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Abstract: Quantum entanglement is a valuable resource in the field of quantum information science and allows one to accomplish many information
processing tasks. In quantum transformations an entangled state A can be converted to another state B through local operations assisted by classical
communication (LOCC). It has also been demonstrated that there exist entangled states A, B, C such that state A cannot be converted to a state B,
but A otimes C can be converted to B otimes C by LOCC, where C is a suitably chosen entangled state acting as the catalyst. This is known as
entanglement assisted LOCC or eLOCC. | will show that for certain A and B it is possible to obtain an extra entangled state R, called the residue
entangled state in an eLOCC transformation. That isto say A otimes C can be converted to B otimes R otimes C even though A cannot be converted
to B by LOCC. | will discuss the necessary and sufficient conditions for such a transformation to occur.
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@ Quantum entanglement is a valuable physics resource in the
fleld of quantum info science.

@ Local operations assisted by classical communication (LOCC).

@ [o accomplish many quantum info tasks, the entanglement is

“consumed” .
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@ An entangled state can be used as a catalyst.
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@ entanglement assisted LOCC (eLOCC).
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Classical Communications

Local Quantum Operations

I-I:l“1n — .’I"‘“‘.f‘]

@ Shared entangled bipartite state: [1)ap € C"R C
@ Possible operations on |1') a5:

e Unitary operations, projective measurements, generalized
measurements. page 7121
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@ Entanglement monotones are defined as functions that do not
increase under LOCC.

[Oyag =Y _aijliali)e =) _ /piludalvi)e
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o (Ut® VT)|)ag =|v) =X, /Bilia)lig)

e LOCC
@ For |U)ag +—— |U)aB,

E(17)a8) = E(I0)a8) = f (Pr. P2 - - Pn)

@ Used entanglement monotones to characterize LOCC and
eLOCC transformations.
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Alices’s Lab Bob’s Lab

p™ = Trg (|4) ag(¢]) p® = Tra([¥) as{¥l)

LOCC \
o If ‘f.‘>AB —7 “—}}AB then E(|£'}AB) - E(‘f‘_’)%qg).

@ eg: Von Neumann Entropy:

E(|v))=—)_pilogpi=—Tr(p logp;)
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@ Two pure bipartite states:

m

n
) = Vpilia)lig) and |0) = \/gilia)li)
F—F

=1

e ordered Schmidt coefficients (OSC's): p1 > ... > p, and
d1 e m; (”2 m)

@ Nielsen’s Theorem: The transformation |v') — |0) is
possible by LOCC iff,

Ei (|2}) > Ex (|@)) forall k=1,2...n.

where, Eq (|U) =Y, pi
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@ Rényi entropy of order a is given by,

E.(lv)) = — (Zp ) for all a > 0.

@ In the limit @ — 1, the Rényi entropy becomes the Shannon

entropy,
n
= Z piIn p;.
i

@ Rényi entropies are entanglement monotones and additive.

irsa: 11070065 Page 12/21




Add it iVity Click on C‘:mment and

! Share to create, mark-up
and send PDF files.

W) L 1)@ |x)
E()®N) 2 Ex(o) o)
EL(JU) +Ea(Y)) = Ea(l0)) + Ea ()

o If there exists a catalyst, E, (|v')) > E, (|0))
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@ [urgut provided a method for determining if an eLOCC
transformation can occur.

@ Extended definition of Rényi entropies to include negative
values of a.

@ The transformation [¢') — |0) by eLOCC is equivalent to the
strict positivity of,

AR = Ea(l) = E (i)

@

for all a.

@ With a residue entangled state:

AR, — Ea(¥) = Ei(19) = E. (IR))

L= . for all «a.
'}
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@ [he kth concurrence of an n-dimensional vector x is given by,

1

o (e lx)\E

= ()
wherer”:(%...%)ei”, and e (x) = Z X

W =Tl

@ G concurrence (k=n): G (|v)=n(p1-p2---Pn)

Gy X)) =>G(lo)®|R)®|x) =
GG\ > GO GR)G(IY) = G(|R))< gim)
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o Let [') and |©) be two pure bipartite states in HA8 and
define the dimension of each vector to be n and m
respectively. Here we assume the dimensions satisfy m > 2
and n/m = s is an integer greater than one. We call
R) € HA'B' with dimension s, the residue entangled state if
(i) the transformation |¢') — |©) is not possible by LOCC and
(ii) the transformation |v') — |0) @ |R) is possible by eLOCC.
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@ Theorem 1: Let |¢') and |©) be unit vectors such that
). |o) € HAB with dimensions n and m respectively. The
dimensions satisfy m > 2 and n/m is an integer greater than
one. If |¢©') — |0) is not possible by LOCC then there exists a
residue entangled state |R) such that |¢v') — |0) ® |R) is
possible by eLOCC if and only if

(1) A, = FE () —Eslloy) =@ forall a =0
(2) Pmax < Qmax-

@ Moreover the residue entangled state must satisfy,

0 < (‘R;)<ﬂ.“. for a > 0.
|

G (|v))
G(|o))

G(IR) <
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1) = 53 (97.96.37.34.31.30.9. 3),
|0) = (891, 751, 711.621),

R) = 1065

Aa & E(R) vs a
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(935.65).
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@ Main problem studied: if two states are chosen so that
1) — |0) 1s not possible by LOCC then does there exist a
state |R) , such that |¢') — |0) @ |R) is possible by eLOCC?

@ Provided necessary and sufficient conditions for the existence

of [R).

@ Shown examples of states |¢') and |©) where a residue
entangled state can be found.
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@ Bounds on |R) and how much entanglement this state can
have must be further investigated

@ [hese types of transformations are important because they
provide extra conversion power for quantum states and in the
case of the residue entangled state, provide more resources.
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