
Self-teleport-concentration  &  Local copying
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teleprot-concentration

LOCC

Bell pairs  
nE(|ϕi)+o(n)

|φi n

|ϕi n+ε

c.f. Horodezki
 

et.al’s
 

state 
merging

1. |ϕi
 

：
 

known
2. use zero-rate quantum   
channel

|ϕi
 

: unknown

|ε|=O(log2n/ n)



Self-teleport-concentration
•

 
Intrinsic maximally entangled state  :  O(n)

•
 

Quantum information to be teleported : O(log
 

n)

Therefore, without damaging intrinsic maximally 
entanglement, we can teleport

All necessary quantum information!

If Schmidt coefficient of |φ>
 

is known,  F= 1-O(e-n).
If unknown,  estimate it by measuring |φ>, without 

damaging them too much
F=1-O(log2n /n)



Gentle tomography

C Bennet, QIP 2003 (Dec. 2002)

F= 1-
 

O(n-1/2) Not  so gentle



An application: Local copying

LOCC
|ϕi n

ρn,
 

r n≒|ϕi r nr nEc
 

(ρn,
 

r n

 
) –

 
n

 
E(|ϕi)+o(n)

F(ρn,
 

r n,|ϕi r n) is close to global optimal  if n>>1



Challenges in application to
 local copying

1. Ec
 

(ρn,m
 

) : how to characterize?
since this is not tensored-product state,
we need Te-Sun Han’s INFORMATION 

SPECTRUM(=smooth Reny
 

entropy,
as it had turned out, [Datta, Renato

 
et.al

 
2007],

[M 2007] )
2. In general, Ec

 
(ρ)  ebits

 
is not enough to 

teleport half of ρ.  In addition, in our case,
ρ is unknown 
⇒

 
anonymous entanglement dilution

for symmetric states



Information Spectrum approach 
to non-i.i.d  entanglement theory



Information Spectrum, history
•

 
Han and Verdu

 
[1991]

•
 

Pushed forward by Han, Nagaoka
(UEC, Tokyo) 

Prof. Te-Sun Han :   Information Theory
H. Nagaoka

 
: Information Geometry, 
Qunatum

 
information

Quantum version:
Nagaoka

 
in late 90’s (I first heard about it in 1998),

first appearance in public: EQIS 2002
had pushed forward by Nagaoka, Ogawa,  (-2000)  Hayashi, 
but had not attracted much attentions.
Recently, Renner, Koenig (smooth Reny), 
A. Winter (smooth version of Reny, communication complexity)
Bowen, Datta



Information spectrum Te-sun Han [91]
x～p(x)
consider -log p(x)

 
as a random variable

ex.   p(0)=a, p(1)=p(2)=b
Pr{ -log p(x)=-log a}=a , Pr{ -log p(x)=-log b}=2b

-log pn
 

(x)

Pr

})({ npH})({ npH

})({ npHAsymptotic version 
of min-entropy

Quantum version
By Nagaoka

 
(EQIS 2002)

Hypothesis test,
Entanglement



Smooth Reny
 

entropy [Renner, Koenig 2005]
Renner, QIP 2008 (Dec, 2007)

Fact:     Smooth Reny
 

= Spectrum

Application:
Cryptography



Entanglement cost of a general state 
sequence [Datta

 
07, M 07]



Ec
 

and Ed of a symmetric state [M 07]
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ρn
 

: supported on a symmetric subspace
 

of Η⊗n
 pxn

 
(x=1…dim

 
Η

 
): eigenvalue

 
of ρn



Entanglement of optimal clone
•

 
Given n copies of |φi.  E(|φi): entropy measure 

•
 

Want to inflate to r× n
 

copies. (r:const)
•

 
What will be the entanglement of this approximate 
clone?

Suppose we know |φi’s
 

Schmidt basis, except for the 
phases.   

ρn,r
 

n
 

: optimal n→rn
 

clone
not close to |φi rn at all.
Same in entanglement as |φi rn

Ec
 

(ρn,r n
 

)=  E(|φi r)= r E(|φi)



END
•

 
By Self-Teleportation, 
LOCC estimate = Global estimate

Cloning =Global cloning

By Self-Teleportation + universal 
concentration,

Local copying = Global cloning

3bodies ?  Mixed states? Zero-rate QC?



An optimal adaptive strategy

( ) n
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An optimal strategy

( ) n
aux

mm
n GCM θθθ

ˆ~ = at     achives  :  

n
auxθρθ
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2
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m
nM~

( )     mn‐n 'n⊗⊗⊗ = θθ ρρ

The bound is almost achieved if m>>1 
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