O Muti-qubis Entasglement

(a) Recall the Bell Sake lff> ‘]LZ [,k) EllffMﬁM, gw# 10 i,
?’_97/“71 L§ ?l; 10,09 4 (1, l) 7,‘; ([o,()+ ll,O))
qli /10,9) ll,()) Z(i (lat,yfu‘a))

(b) Entamgied Sfotu mudhple  §uwbitd
'j # $ (_ﬂ@ X)(-Ze) |21) ) x/té?o,f;

—_—
——

DF ta
bob, . B S B
DX (.7) az( - : e &,IL,,,,,ﬁéﬁl:n
| " fubi] (v gobi)
(0,97:(‘;‘

0z ! LT ) A
i (") Keﬁ_a; Banir fr (C )9 ?[ﬁ} p_éfaﬂ J__g,tzl/‘
Examgle : foc_a=1: §18.0),10,0), 11,09, 100)]

_H_‘_ﬂ.i};‘ élo,o,o), 0415 lg 1,07,/4,1,1)
“,0,0)7“,0)17/ ”I':o>, “/'.’)3

o Bell stabe f i nv‘luloﬁ Syétend : ll*)%ﬁ”ff’? ﬁ

Lt I ' L >ﬁl-'a Bia

$l LL”hx,...;\l-«)M ) = Tk 0 ® [y b,
&iQﬁ'ol‘\ fe-w{f,“?nz lkll"’)” 5 p IL)_' L;,?Alglﬁ - R “"ll- kl)»llsh

NA,U —’\/v N ——

0
> [T 3, [£045, @ (0082 & 1E045,

\/'W — TN




Y

{l

-~
-

= |\
o |\ o
s =)\ 3
NA)E VAT
< ~ —— sﬂls ‘._.Jl
= Hwn J
i ® o
~ 3
- z.'rl \\/
W ~~ -2
® — - $
< ) - 3
- /
BEW), m ~ 2\ &
n L lﬁw \’ —
; < :
SRR EEEE
- Pyt ~ \IJ
- £ T s =
¥, e 1=
AN~ <\ =
<. L5 —p .W»Hi
> J - -’ -
|

Pli >ﬁl 7Y gl: A

]
l

- N’ 2
Reha)®




. Ell‘h'('( Bell baaif : )éﬁ,i),}m&m - (Z;éxi ﬂl)lg*)ﬁm\ﬂm
l "\ (#f I gubits).
-

B
Q9 _..gézn % “‘ZG]@%
\(’\\

\
\\ 2: (;1;%2,--7211) ""7 %‘i‘:’—é‘bo za’-@
0

S
t= (0 k) 2 Xz XM a (R0

& %lgi,,{) = i,iéém)“} 0 o og Be (€)% ()

R ad [ty = 1 (1070 1y00) "2 7 f (100,0y4110.19)
Baais fac (Q'I)M: IGHI’;;{}‘: (7}28 Xi)IGH?’,? ; %éfqls,fc:{o,/]"".

(@ Useful in guantum Soting Anel cry‘ahgralnhy.)

¢edau.

. Graﬂl Srouen - (ﬂ gmph 4= (VE) )

/ o —0——
(@qul L %uam‘um) hedes| verfices /)<0

compuh‘aa |

Recipe, : o
| At ety \ertex, puf i |+) Stafe. (l+)=1’i1105+u>))

1. o tvuy ujc, a,n,aly e Contnjied -2 gaje




(F = | | Ct0,0)=10,0) jﬁé"

i | CE10,1) = 19,00
Gl =) E= o=

G LN = 1EN==11,1)

Geatrol formula:  [9°1 = (J{ (l°7+1:>))M =#£ L2

X ¢foa)*

=7 :

| 3"5.(1074 lb) @ & (lo)*h>)

( ll','lz) = [- )tlh l:’\l)-il.7

oy
= 1673,‘{!}2 (-1) i?, oli'?z X X;

i Zefan i;)¢E
—_—~————

(—) o = A Xy 4X X ALKt 0

Adjacency modriy of the gmph

(4@){,; E g | if fi,J‘SGE
0 OtherwiSe.

oD W o~ W = e o —




() Detemining_Entonatement.
i —

B 6icn o sfobe vurw 113, how fo deteanine if 15 18 antagied o i
Prcigely Y4, 18) o [¥y=(4)e [4) 7

( ) W?,;gé(. Ly et =4 l'/}ﬂﬂ =£ Aij 98 10) (fsz}’X{,j

11-0»—16

Mo
w0 - ind tx Juankity & madvix ! Lem

4 X gl e L6t = vedy)- ix,,, el = g

lJ/a 1 =>0 I, =)
J «1'0’
-'—7@ [l Uy W)e«{ic'(‘ 3 YeL(€*) Such Hhat (Y} = vec()= (e )IP).

8 Foc ety mecha ¢t 3 veL (e Yot m=(gaa)iny

(b) EWY Yelle!) ha g S’iegular-uhw desomppdition :

: \krz’ﬁf\? MOH X {_ Qinauw Valued

X= WV f
X/‘ it( * (10"
i Sigular Vo g

Unifesieh
[ ua
. N[ ﬂ,ﬁu‘-t\
Tn ben-ktt nohion: Y‘«’é‘i‘hl%XfU

ronl, = # >f, €:‘:\9|Mw volugh —> Umiaut
flﬁﬁsk ) flh) }u 4, Orthongrmal ( leff and ffjh{' Singular Vechoss ).



'\

<1 = vee(x)= (19 iry = f/‘, S vec(laXful) = 5 S Tede 140

k‘;l b

(NOrchmh‘oa: (Fl#y=1 =7 é 4,3 = |>

o TF r=1, then 190=|e)a 145 = nof mmnﬂlu,'.
- TF r»l, then M+aaalul,‘, r= gcjwott Ak -

500 = (& &@raw){ 26, )

) Ouceree: 14 = & 5, Tep ) :Z" & '

K

k=t

< Tfs [[YX?}%:) Tr [ Z S'Lg,‘/ ——ka{ q ('[)LXFL lg]

- Z 5.5 e, Tr[lfufh 1)
i
- ‘J‘_l

his‘ -C— — UIAjﬂnaD

Mo, Ty [ 1¥XFlag ) “% S XA /

=/ ﬂﬂ[ ’ﬁrs] gnd Try ['f,ﬁ;] hgwt Hhe, Same (A&n-z-m\ eiaemvo,(\m',

(d') S,UH’OQC f‘éd,/ §'k-.=3’1 ¥ Léfliz,...,d,}, ‘E—f)—.;?% (la,ﬂ)“’“‘b)

Y 1 N i
We cal 1) Maximally enhx%\t& (NME that fhe marg WA o
Maximally mised - )




4 4 4! i
o) Obgeeve s 15 S ledo 1702 d £ £11)1s)s £ ]

(] -0

€,

1 4 ( (edﬂ} (e ll?
Xi liYe 122 (J(C.D(Jllcu)

d,
#ui 1598 [0 16 X027

|.||.U

i gl [{, 6l ) 18
=1, ble {te] is ove!

G
N
b
0

4
J.é ’ L) <J[ﬂ7
A

ﬁé’ IjIJ)

« @——“ €
h

lfi?

[ﬂ Vcd'orit% Uaitadi€h et Masim enfona led

11)z(he 1) )18]) = mﬁ e &)
(1 38 weitedy l‘ﬁ =i

e, Tig[9r}, ) = T [ (w025 Bl (wo )]



v
= uﬂg[% uf Tf [lf1>(fflea]
l AS]J‘{‘ =T[4 s X6 0 136

-‘k~

4l = l{i e, Tellexe]
kK=o
= ﬁf% (Suml(u for g [l’/XYlmg]) k> =dy
4'
rléﬂlkﬁ(ul =41/

(3} Mixed -State £n+anﬂlemwf ¥ much harder fo chamterize! (Mare oo Hhit lafor.).

@ Purificotion of mixed Stafer

(o) Lecall: Fe qubits pure Stafm ot an the Gufoce  the Blach Qhoet)
mixed fafer are imidg.

A ) = al0) + BI1)

a, B e C,
laf? + |B]* =1
|—0) |+0)

Qubit
|0) or |1);

or superposition

N
beeeal mived ot hove Hhe fun =3 prixtl. Tl <)Y
2|,
1

firo babi[itics.



() How go mixed Stode arce jn nofuee’
l. [ock ( knnwledﬁe 4 Ctate prcpamn'on.

/Wu) Vi Iomb. p/
GowtC | — 142 Wl prob. p,

NS

Wy) HI I)rdb. Pl”'

@Now Someone Ly the Sowrce 1y proport o Stake but they don't fel
\ou Which gng it 18 How do you dercsibe o ’ulowlM.Je ef Hhe nyfcm
L {Thcy don't meation the la/nel.)
exs =5 p, [kXWl, @ (AL [ This 1¢ a Clastical —quanfom Qafe)

kel

|
|['/u!l i RN,
Cva::"‘“““l“l‘w ®T° ’c"y“lrc Out| Whot- Sate The Qyltem if
l\lwhid\ﬁ(mf f)rtpa.rul in, We meaae the *dastiol f(aﬂﬂ" v

s 7) (it ovet Skl

o (X 0 %) 1) =Te[ (1,013 );‘f KXk L0 l?’y)%l,]

y
£1[y mmuxul b 1Kol

—

4
-
-

(M expeted )

I:.

Ctate Conditioned on onfCome k [i.c., you know whot He label i«).




v
T [( [1XCely 0 T ) e [lh)(k‘,g* 1) ]
£

.
Fov—
e

Fx[( a3y e A ) (o, ) ]

L —
=

-

1 P'Trx[ ILXL“"XL'“(XL.IY ) l')‘wX”‘bil:g]

|
Pb- "; | —

u/ = J' , P
=4 B IAXA)
k

= [F )| / (aa expcdeal!)

-

@ But if you don't kowd the outcome [lobel > — Thae ou the yitter x!
N
Try [{Jx;) ‘-"fo ({; P lk)(ltlx ) mxﬁl_g‘]

N

= é' P Try [ 1hal M I%X?'J;]

Lq’—_/‘—"

=T ) 1A

—
=1

Zh AW

U
M ["\2

L. Meowurement O One ot nf @ puat, Crok.

1% )es =uz o, le,), ¢ lﬁ)g —> Meawe A wit Povm fMﬁxéx

Conditioned 0 quicome x, Stakt an 8 i¢ ﬁTﬁ[ [@"611,)17‘5(9% [y a35)]



o= (1 009Xy ) = T3 T [ 100 g]) = £ AT 1),
ML L™
J

l\

lra[i M 1e,Xe 4 0 lﬁ)‘ﬁ'lﬂ]

bWz

<

¢

= £ o loXeely B LAY )

k2
i
bir

hz A MO(&LIH

r

T [ (0 )0 g om) =T [ £ eteel, o XA,

T
:g T Jﬂ,} l6 el Mj‘] NG

=5 AN KX, —>Mor a puc i
In jeamd

3, Eﬁ‘l‘ﬂﬂﬂ‘ﬂmﬁl\‘l With an (ualmown) ﬁVlVifNLMCI\f.

Cortider 0 mived Stake (J-:ijkl;‘d?‘d [fpeam( Accnm.falih'ﬂ..),
§ herry

. (ued
eifyeatd Einenvcts [orthonormal )

Wik : )=l =T [,,é ﬁuTr[kan] =bZ h=1 | tigenaluy Sum v ot ).
2| \;T-—" )

@Nok: %0 = A0 ¥k = 05041 ¥k



@ﬂ\crc Qists o Pum Stote l’)‘?&g Such that TFE[I?‘X?’)ES) 20
/r,

enviroament

l_’@;-. [b\, tplicit COMHIAC‘HOA) Congider  \p -.—{Z Oy 1A

Thes Vg = {uésr)w) (1, » & GLIRXAL i
A.l(wg)» m z’lu Y

“Lf 3 (1 ¢ BYAL| 10, %ﬁh’ofam)f
— —
1 7.2,8 %)

. ﬂld‘ & a fote veehe: ('/I’)‘)‘: (:.an“ (iléﬂm,l;) (él@’ﬂlﬂﬁ){)

e

Oohe L EN ()

fvl L My —
fp

Y

b

O\
S
-

<.

|

T [190Fg) = T [ (10 81Xl 1, 0 )

v

tl

T lrirls)




Fle

a -
— A =
- ==
,.Vn‘ 1Y)
h — .
[3 > ~ -
- N~
1 =P A.I“u Dm
- & Y
- g ™ - -
JVA e} ~ uI-.Pr ..u.u.l l.m
—=>> I [}) n a

6 V

8

-




