
 
COMPATIBILITYOF QUANTUMMEASUREMENTS

jointwork inprogress with MariaJivulESCu Timisoara and

TeikoHEINOSAARI Turku

Compatibilityofquantummeasurements
quantumstates densitymatrices fEMdGC p o andTr9 1

I PSDorder
measurementresultsinQM are random

measurement apparatus
produces an outcome

quantumparticle ie fr 2 k
instale 5 with probabilitiesCpr Pe

Pi 30 Epi 1
AxiomsofQM themap ft p Cpn pe mustbe

linear
positive p Cp Pa E 112th D pi Tr Aig for AiEMdd
normalized Ep a s t A 30 and 2 Ai Id

Def A h valuedPOVM is a h tuple A_CAN Aa CMd
h
s t Ai30andEhAiId

Example he2 YESNo measurements A E I E for some OE E EI

co 3 Is 3 El 3 L i3 i f's I EI
compatibility can two Pours A B be measured at the same time

DefinitionTwoPoursAB are compatibleif I albird Poum c se f i FC'T Aitj Icij Bj
if POUM A has k outcomesand Bhas l outcomes Chask l outcomes

decidingwhether AandB are compatibleis an SDPwith k l variables ktl constraintsdimd
semidefiniteprogram

TwoeffectsE F are compatible if 3XuXuXz72230set I e
n n
F I F



Thiscanbegeneralizedto g tuplesof POWs Ac Ac A 9 are compatibleif
3 B CB cg

sit tncE93 tk Efkn ASI i in in Bin in Kim ig
Examples AeCanI aeI and B CbrI bei are compatible Cig a b I

4theseare calledtrivialPovMs

683,1873 and Iii Ef i are notcompatible

x.joXu Xu X.io sameforalltheothers
u

Hii
If Ai Bj o ti j A and B arecompatible

take Cig AiBj Ai BjAi 30

Thepost processingrelation

Def A POUM A Aa Ak is a classical postprocessingof a POUM B CBN Be

if 3 now stochasticmatrix SEM st Aa Aa Bn Betsexk
If this is the case wewrite A L B

B Bz Be
see

A a Ah

The L relation is a preorder no wequotientbythe relation

A D if AL B and B L A
Proposition A B if A canbeobtainedfromB bysplitting or merging colinearoperators

wedenote by A B Poon ALB andBLA L is an order relation

on theequivalenceclasses

definethelength lCA as theminimum of outcomesofaPOVMBECA



g l 3
Example I falltrivialPours CpId PerId p probabilitydistribution

Def let J E d theposetof equivalenceclasses of
quantum measurementsendowed withthe

postprocessing partialorder I

Goal understandtheordertheoreticstructureof T
simplefacts

minimalelement EI trivialPours t A I LCAT

maximalelements A with rkAi I ti i CALEB CB A

Relationto compatibility TwoPoursAB are compatibleif 3POUM C s t ALC and B4C
as

A and B are compatible A and B are not compatible

c EATCB
FisherInformationmatrixandZhu'smap
a quantumstate pcanbeparametrizedas f Id t OBi whereBi is abasis

oftraceless matrices
for a fixed POUM A one observesthevector pi Tr pAi The corresponding
FisherInformationMatrixis Ga If lAr EAlda ignoringtheir normalization

Zhu15

GI If lfXa CMata where I X Trx Id
Remark TheZhumapG is a classfunction A D to Ga GB
Proposition Zhu is using Zamir 98

ThemapG T L PSDae e is an order morphism ALB GasGps

use thefactthat If x o E I f O n dataprocessingineg
for FisherInformation



GBZhu'smap
a 9 pspcome

wI a
w j liixjg.lk

0

maximallyentangledstate

theorem Gill Massar 00 Zhu is Sten193

for all Pours A on Md Tr Ga Emin dLEA3
length min ofoutcomesintheclass

Corollary Zhu153

let A A 9 poursonMd Define

theAa AG min f Tr H HZGaa ti 1 g
If h min d ITLEA then A A are incompatible

for 2Poms h AB TrGa TrGB111GaGBH dualSDPforH
whyis theincompatibilitycriterionuseful computationalcomplexity

decidingwhether g YESINO Pours are compatible SDPwithexp vars

computing h SDPwithgvariables indim d2

Remarks Goisnotinjective if A is a 2design GA Psym
G is faithfulon sharp PovMs GaGB and A Bsharp EAT B

effectoperators are projections
Theorem let V E be a partiallyorderedvectorspace and g PSD V amap st

f 230 g TE Ig E and g Etf EgCE g f Then

G EAT g Ai is an ordermorphism AL B GCA cGCB

Examples g E E E forsomemap Md Mrc and e Md E aecE
faithfulpositivelinearform

Proposition Among all quadraticmapsZhu'smap OLE IE ECE TrE isthe

mostinformative allothermapscan beobtainedas Ga JGETJt


