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• Backgrounds and Introduction

• Coherent manipulations of surface-electron states 
by controlling their evolution-times 

• Quantum logic gate with surface-electron states by 
population passages

• Application to quantum devices

• Conclusions and Discussions



BACKGROUNDS AND INTRODUCTION: BACKGROUNDS AND INTRODUCTION: BACKGROUNDS AND INTRODUCTION: BACKGROUNDS AND INTRODUCTION: We are working on

Circuit QEDs (Theory and Exp.)

Trapped electrons on liquid Helium (Theory and future Exp. )

Trapped ions (Theory)

Single photons: generations and manipulations (Exp.) 

Superconducting Single-photon detections (Exp.)

V



Electrons trapped on Liquid Helium

Z

+Q

-Q

b
0ε

ε

Image potential

V



Single electrons on liquid Helium

A single electron is weakly 
attracted and trapped by an 
image potential of the form

KGHz 5~100

Quantum coherent manipulation requires very low-temperature: <1K !
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Quantum computation with surface-state electrons:

Platzman-Dykman Model
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Single-qubti gates achieved by precisely controlling Rabi oscillations
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M. I. Dykman et al., PRB 67, 155402 (2003)



Quantum computation with surface-state electrons:

Platzman-Dykman Model

P. M. Platzman and M. I. Dykman, Science 284, 1967 (1999).

M. J. Lea et al., Fortschr. Phys. 48, 1109 (2000). 
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BACKGROUNDS AND INTRODUCTIONBACKGROUNDS AND INTRODUCTIONBACKGROUNDS AND INTRODUCTIONBACKGROUNDS AND INTRODUCTION
Two kinds of ways-four approaches to quantum computing (QC)
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Evoultion-time sensitive and insensitive QGs 
Single-qubit gates
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Our approach: Chirping qubit’s level
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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.
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Two-qubit gates
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AQC GQC

〉⇒〉 fi 0|0|
Adiabatically, 

AQC is evolution-time insensitive

but not universal, in principle.

Universal computing 
Implemented by a series 
of evolution-time 
sensitive quantum gates 
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Ground state of Hi is easily 
accessible.
Ground state of Hf encodes
the solution to a hard 
computational problem.

Motivation: Proposes an evolution-time insensitive GQC with EH



Laser induced orbit-orbit couplings of an electron on the liquid Helium

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

Evolution-time dependent quantum manipulations



Evolution-time sensitive quantum gate with a single EH

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

Evolution-time dependent quantum manipulations

Quantum gate with a single EH could be implemented using the ion-trap technique: 

C. Monroe et al, PRL, 75, 4714(1995)



Quantum manipulations of EHs by controllable spin-orbital interactions

Evolution-time dependent quantum manipulations

Why spins?



Quantum manipulations of EHs by controllable spin-orbital interactions

Evolution-time dependent quantum manipulations

Why spins?

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.



Quantum manipulations of EHs by controllable spin-orbital interactions

Evolution-time dependent quantum manipulations

Spin-orbit coupling with a single trapped electron



Quantum manipulations of EHs by controllable spin-orbital interactions

Evolution-time dependent quantum manipulations

Spin-orbit JC coupling between the distant electrons

Orbital Coulomb interaction:

M. Zhang and L. F. Wei, ArXiv: 1203.4079v1, 19 Mar 2012

Large-detuning



Consider the reverse field and the
Stark shift field, the Hamiltonian of
the system is

Evolution-time insensitive quantum manipulations: 
adiabatic population passages for single-qubit gate
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Two-qubit gate by adiabatic population passages
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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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• We consider a two level system described by the Hamiltionian

• The corresponding time evolution operator determined by 
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Evolution-time insensitive quantum manipulations: 
time-evolution operator



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

5.02 =β

The dynamics of the driven two-qubit 

system can be described by



Application to quantum devices

M. Zhang et al., arXiv:1004.2966v1

Double-frequency device



Application to quantum devices

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

~mm

T(G)Hz radiation sources



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


