
 

Properties of quantum states

partial trace

MABELLA B

MA tros MAB 1A BilMAB HAQIB

with 1βj ONB

14A entangled iff 14717,7
otherwise

14A 1470148
profferable

Schmidfiqak

Purity of reduced states
YAB product plea ie gA 4A l4AX

YAB entangled Plea CI ga ensemble

14AB É RKIKZQCKYBRKSO.EU
ISatoBC4ABJ E AEIkXKI

p sa I Iff f I

maximally mixed state e.AE IKXkl



maximally entangled states due
canonically 10 1k K

f1K.GS IM

qubits Bell states
1 1005 1117
14 5 15 101 1103

Write 16 S in Schmidt decomposition

Lemma transpose trick

AOIIMS QATIM
A

C

C



Purification
Given sa can we understand it

as trYaB for some YAB HABHABI

Purification of SA
FAB 4ABXY.pl with trBYaB SA

requires do rank SA

SA P 145 7,1
generically 14AB 8,14
canonical 14 BIj j

HIM
What other purifications
Isometry
Ve L x y dx Edy
Vtr Ix

HV v51 K DH Kir EX

culvtvlus aulb.ru
unlike unitaries VV Iy unlessdx dy

instead VVI Ty
out rut VV VIV Vrt Ty



Purifications are isometrically equivalent

TAB 4apr purifications of
SA EP 125 7

v 1.0.9 dB dB

isometry VEC HB HB

4ABI A IZABS
For any purification lj ONBs.fi

4Ax7 M1j7alj

For B B K KIB VUE ITB
Vtv B

Purifications of s in general
u 14,10 Or IM



What about ensembles Ipj 14,5
with 5 Ep 145 4

not necessarily ON
Schrodinger HJW theorem

p 1455 vs 19 10

1081455 1001457
measure in Vijs or U IS
basis of ancillary space

Side note
S Ʃr IjXjI

majorises
Schur Hoon Thm

Pj 4 g EP 14 4 Iff Ftp



Hilbert Schmidt inner product
A B E L x y Frobenius

A B tr AtB
inner product

noom MAKE TEA
Frobenius noom

Schatten p noms

KAllp tr AtA

define Halla max Aull VEX 1141141

spectral norm

p l trace noom

All to ra afsingular
values

last

for A Hermitian with
eigenvalues aj



How similar different are two states g t

distance 115 T1 trEEH
define trace distance Dtr 15,4 2115 11

O Dirls T 1

extmple Example

8 8 5 10 01 8 11 11

POUMS

Mj 0 with Mj I
Pj to Mjg

Der151T 82 1 É Mr APM
Proof homework or literature

Properties
non negativity Dtr fr 20

symmetry Dtr ft Dir TS
triangle inequality Darls r DCgr Dtr Td

Pick M Dtr15,8 tr MG 21
tr M S r tr MG y
tr M t to Mar 2
Dtr 5,8 Dark 8



unitary invariance actually isometric
115 0111 110gUt UTUTH

monotonicity
in general also under

Dtr 15A F Der SAB TAB
90 channels

to MAISA TA to MAQUB SAB TAB

EMMY MAB SAB TAB

Dtr SAB TAB

Fidelity FCS T 11AM
trCF

For pure states F X t to TH 141031

Polar decomposition
KAEL X

F Wunitary P pos semidefinite
A WP or A PW

with D AI TAT

SUD A URV
W UV unitary
P Vtrv pos semi def because

441214 20 177

equally all 17 V14
AtA PWFWP P P AFA



Uhlmann's Theorem

FCs T
mµqX 1 4,10141 1

try Iv 3 try r t

Proof

14 r MOVIMS
14 W HOW M

441W v CM FB WTV IMS

LM FACIOWHIMS
tr AY MID WINTO IMS

TMIAOHIMS tr ABU

FEISTIEST Care

To A ljXj1 ER jluXlj

maximal for V xt

MY Karew 414 1
t FS
F 15,8



Properties
symmetry F s t FITS
monotonicity F SAB TAB F SA SB
extends to qu channels
Proof at home

Bounds OE FCS r I

Bures angle Bures distance

COS DBA s D F S T

Did g r 211 F s r


