
Bipartite systems - Entanglement

I Density matrix S
'

1) Bipartite system

Hs = HA ④ HB

HAB) E Hs

Let Fla : observable on Systema
Fl = ta ④ I : observable on S

'

( acts on A only )

( ti) = (Last til Lars) now write Hard = dig lips ④ 1µm

= q Lialtialjas . sustain ,> siting,

=

g.I digit Lj, Lil talj)

AA = ÷, thing, ljxil density matrix of A

( t) = Tr (patta)
• Ja is obtained from HAB) : partial trace fa=TrB[ ftp.BXYAPD

e) stats :

•
Pure state ou A : IIA) E Sta such that pI = HATH

•
Product state of S

'
: Hard = Has④ Hrs) for some Ha> and Hs)

separate
I

° A state which is not a product stole is entangled

⇐ A is entailed with B when S' is in state Hap)

3) Disunion

. here we defined ewtaugcnah for bipartite systems . ① more than 2 parts

• In. Can be diagonalized Ja = IP ;
lixil pi : probability for A

to be in state lis



pig : represents an emeulle of stats .

( Ña) = Trl fath.) → ② :

g.mechanical expect#value to each

state of the euselle

Li / Ñali >
② : classical average over all possible stds Ii>

• Purity :

pint = ? pilixil So Trfin?) = ?pi ≤ ?⃝ pi =L

I
_ Entanglement

Bipartite system ^pa= IIAXYAI

Kars) = 14+3×01%3

poi = Tris [ Has✗ Yard] = I 1¥> ◦ Gers / Yrs> ' <Yal ftp.bers)

= Hp) . I / Gersten>12

÷
if fin is mixed : A and B were entangled

1) Entropy
given pit : Renyi entropy E. (A) = - Log [Trfia

")

Entanglement entropy 5# = -Tr [ patria]
=
t.in Safia)
n- I

8 (12×41)--0
Ex : statistical mediants

,
canonical ensemble

¥5
A - B

ÑA = ¥ e-
SHI

E- %

§ Stipa] =
.
. . .

= -PF + paint
{ F : tree energy =(éPᵗ=z )

Remarks :
• for any biparlit.in of S into A/B : 5 fin) = Sfts)
• Maximum entropy : = ¥ ? 1¥! N= dinka )



S
'

(pi) = Login

FA = IN ? liaxial infinite tepaatue

• Thermaligat.io : ⇒ building go eutaegleut .

S

¥7 S
'
a area of the banda

, A/B

volume of A

• Connection between S
'

and quanta gravity

E) Schmidt decouposihia

Let Has = Ha ④ Hd and 1¥) E HAB

Here exist, an orthonormal set in Ha : 4 lia>I

an
"

" " Hs : I lied

such that : ly) = Id ; Iia)④ lies>

{ di ) : Schmidt coat . II. Id;) = Schmidt rank

Density matrix : Ja -

- Tr
,
[14×41] Let Him the

"

Schmidt basis
"

= ? Cistxtlib)

= Itdifliaxin.IS/pa)---2?ldiiLogdi2
Remark :

.
d ; = e

- %
II) = ? e

- %
lia> ④ lip

{ Eif : entangleart speaker

• given pan. = Zip ; liaxial

Here exists R
,

with Hilbert spae Me such that :

F IL) E Ha④Dr Ja -

- TRRIKLXL'D

purification gfa



3) Example: 2 qbit system : A : sqbit B : Igbit

HA = Sp 4107,1131 HB = Sp 1107 , list

= HA①As
If = Sp ) too) , loss, Kos, Hss) ( lij> = ④'J2 )

° ¥ ( 1007 t 1027) s not enraged : ¥ to>④ ( lost Hs)

• ( too> t 1117) - yes
!

= htt ) Tr
, [ tox Iott)

= I 40×01 t lsxil) maximal} mixed shot

Bebe stole

° Ides =#
' ( E too) t G- e)Iss)) - yes

!

It 6-s)
'

{ s
'

-

.
. .
.

re
'

• lofty = ¥ ( too> t 1113) Ht) =L ( b's + "03) Bell stats

to
-

s = ¥ ( 1007-1117) ly-y = t ( lol> - 1107)


