> Transf(tf;}r?ation
Step 3
Step 2 Step 4
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Coming Attractions: Lecture 14 + Schedule Notes

= |ecture 14:

Teleportation
= Polarization entanglement and qubit teleportation
= Quadrature entanglement and continuous-variable teleportation

= Schedule Notes:
= Term paper proposals are due Thursday, November 6
= Mid-term exam Thursday, November 6
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