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BACKGROUNDS AND INTRODUCTION: We are working on
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Electrons trapped on Liquid Helium

Image potential

Quantum Computing with Electrons Floating on
Liquid Helium

P. M. Platzman, et al.

Science 284, 1967 (1999);

DOI: 10.1126/science.284.5422.1967




Single electrons on liquid Helium
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A single electron is weakly 0-25’“
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The ground state and the lower two excited

state energies are approximately

Ey = —0.65meV, E; = —0.16 meV and E, = —0.072 meV, respectively.
The transition frequency between the ground and the first excited state

is about 117 GHz and these transitions can be shifted with a Stark field
applied normal to the surface.

100GHz ~ 5K

Quantum coherent manipulation requires very low-temperature: <1K'!



Quantum computation with surface-state electrons:

Platzman-Dykman Model

Single-qubti gates achieved by precisely controlling Rabi oscillations
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Quantum computation with surface-state electrons:

Platzman-Dykman Model
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BACKGROUNDS AND INTRODUCTION

Two kinds of ways-four approaches to quantum computing (QC)

OC by«
Universal gates (GQC) «

Adiabatic continuous evoulations (AQC)

without gates (Farhi et al., Science 292 (2001) 472)

)
One - way (measurements)
geometric phases

finite - time evolutions

§ 4
(Barenco et al., PRA, 52 (1995) 3457)



Evoultion-time sensitive and insensitive QGs
Single-qubit gates

O, - rotations by

usual Rabi oscillations
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Our approach: Chirping qubit’s level
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Evoultion-time sensitive and insensitive QGs
Two-qubit gates

Interbit interaction time is
usually required to be
precisely set for
implementing two-qubit
quantum gates. For example
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Our approach:
chirping one qubit’s level to impelement ETIQG.

H = a)O 9- + K (t ) Z O_+ - A (
12 2 iz 2
= b
A0 000 i-SWAP gate:
Hm=—1 O A0 KD evolution time
20 Kn A® O
0 0 0 A insensitive:

A
v
1) ‘/\/“D
¢ 110
100) o

Energies

> Time



Comparison of the efficiency of
population transfer methods.
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*From K. Bergmann et al., Rev. Of Mod. Phys., 17, 3 (1998)



AQC GQC

Ground state of Hi is easily Ilrjn an||; er;séiltecgrgﬁlglgegries

accessible. ) .
of evolution-time

Ground state of Hr encodes sensitive quantum aates

the solution to a hard 9 9

computational problem.
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AQC is evolution-time insensitive
| but not universal. in principle. | YA0) R.0M),

r reck endi
PRL 100. 113601 (2008) PHYSICAL REVIEW LETTERS 21 MARCH 2008

Controllable Coherent Population Transfers in Superconducting Qubits for Quantum Computing

L.F. Wei.'Z J.R. Johansson.” L.X. Cen.* S. Ashhab.™> and Franco Nori!-~



Evolution-time dependent quantum manipulations
Laser induced orbit-orbit couplings of an electron on the liquid Helium

o
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FIG. 1. (Color online) A sketch of an electron confined by a
microelectrode Q submerged by the depth /i beneath the helium
surface and driven by a classical laser field propagating along the x
direction.

H=Hy+ezE(x,1)

5(}6 . t) =E22 COS(klx— 0)1t+ ¢1)

w;=wy+Kv

H =1 Qe ?6, + He. for K=0,

H = inhQe'®é,a+He. for K=—1

Hb = ighQe®e,a" +He. for K=1,

n = (a)(-)+Kv) N (2m,v)/c

M. Zhang, H. Y. Jia, and L. F. Weli, Phys. Rev. A, 80 055801 (2009).



Evolution-time dependent quantum manipulations

Evolution-time sensitive quantum gate with a single EH
(1) For K=0,
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Quantum gate with a single EH could be implemented using the ion-trap technique:
C. Monroe et al, PRL, 75, 4714(1995)

M. Zhang, H. Y. Jia, and L. F. Weli, Phys. Rev. A, 80 055801 (2009).



Evolution-time dependent quantum manipulations

Quantum manipulations of EHs by controllable spin-orbital interactions
Why spins?

PHYSICAL REVIEW A 74, 052338 (2006)

Spin-based quantum computing using electrons on liquid helium

S. A. Lyon
Department of Electrical Engineering, Princeton University, Princeton, New Jersey 08544, USA

(Received 17 September 2006; published 30 November 2006)

Numerous physical systems have been proposed for constructing quantum computers, but formidable ob-
stacles stand in the way of making even modest systems with a few hundred quantum bits (qubits). Several
approaches utilize the spin of an electron as the qubit. Here it is suggested that the spin of electrons floating on
the surface of liquid helium will make excellent qubits. These electrons can be electrostatically held and
manipulated much like electrons in semiconductor heterostructures, but being in a vacuum the spins on helium
suffer much less decoherence. In particular, the spin-orbit interaction is reduced so that moving the qubits with
voltages applied to gates has little effect on their coherence. Remaining sources of decoherence are considered,
and it is found that coherence times for electron spins on helium can be expected to exceed 100 s. It is shown
how to obtain a controlled-NOT operation between two qubits using the magnetic dipole-dipole interaction.




Evolution-time dependent quantum manipulations

Quantum manipulations of EHs by controllable spin-orbital interactions

Why spins?
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Interspin couplings are implemented by the magnetic dipole-
dipole interaction between the spins

Alternatively, the electric dipole-dipole interaction could also
be utilized to realize the spin-spin couplings! --Our motivation.



Evolution-time dependent quantum manipulations

Quantum manipulations of EHs by controllable spin-orbital interactions

Spin-orbit coupling with a single trapped electron
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Evolution-time dependent quantum manipulations

Quantum manipulations of EHs by controllable spin-orbital interactions

Spin-orbit JC coupling between the distant electrons
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M. Zhang and L. F. Wei, ArXiv: 1203.4079v1, 19 Mar 2012



Evolution-time insensitive quantum manipulations:
adiabatic population passages for single-qubit gate

Consider the reverse field and the <
Stark shift field, the Hamiltonian of
the system is 0
0 Q(t -
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Numerical simulations
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Two-qubit gate by adiabatic population passages

In order to implement the general i-swap gate, we fix
the field applied to the first qubit and change that
applied to the second one, then the total Hamiltonian is
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Numerical simulations
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Evolution-time insensitive quantum manipulations:
time-evolution operator

We consider a two level system described by the Hamiltionian
H(t)=A(t)0o,+ B(t)0,
U‘ (t) _ eia(t)oA'x eiﬂ(t)éy ei}/(t)oA'Z
The corresponding time evolution operator determined by
& =—A(t)cos[2a(t)]tan[2 B(t)]— B(t)
B =A(t)sin[20(1)]

7= —A(n SL2a0)] a(0) = B(0)=7(0)=0
cos[25(1)]




Single-qubit quantum gate achieved non-adiabatically
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Single-qubit quantum gate achieved non-adiabatically

The dynamics of the driven two-qubit
system can be described by 1
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Application to quantum devices

Double-frequency device

Electrodes
A A e A A

Electrons

Bl

Resonant cavity ..
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FIG. 3: A sketch of the experimental setup to obtain the frequency-
doubling radiations.

M. Zhang et al., arXiv:1004.2966v1



Application to quantum devices

T(G)Hz radiation sources

M. Zhang et al., Optics Letters, 35 1686(2010)



Future Works: with our experimetal systems

Cryofree dilution refrigerator: <15mK

With electrons on Helium:

1. Quantum devices with EHs based on single-quantum manipulations
2. Investigate quantum phase transitions with EHs.



Conclusions and Discussions

EHs could be manipulated coherently

Quantum gates could be deterministically implemented
by evoultion-time insensitive population passages

Quantum manipulations of EHs could be utilized to
design novel quantum devices

Readout of single-quantum state is a challenge for the
current technique.



Thank you
and
Welcome to Chengdu

. e --ﬂ- r-h 1*'“": i
mﬁT o Fif-i"::..h 1Fﬂ

! '.|'Il"' " h"p

55 1 G
i "'1 ‘{T!ﬂ ‘:q,;#i i ‘ "'E:

ﬁh\ng.sina nnnﬁ én'emaf‘ng‘- % ©

! hil'f-'l T .1.' '!_'."'l




