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« Study the phase diagram of the ruby model with infinite-PEPS (tensor
networks)
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« Study the phase diagram of the ruby model with infinite-PEPS (tensor

Kitaev model (Z,) Ruby color code (Z,x Z,)

A, phase: gapped, Z, x Z, TO.
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* Previous studies by exact diagonalization (18 and 24 sites):
S. S. Jahromi et al, PRB 94, 125145 (2016)
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* A, &A; phases: gapless, gapped by pert., conjectured Ising anyons.

" Nature of phase transitions? Accurate position?
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e.g. RO, Annals of Physics 349 (2014) 117-158
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e.g. RO, Annals of Physics 349 (2014) 117-158
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Tensor Product Variational Approach, PEPS & iPEPS
algorithms, Tensor-Entanglement Renormalization,
TRG/SRG/HOTRG/HOSRG...
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e.g. RO, Annals of Physics 349 (2014) 117-158
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112 l9 2d, 3d... physical 1...p bond 1..D (entanglement)
J, Scale-invariant\A

Multiscale Entanglement Projected Entangled Pair States (PEPS),
Renormalization Ansatz (MERA) Tensor Product States (TPS)

Tensor Product Variational Approach, PEPS & iPEPS
algorithms, Tensor-Entanglement Renormalization,

AdS/CFT, Entanglement Renormalization TRG/SRG/HOTRG/HOSRG...

Efficient O(poly(N)), satisfy area-law, low-energy eigenstates of local Hamiltonians
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Entanglement and
Tensor Networks
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KI' ensor networks everywhere

Quantum gravity, &y
string theory and >
AdS/CFT

Quantum information
and computation / Strongly correlated systems
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Nuclear physics Quantum
chemistry

HEP and lattice gauge theories

Materials science Al Deep learning & Linguistics
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3-site coarse-graining

2 X 1 unit cell
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QPTs meet at a multicritical point.
A, phase: gapped, Z, x Z, TO.

A, & A; phases: gapless. Gapped by a

perturbation, colored Ising anyons.
S. S. Jahromi, M. Kargarian, S. F. Masoudi, A. Langari, PRB 94,

3 phases separated by 2nd order QPTS.\
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Comparison to exact diag.

for 24 sites.

Good convergence.

Multicritical point challenging.
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Phase diagram
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Ground state fidelity per site
H.-Q- Zhou, RO, G. Vidal, PRL 100, 080601 (2008)
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Ground state fidelity per site
H.-Q- Zhou, RO, G. Vidal, PRL 100, 080601 (2008)
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Ground state fidelity per site
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F(A1,A2) = [(U(A2)|¥(A1))] ~ d(Ar, A2)"

In F()\l, )\2)

Ind(A1, A2) = lim
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"Fidelity from CTMs (1)
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f With CTMs
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d(4, 4,)=

(I'll prove it later)
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Compatible with other observables:

Entanglement entropy
2-point correlators
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J. I. Cirac et al, PRB 83, 245134 (2011)
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OUTLOOK A

1) Phase diagram and phase transitions of the topological
ruby model with iPEPS

2) Ground state energies, local fidelities, entanglement
entropy of half-infinite cylinders

3) Open: detailed numerical characterization of topological
orders (specially for the non-abelian phases), and the
multicritical point. Phase diagram in magnetic field?

4) Open: study via combined approaches? (e.g., pCUT +
IPEPS)

S. Dusuel et al, PRL 106, 107203 (2011)




Other recent activities at our group

Quantum antiferromagnets on the star lattice
S. S. Jahromi, RO, PRB 98 155108 (2018)

gPEPS algorithm for any lattice

S. S. Jahromi, RO, arXiv:1808.00680

SU(2) tensor network algorithms
P. Schmoll et al, arXiv:1809.08180

2d annealeing with tensor networks
A. Kshetrimayum et al, arXiv:1809.08258

Quantum criticality on a chiral ladder
P. Schmoll et al, arXiv.1812.01311

Topological order on the Bloch sphere
R. Liss, T. Mor, RO, arXiv:1812.00671

Quantum computing for finance
RO, S. Mugel, E. Lizaso, arXiv: 1807.03890, arXiv:1810.07690
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