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(1) Operational meaning:
for bipartite pure entangled state in many copies

- LOCC conversion is approx reversible
- single "currency" (ebit) of entanglement

This gives meaning to the quantity S(Tr,1¥)¥|) as "the
amount of entanglement" in the state \Y).

(2) Even better, above holds even if CC is charged

- concentration requires no CC
- dilution requires O () cbits
achievability: Lo-Popescu, necessity: Harrow-Lo-Hayden-Winter

(3) For bipartite pure state single copy, (1)-(2) don't hold.

LOCC conversion: Lo-Popescu 9703038
Nielsen 9811053 (majorization)

(4) For bipartite mixed state, many copies

Task (a) has no name (?). # ebits per copy required:

entanglement of formation Bennett DiVincenzo Smolin Wootters 96
regularized to "entanglement cost" Hayden (M) Horodecki

and the two can be different Terhal 0008134
Shor 0305035, Hastings 0809.3972

restricting to vanishing CC, # ebits per copy is called

the entanglement of purification. TerhalHorodecki Leung
DiVincenzo 0202044

Task (b) is called entanglement distillation
Bennett DiVincenzo Smolin Wootters 96

# ebits extracted per copy: distillable entanglement
Mix state has "noise" ... to be removed by distillation.

Distillation (with 1- or 2-way CC) is mathematically
equivalent to noisy channel coding for sending quantum
data through noisy quantum channels (+crypto apps)!



Also, distillable entanglement can be strictly smaller
than entanglement cost for some state (e.g., "bound
entangled states" have 0 distillable entanglement but
positive entanglement cost). M, P, R Horodecki 9801069

So, no single entanglement measure for mixed state,
and LOCC conversion can be irreversible.

(5) For 3 or more parties, pure state, large # of copies

no comparable conversion theory
many types of incomparable entanglement

Bennett Popescu Rohrlich Smolin Thapliyal 9908073



Entanglement spread:
Def: for bipartite state [Y)u,, p=TeglWxY],

x its entanglement spread is defined as

AlYY) = [03 (f‘ank (f)) - lbﬁ ”/(3"06

x its € perturbed entanglement spread is defined as
A (lyy) = mMin A (PoT \v))

P Fro'\cc'hrs
Telgmy y-e

e.g., A = 0O iff all nonzero Schmidt coeffs are equal.

The transformation: \$5> — &)
s.t. fidelity of Y2 .\¢) = \-¢

requires C 2 A eyt

l.e., increase in spread must be "paid for" by classical
communication.

For entanglement dilution:

PN

2y Y

‘f f
0.‘>'\'\'S (.Q(V\\ Spreaé
0 spread BIR) € [,mur&,h[ g‘)ﬂ'«c]

lower bound of cbits needed

+ (1Y) - Ao(ld’)) + 1\03 (I—(qe)*) cbits.



