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The dynamic generation of spin entanglement between two distant sites in a XY

model with llr。decay long-range couplings was studied．Due to the linear disper-

sion relation￡(硒一Ikl of magnons in such a model，a well-located spin state can be

dynamically split into two moving entangled local wave packets without changing
their shapes．Interestingly，when such two wave packets meel at the diametrically
opposite site after the fast period彳=NtdJ,the initial well·located state js completely

recurrent。NumericaI calculation was performed to confirm the analytical result

even if the ring system of sizes N up to severaI thousands iS considered．The

truncation approximation for the coupling strengths was also studied．NumericaI

simulation shows that the above conclusions stilI hold even if the range of the

coupling strength IS truncated to a relatively shert scale compared with the size of

the spin system．

quantum information，entanglement，spin mode

In quantum information processing，it is also crucial to generate entangled qubits，which can be

used to perfectly transfer a quantum state over a long distance．For all optical system this task has

been completed long time ago，but for a solid state system it remains a great challenge in both

experiment and theory to create quantum entanglement by a solid state device．Recently many

proposals to entangle distant spins have been proposed based on various physical mechanisms‘1一川．

Most protocols for accomplishing quantum state transfer in a spin array are based on the fixed

inter—qubit couplings旧“1．The simplest coupled spin system with uniform nearest neighbor(NN)

couplings has been studied by the pioneer workl，J．The paradigms to generate maximal entangle—
ment and to perform perfect qubit—state transmission over an arbitrary distance are the protocols
using the pre—engineered inhomogeneous NN couplingsl5—1川．Besides．a practical scheme realizes
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the transmission of Gaussian wave packet as a flying qubit via the spin system with uniform NN

couplingsfl6,17]．The advantage of such a scheme rests with its fast transfer，which means that the

period of transfer time is proportional to the distance：the higher fidelity for longer distance．We

also notice that there is current interest in studying the systems with long—range inter-qubit inter-

actions【22—241．

In this paper，we revisit the issue of entanglement generation and quantum state transfer between

two distant qubits in a qubit array with long—range inter-qubit interactions．An altemative way to

construct a perfect medium for quantum state transfer may require the long-range interactions

beyond NN interactions；but the interactions should be required to decay rapidly in order to avoid

the direct connecting coupling between two distant qubits that trivially causes quantum entan—

glement．Now we propose a novel protocol based on a pre—engineered XY-model with long—range

1／rZ-decay interactions．It is found that such a model has the sante function as that of the modulated

NN coupling spin modell8’圳．offering significant advantages over the other protocols in the tasks of

perfectly transferring quantum states and generating entanglement between two sites over longer
distance．

This paper is organized as follows．In section 1，we consider a model with linear dispersion

relation and show that it ensures the perfect state transfer and the creation of entanglement between

the spatial separated qubits．In section 2，we propose a spin model with 1／rz—decay interactions that

processes the desired dispersion relation．In section 3，we perform numerical calculations to con—
firm some of the obtained analytical results and the validity of the truncation approximation．

1 Formalism

1．1 Pre-en#neered model with linear dispersion relation

Usually，we regard an S=112 spin as aqubit，and a coupled spin system as a qubit array respectively．
The simplest coupled qubit array is usually described by the spin一112 XY model．Our proposal
makes the quantum spin array behave as aperfect spin-network，in which a spin flip at any site(or

the superposition of local single—spin—flip states)can evolve into two entangled，local wave packets．
Consider the prescribed spin一1／2 XY model on aring system with N sites．The Hamiltonian reads

H=2∑J，(Ⅳ黠，+s／s：，) (1)

UI

H=∑-，，(对瓯，+F踮)， (2)
f。7

where Sx，SY and￡are Pauli matrices for the ith site，and对=Sx±iS／；Jr are the coupling

strengths for the two spins separated by the distance r．Since the Hamiltonian conserves spin，i．e．

[∑f群，日]_o，the dynamics can be reduced to that in some invariant subspaces．Thus we can

only concentrate on the single excitation subspace hereafter．If a single—site flipped state can be

correctly transferred，a qubit state should also be transferred correspondingly because the saturate

ferromagnetic state with all spins up 0)兰兀
in tlle single—spin-flip subspace or the single

兰1h is an eigenstate。f the Hamiltonian．Actually，
excitation(magnon)subspace，the basis states are

denoted by the single-site flipped state(or d-pulse)I f)=s；I o)，f∈【1，Ⅳ】．Therefore，if state i)
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can be evolved to state J)after a period of time五l J)=exp(-iHr)li)，we have

(口h+∥㈨驴iv 1=e-ittr(吡+帆)善协 (3)

i．e．a qubit state口I 1、)+∥l J，)can be transferred from i t。工Furtherm。re'any single—magnon state
Can be expressed as

f杪)=∑A。车io)--ZAif) (4)

and

y) 如 (5)

respectively in spatial¨}and momentum私)}spaces．Here，we have used the spin—wave op—
erator si=Ze一由s；／4-A withdiscretemomentum k=2n，z／N，nE[一N／2，N／2—1]．

We begin with the assumption that there exists an optimal distribution of Jr，which ensures the

single—magnon spectrum possessing a linear dispersion relation，i．e．

日。2莩&懈I，&2帮J I， (6)

as illustrated in Figure 1．Here J iS a constant

denoting the unit of the coupling strength be—

tween the qubits。In the following，we first show

that such a kind of systems Call perform perfect
state transfer and long—range entanglement

generation，and then we can provide a practical

example that satisfies this linear dispersion re一

1ation．

1．2 Time evolution of wave packets in the

linear dispersion regime

IIl order to investigate the dynamics of gener-

ating entanglement in the spin system with lin—

ear dispersion relation mentioned above，we

占(幻

＼／ 七

一

一兀 7c

Figure 1 Schematic illustration for the ideal dispersion

relation e(k)一lkl of a system which is shown to be a perfect

entangler．Such a kind of system call be realized by the XY

model with pre·engineered long—range couplings．

concentrate on the case where the initial state is a single-site flipped state s／l 0)，f∈[1，Ⅳ】．In-
tuitively,the well localized state has equal probability amplitudes with respect to momentum ei—

genstates]+]k[)，due to the inverse Fourier transformation

s7=，击莩e姆靠乌击尝￡eikY《歃=⋯fo(eikj筇+e珊正)航(7)
Thus it should be split into two classes of waves with±Itl driven by the Hamiltonian with
linear single‘magnon dispersion relation eq．(6)．As illustrated in Figure 2，if the superposition of

the two classes of waves forms two local and spatial separated wave packets in the real space，it

will lead tO the entanglement of the two wave packets．
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Generally，we first consider a wave packet dynamics with an initial state

帕A，o))一。-I。)=专莩e触^Sk博 (8)

which is a single flip at site NA．The time evolution starting with this state can be calculated as

I沙(ⅣA，f))=e诎Ij／／(NA，o))=I痧-(NA，f))+I舛(ⅣA，f))， (9)

where

f=0

—■I-------------一

t>0 f—r i i+r

(b)

Figure2(coloronline)Schematicillustrationofthegenerationprocessoftwodistantentangledqubits．Atf=0theinitial stateis

a single—spin flip on the saturated ferromagnet．At t>0 the initial 6-pulse magnon is separated into two components which have

maximal entanglement．At t=C the recurrence time。the two sub—wave packets meet together and the initial state is recurrent．

帆∽)：千要一峻J‘dk七)
denote the two wave packets with explicit forms in the real space

桃力)耳V2l-N—f+_neik(吲戤专r护去手
干m

NA母-fJNA-T-e )±i干打t —J士i=‘J．
“‘7±

z(心掣去r)

(10)

We will show that such two wave packets are localized and non-spreading，with velocity

比=±I，／2n，respectively．Actually，from eq．(1 1)one has

I啦(ⅣA，r+乇))=卜(ⅣA±瓦J％)) (·2)

e-栅I啦(ⅣA，to))=瓦，2。I啦(ⅣA，％))， (13)

where Ta acts as a translational operator for the states l啦(f，f))：乙l啦(z，f))兰l红(z±口，f))．In
general，the spatial coordinate is treated as a discrete variable while the temporal coordinate is

continuous．In order to make死operable，the translational spacing a should be an integer．In the

following，we only consider the states at the discrete instants t，which ensure a to be integers，i．e．

Jtl2x=[Jtl27【】(the integer part of Jtl2n)．In terms of

Ⅷ力=ⅣA一歹±l去r|' (14)

the wave packets eq．(11)Can be rewritten as
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盎(ⅣA，}))=磊1 ∑{志矽州小㈦灿． (15)

Obviously，eq．(1 3)shows that state l O±(NA，f))is shape—invariant with velocity％=+J／2n．
Now we show the locality of these states．The projections

(巾整(ⅣA，f))=
卜1
仁丽

红(，，t)=0，

odd f±(-『，f)，

even4(．『，t)≠0，

(16)

of f噍(氓，f))onto the localized states l，)show that the shape。invariant states are well—10calized．
And each wave packet has the probability amplitude

啦(ⅣA∽12 2百1+砉薹 (2，z+1)2
l

2—2，
(17)

which indicates that the initial state eq．(8)is split into two wave packets completely．On the other

hand，the dispersion relation eq．(6)requires the translational invariance of the HaInjltonian sirlce
me momentum is the conserved quantity，which leads to the periodicity of the states f纽)：

啦(ⅣA±石J“))= 啦(心±磊J r千％Ⅳ，r)) c·8，

where，啦。1，2，⋯，are integers．Obviously，when f=Ⅳ(，n+rn_)nl J，the initial state

I沙(ⅣA，o))=si。10)evolves to

ly(ⅣA，f))2 rNA—iN(％训Io>， (19)

which is just the recurrence of I／／(NA，o))on the positions NA一Ⅳ(埤一m一)／2 at the instants

Ⅳ(，～+m_)n／J．The physics of this phenomenon can be understood as the interference of two

waVe packets eq·(1 1)-It also⋯a～ccords
with the prediction for the system with spectrum—symmetry

matching condition(SSMC)㈨Z01．
In the single。magnon invariant subspace，the single flip states{l朔at site，constitute the
complete basis·Then the above conclusion can be applied to any state in this subspace．Consider an
arbitrary initial state I驴(o))=∑jAj I_『)=∑^f矿(歹，o))，which is a coherent superposition of
single flip states．At time六it evolves to be

I西o))=e一触I西(o))=Ig(f))+I照(f))， (20)

喀(r))=∑A l啦(埘) (21)
，

represent two invariant—shape states．Accordingly，at the instants f=Ⅳ(豫+m_)n／J，the final
state is a translation of l西(o))，
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l西(了))=而(m+～犯)圯J痧(o))． (22)

Furthermore，during the period of time t≠it,wave packets f喀0))ale still well localized in
space if the initial state l咖(o))is local．Then the revival of a wave packet can be used to imple—
ment perfect quantum state transfer．

Considering an example with Aj=“4。ⅣD+V岛，Ⅳc，then the initial state I痧(o))can be wfiRen
intheform

N N

IOC)2H瓯ⅡJ个)+V瓯n_2(“1个)Ⅳo I上)Nc+v山)Ⅳ。l下)心睁飘Ni=1 i i=1
h， (23)

f
“ ‘u ‘’o f±肌Ⅳ一。’’

where ful2+lvf2=I．Obviously，it is an arbitrary pairwise entangled state between sitesⅣD andⅣC．
Applying the result eq．(22)to such an initial state I DC>，one can get the conclusion that this
pairwise entanglement Can be perfectly仃ansferred to the location at the opposite diameter end in a
ring．

1．3 Entanglement of two separated spins

Now we tum our aRenfion to the entanglement of the two separated spins induced by the wave

packets eq·(1 1)．The reduced density matrix of a state l西(f))for two spins located at sites i and j
has the form[25～29】

f咭

岛=f三
l o

(24)

and眇)．Here，the matrix ele．

峙=丢+吉(少(f)l[2s；sj±(s；+sj)]I咖(f))，
峋=i1一(驴(f)J＆蚓痧(f))， (25’

z#=寺(咖o)l(筇sj+町sj)f痧o))．

Correspondingly，the concurrence of two spins located at sites i andj for a state f痧(r))can be
calculated by

C|f『=max{0，2(zij[一√咭丐)】． (26)

Since the state we are concemed about is in the invariant subspace with S，=N／2—1，we have

晤2 0 and then the concurrence reduces to

岛=Ip(f)f(对巧+酊sj)I咖(f))I． (27)

Consider a local initial state having reflectional symmetry with respect to apoint NA．which has the
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form

痧(o))：氏(o)IⅣA)+N∑12fj(O)[[NA+，)+(一1)尺INA一．『)]，痧(o))=，ⅣA(o)IⅣA)+∑ +，)+(一1)月I 一班
j=l

(28)

where R：even(odd)represents the parity of the state under
the reflection·Due to the

linea．r，dis-，

persion relation eq．(6)，the final state at some instant t actually
describes two spatial separated loca：

三on-spreading wave packets．However，the reflectional symmetry with respect to NA
of the final

state still holds，and厶．(f)=0．The concurrence between
two spins at NA+j；andⅣA一．，tor

the state l痧(f))is

C(j，f)=cⅣ。+J，Ⅳ。一J=I(痧(f)I(瓯+J瓯一J+瓯+J瓯一州少(‘))I ㈣
=21(一1、Rf；(t)fj(t)I=21fj(t)12．

obviously，the total concurrence∑『>0C(j，f)=1 due to the normality
of the waVe functlon

I西(叭Usually，the total concurrence is regarded as the concurrence of two waVe packe‘8·。I’aking

the single flip at NA in the
form eq．(8)to be the initial state as an example，8tr孤ghtto删枷

calculation shows that non—zero concurrences arc

C(j，％)=去，c(“)=
2

(2n一1、2 7c2
(30)

For this to occur，。ne requires that岛=2nj／J，如=2兀【j『+(2n一1)．]／J，，l=1，2，⋯·I‘indica呛8

mat me concurrence with magnitudes eq．(30)for two spins
at NA+歹and NA—J Can be gen—

erated at the moment to，tl，t2，⋯，“

2 Finite long-range interaction model

In thjs section，we consider the possibility to realize
the above scheme in a system whlch pos?e：se8

me linear dispersion relation based on a one—dimensional arrangement
of spins(qubit8)coupled by

long．range interactions．Actually，using
the identity

wehave

2弘譬一．=妻odd筹cos
肌(2亭)

2s_兀_iki=”N，萎／2-。12小0s(∽，

(31)

(32)

where

如=丢一2南· 。3’

111en the Hamiltonian matching the case eq．(6)in the single—magnon
invariant subspace can be

rewritten as

H=Jo+笠1¨，绋：∑(Si。Si+，m)． (34)+∑-，，绋，绋=∑。r+址)· 【M)

Notice mat almough such a model
involves the long—range interaction，Jr decays rapidly a8 r in—
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creases．So we call this finite“long—range interactions”．The above analytical analysis
shows that

such finite long—range interactions can lead to nontrivial long-range entanglement and QST．

3 Numerical results and truncation approximation

In the previous sections。it is found that
the finite long-range interactions can lead to nontrivial

long—range entanglement and QST for the large N limit system．In this section，numerical simula—

tions are performed for finite systems to illustrate the result we obtained above and investigate its

application．The numerical exact diagonalization method is employed
to calculate the time evolu—

tion of the single flip state eq．(8)and the Gaussian wave packet in the following form

I％(ⅣA，口))：7m1 Ee一≥‘“一户s；Io)， (35)

in the finite N system．Here。刃is the normalized factor and NA，口determine the center and the

shape of the wave packet．In Figures 3 and 4。the time evolution of a single flip state eq．(8)and a

Gaussian wave packet eq．(35)of口=0．1 in aN=100 ring system are plotted．They show that
the

localinitial state iS split into two wave packets in both cases and the wave packets keep their shapes

without spreading．Similarly．numerical simulations are also employed for me open chain systems．

The similar conclusions are also obtained for open chain system which will be discussed in the

following．

Figure 3 Time evolution of a t％pulse in an N=100 ring

system obmined by numeficai simulation．Here the time t is

in the unit of N／J．It shows that the two sub-waves are 10cal

and keep their shapes．

Figure 4 Time evolution of
a Gaussian wave packet of

口=O．1 in a N=100 ring system obtained by numerical

simulation．Here the time t is in the unit of N／J．It shows

that the two sub—waves are local and keep their shapes．

Anatural question is that what role the long—range couplings play for the peculiar behavior of the

propagation of the local wave in such a system．As shown above，the long—range hopping couplings

decay rapidly．Then if the size of the system is large enough，it is believed that the too long—range

couplings can be neglected．Thus．the“long—range couplings”in the form eq．(33)can be regarded
as the relatively local．or“finite long-range”couplings．In order to investigate this problem，or the

boundary between the SO．called“long—range’’and“finite long—range"couplings．we consider the

truncated Hamiltonian

H=厶+∑Jrhr， (36)

r=odd，<r0
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where r0 is the truncation distance．From the above analysis，the initial state y(ⅣA，o))should

recur at the positions NA at the instant 2兀N|J．if the system is perfect for the quantum state

transfer．The autocorrelation AO)l=I《y(』vA，o)l y(ⅣA，f))I is an appropriate quantity to inves-

tigate the role that r0 plays．During the period of time~[0，3nN I J]，the maxima of autocorrela。

tions I‰。。[=max{I A(t)1)ofthe state eq．(8)in the systems withⅣ=500，1000，1500，2000 and

r0=10，20，⋯，100 are calculated numerically by the exact diagonalization method．In Figure 5，

the dependence of the quantity on the truncation distance is plotted．It shows
that AIm ap。

proaches 1 when r0 is around 90，which is called the critical truncation distance or the boundary

between the“long—range’’and“finite long—range”couplings．for the systems with different N．It

indicates that in the case of N》r0．me wave packets still travel without spreading．Making use of

this observation．we find that although the interactions between spins are“long—range”，the

l／r2．distribution of coupling strength allows us to limit the maximal interaction range while

mi。ni‘mi‘zi‘ng the degradation of the quantum coherence obtained from the ideal model．Then we

have the conclusion that the 1／r2-decay couplings can be regarded as local couplings，or finite

long—range couplings．In other words，the robust long—range entanglement between the two distant

qubits is not due to the direct long—range coupling interaction between them．

From the above observation，we find that，for the large size system，the long—range couplings

(r0>一90)can be neglected．Then in the thermodynamic limit，a ring system is equivalent to a more

practical system．i．e．an open chain system．To demonstrate this，the numerical simulation is em—

ployed to investigate the concurrence c(Z，r0，t)between two far separated sites N／2±Z(Z～Ⅳ／2)

for the N-site system with different truncation r0．In Figure 6，plots
of c(t，ro，t)for the systems

with N=1000．Z=400 and different r0 are presented．It shows that for an open chain system，

long—range entanglement between two distant qubits can be achieved via the time evolution of a

single flip state．The maximal entanglement created by such a system is 0．5，as measured by the

two—point concurrence．

Finally．we would 1ike to explain why we choose the 1inear dispersion relation．First and fore—

most．1inear dispersion relation is the simplest case which satisfies SSMC㈨“1．Besides，our result

shows that the linear dispersion relation can be accomplished by“microscopic long—range’’but

“macroscopic short．range”interaction．which is nontrivial in practice．In addition，one can also

take other dispersion relations with SSMC by choosing other types of interaction．However，it is

difficult to find an appropriate dispersion relation which can be realized by‘‘macroscopic

short—range interactions”．So the linear dispersion relation is our best choice．

4 Summary

In summary，the system with long-range couplings is investigated analytically and numerically．It

is found that the 1／一一decay long—range coupling model can exhibit approximately linear dispersion

F～Ikl．The dynamics of such a model possesses a novel feature that an initiallocal wave packet can

be separated into two entangled local wave packets．Furthermore，during the traveling period each

wave packet can keep their shape without spreading．Numerical simulation indicates that there

exists a critical truncation distance r0。which limits the range of the interaction but does not affect

the generation of entanglement between the two distant qubits in the distance f》r0．This model
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Figure 5 The maximal autocorrelation functions of the

initial&pulse state in the N-site systems with the truncation

distance r0．It demonstrates that the critical r0，at which

H，№I start to approach 1，does not depend on N strongly．

Figure 6 The time—dependent concurrences of two spias

separated by the distance 21=800 in the chain system with

N=1000，r0=10，15，20，30 and 500．Here the initial state

is the single flip state．and time t is in the unit of～Ⅳ．The

results for r0=500 are in agreement wi山the analytical

analysis．The results for different truncation approxima—
tions show that the range of couplings can be taken on a

small scale due to the 1／，一decay ofcoupling constants．

opens up the possibility to realize
the solid state based entangler for creating two entangled but

spatially separated qubits．
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many agents in a network. Only when all the agents collaborate with the quantum information receiver can the unknown states in the
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entanglement swapping. As the realization of the many-agent controlled teleportation is concerned, compared to the recent method
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material presented in quant-ph/0403073, quant-ph/0502040, quant-ph/0504160,

quant-ph/0510035, quant-ph/0512012 and quant-ph/0603283. It includes two large

review chapters on entanglement and distillation.

4.外文期刊 ZHANG Zhan-Jun.LIU Yi-Min.MAN Zhong-Xiao Many-Agent Controlled Teleportation of Multi-
qubit Quantum Information via Quantum Entanglement Swapping 
    We present a method to teleport multi-qubit quantum information in an easy way from a sender to a receiver via the control of

many agents in a network. Only when all the agents collaborate with the quantum information receiver can the unknown states in the

sender's qubits be fully reconstructed in the receiver's qubits. In our method, agents's control parameters are obtained via quantum

entanglement swapping. As the realization of the many-agent controlled teleportation is concerned, compared to the recent method

[C.P. Yang, et al., Phys. Rev. A 70 (2004) 022329], our present method considerably reduces the preparation difficulty of initial

states and the identification difficulty of entangled states, moreover, it does not need local Hadamard operations and it is more

feasible in technology.

5.外文期刊 Mio Murao Quantum information and entanglement 
    We present telecloning, which is an example of an alternative approach for quantum information processing using multiqubit

entanglement as a resource. Telecloning simultaneously performs quantum optimal cloning and quantum communication using a particular

entangled state. It performs remote quantum operation on spatially separated output qubits for an input qubit. It is also an example

of the packaging and preservation of a quantum operation using entanglement.

6.OA论文 Ghojavand. Majid Targeted Efficient Entanglement Distribution through Un-modulated Spin
  Chains: A specific look to future Nanoscale quantum information systems 
    In this work, the optimization problem of entanglement provision of targeted

site pairs is studied in connected spin graphs; however, as a special case, in

previous studies mainly entanglement distribution between an isolated site and

another site of a spin system has been under consideration. Here, it is found

that in symmetric spin graphs evidently larger amount of entanglement could be

achieved between counterpart sites. Moreover, it is shown, in certain symmetric

spin rings only by excitation of one fixed site each site pair could be

efficiently entangled, while in other structures optimization of generated

entanglement necessitates change of encoded sites and their encoding in a

complex manner. Hence, this special structures could be treated as an elegant

solution for implementation feasibility of future nanoscale quantum information

chips because, they could be simultaneously used as nodes, information

transmission lines, and according to present work as entanglement distribution

buses by only one contact point with external environment; whereas, in such

dimensions, minimization of employed resources for fulfilling different

necessary parts is a critical issue.

7.外文期刊 Walborn. SP.Almeida. MP.Ribeiro. PHS.Monken. CH Quantum information processing with
hyperentangled photon states 
    We discuss quantum information processing with hyperentangled photon states - states entangled in multiple degrees of freedom.

Using an additional entangled degree of freedom as an ancilla space, it has been shown that it is possible to perform efficient Bell-

state measurements. We briefly review these results and present a novel deterministic quantum key distribution protocol based on

Bell-state measurements of hyperentangled photons. In addition, we propose a scheme for a probabilistic controlled-not gate which

operates with a 50 % success probability. We also show that despite its probabilistic nature, the controlled-not gate can be used for

an efficient, nonlocal demonstration of the Deutsch algorithm using two separate photons.

8.外文期刊 Rigolin. G.de Oliveira. MC Quantification of continuous variable entanglement with only
two types of simple measurements 
    Here we propose an experimental set-up in which it is possible to obtain the entanglement of a two-mode Gaussian state, be it

pure or mixed, using only simple linear optical measurement devices. After a proper unitary manipulation of the two-mode Gaussian

state only number and purity measurements of just one of the modes suffice to give us a complete and exact knowledge of the state's

entanglement. (C) 2008 Elsevier Inc. All rights reserved.

9.外文期刊 Wineland DJ..Barrett M..Britton J..Chiaverini J..DeMarco B..Itano WM. Jelenkovic B..
Langer C..Leibfried D..Meyer V..Rosenband T..Schatz T. Quantum information processing with trapped
ions 
    Experiments directed towards the development of a quantum computer based on trapped atomic ions are described briefly. We discuss

the implementation of single-qubit operations and gates between qubits. A geometric phase gate between two ion qubits is described.

Limitations of the trapped-ion method such as those caused by Stark shifts and spontaneous emission are addressed. Finally, we

describe a strategy to realize a large-scale device. [References: 46]

10.OA论文 Soeda. Akihito.Murao. Mio Comparing globalness of bipartite unitary operations acting on
quantum

  information: delocalization power, entanglement cost, and entangling power 
    We compare three different characterizations of the globalness of bipartite

unitary operations based on different tasks, namely, delocalization power,

entanglement cost for LOCC implementation, and entangling power. We present

extended analysis on the globalness in terms of delocalization in two ways.

First, we show that the delocalization power differs whether the global

operation is applied on one piece of quantum information or two pieces. Second,
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by introducing the concept of dislocation, we prove that the local unitary

equivalents of controlled-unitary operations assisted by LOCC cannot dislocate

one piece of quantum information when applied on two pieces of quantum

information. This confirms that the local unitary equivalents of

controlled-unitary operations, which are LOCC one-piece relocalizeable, belong

to a class of global operations with relatively weak globalness in terms of

dislocation of quantum information.
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