
5 ae Compteky peEops
What is the mortal physical evolution

of density matrices a Superoperator

fame idea as for measurement add awake

A

fin
A

font

cos

giggly
but now awake is simply discarded

Analyze

g EG tr UG low ut
B B

2 4,4102 feobutted

I Regret
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with Mui ul.su o7 as far Povn

Properties of Rui As before 2 Muthu I

Note We can write the trace on a different

basis IN 20am la view unitary

Tae I www.M.ee represents same

evolute cf other ambiguities

Defiuiha ckrau.sn
we call E e 2 Rugrat E Ratna _I

the Krausrepresentation of E
The Ree are called Krausoperate

Note Not all maps have a Kraus represented
But we will see that all pleywcaeeee.ee
have a Kraus representation

notes As discussed afore the Kraus rep
is botanique
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R.ecahatoPOVM 9 my such wrap can be

understoodas a POUM measurement where we

discard the reeeas outcome Cuperheut
Rela e they recap E

with a Kraus fonu can te realised by adday
an ancilla evolving both and discarding
the anaka m of E

Is this the most

yNcel weeps

if Eff tho elett deco
required for ecescentle interpretation

ii tray k EG tr e

preserves profanities

iii p f Zo E g so

iit an neaps density matrices to

density matrices
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Is this safer
No

E should still be physical even if it acts

on part of a larger system i.e

EA Ip should 8h1 satisfy Ci iii

i Cii are oruploed by the stove But we

get a new condition

deys neaps cont'd

Civ complekposition

For any
dimension dog of B

fanzo Ea Ies fm 70

Note The map E I is yet again defined

through libearily i.e I Nar Ecw Ifor

linearity
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Depuihae We call a map E pts Ece

satisfying the conditions fi iv above

a coeptekly.pro pntern y
cpTP neap or a quantum channel

Are there maps ohh are posithe Ci ie but

not completely possbre

Yt Eg transposition map

T
E g f

E I gag 5 partial transpose

consider aches of E I on 117 Goo Hen

since HT ljXil D likXjelps Ijhxiel
Eg
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Eet Urkel drx.nl
T

flooxool t lookedHMXooltlMXMIJ.huit was

lookoolthoxoll Holling HMX'll

Note Positive but not completely positive cages
are

important tools to detect entanglement race

they satisfy I p 20 for any unentangled

state Ie Eet p o D f entangled

Chapter

Ee Ang E n Kans form is CPTP

Proof Either by construction or Sy detect

inspection of
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Eet g 2 met p REI
t
a o

B
20

Can conversely all CPTP maps te Be a

Kraus fam If yes how can we ostare

the Kraus operators

Key tool
the Aoi Janikowski isomorphism

Rueihder
Theorem Choi Jacuiolkowski isomorpher B x ere

maps on X

Let E E E ATP BCB the space of
all CPTP maps on the density operators on Ed and

f Loars loaf 0 tr Gars IDI cB Ed ed
the space of all bipartite stabs ask borGars te I

Reen the leap

BCB ed BCedoed

E oars EET Wl
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In td E.li it
defines an isomorphism between E and f

the Choi Jacuiolkowski isomorphism with
i

as the Choistate of E The reverse map is

4 Blade ed BCB ed

Om F

where Ff d trig oars LIFE

note A pkysicalou.to etehaofx y and

the theorem will begiven a chapterAI

Proof We need to 8bar

i 9 I I

Iii Rof I

Girl Im e
a 2Icellee e as

Liv Iml 51 ee
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Together ti Civ imply
a i D I mynecke

s s e f r c Is e ke s

D Im IIe of

III g

tensile s

D Me e f ku He
is a

6

Roofycil.jo
iaIiakedtodeouy xCcD EfrallEeBCBfed

FCK e

Hee Big

d.tk feI.Eae'TTAD

d Ztrosl.LI iXiiXill CIEeTI eclixillelixil
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EC tix D trflills.lt
cjlgTli7 fij

ElEeijliXjl
E g

I Y I e141 Ece tf
E

if Icel E VE

Proofef liigI
For any oars

e Bido Ed

Ilg Cornell glom If arxrh
IF IFA

te F y lilia IiXII
A

td Z.d.tzlrag.CI iXjDfJeliXj

y2 cilrsonosljz liXil
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a GAB

D toy I B

prooyie.mx eI
Let E E E i e E es a CPTP map

Then ome x e en Irs INI z o

huce E is completely positive

Fuku La Kars dt tr.LIEaseIrs ti.iXjjl

a Id 2 HE tilt f Irs

qtr tix l Ry
E tracepresenroy

D stars X E C T F E E E
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Roof oftint huff ee
f ceu norma

Let om e f Noite oars IET Xyj
end

I
can be any decomposition

e.g eigenvalue alee

Expand His Eta cuff lists

rat Mali Ii

Ma I Irs

where the Les entries Ma ji
we

Then oars Z Ma I lrXr1 ok I
t

We want to show Cf oars F is CPTP

y ra p d tr oars I g'T

d trjhZ uieIXryrllnu.I III ED
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d M.tn XeHIptTfohe

td tiXilnlziXilE
fig

Id f

In MapMat

Moreover f I trashy

traf reset lrxrknu.IT

I traffnutn I lrXrl

ta tr Ratna liXjl tix I
cj 1 Muthu lis

ejlnut.nu is EijK

D Z Bethe I
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Thus igloos g Z Mutg the ol 2 Muthu I

i e y om has a Kraus representation

and is thus a CAP map Igloos c f

Notes The isomorphism still holds if we

drop trace preserving from E and

tra 0ms FEI from S respectively

Corollaryltrankeeproofoffis
All TP coops are of Kraus form and

can thus be realised with a threespicy
dreha i.e add anallat unitary t tracing

Moreover the Kraus operators Ma can be obtained

from the Choi shek ftp.sgwnihy
om IlyTXyil and the EI 117
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