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Notations (Dirac Notation)

Quantum State ‘@) & ‘H  Finite dim Hilbert space

Density Operator p = ‘?ﬂ) (10| Pure state
N N
p=> pili){i[ =) pipi Mixed state
i=1 i=1

where {‘z) ivzl Complete Orthonormal System (CONS)

i Pure state

Inner product <1/)‘gb> :H x H — C
Tensor product (1)) @ |@)p > |¥)s[0)p € Hs @ 'Hy
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Review of Direct Measurement

e

P\
To measure an observable of '

the quantum system

Quantum System
Von Neumann Measurement W) = H

(Strong Measurement / l B
Projective Measurement) N |n) = n|n)

n)

PI‘(’I’l, ’w>) = ‘(TL‘?,D)‘Q Born’s rule (Axiom) ‘

Ex(N, [¢ Zn\ (n|y)[? wrZ (Inyn(nl) )

= (¥ \N\@ Tr Np
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(M. Ozawa, J. Math.
Quantum Measurement Theory Phys. 25, 79 (1984))

Quantum Micro <:§ Classical Macro

Measured system  Probe system

the
asurement” OUtcome
0 on the measured s%tem

from t asurement
comet = At.
- At 1 K_J N \
l;.ne -"“'T*Tu#‘
At+AT T

e




von Neumann €71 /L

R E CHRELED

Probe system

the pointer operator
(position of the pointer) is

Alondk & BHRDHEEER

Target system
Observable A
operator is p.
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POVM in Measuring Processes

(M. A. Nielsen and I. L. Chuang, Quantum Computation
and Quantum Information (Cambridge Univ. Press, 2000))

E(p) = ) _(ex|U (p @ lea)eo|) UTlex)

k
_ T -
‘ - ZAkPAk A = (€k|U|€o) Kraus operator
k
state in the measured system after the measuring process

1 =Tr(E(p)) Y AfA =) IMy=1
k

S DI I —

Probability distribution to obtain a measurement
=Ty ZAZA‘CP outcome “K”
k

Pr(k||p) = Tr(pM;) Born's formula
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E
P - E(p)
Positive map
g
Arbitrary 0
extension of
Hilbert space

If J(|a>) L= (5 X ])(‘Ox)(@‘) IS positive map,

& is called a complete positive map (CP map).
(M. Ozawa, J. Math. Phys. 25, 79 (1984))



Theorem of Quantum State Changes

For any quantum state, the state change is given by
E([0)s(]) =p (blo(|))[¥)p

Sketch of Proof. Q) = Z i) 4|i), Schmidtdecomposition

o(la)) = (€@ 1) (Z| ps{Jlp(J] )
_Z|p
plilo(la)i)p = E(14)s (1)
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= Z sil$i)(8il =) [sif(si| (positivity)

o7 |w> <w‘82> Kraus operator

Z E’i‘qu>8<,¢)‘E‘: — Z P<@;|qz><5z‘1;>p — p<"r;5|‘7|1#6>19
i i
= E(|¢)s(¥]).

Any quantum state change can be described
as the operation only on the target system
via the Kraus operator.




\What information is obtained?

K

X ' X

Projective measurement (more generally
speaking, POVM measurement) only gives
information of the probability distribution.
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H(a,8,7) = a(QP — QP) + BQP +~yQP.
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* (a, 8,7) = (0,0,1) von Neumann model

- (a,8,7) = (1,—-2,2)/(3v3) contractive state
measurement (/NAEURILIBRFREHEZ
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