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- There are new phases of matter wh1ch -
. cannot be dlstmgulshed from each other -
by any local measurements -

| There are new phases are called topological phases.




_Expenmentally the ﬁrst s1gns of topologmal phases
- - and topologlcal phase transition
appeared in quantum Hall effect

Topologlcal phases are characterlzed
by the pattern of long- range entanglement
. in many body systems.




windreds of topological
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e FOI‘ the flI‘St tlme We See dlscreteness
| 01‘ quantum-mess m macroscoplc scales




In each of these
plateaus, the electron
gas 1s in a different
topological phase.
Each phase has a
different type of long
range entanglement.
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From Long-Range Entangled Quantum Matter
f Light and Electrons

to a Unified Or
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| number of parameters = 6 X n/2 = 3n




A more complicated state

number of parameters = X6 = O(n*)




An even more

H | ¢ i,éi’ﬂi

pairs i,a;,p.

.

..Cr’Qf X 14 = O(n’)




A many body system with local interactions

b)

V(X) = Number of qubits in X

‘.2‘_/(X):—,£dimHX -

There}is,"-Qn.ly,.short-range (nearest neighbor) interactions in H. ~




The Ground State can have long
or short range entanglement or

correlations.

Correlatlons are
dlfferent from mteractlons







e Law holds.

il
C
Q
&

o
o0

lum

long range entan
round state
e say vo

1S

there
the g

I

1mn




holds.

aw

area |

Y

4

. "fj-‘f' e ’ Sa

t systems
y range entanglement

s onl

But for mos

1ere i

!




~ -
OIS

The ground state of most systems obey area law.

These types of groud states have a simple description.
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Area laws for the entanglement entropy — a review

J. Eisert,1%3 M. Cramer,>* and M.B. Plenio®*

! Institute of Physics and Astronomy, University of Potsdam, 14469 Potsdam, Germany
2 Institute for Advanced Study Berlin, 14193 Berlin, Germany

3 Institute for Mathematical Sciences, Imperial College London, London SW7 2PG, UK
* Institut fiir Theoretische Physik, University of Ulm, 89069 Ulm, Germany




The ground states of systems with energy gap
are best approximated by Matrix Product States (MPS).
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it oa — Ir (AilAi2"°Ain) For homogeneous systems

In

A 42 :
. = 17 (Ai(l )A,-(z )---Aii”)) ~ For inhomogeneous systems

For a spin 1/2 system: Ag , 44
For a spin 1 system: A A, A
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Quantum Tensor Networks in a Nutshell

Jacob Biamonte>* and Ville Bergholm®

Quantum Software Initiative
Skolkovo Institute of Science and Technology,
Skoltech Building 3, Moscow 143026, Russia
“Institute for Quantum Computing
University of Waterloo, Waterloo, N2L 3G1 Ontario, Canada




‘ leferent phases of matter, like ice, water, and vapor
are 7d1_st1ngulshed from each other by local observation.

The same is true for phases like ferromagnetic phases and non-
magnetic phases
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These three phases are distinguished by
local observation.



Topological Phases cannot be distinguished by local observation
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