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Quantum teleportation 
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|𝜑− >     
                  

𝜍𝑧|ψ >

|ψ+ >     
                  

𝜍𝑥|ψ >

|ψ− >     
                  

𝜍𝑦|ψ >
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Is it possible to teleport a quantum state using less resources ? 

YES 

Remote State Preparation 



Alice 

ψ >= 𝛼 0 > +𝛽|1 >  

*ψ, ψ⊥+ 
|ψ− > 

 

|ψ⊥ >    
                  

|ψ >

|ψ >   
                  

|ψ⊥ >
 

|ψ >=
1

2
( 0 > +𝑒𝑖𝜑 1 >) 

Remote State Preparation 

Bob 

c 

1 bit of CC 

A. K. Pati 2008 quant-ph/9907022 



General case 

Alice Bob 

ψ1, ψ2,…, ψ𝑛 

Unlimited source of 
|ψ− >  

. 

. 

. 

*ψ1, ψ1
⊥+ 

*ψ2, ψ2
⊥+ 

*ψ3, ψ3
⊥+ 

*ψ𝑛, ψ𝑛
⊥+ 

*ψ1, ψ1
⊥+ 

*ψ2, ψ2
⊥+ 

*ψ3, ψ3
⊥+ 

*ψ𝑛, ψ𝑛
⊥+ 

𝑚 = 1 𝑚 = 2 . . . 

Pr 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = (1 −
1

2𝑛)𝑚 ≤ 𝑒−𝑚
2𝑛  

𝑚 ≥  2𝑛+log ln1
𝜖  

𝑖𝑓 𝜖 = 𝑒−𝑛  → 𝑚 ≥  2𝑛+log 𝑛 
 

𝑏 = log2 2𝑛+log 𝑛  𝑏𝑖𝑡𝑠 𝑜𝑓 𝐶𝐶 

Alice Bob 

𝑏
𝑛 = 1 +

log𝑛
𝑛 ≅ 1 

≤ 𝜖 

Pr 𝑠𝑢𝑐𝑐𝑒𝑠𝑠 =
1

2𝑛 

Bennett, DiVincenzo, Smolin, Terhal 2008 quant-ph/0006044 



What about ebits? 

Alice Bob 

ψ1, ψ2,…, ψ𝑛 Bob is completely ignorant of the qubit states 

𝜌⨂𝑛 = (
1

2
𝐼)⨂𝑛 

CC 
𝑆(𝜌) ≈ 0.81 

. 

. 

. 

𝑅(1,1)  

𝑅(2,1)  

𝑅(3,1)  

𝑅(𝑛, 1)  

. 

. 

. 

𝑅(1,2)  

𝑅(2,2)  

𝑅(3,2)  

𝑅(𝑛, 2)  

𝑚 = 1 𝑚 = 2 . . . 

≤ 𝜖 

Pr 𝑠𝑢𝑐𝑐𝑒𝑠𝑠 =
𝐴

4𝜋

𝑛

 

Pr 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = (1 −
1

(4𝜋
𝐴 )𝑛

)𝑚 ≤ 𝑒
−𝑚

(4𝜋
𝐴 )𝑛 

 

𝑚 ≥ (4𝜋
𝐴 )𝑛ln 1

𝜖   

𝑖𝑓 𝜖 = 𝑒−𝑛  → 𝑚 ≥ 𝑛(4𝜋
𝐴 )𝑛 

 

𝑏 = log2 𝑛(4𝜋
𝐴 )𝑛  𝑏𝑖𝑡𝑠 𝑜𝑓 𝐶𝐶 

Alice Bob 

Bennett, DiVincenzo, Smolin, Terhal 2008 quant-ph/0006044 



. 

. 

. 

Alice 

ψ1, ψ2,…, ψ𝑛 

Bob 

𝑆(𝜌) ≈ 0.81 

 

𝑛
𝑆
(𝜌

) 

. 

. 

. 

𝑛𝑆 𝜌  𝑒𝑏𝑖𝑡𝑠 

What about ebits? 

Quantum teleportation 

2𝑛𝑆 𝜌  𝑐𝑏𝑖𝑡𝑠 𝑎𝑛𝑑 𝑛𝑆 𝜌  ebits 

𝑏 ≈ log2 𝑛(4𝜋
𝐴 )𝑛+ 2𝑛𝑆 𝜌  𝑏𝑖𝑡𝑠 𝑜𝑓 𝐶𝐶 

𝑒 = 𝑛𝑆(𝜌) ebits 

𝑒
𝑛 = 𝑆(𝜌) < 1 

Bennett, DiVincenzo, Smolin, Terhal 2008 quant-ph/0006044 



How about separable states? Are they useful? 

|ψ >=
1

2
( 0 > +𝑒𝑖𝜑 1 >) 

Alice Bob 

𝑎  𝑏 

𝛼  c 

1 bit of CC 𝑏+ =
𝑏 + 𝐸𝑇𝛼 

1 + 𝛼 . 𝑎 

𝑏− =
𝑏 − 𝐸𝑇𝛼 

1 − 𝛼 . 𝑎 

 

𝐸𝑘𝑙 = 𝑡𝑟 𝜍𝑘⨂𝜍𝑙 𝜌  

= ±𝑠  

𝑠 ⊥ 𝛽 = 𝑧  

𝒫 = (𝑟 . 𝑠 )2 

= ±𝑠  𝑂𝑝𝑡𝑖𝑚𝑖𝑧𝑎𝑡𝑖𝑜𝑛 → 𝛼  

𝐹𝑖𝑑𝑒𝑙𝑖𝑡𝑦 = ? 

ℱ =
𝑚𝑖𝑛

𝛽
< 𝒫𝑜𝑝𝑡 >= 1

2 (𝐸2
2 + 𝐸3

2) 

𝐸𝑇𝐸  

Dakic, Vedral, Zeilinger 2012 quant-ph/1203.1629 



𝜌𝑤
𝑑

= 𝑝|𝜙+
𝑑  𝜙+

𝑑| +
1 − 𝑝

𝑑2
𝐼⨂𝐼,   p ∈ ℝ 

Werner States : 

−1
3 ≤ 𝑝 ≤ 1

3          𝜌𝑤
𝑑

 𝑖𝑠 𝑠𝑒𝑝𝑎𝑟𝑎𝑏𝑙𝑒, 

1
3 < 𝑝 ≤ 1                 𝜌𝑤

𝑑
𝑖𝑠 𝑒𝑛𝑡𝑎𝑛𝑔𝑙𝑒𝑑. 

ℱ𝑤 𝑝 = 1 = 1 

ℱ𝑤 𝑝 = 1
3 = 1

9  

𝜌𝐸 =
1 − 𝑘

4
|ψ+  ψ+| +

1 + 3𝑘

4
ψ− >< ψ−  

+
1 − 2𝑡 − 𝑘

4
00 >< 00 +

1 + 2𝑡 − 𝑘

4
11 >< 11  

 

k = 1
5 , 𝑡 = 2

5  ℱ𝐸 = 1
25  

Dakic, Vedral, Zeilinger 2012 quant-ph/1203.1629 



Geometric measure of quantum discord 

𝐷𝐴
2

(𝜌) =
1

2
( 𝑎 2 + 𝐸

2
− 𝑘𝑚𝑎𝑥) 

𝐾 = 𝑎 𝑎 𝑇 + 𝐸𝐸𝑇 

𝑎 , 𝑏 = 0 

𝐷 𝜌 =
1

2
𝐸2

2 + 𝐸3
2 = ℱ 

𝐴 2 = 𝑡𝑟𝐴𝑇𝐴 

Dakic, Vedral, Zeilinger 2012 quant-ph/1203.1629 


