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Motivation
Central 1dea

Formal implementation

Realization as a stochastic process

What’s new?
Development

Return to motivation




Continuous variable quantum teleportation

elementary proposal

Step 1: prepare 2-mode squeezed state and input state |2)




Step 2: send mode A and input mode to Alice who
measures X and Y quadrature amplitudes

nzn:% kcnmk(t> | n>A| m>B | k>c

homodyne
detector




Step 3: send Alice’s measurement results to Bob who displaces
mode B accordingly

0415 detestor




INPUT
two-photon Fock state
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experiments

filter

homodyne homodyne
detector detector

NP4

BS

squeezer squeezer

homodyne
detector

Victor




vacuum state input

bandwidths: squeezing 2
Alice’s detection 50
Victor’s detection 10

1.5

homodyne heterodyne




Conditioning on measurement records

Bohr-Einstein quantum jumps

— [2)

spontaneous stimulated
emission: emission:
jump rate y Jjump rate yn

absorption:
jump rate yn

1

1)

density operator (unconditional state): o(t) = py(t)]2) (2|+p,(2)]1) (1]

.. : Do = —"VYaPst ¥y Py
unconditional evolution:

plz_}/upl—i_ 7dp2




t
record probabilities sum to unity: P({A})+P ({B})+fdt’P ({C7})=1
0




conditional evolution
known initial state:

conditional evolution
unknown 1nitial state:




Unraveling the master equation

Lindblad master equation

commutator anticommutator
{H A ]/ ih
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record probabilities

conditional states

N

p(t) = D tr[KCapa(t)p(0)

REC

el
tr[Krpc(t)p(0)]

record probabilities

sum to unity:

tr[p(t)]=1

propagator
factorizes:

T

ICREC — KREC : KREC




Stochastic Schrodinger equation

pure state evolution

propagator factorizes: Kgpo= Kgpe* KJEC

e’CU(t_tn) E y‘€£(l<tm_tu—l) e oo
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given | Wppe(t)) = Kgpe W)




Record probabilities:

¥ L
P (REC) = (Wl Krec Krecl¥) = (Vaecl Yreo)

i

T T

¥ _ _
P (REC ANy T ) = At (W| Krpe J, Jy Krpcl W) = At (WgpclJ, J, | Wrec)
k J J

Bayesian inference:

I S
(Ve Jijyj’ Vrrc)
(Wrec| Yrec)

T
= At (Wggcl ‘]yj‘]yj‘ VrEo)




jump probabilities
A Wrpe (D)1, | Wec(t) normalize




Quantum jumps plus coherence

resonance fluorescence

— [2)

spontaneous stimulated
emission: emission:
jump rate y jump rate yn coherent laser

. excitation
absorption:

jump rate yn

1

1)

non-Hermitian Hamiltonian: H,=1ihE( o, —0_) —ih g6+q

jump operator:
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More master equation unravelings

photoelectron counting records

1l

\/2Kaa

>
Ha

>
i, V2#b

non-Hermitian Hamiltonian: H,=H,+ H, — ih(\/;aafa + \/;bbTb)

jump operators: 2k a and \/ﬂbb

a




non-Hermitian Hamiltonian: H,=H,+ H, - ih(/{aaTa + K‘bber)

jump operators: 2k a +\Vt\N2kb  and 2k, — NiN2ib




homodyne detection records

o

+ \/;da

50/50 <_>
beam splitter

S




homodyne current record:

dl,=—I(I,dt-dQ,) (filtered)

(e

dQ, = 2« (d'ei®+aei? Ypp dt + dW  (unfiltered)

stochastic
Schrodinger equation:

d|Yppe) = [(Z_ﬁ H,— KaaTa)dt + \/anae'wdQe] | Wreo)




Continuous variable quantum teleportation

elementary proposal

homodyne

Z kcnmk(t) | n>A| m>B | k>c detector
m

n? Y

homodyne
detector




Alice’s homodyne current records:

Q= j; o dQ+
dQx = 2(\/;<CX>REC +\/;<AX>REC)dt + dWx

Qy= J; te"d dQy
dQy = 2(\/;<CY>REC +\/;<AY>REC)dt + dWy,

Stochastic Schriodinger equation:

dPee = {-x(cle + At)dt + (dQ - ido WV

+ (dQx + idQy)VeA b e




experiments

filter

homodyne homodyne
detector detector

NP4

BS

squeezer squeezer

homodyne
detector

Victor




Alice’s homodyne current records:
dl,y=-T (I,dt—dQy)
dQ x = 2(\/V7<CX>REC +\/;<AX>REC)dt + dWy

dl,=-T ([,dt —dQy)
dQy = 2(\/V_<CY>REC +\/;<AY>REC)dt + dWy

Victor’s homodyne current record:

Ay, =TIy

ictor

dt — dQ)

ictor

dQ = 2(\2k (By)ppo +1x /N2 )dt + dW




Stochastic Schriodinger equation:

d Wree = {( LH, —ycte)dt + (dQy—idQ )y c
—w[MA'BT- 4By + AT4 + B'B]at

+ (dQy + idQ) kA + (I, —il,)VxBdt

+dQ [\2xB ‘W% (Iytily) ]} ‘7’>REC






