Optimal covariant processing of quantum gates

Alessandro Bisio

Palacky University Olomouc
July 3rd 2012

european e

social fund in the MINISTRY OF EDUCATION,  OP Education
czech republic EUROPEAN UNION YOUTH AND SPORTS for Competitiveness

INVESTMENTS IN EDUCATION DEVELOPMENT




In collaboration with:

Pavia University, QUIT group

Giacomo Mauro D’Ariano Paolo Perinotti

Tsinghua University
Giulio Chiribella

SAV Bratislava & Palacky University Olomouc
Michal Sedlak




Outline




Outline

Axiomatic approach to state transformations




Outline

Axiomatic approach to state transformations

Processing quantum transformations: Quantum Supermaps




Outline

Axiomatic approach to state transformations

Processing quantum transformations: Quantum Supermaps

Higher Order Quantum Computation




Outline

Axiomatic approach to state transformations

Processing quantum transformations: Quantum Supermaps

Higher Order Quantum Computation

Processing unitary transformations




Outline

Axiomatic approach to state transformations

Processing quantum transformations: Quantum Supermaps

Higher Order Quantum Computation

Processing unitary transformations

Future perspectives




State transformations




State transformations

state estimation | Pk




State transformations

state estimation | Pk

quantum cloning E




State transformations

state estimation | Pk

quantum cloning E

information

disturbance @
tradeoft




State transformations

quantum
state

quantum
state

quantum
state

classical
outcome

quantum
state

quantum

state
+

classical
outcome




State transformations

quantum
state

quantum
state

quantum
state

classical
outcome

quantum
state

quantum

state
+

classical
outcome




State transformations

quantum
state

quantum
state

quantum
state

classical
outcome

quantum
state

quantum

state
+

classical
outcome

The most general

state transformation?




Admissibility conditions (deterministic)




Admissibility conditions (deterministic)

linearity




Admissibility conditions (deterministic)

linearity

complete
positivity




Admissibility conditions (deterministic)

linearity

complete
positivity

normalization




Realization theorem

unitary
evolution

environment

Quantum
channel




Realization theorem

unitary

_—" evolution

/ . environment

Quantum
channel

Deeper understanding of the probabilistic structure ot

Quantum Mechanics




Transformations as carriers of information




Transformations as carriers of information

channel
estimation




Transformations as carriers of information

channel
estimation

o E




Transformations as carriers of information

channel
estimation

cloning

programmapble

channels




Transformations as carriers of information

quantum classical
channel outcome

quantum quantum
channel channel

quantum quantum
state channel




Transformations as carriers of information

quantum classical
channel outcome

quantum quantum
channel channel

quantum quantum
state channel




Transformations as carriers of information

quantum classical
channel outcome

A

k

transformations of

quantum quantum transformations:

channel channel

Quantum “Supermaps”

quantum quantum
state channel




Admissibility conditions (deterministic)




Admissibility conditions (deterministic)

GH— G

linearity




Admissibility conditions (deterministic)

co-0))
linearity

complete = '
positivity -




Admissibility conditions (deterministic)

(p @) +a-p ‘)

linearity

+ (1 —p)

complete = '
positivity -

normalization channels into channels



Realization theorem

o quantum
deterministic circuit

supermap




Realization theorem




Realization theorem

/

preprocessing

channel




Realization theorem

/

preprocessing

channel quantum

mMemory




Realization theorem

Co

/ — postprocessing
channel

preprocessing

channel quantum

mMemory




Realization theorem

cloning




Realization theorem

channel
estimation

cloning




Realization theorem

channel
estimation

cloning

programmable
channels




Transforming supermaps?’




Transforming supermaps?’

Higher Order Quantum Maps




Transforming supermaps?’

Higher Order Quantum Maps

road to quantum lambda calculus...
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Admissibility conditions = probabilistic structure

Admissibility conditions = causal order
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Where do we find the optimal supermap?
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we can reduce the problem to a set of
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we can upper bound the amount of

quantum memory:

dim M, < max ny

J,a
where: mg = g my Mg
a,j L L Quantum memory

Classical memory
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We cannot provide an explicit solution that works for any U g and {J g

However, once U g and U g are fixed, one can work out the solution

Ug,Ugare SU(2) irreducible representations

Nno memory

d, =2n +1
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In the s&r scenario we cannot process the input state
before using the unknown unitary

The input state and the use of the unitary are not

availlable at the same time

More restrictive causal structure

Lower performances
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Measure and prepare

no need of storing

In a quantum memory

Optimal storing and retrieving <=> Optimal estimation
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Can we apply what we learned from states?
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