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Ehtanfemutaylutroo

h.hn

Consider a system courisheyof two pals

Fl Tl No
A B

A B
be a many Jody system

a o o o o

this could come from g a e o e e

a bipathha
ooo

B

g a e o e e

as a o o

States 147 whee can be written as

147 14 7 1 7

i.e 14 7 Iai lis 1 7 I bj j i

147 14 7 4,7 I aibjli.jo

for some 147 14,7 are called productstate
or sepe












































































































































States 147 ohh are yet of this form
i e where

cannot be written as 1 7 1 7 are

called entangled

That is

147 8,14 744 7 t 8214 7 14Bat

with more than one fence

This suggests that
entanglement as related

to

some bond of come 6 has
Jew A B

Ha Hop wept 1gal

14 7 His.is wept lat

E ate

How toquantify anemia

Intuitively it should depend on weights 18kt












































































































































and deohnguishability h Kya.ie 4qe7Y

l K4 14Be T

But naively Kees is not even mvanaut under

writing ly m deferent ways
as

Qi Hou can we measure entanglement in

a meaningful way

b the angular value decomponba

Theo gs
o a EDL

Any complex euxa matrix M can te written as

M advt

ask U U isometrics fire Utu Vtv I and

D µoh g

n r E en u












































































































































with S Z se Z S T o the 0 ofn

The Su are the non zero eigenvalues of Mrt or

equivalently y Rtn

Note U U are unique upto
rotations in hisspaces

of Degen Si Often the AD is slated U

M V unitary and D a ax in beatrix It

is obtained from Kee form done by padday
D

with zeros and completing re and V to

receitanes try addy columns

Roof Dregonalik
M Rt

n n ta w e wt W unitary

un ii a a no

her

Define IT µ OH
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Ui WITT D f n and

fut D IT W M

Then Utu ITwtwh
t LT.I.IT I

Vtv D ITWtmmtw IT D
t

I

2
D

n't U V Hombres and

LI Ttt wthMtu
I TH IL TTT n I Ttt o

I TTT w M o Thus

UD Vt WITHD Twtr

WITHwth WI wth Mj

TB























































































































































































































































































The Saucon poisha
wie

Schmidt coefficients she 0

and Salueidt rank n

Neh the Nyah 3 and the 114873

lad form
an orthonormal

set

The Schmidt decomposition
as unique

up
to totations within

subspaces ask

degenerate blaeidt coefficients

d Reduced density matrices

Density
rue hisses n typ introduced

to describe states

where we have partial knowledge

consider 241m14s with Reg an osserveke

or a projection onto a meat result












































































































































41m47 YIM
14441
T projector onto 143

thx 2 Xii Bens rider

Then if we have
state txes w probate3 pi

Ary outcome
is

Epicyilnly Epi trlnlyikk.IT

HER Ipilyixtil

thing
with gi ZpilyiXyil

the dysgenesis
or 3
can be used to

describe ensued ftp.y q 7

Note this is not kedfy.ly

Back to Sparta consider ly ERA Rog

How can we describe the expectation value of
an operator Ra oh A Eg measurement












































































































































oper

Operator ignores B system Thus on any product
state 147 1 7 14,7 we must leave

241nA 147 CynthiaHas

YAMA 14A His His

That is Ros acts on 14 7 1 3 as

14.7 1 7 Matyas dy

This is exactly
the definition of the operator

Ma Go Due to linearly Ra must

act as Ra As on all Rates 143EBEN

Now let 145 Icij libeling

Then cyl Rae Aa 14

Icij Ig ki ra AHHHH












































































































































I cij ig.ci Lisj'Htslj7
trLnaliXilJ djji

gcijEiy trln.li Xi't

tr rag

with f iz cijcig.li Xi't

or fire cilgli Kathie C Can

This can be formalised through the conceptof
the parhrlha G.hu fans the

partial trace is

fa Hrs fans I Hadjlrs lmfao.laj












































































































































3 Lgisleaathrsj

2 tiniest ears Iiij Killa
iii'ij

Again fr
descartes anythingpetacary

to system A

be particular for
the case fog 141141

ly Zay lis lj

fa Iag try lisa till a hits I tis

Icij Eiji lisaci.at ljXjY

8jj

Finally consider Schmidt elecomponha fly

14 II sa 14 4 1487












































































































































Then

E
trash Suse 1 414514 41 9

see Italy.tk X4rsD

2sa4yahXya4
dueasl4rssous

Ccycle22y or meanly S

Smiley ers ha 14 41 2294441 4

D Silents are the uon

oeoejm.ae
la particular For a pure date 147 141

f
and ppg have

the same een Zero ejevels

The fchmidtted are the eigenvectors of

la Ifrs respectively












































































































































Unless there are degenerate Su Kees uniquely

determines the Schmidt decomposition

e Quartitynyentauglement

Recall i 147 ERA Rig

he lyopolyp lysproducalar
separate

143 F lya Hyp tentacled

i e 147 has non
trivial greanhuncor Ghas

whirl cannot be created by local operations

classical communicable

What determines if and terrene a state

is entangled

Ilse Seleucids Seas












































































































































147 2 Satya tyg

Yak ONS Hpk ONS For each k we

have perfect i.e orthogonalIdeobuguisheke

correlations tehreea A RB The amount

of conclahas should dep
n the destitution

ofHee Sae if more events can occur with

same probability there
are more come 6ha

ludeedi the heat 14kg3 cause changed

with localrotabat and this is all that local

rotations can do D all info about entangle

recent cs m Nee Sk

L 2

Su Su Se

t












































































































































I
mo
oomf
I

smell
apogee

perfectcorny
entanglement corn lentample maximal

recent entanglement

Chimney

Amount of
entanglement

C
Amount of
disorder in pisa

pu 2

Use entropy as measure of disorder

H Lpd Ipu logpie
base e cand coat

Shannon entropy or Ian L g info

or equivalently the vendkumaeeneutropy

Tlska tiler log e
e

Defined on the egavalues i e












































































































































ga Ipi 14 I togfa 2cgpettily

Steal tf 2 pi cos pi Hilli D
I pity pi

Inparticular for 147 T.su 4ka7al4g4

S t.ly yH S k.l4XxH Hksa9

Define the eutropyofentangleueat y

or entanglementeutropye as

IE y SHAHKell Str KiXx

Alternatively we can also use other entropy means

most importantly the a Retagieutroprse























































































































































































































































































class communication Loco in the case

of many copies

145N 14Th

can be converted back and forth aspept

reverently if I only if

E y N Ello oh

total eat
U total cut

on tyson m def
am 4












































































































































FLEURS groundstrokes

what can we say aboutentanglement

in groundsheets of local Cgapped Hamiltonsees

Whatisyagment n g s

Ehampl Heisenberg antiferromagnet HAEN

H I Si Sj
eius

grew over nearest neighbors

o

e ground me

Dentanglement Sew adjacent
sites

h Pi Pj wants wax entanglement ten

adjacent sites kN
Ni nearest neighbors























































































































































































































































































Each order m pet theory flesh is upper.ee

exponentially will recreate range ofcorrelations

by one site

NI This is allpetta very hand wavy
explanation

Cm Entanglement on ground skies

buddy

Tonualisabn.gl
tarea Can

Defruihai
We say

that a state or fetter a family ofoboes

defined on recreating
Lattice sizes N satisfies an

analog or eutau aa of lor
n e n n n

every
wie regm As the












































































































































entanglement E A S fr 14Xxl SGA

scales as

At

where IdAl is the length of the Someday of
A

Moreprecisely we should Date Res for a uniform

family 1 7 of States e.g ground
slates of a

transl muanhaut H Eh and for a uniform

choice of regions A e.g rectangles ask a

fixed Sounded aspect ratio circles n and

has to be uniform

Keyport Grove of
loealkaeuitouiassahsfyauaaolaw.IT


















































































Noreprecig Karre area results tok

common knowledge and proven

spend 1 D ZD and

beghe
gapofH

SGA saloat Scene e xD At

am iIEEEE
fa m

acedmeproved by
proof yet except

Arad KikerLandauKaraca forspecial cases

steals glogIAI steals a loaf

game H
heehawTianhe.hn aF
U holdfor

la ws 1 i s
matai

14Fermisurface
f metals

https://arxiv.org/abs/0705.2024

https://arxiv.org/abs/1301.1162



beeportant Even critical systemsgenerally

display only
a logarithmic entanglement

scaling

This is m stalean bash to a random

Haar random state for cruel

S pay IAI clog LAI

D ground dates
are resyspease on

the space of all slates

ble kaew Kers from parameter country

Lf now we know what makes them

special they
have comparatively very

little entanglementE

So what is the structure of many Cody
States ink little entanglement


