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Atom-chip-based generation of entanglement for quantum metrology
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Atom chips provide a versatile quantum laboratory for experiments with ultraceld atomic gases(1). They have been used in diverse experiments invelving low-
dimensional quantum gases(2), cavity quantum electrodynamics(3), atom-surface interactions(4,5), and chip-based atomic clocks(6) and interferometers(7,8).
However, a severe limitaticn of atem chips is that technigues to centrol atomic interactions and to generate entanglement have nct been experimentally
available so far. Such techniques enable chip-based studies of entangled many-body systems and are a key prerequisite for atom chip applications in
quantum simulations(9), quantum information processing(10) and quantum metrology(11). Here we report the experimental generation of multi-particle
entanglement on an atem chip by ceontrelling elastic collisional interactions with a state-dependent potential(12). We use this technique to generate spin-
squeezed states of a two-compenent Bose-Einstein condensate(13); such states are a useful resource for quantum metrolegy. The chserved reduction in spin
noise of -3.7 +/- 0.4 dB, combined with the spin coherence, implies four-partite entanglement between the condensate atoms(14); this could be used to
improve an interferometric measurement by -2.5 +/- 0.6 dB over the standard quantum limit(15). Our data show geod agreement with a dynamical multi-mode
simulation(16) and allow us to reconstruct the Wigner function(17) of the spin-squeezed condensate. The techniques reported here could be directly applied to

chip-based atomic clocks, currently under development(18).
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Single-step ambient-air synthesis of graphene from renewable precursors as electrochemical
genosensor

By: Seo, DH (Seo, Dong Han)[1 ] . Pineda, 5 (Pineda, Shaf\que)“’z] . Fang, JH (Fang, .Jinghua)l 3 ]: Gozukara, Y (Gozukara, Yesim)“ ]: Yick, S (Yick,
samuel)l 11: Bendavid, A (Bendavid, Avi)l 11: Lam, SKH (Lam, Simon Kwai Hung)l 11 Murdock, AT (Murdock, Adrian T.)L11: Murphy, AB (Murphy, Anthony
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Nature Communications
Volume: 8

Article Number: 14217
DOI: 10.1038/ncomms14217
Published: JAN 302017
View Journal Impact

Abstract

Thermal chemical vapour deposition techniques for graphene fabrication, while promising, are thus far limited by resource-consuming and energy-intensive

principles In particular, purified gases and extensive vacuum processing are necessary for creating a highly controlled environment, isolated from ambient air,

to enable the growth of graphene films. Here we exploit the ambient-air environment to enable the growth of graphene films, without the need for compressed
gases A renewable natural precursor, soybean oil, 1s transformed into continuous graphene films, composed of single-to-few layers, in a single step. The
enabling parameters for controlled synthesis and tailored properties of the graphene film are discussed, and a mechanism for the ambient-air growth is
proposed Furthermore, the functionality of the graphene is demonstrated through direct utilization as an electrode to realize an effective electrochemical
genosensor. Our method is applicable to other types of renewable precursors and may open a new avenue for low-cost synthesis of graphene films.
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Valley-selective circular dichroism of monolayer molybdenum disulphide

Abstract

A two-dimensional honeycomb lattice harbours a pair of inequivalent valleys in the k-space electronic

structure, in the vicinities of the vertices of a hexagonal Brillouin zone, K+. It is particularly appealing to
exploit this emergent degree of freedom of charge carriers, in what is termed ‘valleytronics’. The physics
of valleys mimics that of spin, and will make possible devices, analogous to spintronics, such as valley

~ filter and valve, and optoelectronic Hall devices, all very promising for next-generation electronics. The
key challenge lies with achieving valley polarization, of which a convincing demonstration in a two-
dimensional honeycomb structure remains evasive. Here we show, using first principles calculations,
that monolayer molybdenum disulphide is an ideal material for valleytronics, for which valley
polarization is achievable via valley-selective circular dichroism arising from its unique symmetry. We

™ also provide experimental evidence by measuring the circularly polarized photoluminescence on
monolayer molybdenum disulphide, which shows up to 50% polarization
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