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NONCLASSICAL QUANTUM
RESOURCES:
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Gaussian squeezed state: non-Gaussian Fock state:

* positive Wigner function  * negative Wigner function

* single quadrature * all quadrature variances
variance bellow vacuum above vacuum level
level
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NOISE SQUEEZING = RESOURCE
FOR SQUEEZER

) L
Lout ——F—ILj
ou \/T 1119
. = . . _ J. Yoshikawa et al., Phys. Rev. A 76,
Pout =V I Din + V1 — 1 pyace " 060301(R) (2007)

R. Filip, P. Marek and U.L. Andersen, Phys.
Rev. A 71, 042308 (2005).

* off-line squeezed state supplies on-line squeezer
e squeezer, amplifier, QND interaction
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NONLOCAL QND OPERATION

teleportation

double teleportation

nonlocal parallel operation
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Radim Filip, Phys. Rev. A 69, 052313 (2004)



NONLOCAL QND OPERATION

Shota Yokoyama, Ryuji Ukai, Jun-ichi Yoshikawa, Petr Marek, Radim Filip, and Akira
Furusawa, Phys. Rev. A 90, 012311 (2014).



NONLOCAL QND OPERATION
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QND entanglement

Shota Yokoyama, Ryuji Ukai, Jun-ichi Yoshikawa, Petr Marek, Radim Filip, and Akira
Furusawa, Phys. Rev. A 90, 012311 (2014).



SQUEEZING OF SINGLE PHOTON
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Radim Filip, Peter van Loock, and Akira Furusawa, Phys. Rev. Lett. 113, 013601 (2014).
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UNSQUEEZING OF SQUEEZED PHOTON

Outcomes:
* reversible squeezer

* preserves negative
Wigner function

Yoshichika Miwa, Jun-ichi Yoshikawa, Noriaki lwata, Mamoru Endo, Petr Marek,
Radim Filip, Peter van Loock, and Akira Furusawa, Phys. Rev. Lett. 113, 013601 (2014).



OPTIMAL STATE PREPARATION
(lo) =] =a))/\/2(1 - exp(—2[a]?))




OPTIMAL STATE PREPARATION
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OPTIMAL STATE PREPARATION

S(r) (Je)—|—a))/v/2(1 — exp(=2]al?))
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D. Menzies and R. Filip, Phys. Rev. A 79, 012313 (2009).

K. Huang, H. Le Jeannic, J. Ruaudel, V.B. Verma, M.D. Shaw, F. Marsili, S.W. Nam, E Wu, H.
Zeng, Y.-C. Jeong, R. Filip, O. Morin, J. Laurat, arXiv:1503.08970, accepted in Phys. Rev. Lett.



QUANTUM DECOHERENCE
(lo) =] =a))/\/2(1 - exp(—2[a]?))

Losses with n>0.5 does not vanish the oscillations,
but they are hardly visible.

’ W(O.p) a=10, n=0.9
; _ 00 -
0 .
OO
| 3 20 /Vl\/i 3
~10- —ﬁ
210 =5 0 5 10 —-0.001




CONTROL OF DECOHERENCE
(lo) =] =a))/\/2(1 - exp(—2[a]?))

For n>0.5, visibility of the oscillations is significantly
improved by pre/post squeezing.

a=10, n=0.9

Radim Filip, Phys. Rev. A 87, 042308 (2013).



NOISELESS TELEPORTATION
OF SINGLE PHOTON

Conditional teleporter
0

Tl +p2 <L?7

g = tanhr

Receiver
<
SN
o/j (/(9/) Qs
Heralding signal ‘9/),) ‘@;} Heralding signal
Input state Entanal t ®  Output state
State preparator ntangiemen Verifier
or generator or
Prior.quantum processor Squeezing parameter T° Posterior-quantum processor

T. Ide, H. F. Hofmann, T. Kobayashi, and A. Furusawa, Phys. Rev. A 65, 012313 (2002).
Ladislav Mista, Jr., Radim Filip, and Akira Furusawa, Phys. Rev. A 82, 012322 (2010)



LOSSY TELEPORTATION
OF SINGLE PHOTON
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NOISELESS TELEPORTATION
OF SINGLE PHOTON

) - i_oj 98 Qe )" 1) (0] (tantr) " P

) — (tanh7)"™ [¢))

Maria Fuwa, Shunsuke Toba, Shuntaro Takeda, Petr Marek, Ladislav Mista Jr., Radim Filip,
Peter van Loock, Jun-ichi Yoshikawa, Akira Furusawa, Phys. Rev. Lett. 113, 223602 (2014).



NOISELESS TELEPORTATION
OF SINGLE PHOTON

) - i_oj 98 Qe )" 1) (0] (tantr) " P

) — (tanh7)"™ [¢))

Maria Fuwa, Shunsuke Toba, Shuntaro Takeda, Petr Marek, Ladislav Mista Jr., Radim Filip,
Peter van Loock, Jun-ichi Yoshikawa, Akira Furusawa, Phys. Rev. Lett. 113, 223602 (2014).



NONCLASSICAL QUANTUM
RESOURCES:

http://qis.ucalgary.ca/quantech/wiggalery.php

Gaussian squeezed state: non-Gaussian Fock state:

* positive Wigner function  * negative Wigner function

* single quadrature  all quadrature variance
variance bellow vacuum above vacuum level
level



NONCLASSICAL QUANTUM
RESOURCES:

non-Gaussian Fock state:
* negative Wigner function

* all quadrature variance
above vacuum level



NOISELESS AMPLIFICATION
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NONLINEAR POTENTIAL




ANY NONLINEARITY BY X-GATES
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ANY NONLINEARITY BY X-GATES

—a—

At
d X-gate

Cubic nonlinearity as a sequence of X gates:

K. Park, P. Marek, and R. Filip, Phys. Rev. A 90, 013804 (2014).



CONDITIONAL X-GATES

a) conditional emulation of quantum
oscillator (light mode) in any nonlinear
potential based on multiple sequential
applications of elementary X gate.

X gates exploit single photon gun to
achieve highly non-classical affects
from the nonlinear potential.

b) linear optical implementation
Ags = (T'T)*(A* + 2B*R*a + Ra')
A=+2xT—ipR) B=2"Y(R?*-T?)

c) implementation with atomic ensemble
d) opto-mechanical implementation

L {zo = 0| Ugnn f(X1) [0), =L (o = 0] f(—xX)Uqn [0)
— F(=kX)1, (wo = 0| Ugnn |0) = F(X) exp[—%n2X2].

K. Park, P. Marek, and R. Filip, Phys. Rev. A 90, 013804 (2014).



NONLOCAL ENTANGLING X-GATES
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NONLOCAL ENTANGLING X-GATES

the simplest non-Gaussian quantum entangler by nonlocal X gates:

K. Park, P. Marek, and R. Filip, Phys. Rev. A 91, 033814 (2015).



ENTANGLING COHERENT STATES

a) ideal operation:

b) approximation:

K. Park, P. Marek, and R. Filip, Phys. Rev. A 91, 033814 (2015).



ENTANGLING SQUEEZED STATES

c) ideal operation:

d) approximation:

K. Park, P. Marek, and R. Filip, Phys. Rev. A 91, 033814 (2015).



EMULATING THERMAL
OPTOMECHANICS

membrane-
in-the-middle

A.M. Jayich, J.C. Sankey, B.M. Zwickl, C. Yang, J.D. Thompson, S.M. Girvin, A.A. Clerk,
F. Marquardt and J.G.E. Harris, New J. Phys. 10, 095008 (2008).



EMULATING THERMAL
OPTOMECHANICS

K. Park, P. Marek and R. Filip, submitted.



EMULATING THERMAL
OPTOMECHANICS

Thermal light generates
nonclassical squeezing

K. Park, P. Marek and R. Filip, submitted.



DETERMINISTIC CUBIC
NONLINEARITY

[Gottesman and Preskill, PRA 64
012310 (2001)]

We obtained QND gate and cubic state, we need X2
feed-forward correction techniques and then do it.



FEASIBLE CUBIC INTERACTION
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P. Marek, R. Filip, and A. Furusawa, Phys. Rev. A 84, 053802 (2011).



QUADRATIC X2 FEEDFORWARD
X—> X, P> P+kX
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FEASIBLE CUBIC INTERACTION
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GOALS AND TARGETS
ICSSUR 2017

Exploiting the squeezed light and single photons:

e optimized entangled state preparation

* control of qguantum decoherence

e conditional simulations of quantum nonlinear effects
* nonlocal quantum operations with different platforms
* dynamical quantum nonlinearities

e deterministic cubic nonlinearities
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