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Introduction

- Recent technology in nanocircuits with a SAW allows
us to study electron/hole transport through narrow
Wires.

- Control of the spin In these experiments may soon
occur.

-This would have applications in QC and QIP.

- QC and QIP require stablity of entanglement.

- Possibility of quantum error correction.

- Scalability.

- This paper is concerned with the entaglement of the
spins in a SAW nanocircuit using a simple model, and
the leakage from the prepared states.
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There are now a number of ways for P

iImplementing quantum information I SiSitielsisisieeeeesee
processing in quantum optics. The essence | e
of these schemes is to build a scalable and

efficient quantum computing device.
Two electrons, moving along narrow adjacent channels, are

Recently, a novel scheme h n :
ecently, a novel scheme has bee captured by a SAW and form a pair of coupled quantum
proposed for electron and hole transport dots. The full circles dente electrons. .

and their recombination to producea 7
single photon source. Ituses anewtype -« k
of nanocircuit in which surface acoustic
waves (SAWSs) transport the charge. We

calculated the quantum entanglement and
the leakage from a pair of electrons. =

Leakage

Appl. Phys..Lett. 85, 2821 (2004). Th_e Ieakage of a péir of int"é_ract.ing_électroné in
adjacent channels as a function of time..
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Current Quantization
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Current Quantization
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Current Quantization
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Acoustoelectric Current




Acoustoelectric current (nA)
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Acoustoelectric Current (nA)
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Acoustoelectric current (nA)
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Theoretical Formalism

V 1
V (X, Y) = O m Q°y’,
(%) cosh®(x/a) 2 !

where the x-axis Is chosen along the channel, and the y-
axis 1s across the channel. The parameter V, in Eq. (1)
determines the effective height of the 1D potentlal barrier

which arises in the quasi-1D channel due to the applied
gate voltage.
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Tunneling

The electron tunneling rate form the quantum dot to the 2D
region depends on the final density of states, I.e., the DOS In
the 2D region and is given by the Fermi golden rule

P =T My o 8(Eu-E,)| fo(Ea)-To(Ev)]. 9

where Ma—a’Is the tunneling matrix element, a, a’are the
quantum numbers of the initial and final states, and f,(E) Is
the Fermi function. In our case, for the quantum dot, f, =1
and for the 2D gas, f,= 0.







Two Interacting electrons

We now consider two Interacting electrons in the quantum
dot formed by the SAW-induced potential in a narrow

channel.

H =

hZ
- 2m 1=1,2

he Hamiltonian of the system takes the form

(V2 +V,2 )+ 20 [ Vo) + Ve (1) |

eZ

+ =H,+H
8s‘r1_r2‘ :

int ?
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Possible Future Applications
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Possible Future Applications

. Quantum information processing: New ideas
for single photon sources and single photon
detectors are desirable for the development of
secure communication links. This security Is
based on the laws of quantum mechanics. New
applications = (a) Photon detectors used In
biology and medicine. (b) Various sensors.



Contd.

. Highly desirable is the development of new
unconventional experimental techniques to
study various nano-objects including those
mentioned above especially techniques for
studying dynamical properties of nanostructures
are required. - One such technique could be
based on high frequency surface acoustic waves
(SAWS).



Optoelectronic Nanocircuits on
GaAs

. Control of charge movement down to a single electron
and of photon emission down to a single photon.

. In these circuits, charge is transported along “quantum
wires” in the form of nanometer-sized packets by high-
frequency surface acoustic waves (SAWS) --- f ~3GHz, A
~1um, T, = 300ps.

. Single-photon source produces single photons or pulses
of a fixed number of photons On Demand.




Possible Applications for Single-
Photon Source
. Quantum cryptography = secure optical communication

(military, diplomatic and commercial applications) —
Information Is carried by single guantum states.

. Principle: = send polarized light through optical fibers
or free space.

. A single photon source does not yet exist = highly
attenuated laser pulses are employed.



Possible Applications for Single-
photon Source (Contd.)

. Weak coherent light may contain any number of photons (with
an average of less than one) rendering quantum cryptography
Insecure.
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Schematic Diagram of Adjacent Channels
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Theoretical Model

V(x,t) att=0.

Model Hamiltonian
H(ry,ryt) = Z( Z ‘|‘V1(583‘,t)‘|'vz'(%')) + H(ry) \

' Qm* 00000 500 1000
1=1
Vi(z;,t) = ;/0 + Vo aw cos(kz; — wt) \/ | \/
cosh”(z;/{) V()
. m*Q)? N2
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Calculation of the exchange interaction J(t)
Heitler-London Model

Singlet/Triplet States
1

V2(1 £ 52)
Exchange energy

J(t) — (qj—(rlvr?vt)|H‘\I]—(r1?r27t)) - <\If_|_(r1,I'Q,t)|H|\II_|_(I‘1,I'2,t)>

‘\I’i(rhl‘zat» -

(‘{p-l- (rla t)(:p—(r% t» + |9O— (rlv t)g0_|_(1‘2, t»)

Overlap integral

S = (p_(r)|ps(r))



Numerical evaluation of Exchange Enerqy

Comparison of Heitler-London Model with numerical evaluation of J(t)
using Slater diterminant states.

J(t) vs. time over one SAW cycle J(t) vs. inter-dot distance for t = T/4.



Quantum Gate Error due to L eakage

Instantaneous eigenkets:

H(t,ri,r2)|ua(ry,rat)) = Eo(t)|ua(t,r1,r2))

Equation for coefficients:

660: (t) Z Cp (t) OH (t) '%i ft dT(EB(T)_Ea(T))
— ) ' Y] v tO J ’CI t
ot B« Ea (t) Eﬁ(t) <ua| ot "U/B’(IL))P (U ( )|

i (1)
ot !

Initial condition:
cs(0) = dgo

|_eakage:
L(t) =1~ |eo(t)[*
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Oscillatory Behavior of

the Leakage
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Acoustoelectric Single Photon
Detector
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Conclusions

- Calculated J(t) as the spins get transported by the SAW.

- J(t) > 0 indicating the entanglement remain is stable which is arequirement for
QC and QIP

- The leakage to other states is calculated and is within the tolerance level for
guantum error correction codes.

- Suitable for application to QC and QIP with a SAW cycle.

-Scalability.

-Possible applications of SAWSs to a photon detector and photon source are

currently being explored.
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