







































































































physicalmaps quantumchannels CP TP

positivemaps notnecessarilyCR are used todetectentanglement
At

if f CMad and 4 Md M positive issuchthat I4 ida g 0

theng isentangled
Theorem If 4Oxiddiffg 30 forall 4 Md Md positive theng isseparable
THE PARTIALTRANSPOSITION CRITERION PPT

wefocus on themap transp Hd Mdd
X l XT

transpis positive X o XT o sinceithasthesame eigenvalues

transpis not CP ffranspz idz wz o

we write At id transp A vs I

Define PPT d D f f E teapot ft o Stateswhich pass thePPTtest

if getPPT if entangled Intermsofsets SEPCdD E PPTldD
i egdidnotpassthePPTtest

PPT forsuch astate 5 TEPPTCpt o

aeequantum
c

t s E pptentangled ht
wa isotropic Mdd

maximallyentangledslate
theorem Woronowicz If dd 2,2 437 3,2 thenSEP PPT
theorem followsfrom 4Mz Mz ispositive 4 OI Ezotransp where

and z are completelypositive

let g cMaid beastaleSt ft o fCPPT g CSEP
Assumne g isentangled I 4 Md Md positivewhichdetects5 4 id g fo
04ft idg COI id g Ezotransp id p o false

o bc isCP et id pSt opositivemap










































































































Proposition lf f 14 41 is a purequantumstate then

g is separable S f Tz o Cgis PPT
Proof g 14 41 with yeEd ed a unitvector Schmidt decompositionfor ye

4 2 TF ai bi where R is theSchmidtrankof 4
In dr are theSchmidtcoeffs Ii 30 andEdi L
aiJi and bi i are 1n familiesofvectors inCid

wehave g 14 41T 1YERTdi bi bj
laiKaji lbiXbj1

7Fi laixajloxtranspclbixbjtlbjxbil

E.fi aiXajlxObjXbil
g was pureranks ft is notrank s anymore ingeneral

Est IF EE vs TEI 17,47irane I i

wherePD ve I

one cancheckthat fr has R nonzero eigenvalues as follows
I E s t E R eig Is with eT as Is
he Sst ER eight with et Gz as It at Is
I e t cseR eig FI with ET as It at 5
Stas It jardiI laixajlas lbjXIIIbein

Sjs Sit
TEST at Is

St 1rzas It at BJ WI Iz GOI asbI
W t as BI at Is

g t has negativeeigenvalues R I s 4 entangled By










































































































IsotropicStates convexcombinations mixtures of cod and Fda d D
Maxent Maxmixed

ft t Wd G E I t CCoisd

Proposition PPTcriterion is exact forisotopicstatesco

f E SEP Pt tE o
es

cos

ProofcageCSEP f CPPT bc SEPcPPT

cu her seE PPT set 0 Letus computeget fWd G t Jr
at dud r t fit It

we have Idf Id Id T Id Idt Ida
Idwd f G

t X where X
dWd F xoxy y 0 2

Flip operator
get t F If I whataretheeigenvaluesofthis

eigenvaluesof Fd
with malt dimSymsubspace d d dCd

with malt dimantisymsubspace
d
2

spectrumofSt fIDEt CRt t E dt
G If t Efodi ft CSEP weonlyneed toshowit for t dz Smallervalues
followfromconvexity Sst Ss sweet s II get E Hd2ofSEP finantumstates

let us fix t Wehave f IxXxl LEXI dock
read
1111 1

wheredo istheuniform measureon theunitsphereof Ed
is an oo som One can have a finitesumbydiscretizing theunitsphere

sphericaldesigns
weneed a 2 design

qy
REDUCTION CRITERION use R Trx Id X reductionmap








 beforegivingtheproofwe recallsomebasicfactsaboutnormsofoperators

for a matrix AE Md d Cf havingsingularvaluesSn Sr we define

theoperatornorm HAH HAHE AHop imax si
yEphAy I

theSchatten 2 normforthe Hilbert Schmidt norm
Allz HAHHs EIs TrAta 2

the Schatten I norm or thetracenorm 11All HAH Ersi TrATAtr
we have 11AHope11All E IlA11

for the proof weneedsometechnicallemmas
da

lemma 1 ForanymatrixMd Md 3A EAij IiXj1 we have

HAN e IIhag1,2
Proof Define the block rowsof A by Ri IETAij IiXj1 Wehave

kRiRit11 11 fAijAif IjXj I Il eEgIlAijAifH F IlAij112
on the otherhand A R aud AtA 2 R Ri sincefor Iti RRi O
thus HAH7KATHIE HR Rill HRiRi E Aij112 8k

coneofseparable matricesA tf wiltlemma2 If D EMd.dzissuchthat HDHzE 1 then Idd t D EIRSEP fCSEPandt o
Proof weshallusethecharacterisationofseparabilitybytestingwithpositivemaps Weneed

toshowthatforanypositiveandunitalmap 4 Md Mda 4 id Ita o

we have 4 id d Id 4 id D so toconcludeit sufficestoshow

114 id D 11 11if4 bij tixj I IlE I



but HE4 bij IiXj112e j 114bij lie HDij112e j IlDijk 11DHEE I
T tlemmas positivemapsare Il HopEll 112 Bk

contractions curbopnorm

Proofofthetheorem
wecangeneralizelemma2 to if 17,7A o and D E 1 then AEDySEPCdi.dz

indeed writing D SA I the argminof s HsA IHE is so Ifaf
then11SoA I1122 D AIHani

fora quantumstateg we have 11g IsHE 1151122 so
it

D e n He E 1122 a I Ic is Bk


