



Quantum Information Theory













































































































S r s

What information is contained in g
what is information

What't sources doess contain
for which tasks

what transformations are possible

How to characterise them

How to optimise them
for what
























































































































How similar different are ger
r

Can we recover g r after R
S n i s was applied

What about spatial correlations

8 n

And temporal ones

Quantum Information

abstracted from physics
of information substrate

most fundamental theoryfor information processing
in nature

includes everything classical








	 Course Overview

	 (subject to change)

	 31 Jan (Felix)

	 	 Introduction & recap

	 	 quantum states, state space, operators, composite systems



	 7 Feb (Felix)

	 	 more on quantum states



	 14 Feb (Simon)

	 	 Dynamics: quantum channels, measurement



	 21 Feb (Simon)

	 	 channel representations



	 28 Feb (Felix)

	 	 entanglement, quantum resource theories



	 ——————————study week ————————————



	 13 Mar (Alessandro)

	 	 Measurement disturbance, classical-quantum states,

	 	 Holevo information, quantum discord



	 20 Mar (Alec)

	 	 Recovery Maps



	 27 Mar (Simon)

	 	 Semidefinite Programming



	 3 Apr (Simon)

	 	 Higher-order quantum maps



	 10 Apr (Simon)

	 	 Quantum stochastic processes / process tensor
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tilbert space finite dim
complex inner product space
vectors weed
with addition scalar multiplication

inner product
1 conjugate symmetry

CU W Cw v7 complex conjugate

2 linearity in the second argument
V R W zWe LV W Az Cv Was

3 positive definiteness
4,0520

norm Kull lily Eg
orthogonality V.WS 0

Cauchy Schwartz Kyws Ellul llull

1,2 antilinearity in first argument
R V Rzvz W Cup RELve.WS

For quantum states
44 05 4167

441 Ye a

2A dual space



Pure quantum states
rays on Hilbert space

147 4177 Helo
e g 14 254177

pick 177 4177 1

Basis lbj 14 Ec Ibj 147 ed

orthonormal basis 157 basis
and silk djk

Linear operators e g 11 11 01

X Y A X SY

again complex vector space
addition A B r ArtBr Kret

scalar multiplication
A Ar trex

Direct correspondence
1in operators matrices
Alx dig 14

A aij 19 1

adjoint At obtain by transpose
Rentry wise

LY Aps Catuly complexconjugate



conjugate linearity
αAYβB

t
α At β Bt

anti distributivity
AB Stat

rank A dimtiff.fr
composite spaces
72 Ll 022 44,04210 027

3 0,5 42102
ON basis

le re s lei's
operators
A Az 17,701423

A 14 Az 1727
A Az ECHY B BzELCYZ
A Az B Bz A BQAzBz

CA Az t_AT At



Singular value decomposition

Any mxn matrix M can be written as

M UAV UM M
v n n

Uunitary a diagonal with Aj

UtU UUt I
Schmidt decomposition
V14 ERA HB
2 0 1j A ONB 1jSB ONB S.t

Schmidt rank

14 EE RK IK AQIK B

re min da dB

In generic ON bases 1 3 IBS

145 GB Ias IBS

QB UAV SVD

H B ftp.YKRKVK
B147
p
KUqKRKVKB IB

RK Ua K K VK BIB

FE IE



CKIJJA E.NU

xKJCETUtu1 UEVx j Q

Klip analogous

Square operators
SEL X X L X

Normal operators
N.CL x normal if spectral theorem

N N'T 0

unitary operators UtU I UUt

Hermitian operators
He x fit H
H He remains Hemitian
H

H also normal
identity operator 1177 147 4 EX

trace
to S SHE

ON basis

tr S is basis independent

cyclicity trCABJ trC.BA
show the



Projectors
IT IT Hermitian

only eigenvalues and 0

Write as IT ljXjl

Resolution of the identity
ljXjI

spectral theorem
scalars

Projectors

Nnormal Rj IT s.f

N E genvalue

Hermitian operators real eigenvalues
Observables

A ants At_ IT

af a At A

LAY tr 4A 5414147

Functions of normal operators
f c e

extends s t f N f Rj Tj tree BHI
e g thermal state

H E IEjXE I Zp e
β BE Et



Positive semi definite operators
PEC X 441814 20 14 EX

P Hermitian with
220 K

Quantum states

Se size positive semide finite operator

on Hilbert space Le
of unit trace

to g 1

I can be seen as an ensemble

S Pi 4 7,1 4Pt
e g biased coin p tHXH P IT I

thermal state 2ps α
BH

pure state 14 71

convexity
pg l PITIES show this

mixture v5 superposition
1 5 12 105 117 VS S 10 0 11 11

to 10 017 1 tr 10 019 12

to HXtHXH tr 14 45



Purity
Pls tr S

PAX I

p
0 01 11 11

In general pls R

minimal for Md

P Md

Md maximally mixed


