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Quantum many-body systems

Lattice model, L sites, local dimensiond — dim H = dt
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Tensor Networks and Matrix Product States

Efficient method to compress information

\/

Rank L tensor

Bond dimension m fixes
the maximum amount ?—?—?—?—*—?—*
of mutual information m

between subsystems
[Ymps) ~ L -d-m?

Variational ansatz = min (W ups|H|Wuyps) S ~logm



Tree Tensor Networks
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Binary Tree TN
Scaling invariant shape
Competitive computational complexity

Entropy computation?

S~logm~1L

l

An exponentially large
bond dimension is needed

‘ Which structure for 2D systems? ‘




Augmented Tree Tensor NetWOrkS (T. Felser et al, arXiv 2011.08200 )

Starting point: TTN wave function [Yr7y)

We add a layer made up of local unitary

operators {u} [Yrra)
D =|

k
Placed along the boundaries individuated D
by the links q
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Augmented Tree Tensor NetWOrkS (T. Felser et al, arXiv 2011.08200 )
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Augmented Tree Tensor NetWOrkS (T. Felser et al, arXiv 2011.08200 )
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Tree Tensor operators (L Arcecietal arXiv 2011.10658)

p = Y)Y

Classical mixture of

Ko
p = 2 pilY Xl pure states
J

[ Temperature T]

p=XxtX

We can compute the entanglement of formation

P Er(p) = inf {Z TODUEDY p,-|¢,-><¢,-|}
A—A—R—F— J J




Tree Tensor operators

N N
Higing=J Y _ (6%6%,, + hé?) h=1 Hxxz=JY (6767, +6Y%6Y  +£6767,,) §=05
1.2 1 - 2.0 =
o 04 i
1.1+ H]Ic 0.3 4 1.8
— Q 0.2 —
H 10{ pooooooopn :ﬂ E(
- 5 ~ 1.6
Z 0g| Seeet-oey “ '._ = O.EJO (l.:.):? 0.50 O.ITG Z
T{: g5 = T 1\71.02 \T..:
1.41
m 0.8 Lﬂ
-1 Ising 12
0.00 0.02 0.04 0.06 0.08 0.10 0.0 01 02 03 04 05 06 07
T i
T < 0.5A
c . . .
R z
Er(T,N) = 2 log N 4+ g(TN?) Extension to finite temperature of conformal

scaling of entanglement for critical systems

A ox N77



Tree Tensor operators

Full density matrix

Truncated K, uncompressed
eigenstates

Ising

Truncated Ky and TTO
compression




Conclusions

- Tensor Network techniques allow to tackle problems otherwise unaccessible
- Tree TNs guarantee a controlled computational complexity

- Augmented Tree TNs for studying high dimensional problems

- TTO for computing the Entanglment of Formation

- Next steps: dynamics implementation
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