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Mediated entanglement and correlations in a star network of interacting spins
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We investigate analytically a star network of spins, in which all spins interact exclusively and continuously
with a central spin through HeisenbeX couplings of equal strength. We find that the central spin correlates
and entangles the other spins at zero temperature to a degree that depends on the total number of spins. We find
that the entanglement mediating capability of the central spin depends on the evenness or oddness of this
number. In the limit of an infinite collection of spins, the difference between entanglement and correlations in
terms of divisibility among multiple parties is clearly demonstrated. We also show that with a significant
probability one can maximally entangle any two noncentral spins by measuring all the othefaspimsess
related to the recently introduced notion of localizable entanglemEhnis probability depends on the evenness
and oddness of the total number of spins and remains substantial even for an infinite collection of spins. We
show how symmetric multiparty states for optimal sharing and splitting of entanglement can be obtained as
ground states of this system using a magnetic field. These states can then be mapped on to flying qubits for
transmission to distant parties. We discuss a number of advantages of this mode of generation and distribution
of entanglement over other standard methods.
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For a long-time spin correlations in one-dimensiofid))  aware of work in the same geometry of qubits being carried
chains and higher dimensional lattices of interacting spin®ut independently by another group, though they use a dif-
have been a subject of extensive intefdsg]. Recently, the  ferent measure to quantify the entanglement between qubits
same systems have been studied from the point of view qf19]). We show that the ground state of this configuration is
truly quantum correlationsor entanglemen{3-14. How-  an interesting multiparticle entangled state, symmetric in the
ever, lattices of various dimensions are not ¢ty physical  outer spins. If interactions between qubits can be made truly
systems whose fabrlc_anon is possible with current te‘?h”‘)'rongrange[ZO], then this structure could be used for en-
ogy. It thus becomes interesting to extend the above line ofynglement distribution between several distant parties,
research on entanglement in spin systems to other than spifyere spins shared by distant parties interact directly. Even
cha_uns. In_ particular, various technologies haye evolve efore such long-distance interactions become feasible, we
which can make any member of an array of quigitgstems can use the star configuration asaurceof interesting mul-

isomorphic to spin 1/R interact with any other member _. . . .
[15—1ﬂp These aFr)rays éwe been develop)(/ad with the ultimatgpart'de entangled states. The multiparticle entangled states
. Of spins in the star configuration can be mapped onto flying

:ITuﬁff%:ggg rr;ggnmtﬁumtaggrr;]glu;glrn?s. l—écg\\llvgl\(/)epr,egj u@uigﬁferee_qubits such as photons for distribl_Jtion to distant parti_es. We
quires both large arrays and controllable interactions, we wilPOiNt out some advantages of this mode of generation and
have small arrays with untunah(fixed) interactions. This is
true because it is typically difficult to tune interactions in 2
certain implementations of quantum computatid®] and
generally difficult to have a large array of qubits in any
implementation. With small arrays with untunalffixed) in-
teractions, it becomes possible to visualize structures of in-
teracting spins which do not fall into the category of lattices 1 '
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in various dimensions. One very simple structure that one
can imagine, is apin star as opposed to the extensively

.
\
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studiedspin chains In such a spin star, there is a preferred Yeuo

spin, which we call theentral spinwhich interacts withall ~ e, 4 4
the other spins. All the noncentral spifwshich we will call K o ¢
the outer sping, on the other hand, do not directly interact %/ ')
among themselves. The structure is depicted in Fig. 1 in 5 %

which 0 depicts the central spin. The spins 1-5 interact only
with the central spin and not with each other. The architec-
ture is analogous to the star distribution networks used in
communications. To our knowledge, not just entanglement FIG. 1. This figure depicts the star configuration of spins. The
and correlations, but also the statistical mechanics of such pin labeled 0 is the central spin, which interacts with spins 1-5
structure remains unexplore@ve have recently become around it.

.
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distribution of entanglement over standard methods. mutes withH. It will also help to define the total angular-

Our work can also be regarded as a part of the continueghomentum operatoF =(1/2)ay+J, where O-O:,i\O-Ox+j\0-Oy

increase of interest in the study of entanglement betwee_rgfwOZ and it can be shown that thecomponentk, obeys

gﬁg\:\vtilrjlm Ssoyns;';ertns epl;cse dmlrr:]et?&l\]/elrgcgjr %fa;/: rtlﬁgss gr;a_phﬁ_l ,F,]=0,[J?,F,]=0. Therefore simultaneous eigenstates
g yp y ; y |of H, J?, andF, can be constructed.

metry is the exchange symmetry of the outer spins. We wil . ; e .
y ge sy Y P It is convenient to recast the Hamiltonian in Eij) using

also show that not only is the ground state of our system a raising and lowerin rators, = (o, +io,) and J
interesting multiparticle entangled state, but it also allows th € raising a owering operatois. ={oytloy) a *
(1/2)Eouter 0. as

creation of maximally entangled states between any two
outer spins with a significant probability. This uses the re-
cently introduced notion of localizable entanglemgaf], in H = J(00:+J-+ 0p-J4). 2
which all the other spins are measured to entangle any two
spins of interest. Interestingly, the probability of creating aThe above Hamiltonian thus represents a resonant interaction
maximally entangled state between two outer spins also d&etween a spin 1/2 and a higher sjith operatorJ) sys-
pends on the evenness and oddness of the total number M. Such a system is readily analyZedte the similarity of
spins and remains significant even for an infinite collectionthe above Hamiltonian with the Jaynes-Cummings Hamil-
of spins. tonian[25]) and has eigenstates of the form

The star configuration with couplings of equal strength
has many symmetry properties due to its invariance under 1 , )
the exchange of any two outer spins and we solve it exactly E(m“'mﬁ [Dli,m=1), 3)
in the case of an HeisenbeKX interaction. TheXX model

was intensively investigated for spin chains by Lieb, Schultzyynere the first ket in each term denotes the central pjn
and Mattis[2] and has been realized in recent years as aRpq |1) stand for the|-1/2) and |1/2) spin states of the
effective Hamiltonian in some systerfi5,17. We find that  central spin, and the second ket is an eigenstatelfj is
the central spirmediatescorrelations and entanglement be- the quantum number associated with eigenstaté? [afigen-
tween the outer spins at zero temperature to a degree thghye ofJ2 is j(j+1)], andm is the quantum number fak,.

depends on the total number of spins in the spin star. Agpjs state is an eigenstate B, with eigenvaluem-1/2.
expected, the entanglement goes down on average with ”if'quation(3) is valid for m=j to m=—j+1. There are also

increase of the total number of spins. However, it showsy, additional states where only one of the terms exist:
oscillations with the evenness or oddness of this numbe 1)/j,j), because|0)|j,j+1) does not exist, and similarly

This means that the entanglement mediating capability of th Mis-i)-
central spin can sometimes increase with the addition of an” A the angular momentuthcomes from the ensemble of

extra outer spin. This contrasts the naive expectation that in g, ,ier spins, there is degeneracyjidue to the different pos-

star network, addition of an extra outer spin in the network iSjpje orientations of these spins. Let the number of outer
only expected to make it harder for the central spin to medi'spins beN. In general, there ar®C, —NC,_, ways of obtain-

ate entanglement. In the limit of a large number of the outegng i=(N-2r)%, with allowed values of ranging fromr
2!

spins, the model also illustrates a crucial difference betweeg0 tor=N/2 if Nis even, or=(N—1)/2 if N is odd
entanglement and correlations, when the mediated entangle- To conclude this brief’ introduction to the eigenstates of

ment is vanishing but substantial spin orderigrrelation this svstem. the enerav eigenvalues for the star-spin svstem
function=1/2) is present in theX andY directions. We also Y ' 9y €19 pin sy
L are given by
show that we can apply a magnetic field to our system to
obtain multiparty states for optimal symmetric splittif2g] S —
and optimal symmetric sharini@4] of entanglement as the E=xN(j+m)(j-m+1). (4)

ground state and as a simple derivative of the ground state, Our attention now turns to the properties of this model

resﬁﬁgt:ﬁ"‘z%‘”tomaﬂ which describes our system is given byWh.iCh are use_ful f_or sharing entanglement between different
spins. To begin with we study the ground state. Assunging

positive, E is minimized whenj has its maximum possible

), (1) value andm has its minimum absolute value. For the chse

H= J<00x2 Oy t O‘Oyz Tiy
odd, the lowest energy is whem:%, i.e., the eigenstate:

outer outer

where the summation over “outer” refers to the outer spins, _
oix and oy, denote theo, and o, Pauli operators for théh |V s)oda= (L/V2)(|0)|N/2,1/2 = |1)|N/2,- 1/2),

outer spin andry, and oy, denote ther, and gy, Pauli opera- - _ _

tors for the central spin. It can be shown thdj and if N is even, then in fact the ground state is degenerate

=(112)Zguter s Jy=(112)Zgyer oty and J,=(1/2)Zying 03 because there are two states with the lowest possible energy,
obey the standard angular-momentum commutation relavhenm=0 or m=1:

tions (we have takermh=1). This implies that the outer

spinscollectively behaveas a single spin with spin operator

1
J=13,+j3,+kJ,. It can be shown thaf’=J2+J2+J2 com- Y eevens= E(|O>|N/2'O>_ IDIN2,= D),
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1 a measure of entanglement called the concurrd@@¢ is
|V &)evenz= E(|O>|N/2,1> - [DIN/2,0)). given by C=2 max|z|-\vy, 0] [3]. For N odd, the concur-
rence comes out as
The reason for the above difference betwéérven andN
odd is that the two cases lead to an integral and half integral C=2 max1/2N,0} = 1N.

value ofj, respectively. When is half integralm=+1/2is  For the case oN even, where there are two ground states, a
allowed and gives an unique ground state. Fiotegral, the  similar procedure is followed, except that the reduced den-
0,-1 and 1,0 form two distincit,m pairs to combine with  sity matrix is now described as an equal mixture of the two
the central spin-1/2 particle to give two degenerate groundtates. This gives the concurrence as
states.

To compute entanglement and correlations, it is useful to € =2 max1/2N - 1/(2N? - 2N),0} = 1N - L/(N* -~ N).
have expressions in terms of the states of the individual outef, ;s the entanglement goes to zeroNas: e, which is ex-
spins for these ground states. L} and|1) stand for the pected, as the entanglementmigdiatedby the central spin.
=1/2) and|1/2) spin states of any outer spin. R¥rodd, the  The total entangling capabilitiand thereby mediating capa-
state[N/2,1/2) is an equal superposition of all states with pjjity) of the central spin is divided among a larger number
(N+1)/2 ones andN-1)/2 zeros with no relative phase of guter spins asl becomes larger. However, on going from
between them. The sta{el/2,-1/2 is the same type of an evenN to an oddN+1 number of outer spins, the con-
state with(N-1)/2 ones andN+1)/2 zeros. For example, cyrrence rises from N-1/(N2-N) to 1/(N+1). Therefore

for N=3, these are the familial states{26] given by as a consequence of the degeneracy in the ground state for
1 evenN, resulting in a mixed density matrix, the concurrence
13/2,1/2 = f§[|013 +]101) +|110)], oscillates adN increases with amplitude PM(N—1)(N+1)].
v

On application of a magnetic field in theZ+direction, the
state(|0)|N/2,0)—|1)|N/2,-1)) becomes th@ondegenerate
ground state for eveN and the oscillations in entanglement
disappear. Even though the above oscillations in entangle-
ment with N disappear, we will show below that the indi-
There are similar expressions for the ground stat&feven.  vidual (nondegenerajeeigenstates obtained by application
The|N/2,0) state is an equal superposition of all states withof a magnetic field show curious oscillations with in a
an equal number of zeros and ones, with no relative phasgifferent type of entanglement.
between the superposed staté§2, +1) is the same type of ~ The ground state can be used to maximally entangle any
state withN/2+1 ones. two outer spins using the following simple protocol. The spin
Given the ground state, we are able to calculate the erin the z direction of all spins except the two to be entangled
tanglement between any two outer spins in this ste¢e, at  is measured. This procedure stems from the idea of ‘localiz-
zero temperatuje The symmetry of the problem implies able entanglement’ presented by Verstratal. in Ref.[22].
that the entanglement will be the same betwesry two  Knowing the outcomes of the measurements, it can be deter-
outer spins. Sinced and F, commute, the only nonzero mined whether the two spins are maximally entangled.NFor
elements of the reduced density matpiXor any two spins  odd the probability of successfully obtaining a maximally
are (00| p|00y=v,(01| p|01)=w,(10|p|10)=x,(11|p|11)  entangled state is calculated by first considering the ground
=y,(01| p|10)=2=(10| p|0L)" [3]. For such density matrices, state in the{|0),|1)} basis.

13/2,-1/2 = 715[|100>+ 1010 + |00D)].
AY

NG e
1 1 Qv N-1 N+1
—=| [0)—=| > Perm|——=|0)'s and——|1)'s
[ N 2 2
V2 V' Cnenr2 [
NG,
1 e N+1 N-1_
+[1)— > Perm T|O> sandT|1) s ,
v C(N+1)/2 i

where “Perni is used to cycle through all possible kets spins. Consider selecting out the two spins which rmoe
with the given number of0) and |1) states for the outer being measured,
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the parties holding these spins. The fact that this can be done
ir(|o>; (o1 +]10) by a series of single spin measurements in only one basis
V2 \ NC(N+1),2 (namely by measuring spin in tlzadirection) imparts signifi-
N-2¢ cant advantages to this mechanism of entanglement distribu-
(N-1)/2 N-3 N-1 tion over other methods. These will be discussed later in
X( > Pem’i" T|0> 'S andT|1> ' S>) detail. The second fact to note that there are oscillations with
I

even and oddN in the probability of successful creation of a
maximally entangled state between two outer spins. As we
+|00)(other termg+ |11)(other terms have aIrea}dy _Iifted the degeneracy which happens for even
N, the oscillations are now related to the nature of entangle-
ment in the individual pure ground states for even and dd
1 o (it cannot be a result of mixing The third important fact is
+ |1>\/,\,C=(Slml|af term3>. that the probability of successfully maximally entangling is
(N+1)/2 finite (namely equal to 1/Reven for an infinite collection of
A maximal entang|ed state is given for an outcome Corre.outer SpinS. This again has advantages for the distribution of
sponding to each other permutation in the bracket next tgntanglement. _ _
(|0)+|10) in the equation above. There abe?C .1y, The correlatlon funct|_0ns for the ground state in a star
such permutations. This is the case whether the centrdletWork are also interesting. TKe,,0,,) correlations follow
spin is measured to be zero or one. Therefore the proghe same pattern as the entanglement, but
ability of success is

Pmes= 2X 2N_ZC(N—l)IZ( -

2
V2yNC sy

- . . - (OO0 =S+ 5o~
A similar calculation gives the probability of success for 2 2N 2N(N-1)

evenN (for evenN it has been assumed that the degenerac . . _—
has been lifted by & field) )(Ne note in particular the nonvanishing nature of the corre-

1 1 lations in thelarge Nlimit. The solitary central spin imposes
Pmes= =+ ——— = (6)  spin order in theX direction (so that(o,0,,)=1/2), even
2 2N 2N(N-1) when there are an infinite number of outer spins to order.
of a successful outcome is plotted in Fig. 2. Thus, usingthe same result holds fderyy0-,). This straightforward con-
LOCC operationglocal operations and classical communi- sequence of the interaction with the central spin means that
cations only, any two outer spins can be maximally en- this system provides an effective way of imposing orsier
tangled with probability greater than 1/2. multaneouslyn the X andY directions for an infinite collec-
Some aspects of the above entangling scheme are notton of spins. This result also highlights a crucial difference
worthy. First is the fact that maximally entangled states bebetween entanglement and correlations: while a finite dimen-
tween any pair of outer spins can be produced, which casional quantum system cannot be individually entangled to
then be used for perfect quantum communications betwee@ach member of an infinite collection of systems, it can in-
deed be correlated individually to each of them. The nonva-
068 : , — , , : nishing aspect of the correlations are also very interesting for
a specific reason. In Ref22], it has been shown that the
highest correlation between two spins is a lower bound on
the localizable entanglement obtained from the state. Thus
the nonvanishing ofo,0,) in the N— oo limit immediately
implies that it should be possible to produee localize an
entanglement of magnitude at ledst;,o,,) by measuring
the spins apart from 1 and 2. This is precisely the procedure
that we have described in the two preceding paragraphs.
We now show that the application of a magnetic field
allows us to change the ground state to

1
@)= S(0)IN2,~N/2 + 1) - [1NI2,~N/2)
V

1 1
1 )2 ~ } 1 <0-1X0.2X> =57 ﬁ for odd Nn

for evenN.

0.66-

062

08

Probability of MES

:715(|0>{|000- D} - D000, (D)

o N o ~ where{|000 --1)} is a normalized state that is an equal
FIG. 2. This figure plots the probability o_f obtammg_ an maxi- superposition of all states with only 0r1|13> with no rela-
mally entangled state betwee_n twq outer spins by projective me&;jy e phase between the superposed components. This state
surements on all the other spinshisncreases. has the special significance that the concurrence between
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the central spin and each of the outer spins isN,/which  transferred to photons. It is assumed that the mapping of the
is the maximumconsistent with symmetric splitting of the state from the outer spins to the photons can take place at a
total entanglement of one qubit with a collectiondfjubits ~ much shorter time scale than the destruction of the states due
among theN qubits[23]. To our knowledge, this is the first to environmental decoherence. Each of these photons now
identification of the canonical state) as the ground state of fly off to a distinct distant user. In this way, the state
an interacting spin system. Once the ground di@tés gen-  |Vg)oda/event/evendS NOW shared between the central spin and
erated, if the central spin is measured and found to be in thil distant photons, each of which belongs to a distinct user.
state|0), the rest of the spins are projected onto the statét this stage, the distribution part of the protocol is assumed
{|000 --1)}. The central spin can now be removed to maketo be complete. When any two users want to perform perfect
the state dynamically steadgxcept for decoherence and gquantum communications using a maximally entangled state,
spontaneous decay effegtsThis state has the property all the other users measure their photons in théasis, and
that the concurrence between any two spins i, 2hich ~ the central spin is also measured in trehbssis. As proved

is the maximumpossible entanglement in a collection Mf  previously in this manuscrigEgs.(5) and(6)], with a prob-
spins in which all pairs of spins are equally entandlad].  ability pnes=1/2, the photons of the two users who want to

While in Ref.[5], it was only conjectured that a state of the communicate will be projected on to a maximally entangled
type {|000--1)} could be made the ground state of the state. The above scheme is the one we advocate for the gen-

eration and distribution of entanglement. Though it may
Seem quite complicated at the first instance, there are many
advantages of this method of generating and distributing en-
tanglement over other, more standard methods. The advan-
state, we consider the energyy eigenvaluek tages stem when we make three _rea}s:onablg assgmma'i)n_s:
R vt (m-2)B i . . Any entanglement unused for a significant time will deterio-
=£J\(j+m)(j-m+1)+{m-3)B in a uniform magnetic field o5 e to decoherence and become useless. We assume,
B in the +Z direction (in which the eigenstates remain un- \yithout loss of generality, that the entanglement ceases to
changegl WhenB becomes so high that the second term&in - remain useful after unit timeb) In unit time only one pair
domlna_tes, the relative qrderlng of the energy .Ievels will beamong theNC, pairs of users genuinely require a maximally
determined purely byn, with the ground state being the state gnangled state to communicate. It is not imperative that this
with m=-N/2, i.e.,|8)=|0)|000 --0). Itis straightforward to || indeed be the case in an arbitrary communication sce-
show that|B) has an energy lower thaja) for B>J7VN.  nario, but the spin-star ground states give a genuine advan-
Bef_ore|,8>_becomes the ground state, there is a rande iof tage in this special case. We should note, however, that in
which |a) is the ground state. To prove this, we will have to yynica| telephone networks, far less users use it at a time,
show t_hat the energy of) will be less than Fhat of all other  than are connected by lingthere could be off-peak hours,
states in a certain range. The vaIueBdb_r whlch |a>_ ha; the for examplg. (c) We do not knowa priori which two users
same energy as a general state describegdamdm is given  yoyid want to communicate. One has to maintain a “flexibil-
by B=JIVN=(j+m)(j-m+1)]/[-(N/2-1)-m]. B attains  jty” in the method of distribution of the entangled state, so
its largest value, whepis a maximum andn has it's most  that any pair of users in the network can use entanglement
negative value. This happens whgaN/2 andm=-(N/2)  for quantum communications if they intend to. Under the
+2 for which B=7VN[{2(1-1/N)-1]<JYN. Therefore, above assumptions, our method of generating and distribut-
for a magnetic field with a range of/VN[\2(1-1/N) ing entanglement is clearly better than the naive way of dis-
-1]<B<JVN, the statda) is the ground state. tributing entanglement, where each user in a network shares
We now describe how the spin star can be used to genes maximally entangled state with every other user. In that
ate and distribute entanglement in a more effective way thaway, O(N?) entangled states would have to be generated and
the methods usually considered. We have already describeatistributed. If only a single pair of parties genuinely require
how it can be used to generate the stdi®sand |B) for ~ to communicate using entanglement in unit time, then the
symmetric splitting and sharing of entanglement. Now wegeneration and distribution of such a resource is wasteful
describe the benefits of generating the usual ground statgvasteful because the entanglement of the unused ones dete-
|V )oda/eveni/evenz The spin star should be regarded as ariorate anyway after unit timeThis leaves us to compare the
solid-state template for the generation of these statesXkRhe method advocated here with other, less naive methods.
interaction between electrons in quantum dots such as in the When the use of entanglement per unit time by users is
scheme proposed in Rfl6] could be used to fabricate the infrequent, then the most appropriate alternative way to the
spin—star. The location of the qubitsr sping on the tem- one advocated here would be to use entanglement swapping
plate are assumed to hmchangeabldi.e., the spin star is for constructing quantum telephone exchang28]. This
hard wired on a solid-state matyimand the interactions be- scheme is shown in Fig(8) for four users. Each user shares
tween them are assumed to be “collective{igut not indi- a maximally entangled statshown as solid lines connecting
vidually) switchable. The desired ground statamong particleg with the central exchangeshown as the box with
|V o)oda/even/evenk iS geNerated by switching on the spin—starsolid lineg. When any two users intend to communicate, an
interactions, cooling the system to its ground state and apappropriate Bell state measurement is performed between
plying the appropriate magnetic fields. Having generated théwvo specific qubits at the exchange. This measurement is
required state, the interactions of the spin star are temporarilghown by the box with dotted line. This projects the qubits
switched off, and the state of the outer spins is unitarilypossessed by the intended users to a maximally entangled

isotropic closed Heisenberg chain using a magnetic field
here we will rigorously prove the preparation fefy and
thereby{|000 - - 1)}.

To show that it is possible to makgy) the ground
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o— o tions in the Hamiltonian given by Eql) on at once by
/. applying a global field to the matrix. In the same type of
W ‘.*I/ o—o physical system, it is very difficult to switch on any specific
- ‘ pair of interactions without switching on any of the others
P\ Yt \ (this would require, for example, an external field which ad-
/ \ / \ dresses that specific pair while avoiding the otherlus the
alternative scheme, which requires a Bell state measurement
° between an arbitrary pair of spins at the central exchange is
.\ /' - ° considerably harder than the method advocated by us in this

paper. We should, however, note that the probability of suc-
- cess in our case is 1Rpnes<1. But this is a significant
probability of success, and if one attempts to create the maxi-
/ \ mally entangled state between the intended users seven times
1

r o o (with @ newly prepared )oqaievent/evenStatd, one's prob-

- ability of failure is already lower than 0.01.
() At this point, we would also like to point out the general

FIG. 3. This figure compares entanglement distribution betweelgdvantages of genergt_lng a gerte_un entangled state .as the
pairs of distant users using the scheme of the current paper with ground state ,Of a.spe_C|f|c Hamiltonian as Opposmm" .
more standard alternate scheme. Raytof the figure depicts en- cally g.eneratlng it using a S?qu‘?”,ce of qubits to interact in
tanglement distribution using quantum telephone exchanges basédn With each other. The main difficulty of the latter method
on entanglement swapping. P&y depicts entanglement distribu- 1S the carefully timed switching on and off of interactions

tion using the ground states of the spin ste scheme proposed in (Which may boil down to very carefully timed pulses on the
the current paper system. When generating certain states as ground states of a

_ _ o _ _ __system, one need not precisely time the switching on and off
state with unit probability as depicted on the right-hand sideyf interactions. One simply turns on the interactions at some
of Fig. 3@. Let us now compare this scheme with ourtime and cools the system to its ground state. Of course, if
scheme, which IS depicted in Fig. (8. The state part of the state is to be carried off to a distance, then the
[W)eveny/evenzfor N=4 is shown in the left-hand part of EQ. mapping of states from spins to photons might require timed
(3) as a four edge graph of bold lines connecting particlesyjses. This will, however, be a common problem for any
The particle at the center is a spin, while those with theéneihod which generates entangled states at a site and then
distant users are photons. When any two users intend {0 CONstributes parts of it to a distance. Our method also, of
municate, the qubitgphotong held by all the other users and ¢qrse, allows the possibility of generating entanglement di-
the central spin will have to be measured in theb@sis.  yectly petween distant parties, if interactions between the
These_smgle-partlcle measurements are shown by dashggstems possessed by them can be made truly long range.
boxes in the left-hand part of Fig(13. These measurements ajiernatively, if we require entanglement to be shared be-
can connect .the ||jtended_ users with a maxmally (_entangleg,veen parties which are physically clogerticles possessed
state as depicted in the right-hand part of Fig)3with @ py them are well with in the range of interacting directly
significant probability _of succe};sThe advantages of OUr with each othex, such as when neighboring quantum com-
scheme are(a) Only single-particle measurements are in-,iers are to be networked, then the ground state of the spin
volved, as opposed to Bell state measurements of the alte§iay can be easily generated between them. Subsequent mea-

native method, where two particle measurements are ingyrements can then connect any two of the computers with a
volved. (b) Only measurements in a specifinamely 2) maximally entangled state.

basis are involved, and as a consequence, there is no need for, thjs Jetter we have introduced and studied entanglement
local rotations of the states of the qubits. Such rotations argnq correlations in a spin-star, an architecture of interacting
compulsory for the Bell state measurement of the alternatlvcgpins whichcannotbe classified as a lattice in any dimen-
scheme(c) The statgWg)eeny/evenzlS generated by collec-  gjon it is physically realizable in various arrays of qubits
tive switching of all the interactions in the spin st.ar at thedesigned for quantum computation. Testing for the entangle-
center. The Bell state measurement of the alternative schemgent and correlations predicted here would serve as a bench-
requires switching th'e interaction betwegn speqflc pairs ofhark test for the functioning of arrays of qubits. Our spin
spins at the center v_wthout _swﬂchmg the interaction l_)etwe_:ergtar is a curious example of a spin system where multiparty
any qf the other pair of spins. This can be very difficult in gtates for optimal symmetric sharing and splitting of en-
practice because all the qubits at the central exchange wouldglement occur naturally as ground states. If spin—spin in-
be quite close to each other. For a group of spins close gy actions can be extended to long distances, the spin star
each other, it is always easier to apply a global external fieldoy|d be used for the distribution of entanglement. Explora-

to switch on all interactions at once. In particular, we assumejon, of the full statistical mechanics of a spin star would be
an easy to realize situation where the position of the spins alfteresting future work.

frozen in a solid-state matrix and the interactions between
them are hard wired. It is very easy to realize a spin-star A. H. thanks the U.K. EPSR(Engineering and Physical
geometry under such a situation and then switch all interacSciences Research Coundibr financial support.
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