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@ Iraditionally an observable is a self-adjoint operator X
@ Spectral theorem: X = > . a;P;
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Traditionally an observable is a self-adjoint operator X
Spectral theorem: X = > . «;P;
For a state p, P; yields the probability that X takes the value

f'rr'

Pi = Tr(a”Pf)

The family {P;} defines the statistics of measurement
outcomes “

A generalized observable (POVM) is a family {A;} of

operators such that
pi == Tr(pA;)

iIs a probability distribution
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Traditionally an observable is a self-adjoint operator X
Spectral theorem: X = > . ;i P;

For a state p, P; yields the probability that X takes the value
f]-r'

Bi = Tr(;rP,—')

The family {P;} defines the statistics of measurement
outcomes

A generalized observable (POVM) is a family {A;} of
operators such that
pi := T pA;)
Is a probability distribution
This requires A; >0 and > A; =1
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@ Information transfer between system A and B is represented
by a TPCP map &
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Traditionally an observable is a self-adjoint operator X
Spectral theorem: X = > . ;P;

For a state p, P; yields the probability that X takes the value
flr'

B = Tr(;rP,—')

The family {P;} defines the statistics of measurement
outcomes

A generalized observable (POVM) is a family {A;} of
operators such that
pi == Tr(pA;)
is a probability distribution
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@ Information transfer between system A and B is represented
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Preserved information
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Preserved observables

@ Information transfer between system A and B is represented
by a TPCP map &

oy

E:par—pe = E(pa)
@ What can we indirectly learn about pa by measuring pg?
TF(BRIIB) = TT”(B;E(;!A)) = Tr(:*"'[B,-{ );Jq)

@ We can only measure observables of the form Ay = £7(By)
e Consider the POVMs which are image of a POVM under”&"
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Preserved information
a0

Preserved observables

@ Information transfer between system A and B is represented
by a TPCP map &

oy

& PAF PB = Cﬁ(l,fj'A)
@ What can we indirectly learn about pa by measuring pg?
TF(B;{pB) —= TF(BQC"(;!A)) — Tr(:*"'[B;; );Jd)

@ We can only measure observables of the form Ay = £7(By)
e Consider the POVMs which are image of a POVM under &'

@ [ hey represent information which has been preserved by the
channel
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Preserved observables

@ POVMs are complicated objects
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Preserved observables

@ POVMs are complicated objects

@ Let us focus on POVM elements (effects)

A=B:0<B<1;
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Preserved information
o8

Preserved observables

@ POVMs are complicated objects

@ Let us focus on POVM elements (effects)

A={B:0<B<1}

@ Note: A is the convex hull of the projectors
@ £'(A) are the effects that we can measure indirectly

e Also if a POVM is made of effects in £'(A) then it is image
of a POVM

The set £7(A) characterizes the observables preserved by the
channel &£
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Correctability
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Preserved sharp information

e Consider the projectors P? = P contained in £'(A)
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@ [hey are elements of sharp observables
@ [ he preserved sharp observables are also the correctable sharp

observables!
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Correctability
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Preserved sharp information

T

e Consider the projectors P? = P contained in £7(A)

@ [ hey are elements of sharp observables
@ [ he preserved sharp observables are also the correctable sharp

observables!

There is a channel R such that
(Ro£)i(P)=P

for all P2 =P € ET(A)
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@ The projectors in £'(A) span a =-algebra A
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@ =-algebra representation theory:
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Correctable observables

@ The projectors in £7(A) span a #-algebra A

@ =-algebra representation theory:

/,w”l 21 0 0 \

0 My DR - 0

A = ) _
\ O O «LIH.\_- ]]-/

@ M, above are subsystem codes (Choi, Kribs, Laflamme,
L esosky, Poulin, Viola), the correctable version of noiseless
subsystems
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Correctable observables

_@ The projectors in £'(A) span a x-algebra A

@ =-algebra representation theory:

( My 21 0 0

- M, 1 --- 0

A= | 5 |
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@ M, above are subsystem codes (Choi, Kribs, Laflamme,
Lesosky, Poulin, Viola), the correctable version of noiseless
subsystems

@ Generalization: here we can correct a bunch at once
(quant-ph/0608071, C.B., A. Kempf and D. Kribs)
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Interactions
®

Complementary channel

@ Consider the iPod ™

1@ [

Pirsa: 07060009 Page 34/75




Correctability
[

Correctable observables

@ The projectors in £'(A) span a #-algebra A

@ =-algebra representation theory:

[Mn, D1 0 0

0 A, DR - 0

= g _
\ O 0 o «"" I ny ]l-/

@ M, above are subsystem codes (Choi, Kribs, Laflamme,
Lesosky, Poulin, Viola), the correctable version of noiseless
subsystems

@ Generalization: here we can correct a bunch at once
(quant-ph/0608071, C.B., A. Kempf and D. Kribs)

Pirsa: 07060009 Page 35/75




Interactions
®

Complementary channel

=
©)
Al

@ Consider the iPod™

Pirsa: 07060009 Page 36/75




Correctability
[

Correctable observables
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@ M, above are subsystem codes (Choi, Kribs, Laflamme,
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@ Consider the channel &£

@ View & as coming from a unitary interaction

@ Instead of tracing out system C we can trace
out system B
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Complementary channel

B C @ Consider the channel &
@ View & as coming from a unitary interaction

S— @ Instead of tracing out system C we can trace

8 out system B

@ [ his yields the complementary channe

s
c
L=
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Interactions
®

Complementary channel

B C @ Consider the channel &£
@ View &£ as coming from a unitary interaction

— @ Instead of tracing out system C we can trace

8 out system B

@ [ his yields the complementary channel &

@ & characterizes the information which
A escapes into the “environment’
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Interactions
a0

Predictive measurements

@ £'(A) is the information about A accessible
in B
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Predictive measurements

@ £'(A) is the information about A accessible

in B

B C @ £'(A) is the information about A accessible
-' in C

A
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Interactions
a0

Predictive measurements

@ £'(A) is the information about A accessible
in B

@ £'(A) is the information about A accessible

o

T = E(A)N E(A) is accessible
s simultaneously in B and C

L
—
|

Cr

A
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Predictive measurements

@ £'(A) is the information about A accessible
in B

@ £'(A) is the information about A accessible

o

@ 7T:=&(A)NE(A) is accessible
= simultaneously in B and C

8 @ [ he corresponding observables on B and C

are correlated

A

Pirsa: 07060009 Page 46/75




Interactions
a0
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@ £'(A) is the information about A accessible
in B

@ £'(A) is the information about A accessible

el =E(A)r ::*'(&) Is accessible
= simultaneously in B and C
8 @ [ he corresponding observables on B and C
are correlated

@ / represents the information obtained
A non-destructively about the AB system
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Interactions
ac

Predictive measurements

@ £'(A) is the information about A accessible
in B

2 J:’I""(&) is the information about A accessible

oI =E&(A)r ::.';'(&) Is accessible
== simultaneously in B and C
g @ [ he corresponding observables on B and C
are correlated
@ / represents the information obtained
A non-destructively about the AB system

@ or, it Is the information obtained about A

which can serve for prediction on the state of
B
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Decoherence

@ [ he set 7 does not contain sharp quantum information:
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@ [his may explain when a quantum system appears effectively
classical
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effective system
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Interactions
oe

Decoherence

@ [ he set 7 does not contain sharp quantum information:

All the projectors in T = ET(A) N ET(A) commute

@ [his may explain when a quantum system appears effectively

classical

@ Indirect access + no control of the interaction — classical
effective system

@ [ he set 7 generalizes the notion of pointer stat
the interaction with the environment

(D

s selected by
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Interactions
@000

Example: Z measurement

@ Consider a CNOT between two qubits, A is the control qubit
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Example: Z measurement
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@ Consider a CNOT between two qubits, A is the control qubit

@ If the other qubit (environment) starts in state 0), the
evolution of A is given by

£H(X) = ( 0|X|0 0 )

0 1 X1
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Example: Z measurement

@ Consider a CNOT between two qubits, A is the control qubit

@ If the other qubit (environment) starts in state 0), the
evolution of A is given by

@ [ hen
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Interactions
@000

Example: Z measurement

@ Consider a CNOT between two qubits, A is the control qubit

@ If the other qubit (environment) starts in state 0), the
evolution of A is given by

(‘ 0/X|0 0 )
0 11X |1

@ [ hen

I=¢1(a)=E1(n)= {(o 3) e [O'”}

@ Information about Z flows into the environment and is
conserved in the system
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Interactions
@000

Example: Z measurement

@ Consider a CNOT between two qubits, A is the control qubit

@ If the other qubit (environment) starts in state |0), the
evolution of A is given by

o ((0]X]0 0
£00= ("0 )

@ [ hen

0 3
@ Information about Z flows into the environment and is

conserved in the system

@ This is a perfect measurement of the observable Z
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Example: coherent states

@ Consider

" da
;-_‘_‘ﬁ'(A): / — oY {alAla)a

2mh

where o) are coherent states labelled by eigenvalues oo = C of

the annihilation operator
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Example: coherent states

@ Consider

where |a) are coherent states labelled by eigenvalues oo = C of

the annihilation operator

@ Suppose we send electrons wavepackets through an EM field
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Example: coherent states

@ Consider

" da
;-_"_‘*‘(A): / == 10 Alay) (a

2mh

where |a) are coherent states labelled by eigenvalues o = C of
the annihilation operator

@ Suppose we send electrons wavepackets through an EM field

@ [hen attempt to infer properties of the field by measuring the
electrons
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Example: coherent states

@ Consider

E i df}
CE(A): |f} '.r}Airi ()
] 2mh
where o) are coherent states labelled by eigenvalues o = C of

the annihilation operator
@ Suppose we send electrons wavepackets through an EM field

@ [ hen attempt to infer properties of the field by measuring the
electrons

@ Each electron will carry approximate information about a
different combination of the field's phase-space variables
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Example: coherent states

@ Consider

. " da
fﬁ'(EQ) — )/ ‘f1 () }ihi_ ()

2mh

where ) are coherent states labelled by eigenvalues o = C of

the annihilation operator
@ Suppose we send electrons wavepackets through an EM field

@ [ hen attempt to infer properties of the field by measuring the
electrons

@ Each electron will carry approximate information about a
different combination of the field's phase-space variables

@ [ he effective channel on the field will correspond to a
coarse-grained phase-space measurement
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Example: coherent states

@ Consider the channel

i " dao _
L (A)—/ ﬁhl HAIH ()
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Example: coherent states

@ Consider the channel

2mh

: " do
C*'(A): / |{'| ol Ala) (a

@ For this channel £E7(A) C £7(A), hence T = £7(A)
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Example: coherent states

@ Consider the channel

i " da
i (A)—/ 27;},|“ () A!I’] {1

—

@ For this channel £7(A) C £7(A), hence T = £'(A)

@ [ he observables in Z are positive linear combinations of
coherent states |o) (cx]|
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Example: coherent states

@ Consider the channel

-t . dl‘i
g (A)_/ﬂ“ HAIH )

—

@ For this channel £7(A) C £7(A), hence T = £7(A)
@ [ he observables in Z are positive linear combinations of
coherent states |« ) (o

@ / is dual to states which are convex combinations of coherent

States
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Example: coherent states

@ Consider the channel

o " da | |
(4 (A)—/ 27h‘{l (} A|I’i (}

—

@ For this channel £7(A) C £7(A), hence Z = £'(A)

@ [ he observables in Z are positive linear combinations of
coherent states |v) (x|

@ / is dual to states which are convex combinations of coherent
states

@ [ his describes the emergence of an approximately commuting
phase space
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Thank you for your attention!
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Example: Z measurement

@ Consider a CNOT between two qubits, A is the control qubit
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Correctable observables

@ The projectors in £'(A) span a =-algebra A
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@ =-algebra representation theory:

(Mn 21 0 on 1y
0 Mp,R1 --- 0
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Correctable observables

@ The projectors in £7(A) span a #-algebra A

@ =-algebra representation theory:

/Mm > 1 0 0 \
0 Mp 1 --- 0
= ) _

@ M, above are subsystem codes (Choi, Kribs, Laflamme,
Lesosky, Poulin, Viola), the correctable version of noiseless
subsystems
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Traditionally an observable is a self-adjoint operator X
Spectral theorem: X = > . ;i P;
For a state p, P; yields the probability that X takes the value

(kg

Bi = Tr(a"‘P:")

The family {P;} defines the statistics of measurement
outcomes

A generalized observable (POVM) is a family {A;} of

operators such that
pi := Tr(pA;)

iIs a probability distribution
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