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Holography and Quantum Error
Correction
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Quantum State Sharing

A (1,2) scheme

@ Charlie

_ 1
0y — |0y = —(]00) + | 11
[0) —10) \/E(l )+ 111))

. Bob

1
1) — | 1) = —(|01) + | 10
[1) — 1) \/E(l ) +110))



ly) = al|0) + 1) — | @) = a|0) + p| 1)

Bob and Charlie can collaborate
to retrieve the original state [y)



A more complicated schemes: (2,3)

Quantum Secret Sharing = Quantum Erasure Code

Bob Charlie

Alice

David



. 1
For a moment forget the normalization factor —

V3
10) —> |0) = | 000) + | 111) + |222)
1) — | T) = |012) + | 120) + | 201)
12) — 12) = [021) + | 102) + | 210)

For qubits this is not possible



How a state is retrieved?

Charlie

Bob

David

|0) = |000) + |111) + |222)
> C12

— [000) + | 121) + | 212)
C21
— 000) + ]021) + |012)

—10) ® (|oo>+|21>+|12>>



Charlie

Bob

David

IT) = |012) + | 120) + | 201)
> o
— 1012) + [100) + | 221)

:|1>®<|12>+|oo>+|21>)



10) —> |0) = |000) + |111) + |222)
1) — | 1) = |012) + | 120) + | 201)

12) —> 12) = [021) + | 102) + | 210)

T”23(|ZT><JT|) — 51']' 1

- Neither of the player has any idea
Trx(l) 7)) = El of the state shared by Alice!



) =a|0) +B|1) +7]2) — |@) =al|0) +B|1) +7]2)
Trys(1i)(jl) = 6; 1
Tros(|9)@|) = e, [ =1

iy

We have ignored normalization.



Bob Charlie




Bob Charlie

David

This is the simplest example of holography.
The state in the bulk is distributed to the boundary.



[f one of the qubits is lost, the state can still be recovered!
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Now we consider a new but related subject.

Absolutely Maximally Entangled States

These are the states which have the highest amount of entanglement.



E if for every half partition, it is maximally mixed.




‘example
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Since |T) is AME , for Aeveryhal_fparﬁﬁon’ofindices we have :
.

%
TaﬂTﬁ’ﬂ < 5

. Note T -

 Sucha tensor is called a perfect tensor.







A

there are perfect tensors.
there are perfect tensors

J

1ts,
its

For 5 qub
For 4 qutr

The answer depends on d and n.
For 4 qubits, there is no perfect tensor.
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Now we consider a different but related subject.

Isometries and Multi-Isometries



A transformat1on wh1ch presérves the mher product
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e inner product cannot be preserved,

1nc:e all inner "_.roduct become zero.




A Graphical p

° equations for dd’ parameters

We have solutions.
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We may not have solutions.
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A tensor whlch has th1s property for each part1t10n of md1ces B
. 1s called Mut1 1sometry = | |
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We now show that this is all related to

Quantum State Sharing



As the simplest example, consider the first QSS scheme that we learnt:

_ 1
0) — |0y = —(|00) + | 11
[0) —10) \/E(l )+ 111))

1
1) — |T) = —(|01) + | 10
1) — 1) \/E(l ) +110))

We can make an isometry out of this as follows:



|
—(100) +|11))

V2

110y = |0)

Iy = |T) =%<|01>+|10>>

In matrix form:

1 O 1
A f?=—<1001
\/5()1 \/50110
1 O

)



And we see that:

Now we consider the general relation:



Let T be a perfect tensor or |7) an AME.

Form the isometry:
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[s a quantum state sharing.
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We can show this at least for a special class
When one state is shared between 2n+1 parties,
so that none of the n-parties subsets can recover the state.
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~ Consider the following example:

Since T is a perfect tensor,

© Thasthe property that




‘Therefore any state is shared as follows:

| W)A | W)BCDJ




The dens1ty matr1x of B (or C or D)
_is now proved to be maxnnally m1xed -
hence B has no 1nformat10n about the shared state

‘//sz l//zTukz

:“'(pB)j,j": ‘/_/kll/_f 7kl l/flTykl ‘/f T' ikl

4_ l/le// T T”kl

- O< l//zl// 51: 5]] - 5




- Thesame s true for a perfect tensor of rand 2n.

- We can use such a tensor to share a state between 2n-1 parties.

i The dens1ty matrrx of any group of n—l members turns out to be
| | proportronal ol

But I am sure that more general sharmg schemes are poss1ble
. butIdontknowhow ' |
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glue isometries to make a tiling of the plane







(ﬂpﬂz) /43 ——-> (v) ﬂ3

e | So 1 and } al‘e 1' etr 1eved




Hs s iy flg = s o Ko s

 More general tlings are possible













We can construct
quantum states in which
all the bulk information is
encoded on the surface

There are similarities
with the
AdS/CFT Correspondence.




- How the metric becomes that of the Poincare plane?

Why this tiling becomes ahyperbolic»tessellatidn?f

~ What kinds of isometriés lead to hyperbolié tessellation?

~ How this leads to bulk-boundary relation as we see in AdS/CFT?
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