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The state 10
"

> is the unique solution to a very simple local Hamiltonian .

Ho = § 11>4-4. ← qubit -wise projectors enforcing qubits equal 103 .

i =L

Ho is commuting and has a spectrum of 0,1 , 2, _ . _ , n' , with eigenvectors 1×7 of
eigenvalue 1×1 .

Let Hu = Ut HU for depth t circuit U .

Hu is commuting and has a spectrum of 0,1 , 2, _ . _ , n' , with eigenvectors U Ix> of

eigenvalue 1×1 .
And Hu is a 2ᵗ - local Hamiltonian .
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Theorems Let Si , Sze { 0,1 }

"

be sets and pl . ) a prob .
dist

. on {91}
"

.

If pls , ) , pls ,) ≥ µ ,
then minimum q . ckt . depth to generate p

is R( log ( distlsiins.FI ))
.

When dist ( S , ,%) ≥ w (F) and µ =D (1) ,
we call such distributions will spread .

To prove NLTS , we need to

show 7 a local Hamiltonians whose entire low-energy subspace
induces well - spread distributions .
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A linear code ≤ {0,1}

"

can be expressed as Ker H for H c- Fam
"

We can draw the adjacency graph
corresponding to H .

For all ye {0,13
"

s .t
. I Hyl ≤ Em ,

then either
bits

checks

① Iyl ≤ C
,

• En or ② Iyl ≥ can
•

•

a

Pf sketch : A-- supply) .
Pᵗ(A) = unique neighbors of IAI .00 IPTA) / ≥ (1-28) d IAI . Every check in Pᵗ(A)

will flag .

So / Hyl ≥ (1-28) dlyl unless
8- expanding Iyl ≥ can .
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A linear code ≤ {0,1}

"

can be expressed as Ker H for H c- Fam
"

The low - energy space of
a code is a great support = states }

"

that violate it

for a distribution that ≤ em checks •

≥
!

•¥0k
"

we hope to prove
is

• =

well - spread .

Codewords

Only question is how to construct Hamiltonian with such property ?
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Consider a state subject to If we could recover the original state

an erasure error.
then unless contains no

É

information about the original state ,

Erasure error - correction/ implies .ca,

→

this violates the no - cloning theorem .
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codes called Calderbank- Shor - Steane codes that connect

for X - type ( bit - flip) and Z - type (phase - flip) errors separately .

They are constructed from two classical codes Cx
, Cz (w .

check-matrix Hx
, Hz )

s.t.CI ≤ Cz ( equiv . CÉ ≤ Cx) . = codewords of Cz
.

{0,13
"

'

dz = min / w/
⇐ ,

dx = min lwlqiWECZ WE Cx ᵈ0
where / w/ = min / wt w' /

.

S w
'

Es ↑
d = min { dx , dz }

.

cluster of Cz related by adding CÉ .
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have the property that if I Hzy / ≤ Em then either
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,
en or

10,1
"

② ly¥ ≥ can .

oAnd
, if we consider a ÷- low- energy

state of the code's local Hamiltonian ,
on

measuring in the Z - basis yields a

dist
.

99.52 supported on •
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QPC-pconje.cl#mplications-

① Much harder to disprove QPCP now !

② We need a stronger classical ansatz for classical proofs of local Hamiltonians .
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