LECTURE -8  16:30- 18:00

QUANTUM CORRELATIONS

Debasis Sarkar
Caleutta Un'lverslig

1935~ Einstein, Podolski, Rosen (EPR Paradox)

1952.:- EPR Interms of Bohm's SP]n%RgF,ege,f}od:,m lory =[S
|957 : - Glleason's Theorem {z

1964~ Bell’s Paper —rLocal HVTs incompodible with Quantum Mechanics
Al B,
1968 Kochen Specker — (Aza} {131 Now assume Ag=B, for some kol

An/ “Bn J (some cbservoble commeno both sets)
‘3?’3 (AcAJ=[Br.3]=0

With 117 veckars — This wilk gi\ie youa controdichon.

Where's thevub 7 Value of Ay = Volue af By QUA}ags‘
Cownirethmg ! (asswned

Moral - Hidden - Variakles ‘must nokbe mon -contextual -
Common ko allthese Bhirgs — Gmposte Quankum Systems

H=-Hp0 Hg O A,
lw>ABc= (%94 ® (}73 ®h>c is the one Possib'.(i{-v )

Now Jinearity imglies | ¢ >® [T) ®|N) + % ® 172 ® 1) is also legit

iss <= Shate
’Bugm’r;fg)lid in general



ENTANGLEMENT
It Pase = T p.'AQDPI-B@ 0" — Thea Separable ; Otherviise Entangled
l (Oéwiél &7_:('3":1)

‘Phﬂs'(cal Redzakion — Sefamble Stokes canbe Iorq:oned Xomu?j

fOR BIPARTITE PURE STATES

'Wrp = 125 1,8 1373 —» from Singular Vol De wmposthan Theorem one con olways
it His s - {__'\ l::):)®|te,> in some ofher basis — (Sahmidt Decsmposihon)
k=1
I—(FN:j ——réqurolole

Buk for mulbpartite stoker —ma unique Schwidf Decompssition — Can™+be done

- - Q) Isit Erangled ?
Bipastite Systemo Q; f yes - Honrmich Etonglerment 2

Enlanglement Quartifi ahion inderms of Teleportotion Protocol

Cdmrore Stodes (n +exm901'+hejlr Eh+qn8|%enf ... — Toke Single){— (ON%'IY\OJ Benek Protoed)
—~ 1009 Cxad Teie,on‘JFOCHOY\ ; Buk toke some offier inifial stode— inexact Jmkefovhhov\
InJerms of fdeity ortorgek

Sugpose We hove o stofe lite alod+bhy .. ... ollowed operaion= L OCC

Under LOCC —rﬁ“ @M [m<n] n=n CS(XA)%B&\@(J&W

A \ﬂ'rg;\/ly entangled

Gﬂw\gled
Schumadher Noiseless Dada Compression Theorem — Allows the veverse process

Z3(94)= Brtongement of o pure bipartte state — Easily Gleuable

Whad abouk 1ired Biparfite Stodes 2
Two Defas — V) Distlloble Enhnalmmf

' totes
2) Entanglement of-formaion #: for mixed 5



EOF (949 = if ,Z P E(\WDe) Over ok pwe Shofe decempositions Py ZF.' l‘l’,&sxﬂs]

Disfillable Entarglement = Lim %\

n—+o0

Butthese optmizations are hard to do D

PROPERTIES A GOOD MEASURE OF ENTANGLEMENT MUST  SATISFY

® Vanishes for Separable State
© LU - invoriant

©® Monctone cle(yreas'lrg under LOCC

® Additwity , Convexity ,C_onkimi&g — NOT Necessary but desirble
(like Sixpoek abs (D)

Hostings — EoF is not additive (Recent Resulk)

One good candidate with all those properhes — Sqpashed E\Jrictnalemenk (Wirter)

B notoriously hard 4o caleulake
(Winter @S)

L0G - NEGATIVITY /CONCURRENCE (2X2) _, Bsyto Caloulake

N
EQS)’ +O CQAUMQ EOF: SVmP]Q ‘f!_\ O-F Cphwra\ae
~ log [N]
N = Negabvity
\L (uf\%er Partiol Transpose)
Additive bud not convex

lenio)
So'uoshed Err}onglemex\f — DQ’P ends oh Quanhm\ Modual ]nﬁmnodm ...So Good ‘for Chann
-&4S

DETECTION OF ENTANGLEMENT

Prob - Giiven Pyg is if entangled /separo&o\e ¢



Tikolly people Hhoughk — Rell Violahm = E\{anglmmt.
Bul for Worner Stader p [0Xe) + (50 4+ p )L Exfangled

PARTIAL TRANSTOSE

[f you hove on operator wohich is +ve buk not cb~ Wikl Serve as  defector
(e9 Tronspose Operator) (Hahn - Banaoh)

Pa=(O2)" Rt Trospose on B IFall igrnabi of 5, ove 20 1T stakes
Pe =(PAB)T;‘__ TPorbial Transpose on A } [fod (east one -ve éaexxvm.—, NPT stofen

Buk does PPT=> Separable ¢

2%2 ,2%3 —true
for h’laher dimensional stoter~—Flse —3 Bound Ei\‘l?o:\aled Stode
(Enlongled but not dishlloble)

Exomple of . 77T fifongled Stde in 3X3 Systems

Fitangled for sure

)& ltzzﬁ-lz) |0>Li:12>®\z>
D@l DB — Unextendible
1z Trodunet Basis
olo v
Tmplies Existence of Boun

«— [Cntongled Stotes

- Here
wk Dishllokl - Vo
FoF >0 b ErPfxllgngl’emexE\,{foe—‘ = (1- §|q;l>(®‘u .- Bound gamsl
Reduchon Criterio Violahon = Distilloble Either Separable/ Dishlloble

W @ W ivoriont shokey = 1+68P ™ [\So{'ro%;b*&ﬂ where %;": W
\Y)
Definite formof T
UOW invarantstoder = 14 BV (Werer Staes) Entanglement gvoilakle ;
L+Suicisfies Reduckion Giterto— Canbe Er?m\alea\



Pag — if fou Find (W of rank=2 and < PZ% (<0 —Dishllokle

(’fmlkokrmiosg — One Py undishilable
Similasly - @py Mdishllab'llﬁg

TJomorrow - Mutfipartite Entonglement , Non Classial
Covrelotions Beyond Ertanglemenk



