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RDM P+ = 7% {Z (0,0;)0; 0] + Z<0A503>0;50;}

even odd
Fagotti & Calabrese arXiv:1003.1110v1
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A, eigenvalues of < p:,/’3>

Qy ,,BB,VA,5B

N(pae) = 2(0.08) =2 (h(xE(XD).... 05 (X2 ) (X2).... 0 (x4))

K Difficult to evaluate even for Exactly Solvable Models /




Operator Product Expansions in CFT

X

In CFT, OPE reduce n-point functions to 2 point functions
Di Francesco et al, (1997)

(01 (Y02 ()3 ()4 () = <; Coi®, ()Y 534,,q>,,(x4)> _

;42/(6;4/7 <CI)/( (XZ )CI)” (X4 )> — 242/76:34/7 <CI)/1 (XZ )CI)” (X4 )>

OPE o' (x)oi(y)= N APE 245 @, ()

Valid for |x-y|<«« & macroscopic preferred length scale in the theory
In a complete scale invariant theory any § diverges to infinity and OPE is exact

In a theory in which scale invariance is broken by a macroscopic preferred length
scale, correlators should depend on
[ | x-y Ij
exp| —
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MEm Casual Cones in MERA a) Operators always

become more local

b) General result

d17+1 s d‘c

i.e

Casual Cones of large
Blocks tend to shrink
L after ~ Log (d) RG

d steps

Vidal, Phys Rev Lett. 99, 220405 (2007)
Correlators in MERA
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Entanglement renormalization and dual holographic
geometries
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ENTANGLEMENT RENORIMALIZATION AND HOLOGRAPHY.

MERA Tensor Network implements a discrete version of
Anti de Sitter (AdS) Space

P
!
AV

7777
\

IR = LI ——— LW

Emergence of the gravity dual picture is intimately
related to the quantum entanglement of degrees of freedom
in the corresponding conventional quantum system.

Swingle arXiv: 0905.1317,
McGreevy arXiv: 0909.0518

KVan Raamsdonk arXiv: 1005.3035, arXiv: 0907.2939




AdS/MERA Anti de Sitter Space AdS \

g Kz(a’zz +a’x2j

22

Finite size of blocks leads to
relevant deformations that
break scale invariance in the IR.

Only one nontrivial solution to Einstein
equations of this form is AdS Black Hole:

2 __K2 az: 2 Z i
o) s 2

2y

Asymptotically AdS as z — 0. (UV)

Horizonat z,, = d (IR) i.e T, ~ 1/z,




Gross features of entanglement measures and

correlation functions
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" HOLOGRAPHIC COMPUTATION OF 2 POINT FUNCTIONS IN AdS BH (1)

1

~ UMD
(o(x)o(y)) ~ e Ty

24,

3k

. 26N Ryy & Takanayagi, PRL 96, 181602 (2006) %

C .
A, = mx > 1




HOLOGRAPHIC COMPUTATION OF 2 POINT FUNCTIONS IN ActS BH (1I)

k=1x-yl> 2z,

/
Ly KT Z

L zcl,

S = —
k46, 3 z,

(0(x)p(y)) ~ e ™ = exp(—zyzA¢ /L]
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e
(p(xX)p(y)) ~ > exp(m,L,(x,y))

A, =mik>1 @

For massive particles
i.e large scaling dimensions
main contribution is Ly

A ¥ = MK

For lighter particles
i.e small scaling dimensions &)
main contributions are L A

and other paths
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HOLOGRAPHIC COMPUTATION OF 2 POINT FUNCTIONS IN ActS BH (IIl)
HYDRODYNAMIC REGIME k=|x-y|>» z, A ¥ ~ MK

o
L, = Zmz
lR
(e(xX)p(y)) ~ exp(—Zﬂ% /?)

E=Q1/x)z,

Son & Starinets, Ann.Rev.Nucl.Part.Sci.57:95-118,2007
Entropy generating process: Shear Viscosity
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NEGATIVITY BETWEEN DISJOINT BLOCKS

PREDICTION:  Our choice of the partition A

dynamically generates a A [XX Ising
mass gap aL'l']'[]';..'ll.
v XY critical
/ | Y77k Ising
—y—R_
NAB ~ exp az ; '
H T
3 7 tical
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&, =0,95

ESF-FWF CONFERENCE: 5-10 JUNE 2070. OBERGHRGL, AUSTRIA

/




/

NEGATIVITY BETWEEN DISJOINT BLOCKS: DMRG RESULTS

10 T T I T T ‘.
| Ising @ XX -
I 5.0 critica
: Z_'?G- XX O C XY
GQ{) |
- OO 1 R e e
'0" | .-'.-.-__.-'__.--.-.-.-.-_..-_.
0.1F <}>..<> = L
®e, OB
0.01 ® Rty
. T
| . ~4 critical
0.001 ¢ ¥ G E XX
[ A
0.0001 L ' | ' e I 8
0.5 1 1.5 2 2.5 3
T
Data fitted to the functional ansatz
aIS -~ 1.7

Oy ~ 0.99 Ns (1) ~ 11" exp(—om)

Wichterich et al, PRA 80,
Marcovitch et al, PRA 80,

[sing

critical

T Ising

Iy
_k
4

010304 (2009)
012325 (2009)

\




4 N
RYW-TAKANAYAG FORMULA PREDICTS A SIMILAR "'PHASE TRANSITION" IN MATHAL INFORMATION

Headrick arXiv: 1006.0047
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