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Introduction & Entanglement
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measures

chmidt Rank.- [p)= 3yl }iy) £ =m0} - im i, |

ntropy of Entanglement.- E([%))=5(p.)= -y Alog, 2,

=]

‘lp)fx LOCC }‘ EPR>£U — E(‘lp)) =~ %

Pirsa: 05010010



Introduction & Entanglement
measures
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Quantum Spin Models

Heisenberg model
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Quantum Spin Models

Heisenberg model

|
g ) i < e p! A p
H,., = 2{;((7”(7“1 +0,0,  +A0 O, ) -A0, |=H,+AH + AH,

.

Solution of the model .- Bethe Anstaz

 Rotational symmetry

about the z-axis in the spins space
 Translational invariance

by any number of lattice spacing
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Quantum Spin Models

XY model
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Solution of the model.- Spinless fermions




Quantum Spin Models

XY model
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Solution of the model .- Spinless fermions
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Quantum Spin Models
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Quantum Spin Models

XY model
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Quantum Spin Models

XY model
sround State:
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Analysis of the Ground State
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Analysis of the Ground State
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Analysis of the Ground State
Entanglement

Heisenberg Model:
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Entanglement in higher
Dimensions
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Entanglement in higher
Dimensions
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Connection with Conformal
Field Theory
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Connection with Conformal
Field Theory
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Entanglement Loss
along RG-Flows
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Entanglement Loss
along RG-Flows
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Renormalization Group Transformation
e[ntegration of the high-energy modes
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Entanglement Loss
along RG-Flows

*Global loss.- Direct consequence of umversal scaling of
entanglement 1n 1+1D systems and conformal symmetry

>-theorem: There 1s a monoton c nomncreasing function C
long the Renormalization Group Flow.

C+cC UV IR Uv IR
S = loe. L e >¢c =3 >9S5
6 e i

*Monotonic loss of entanglement.- Entanglement 1s
nonincreasing step by step under renormalization group
flows.

irsa: 05010010

Page 27/55




Entanglement Loss
along RG-Flows
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Entanglement Loss
along RG-Flows
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Entanglement Loss
along RG-Flows
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Entanglement Loss
along RG-Flows

*Global loss.- Direct consequence of umversal scaling of
entanglement 1in 1+1D systems and conformal symmetry

>-theorem: There 1s a monotomc nomncreasing function C

llong the Renormalization Group Flow.
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*Monotonic loss of entanglement.- Entanglement 1s
nonincreasing step by step under renormalization group
flows.
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Entanglement Loss
along RG-Flows
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Entanglement Loss
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*Global loss.- Direct consequence of umversal scaling of
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Entanglement Loss
along RG-Flows

Majorization.-Partial order relation f) -4 a
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*Fine-grained Loss of Entanglement.-Majorization at any
infinitesimal step in the RG-Flow.

(Ay)———(2".7)

p(Ay)< p(A.Y') = S(p(A.7))> S(p(A'.7"))

p=Dgq =




Entanglement Loss
along RG-Flows

*Fine-grained Loss of Entanglement.-
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Matrix Product States
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Matrix Product States
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Matrix Product States
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Properties of MPS by definition




Matrix Product States
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Properties of MPS by definition
1. Translational invariant
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Fixed Points in
Matrix Product States
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Fixed Points in
Matrix Product States
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Fixed Points in
Matrix Product States
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Conclusions

Universal Scaling LLaw of Entanglement in 1+1 D
Systems 1n the critical intervals

Entanglement behaviour 1s controlled by Contformal
Symmetry

Away from the critical points Entanglement 1s saturated
by a “mass” scale

DMRG (Density Matrix Renormalization Group) failure
in higher Dimensions

Entanglement 1s no mcreasing under RG Flows
Relation between Majorization and C-functions
Description of Real Space Renormalization Group
Transformations within Matrix Product States
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