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Recently Leggett’s proposal of non-local model generaesg interest in simulating the statistics of singlet
state. Singlet state statistics can be simulated byt of classical communication without using any further
nonlocal correlation. But, interestingly, singlet stattistics can also be simulated with no classical cost if a
non-local box is used. In the first case, the output is corafyletnbiased whereas in second case outputs are
completely random. We suggest a new (possibly) signalimgetaiion resource which successfully simulates
singlet statistics and this result suggests a new complemenrelation between required classical bits and
randomness in local output when the classical communitagidimited by 1 cbit. This result reproduces the
above two models of simulation as extreme cases. This ajgaies why Leggett’s non-local model and the
model presented by Branciard et.al. should fail to repredbe statistics of a singlet.

PACS numbers: 03.65.Nk, 03.65.Yz

Violation of Bell's inequality [1] by quantum statisticsige  correlation can be used to communicate 1 cbit from Alice to
erated from singlet state implies impossibility of repromhgg ~ Bob. We designate this correlation y<**. Forp = % this
all quantum results by local hidden variable theory. Thenis P-R box correlation written aBN . Then it can be easily
Leggett proposed a non-local hidden variable model withshown that
some constraint on local statistics and showed that thiseinod
is incompatible with quantum mechanics [2, 3] . The result
was further generalized by Branciard et. [al [4]. All these re SP = (2p — 1)t 4 2(1 — p)PNE 2)
sults have generated a new interest in simulating singlé$st
tics by some non-local correlation. In this context, it silou ~ The protocol for simulating the singlet state 5y is same
be mentioned that if one cbit of communication is allowed, th as given inl[5]. For completeness we briefly describe the pro-
singlet statistics can be simulated [5]. After this workjtqu tocol. Alice and Bob share the correlatigi® along with
interestingly, singlet statistics was simulated withaomenu- shargg ran%)mness in the forms of pairs of normalized vec-
nication by using the Popescu-Rorlich (P-R) Box [6]. Re-tors\; and),, randomly and independently distributed over
cently Colbeck and Renner![7] proved a general result byhe Poincare spherezi and3 denote measurement direc-
showing that no non-signalling non-local model can gemerattions of Alice’s and Bob’s measurements, respectively. The
statistics of singlet state if the the model has non-trildeal ~ protocol runs as follows. Alice inputs
part and this result is deeply related to the simulation |emb
This result was further supported by the work of Branciard et - -
al [4]. x = sgn(vi.\) ® sgn(VB.\a) 3)
Here, in this work, we suggest a general (possibly) siggalin
correlation which can be seen as convex combination of a cointo the machine{” correlation), where
relation with communication capacity of 1 bit and a P-R box.
We show that with this type of signalling correlation sirtgle
statistics can be generated. This result suggests a corapiem sgn(x) = {
tary relation between the amount of classical communinatio
required and randomness in the local binary output in tHe tas
of simulating singlet correlation with classical commuation
which is limited by1 chit.
To prc_>duce our result we _consider the foIIqwing binary input A=a® sgn(zﬁ.)ﬁ) (5)
and binary output correlation hereafter designatedty

1if x>0
0 if 2 <0 )

She then receives the hitout of the machine, and outputs

as the simulated measurement outcome. Bob gives the fol-

P(ablzy) = (xy @ 605)[(a @ 1)p + a(1 — p)] 1) lowing input into the machine;

— —

where P(ab|xy) is the probability of outputs, and b for y = sgn(VAA1) @ sgn(vB.A") (6)
inputsz andy and% < p < 1 and& represents addition NN
under modul® . Interestingly forp # % this correlation whereAyL = A\ £ \y. After receiving the bit from the

violate no-signaling condition. In particular, fpr= 1, this  machine, he outputs
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side). In this context we conjecture that if there is a model f
s simulating statistics of singlet state with the help of sleal
B=b®sgn(viA{) @1 (7)  communication limited byt chit, the complementary relation
R+ C = 1 holds true. This conjecture tells that if one wants
to simulate the singlet statistics by completely biaseguott
communication ofl cbit is necessary.

One can easily see that this strategy with the correlaiion
simulates singlet correlation given by

1+ 0308 Now we apply our result to Leggett's model [2, 3]. In
E(A® B4, vg) = —22 (8)  Leggett's non-local hidden variable model, the local stats
2 . . . -
for a given value of hidden variable has been considered to
In the same line as inl[6], be same as generated by some completely polarized state and
it has been shown that this model does not reproduce singlet
— statistics. This result has been generalized in [4] where lo

— 7 — > .
AGB=a®b®sgn(vi-\) ®sgn(vi.Ay) @1 (9)  cal statistics could be generated by some mixed state. m bot
these models, the local randomness is not uniformiamés

i i P
Using the correlatiors” we get to be calculated by taking average of Shannon entropy of out-

_ _ _ = comes over all possible measurements performed on a pure
A®B = [(2p 1)iy +2(1 = p)ay] & sgn(vi-Ar) polarized state or a mixed polarized state on either side. Fo
@® sgn(viAy) @1 a general mixed state = [/ + 7.9/ with 0 < X < 1,

= — i izati
Ty @ sgn(V_X./\l) @ sgn(zZ{.A” o1 (10) the average en_tropy of outphitover all possible polarization
measurement is given by

which is identical to the equation (10) inl [6] and the result

immediately follows. logy e (14 \)2
TheS? correlation used in this model introduces biasnessin 12 =< H(ai) >=1— 2; {T In(1+A)
the local outpuR(p) which is quantified by Shannon entropy (1— )2
of the outputs for a given input, - In(1-—X) =X} (14

R(p) = H(p) = —plogp — (1 —p)log (1 — p) (11)  From this expression one can easily check thatXog 0,
R < 1 andthe complementary relation tells that both the mod-
Again the amount of bit€'(p) that can be communicated from els should fail as no classical communication is used. Gt#
Alice to Bob by using this correlatio§? is quantified by the may question why there is a successful (non-signaling) non-
maximal mutual information between Alice’s input and Bob's local model which reproduce singlet statistics for regdc
output (for Bob’s inpufl) and it can be expressed as choice of observable [8]. For a given pure polarized state,
one can always choose the measurements in a plane of the
Poincare sphere which is orthogonal to the direction ofpola

C(p) = Alicgpsai?nputf(ff :b)=1-H(p) (12)  ization and in that casB = 1.
Finally, a model with non-uniform biasness for the measure-
wherel(x :b) = H(z) + H(bly =1) — H(zbly = 1). ment outcome, the question, whether singlet statisticshean

Hence we see that in simulating singlet statistics, as commu simulated with the assistance bf- R classical bit remains

cation capacity of the correlation resource increasegahe open.

domness of local output decreases and vice-versa. The cor8D and AR acknowledge support from the DST project

plementary relation for this model of simulation where the SR/S2/PU-16/2007.

classical communication is limited hychit can be put as Note added-After we finish this work we saw a similar idea
presented by Michael J.W. Hall [9].

Randomness in local output Communication (13)
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