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Simple Test for Hidden Variables in Spin-1 Systems
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We resolve an old problem about the existence of hidden parameters in a three-dimensional quantum
system by constructing an appropriate Bell’s type inequality. This reveals the nonclassical nature of most
spin-1 states. We shortly discuss some physical implications and an underlying cause of this nonclassical
behavior, as well as a perspective of its experimental verification.
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Experimental demonstration of quantum contextuality on an NMR qutrit

Shruti Dogra,* Kavita Dorai,/ and Arvind?
Department of Physical Sciences, Indian Institute of Science Education & Research (IISER) Mohali,
Sector 81 SAS Nagar, Manauli PO 140306 Punjab India.
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Satisfying the Einstein-Podolsky-Rosen criterion
with massive particles

J. Peise!, I. Kruse!, K. Langel B. Liicke!, L. Pezz&234 J. Arlt>, W. Ertmer! K. Hammerer®, L. Santos? A. Smerzi234
& C. Klempt!

In 1935, Einstein, Podolsky and Rosen (EPR) questioned the completeness of quantum
mechanics by devising a quantum state of two massive particles with maximally correlated
space and momentum coordinates. The EPR criterion qualifies such continuous-variable
entangled states, where a measurement of one subsystem seemingly allows for a prediction
of the second subsystem beyond the Heisenberg uncertainty relation. Up to now, continuous-
variable EPR correlations have only been created with photons, while the demonstration of
such strongly correlated states with massive particles is still outstanding. Here we report on
the creation of an EPR-correlated two-mode squeezed state in an ultracold atomic ensemble.
The state shows an EPR entanglement parameter of 0.18(3), which is 2.4 s.d. below the
threshold 1/4 of the EPR criterion. We also present a full tomographic reconstruction of the
underlying many-particle quantum state. The state presents a resource for tests of quantum
nonlocality and a wide variety of applications in the field of continuous-variable quantum
information and metrology.
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Contextuality supplies the ‘magic’ for
quantum computation

Mark Howard"?, Joel Wallman?, Victor Veitch™” & Joseph Emerson”

Quantum computers promise dramatic advantages over their classical counterparts, but the source of the power in
quantum computing has remained elusive. Here we prove a remarkable equivalence between the onset of contextuality
and the possibility of universal quantum computation via ‘magic state’ distillation, which is the leading model for exper-
imentally realizing a fault-tolerant quantum computer. Thisis a conceptually satisfying link, because contextuality, which
precludes a simple ‘hidden variable’ model of quantum mechanics, provides one of the fundamental characterizations of
uniquely quantum phenomena. Furthermore, this connection suggests a unifying paradigm for the resources of quantum
information: the non-locality of quantum theory is a particular kind of contextuality, and non-locality is already known
to be a critical resource for achieving advantages with quantum communication. In addition to clarifying these funda-
mental issues, this work advances the resource framework for quantum computation, which has a number of practical
applications, such as characterizing the efficiency and trade-offs between distinct theoretical and experimental schemes
for achieving robust quantum computation, and putting bounds on the overhead cost for the classical simulation of quan-
tum algorithms.
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Determining the parity of a permutation using an experimental
NMR qutrit

Shruti Dogra, Arvind, Kavita Dorai*
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Computational speed-up in a single qudit NMR quantum information processor
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O. Soares-Pinto,! E. R. deAzevedo.! F. F. Fanchini,® and Z. Gedik?
!Institute de Fisica de Sdo Carlos, Universidade de Sio Paulo,
Caira Postal 369, 13560-970 Sao Carlos, Sdio Paulo, Brazil
?Faculty of Engineering and Natural Sciences, Sabanci University, Tuzla, Istanbul, 24956, Turkey
Faculdade de Ciencias, UNESP - Universidade Estadual Paulista, Bauru, Sao Paulo, 17033-360, Brazil
(Dated: July 4, 2014)



SCIENTI

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Demonstration of quantum
permutation algorithm with a
single photon ququart

Received: 17 February 2015

Accepted: 11 May 2015 : Feiran Wang, Yunlong Wang, Ruifeng Liu, Dongxu Chen, Pei Zhang, Hong Gao & Fuli Li

Published: o5 June 2015 :
: We report an experiment to demonstrate a quantum permutation determining algorithm with linear

. optical system. By employing photon's polarization and spatial mode, we realize the quantum

© ququart states and all the essential permutation transformations. The quantum permutation

. determining algorithm displays the speedup of quantum algorithm by determining the parity of
: the permutation in only one step of evaluation compared with two for classical algorithm. This

: experiment is accomplished in single photon level and the method exhibits universality in high-
: dimensional quantum computation.



Linear optical demonstration of
quantum speed-up with a single qudit
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FIG. 1: The circuit model of Gedik’s algorithm: - The upper
line denotes the first qubit, and the lower one for second.
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~single qudit

Z. Gedik?, I. A. Silva?, B. Cakmak?, G. Karpat¥4, E. L. G. Vidoto?, D. O. Soares-Pinto?,
: E. R. deAzevedo? & F. F. Fanchini3

Received: 12 March 2015

Accepted: 03 September 2015 : yantym algorithms are known for providing more efficient solutions to certain computational
Published: 08 October 2015 : tasks than any corresponding classical algorithm. Here we show that a single qudit is sufficient to
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