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—ZcQED: a scalable architecture for superconducting qubits

So far, circuit QED has been dealing with artificial atoms coupled transversely (ie. via S) to
one or few bosonic modes: we introduce a new paradigm wherein an artificial atom is coupled
longitudinally (ie. via S;) to a quantum harmonic oscillator which we call ZcQED, akin to trapped ions
systems in atomic physics. We find that this system is free of dispersive shift when the qubit is
operated at its symmetry point, and we reveal the possibility to perform single-qubit operations and
sideband transitions at any order when the qubit is driven transversely, with the same nonlinearity of
the matrix elements as a function of the photon states which is found in ion-traps [1]: a main
difference however is the presence of a fixed coupling between the qubit and the resonator which
introduces some static residual interactions between physical qubits (S;S; type). We devise an
architecture to process quantum information based on this new layout, inspired by the ideas
developped in trapped ions experiments: a noticeable difference in ZcQED is the possibility to
achieve rather strong atom-photon coupling. This naturally brings us to operate such system out of
the Lamb-Dicke regime, and to look for ways to overcome the limitations imposed by the nonlinearity
of the Jaynes-Cummings model in this configuration [1].

We are considering a 2D array of qubits with nearest-neighbor interactions, motivated by the
possibility to use the surface code to realize error correction. In order to cancel the residual
interactions between each pair of neighboring physical qubits, we couple them via two resonators
fixedly coupled in series. This extra degree of freedom in the system allows to realize sideband
transitions while ensuring an intrinsic protection against the leakage of information out of the
computational subspace, even though we are working out of the Lamb-Dicke regime. It also brings
the possibility to readout the state of the qubits following the proposal by Englert et al. inspired from
electron shelving [2].

[1] W. Vogel and R. L. de Matos Filho, Phys. Rev. A 52, 4214 (1995).
[2] B. G. U. Englert, G. Mangano, M. Mariantoni, R. Gross, J. Siewert and E. Solano, Phys. Rev. B 81,
134514 (2010).
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[1] P. Noziéres, Journal of Low Temperature Physics 17, 31 (1974).
[2] M. Yamamoto, S. Takada, C. Biuerle, K. Watanabe, A. D. Wieck and S. Tarucha, Nature Nano. 7, 247 (2012).



BO1

—QC/QIP DNP
NMR paradigm based

NMR NMR DNP reagents
molecular optimization  key concept

[1]
global control
QC/QIP
dual coherent ELDOR(ELectron-Electron DOuble Resonance) bus qubit client qubits

NMR

[1] Kazuki Ayabe, Kazunobu Sato,* Shigeaki Nakazawa, Shinsuke Nishida, Kenji Sugisaki, Tomoaki Ise, Yasushi Morita,*
Kazuo Toyota, Daisuke Shiomi, Masahiro Kitagawa, Shuichi Suzuki, Keiji Okada* and Takeji Takui*, “Pulsed electron
spin nutation spectroscopy for weakly exchange-coupled multi-spin molecular systems with nuclear hyperfine
couplings: A general approach to bi- and tri-radicals and determination of their spin dipolar and exchange interactions”
Mol. Phys., 111, 2767-2787 (2013).

http://dx.doi.org/10.1080/00268976.2013.811304
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[1] T. Ono, R. Okamoto, S. Takeuchi, An entanglement-enhanced microscope. Nat. Commun.4, 2426 (2013).
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Our recent work into circuit optimisation and compilation for large-scale, topological quantum
computation has allowed us to perform a detailed and fully complete resource estimate for a large
quantum algorithm. The results of the study, published in the journal Nature Communications,
reveal the number of physical devices and the amount of time required to execute Shor’s algorithm
for factoring numbers on a quantum computer built from realistic hardware. We illustrate what a
complete resource analysis for a quantum computation requires and explicitly take into account all
aspects of an error corrected computation. We show that classical circuit optimisation, rather than
more accurate quantum hardware has the greatest potential to minimise resources for large
gquantum algorithms.

03
)
—Zn0:Ga
7,*=12ns ZnO Ga 6x10cm™®
7,*=12ns
0.2meV
2ps A
A DX 05T T74ps
DX D°X 2meV-4meV
D°X 120fs
19ps 0.2meV
D°X ZnO Ga
2 1



1/f

04

Silicon-on-insulator (SOI)

05

GaAs

GaAs



06

Intensity (a.u.)

2
LED

-V

< 300{ v
12 200

&
4 £ 100 I

= 1

O O g
i 00 05 10 1.5 20

Voltage (V)

920 ' 940 ' 960
Wavelength (nm)

10



07

correlated spin pair
Paramagnetic Resonance

EPR

600 ns 1.2ms

Q-band 34GHz, 1.2T

11

EPR Electron

15N

W-band 94GHz, 34T EPR



08

- (NV) NV
/
NV
NV Stochastic
532nm -1 NV~
NV NV~ NVO 31
NV
100 NV- NV?© Deterministic
p-i-n i NV
(@ 593 nm NV NV NV-
(b) NV- NVO ©)
100% NV?°
(c)
E My Int. 593 nm 0.12 Jﬁ NY® Current
o! | > _lﬂml_,
= £ i
10 F 0.08
§ s
E 5 g 0.04
£ 0 it 0Ll S
Time (s) 0 10 20 30 40 0 10 20 30 40
Photon count (/25ms) Photon count (/25ms)
(@) 593 nm NV NVO NV~
(b) 532 nm
593 nm NV~ NVO ©)

100% NV°

12



	rinkensama_NL_hyousi_half_11.pdf
	目次(日文）30NOV2013
	日本文Vol11

