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RandomquantumStates
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Entanglement us Separability

quantum entanglement is a centralnotioninquantumtheory
at theheartofmanyg protocols suchasteleportation Bellinequalities
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4 whenis a randomquantumstate PPT
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5 Randomquantumchannels

quantumchannelsmodelthephysicallyadmissibletransformationsofquantumstates
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OI MdCa MD E mustbe linear positivitypreserving tracepreserving
inputdim outputdim

positivity preservingis notenoughbecauseofentanglement
Cid transp wz 0 although transp Mz Mz is positivity pres

Definition A linearmapOIMd Mpis calledcompletelypositive if
t n i tMnMdZX30 id OI X 30

Aquantumchannel is a linearcompletelypositivetracepreserving map

µ
JCI 4Eij Ej CMdMD

Examples the identitychannel id Md Md
unitaryconjugations adu Md Md f 1 Upu

o depolarizingchannel D x Tr x II
diagonalconditionalexpectation diagMd Md X Xii



what are naturalprobabilitydistributions onthe setof quantumchannels Md MD

eachitem inthe characterizationtheoremcomeswith a candidate

Crp use the normalized Lebesguemeasure on the convexbodyof g channels
3 pick5 Wishart m and normalizeit J Id Ek J Id Z 2

where 2 Trd ido J Define f J

4 Pick iid Giribres AT FmEMD E and normalizethem Ai ATY K
M

where Y ATAT
M DM5 Pick Haar randomisometry V Ed ED Cc IE bytruncating a random

unitary UCU on to its first d columns
Theorem KukulskiN PamelaPuchalaZyczkowski 20 Thesefamiliesofmeasures are identical

imessagesignsinsta In in 449intmend
forin DD m dis

where alld L I DD n w DD ta

6 Outputsetsofrandomquantumchannels

the classicalcapacityof a quantumchannel howmuchclassicalinformation

can be reliablysenttrough multipleusesof the channel is expressed as
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