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Build interface to connect different platforms
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Perfect swap K, p
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¥
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Q
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Example: State transfer

Perfect swap P
Qz(T) — Q1(O)
X
PZ(T) — Pl(O) [ 4
Q
Imperfect swap K0
05(T) = Tpp0,(0) + TppPy(0) + Ryp0(0) + RopPa(0) |
2 Q0*1 oP* 1 00%2 orl? ’K KK |
Py(T) = TppQ,(0) + TppP,(0) + Rpp05(0) + RppP5(0) hoise




Imperfect state transfer

Microwave-spin interface

Wesenberg et al, PRL (2009)

Insufficient interaction strength
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Imperfect state transfer
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Microwave-spin interface Light-atowm interface

Wesenberg et al, PRL (2009) Julsgaard et al, Nature (2004)

Insufficient interaction strength Undesired type of interaction

Incomplete transmission Partial transmission
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How can we fix imperfect interface?

Just ask
experimentalists
to improve their
system

Tell
experimentalists
clevertricks to
control their
system
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If one interface is bad...
..then use it again!

QAP(, xkvx S ‘

Two wrongs make a right, too good to be true?



Trick: apply single-mode correction in between
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Squeezing * rotation
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HKL & Clerk, npj Quant. Inf. 5, 31 (2019)



Trick: apply single-mode correction in between

Squeezing * rotation
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HKL & Clerk, npj Quant. Inf. 5, 31 (2019)
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Pon't want injected squeezing or measvrement?

Apply the imperfect intertace one more time!

Any three interface = perfect swap

P

(Necessary & sufficient)

——

Fong, Poon, HKL, arXiv:2212.05154
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Two-mode-squeezing for SU(1,1) interferometry



Interface other than perfect swap?

Huh et al., Nat. Photonics 9, 615 (2015)
Yurke et al., PRA 33, 4033 (1986)

Two-mode-squeezing for SU(1,1) interferometry

Beam-splitters for boson-sampling



Interface other than perfect swap?

Huh et al., Nat. Photonics 9, 615 (2015)
Yurke et al., PRA 33, 4033 (1986)

a Output states

Two-mode-squeezing for SU(1,1) interferometry

Menicucci et al., PRL 97, 110501 (2006)

) j» D Ff—-AF s
0) X(s)FD |¢) Beam-splitters for boson-sampling

QNP gate for CV quantum computing
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Unified parameter to characterize all interface
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Engineering arbitrary interface except SWAP
= engineer interface with arbitrary

Squeezinq *+ rotation
g A AN ‘
. V%t'ﬁal destructive

Awplification interference

Only two interface is required
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SWAP engineering revisited

Any three interface = perfect swap

( Optimal )
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Squeezing restriction

Final state Evolution _ Initial state

Rotation + squeezing;
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Squeezing restriction

Final state Evolution _ Initial state

Rotation + squeezing;
. \—

\-—
w
) 3

+ Interface

‘l /' ; o s |
& Optomechanical
\-—
transducer
Andrews et al, Nat. Phys. 10, 321 (2014)

How does squeezing restriction affect interface engineering?

Rotation only;

\-—
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2. More parameters fo engineer

Four interface protocol

Tune irreducible squeezing
, and shearing
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Fong, Poon, HKL, arXiv:2212.05154
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