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Introduction
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e Quantum Teleportation [1]:
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Introduction

e What if they do not share a maximally entangled state?
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Introduction

e For qubit case:
If Alice and Bob can only have classical resource:
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: s 2
* The maximal average fidelity f jqssicar = 3 G

e If Alice and Bob share an entngled state p
and 3% (p) > %, we say this entangled state p is useful for teleportation.



Hidden teleportation power

e Local filtering operation:

_m_.

SUCCESS

: . . 2. ...
 For qubit case, if an entangled state is useless fadX(p) < = |n|t|aIIy,

but become useful f/;3* (pflltered) > = after successful IocaI filtering,
then we say this entangled state p has hldden teleportation power.



Hidden teleportation power for qudit states

 The hidden teleportation power for qubit case has been studied. [2], [3]

Relating fidelity and singlet fraction [4]:
Suppose that Alice and Bob share an entangled state p actingon H, @ H,=C"Q C
d then

SF(p)d+1
fave (p) = d+1

where SF(p) = mqa}x (W|p|¥) is the maximal singlet fraction of the state p.

2
fclassical ~ d+1

An entangled state is useful if fJ23*(p) > ﬁ. (or SF(p) > %)

[4]Horodecki et. al., Phys. Rev. A, 60 (1999)
[2]Horodecki et. al., Phys. Rev. Lett, 78 (1997) [3] F. Verstraete, H. Verschelde, Phys. Rev. Lett, 90 (2003)



Hidden teleportation power for qudit states

e Consider following entangled state share between Alice and Bob:
p(q) = q|P NPT+ (1 —¢q)|01)(01],0< g <1
| @) = (|00) + [11) + [22) + - + [(d—1)(d=D)))/Vd

e Goal: find an optimal filter A s.t. the overall teleportation fidelity is maximal:

2
foverau = pfaq}eax(pfiltered) +(1—-p) d+1
p=tr[ (A& I)p(AS 1) ]is the success probability of local filtering,

.
Priltered = Gl )i(Agl) is the state after successful local filtering.
(d-1)q 7
d(q-1) 0 0 ;
e The optimal filterA=| O 1 ,0<qg < —
: 0 2d—1
0 e 0 14




Results
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Hidden teleportation power for Werner state

e \Werner State:
d(d 1)

p(v) :vd(d e
_ I+P I-P
where P = 211|l>(]|®|]><l|; sy — 5 Passz
 The optimal filters A and B:
1 0 O 0 0 1 i1
=10 0 O01],B=1|0 0 0,0<v<

4d-2
0 0 -1 1 0 0

sy T (1—v) Pisy, 0=v <1
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summary

 We summarize our results in the following table:

d | Teleportation power | Teleportation power after local filtering | Hidden teleportation power
2 | useless (0 < ¢ < 7) always useful yes
3 | useless (0 < ¢ < 3) always useful yes
4 always useful always useful no
d | Teleportation power | Teleportation power after local filtering | Hidden teleportation power
2 always useful always useful no
3 always useless always useful yes
4 always useless always useful yes

 There is a tradeoff between the success probability of local filtering and how much
fidelity can be increased by local filtering.

e What about the general entangled state?



Back-up

e For qubit case, the maximal SF can be obtained by only consider 4 Bell states; but for
higher dimensional case is not:
p(F)=q|¥><¥|+(1-q)|01><01]|
|W> = (|00>+|11>+|22>)/ /3
SF= quj1x< Yip|¥ >-= rr(1}ax<1/;|(l® U)Tp(leo U) |[yY>

B

Ay A Azl 11 Ay +iby; ay3+ibys
* A=Ay Ay, Ayl =€0ay tibyy a,, +ib,, a,;+iby;
Az Azy Agg sy +ibs, Az, + ib3, aszz + ibs;



Back-up

* foveran= [1"' |A11+A2+A33 |2+ (1-q) [Azq |* - (|A11|2+|A22|2+|A33|2)-%(alltheoff-

diagonalterms of A) - (1-q) (|A11|2+|A21|2+|A31|2)]

2q

1 2q
=3 [ 1+ (g-1)af; + ?aﬂ(a22+a33)+ EY (@22033+D32b33) ]

. Generalize to d-dimensional quantum state:

foverall [1+(q 1) all + a11 Zl 2 Aij +7 : g];l alla]]]
1 0K, (d-1)q
= - {1+(g-1) a11 + T[2a22+(d-2)] } * oa. =0, we can find a4= 2D
_ 1 q°(d-1)*  q(d—1)(d-2)
foverall T d [ + dz(l—q) + d ]
(d—1)q T
A= d(q:—l) 0

0 e 1



Back-up

 The problem of hidden teleportation for qubit case has been studied:
Optimal teleportation with a mixed state of two qubit (F. Verstraete, H.

Verschelde, 2003)

Theorem:
The bipartite local filtering operations probabilistically bring an entangled

mixed state of two qubits to a state with highest possible fidelity are given by the
filtering operations bringing the state into its unique Bell-diagonal normal form,

yielding a fidelity larger than 1/2.



Protocol

e Success

_m_.

Success




Protocol

e Success

2 classical bits



Protocol

e Fail




Protocol

e Fail

1 classical bits



Bell basis :

Back-up D*) = %zuom F1) 100 = %(ICI)*) +[07))
e Quantum Teleportation [1] :jﬁi =EE:Z(1)1+ :1(1)2 = :Zi zfi:;; :Z-zj

|¢) = al0) + B|1) V2 V2
%7) = 2=(101)— 10) 10) = = (1%*) = 1%7)

e R on 4 son

+ [$)|d*) =~ (al000) + a[011) + £]100) + £]111))

= ~[®*)(al0) + B[1)) + [®7)(al0) — B|1))
HWH)(al1) + B10)) + [W7)(al1) — BIOY)

[1] Bennett et. al., Phys. Rev. Lett, 70 (1993)



Bell basis :

Back-u NS DN
P o+) ?(|oo>+|11>) 100) ?acb )+ D7)
Cwantum Teleoortation [1 |¢->=?(|oo>—|11>> . |11>=?<|<1> ) — 7))
e Quantum Teleportation b 1 _ 1 _
1) = a]0) + B|1) [¥7) \/1§(I01>+|10>) 101) \/17(%11 )+ [¥))
YT [¥7) = —(101) - [10) 110) = = (1¥*) = [¥7))

O ’

|p)| D) = %(aIOOO) + al011) + a|100) + a|111))

=~ [1®*)(@l0) + BI1) + |@7)(al0) - BI1))
HW)(al1) + B10)) + W) (al1) — BI0))

[1] Bennett et. al., Phys. Rev. Lett, 70 (1993)
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