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= Bipartite States

s 1 qubit states in C?
| =), | 1) or these linear combination
s 2 qubits states in C? x C?

0 Natural tensor product structures

o) ® I> )® i/g )l

0 Entangled states
LoD+ el o)
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"~ One Dimensional Projection

n P, =) {g|, |¢) € C?

cf. Tr(pP,) =1 if and only if density matrix p

describing the system mstate is exactly P,
m P in <C2 X <C2

0 P=|a)e 0L B=1Ia]| )],

P& Ds..
0 & =P([I-P)+(I-P)® P+P®P,
P = |p)(¢]

0 (V[ER V) = (V|Ep,|T) =1

if and onIy if P1P2 — O, Plsgm — 5p18p2
and (V| P53 [W) =1
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— Creation & Annihilation Operators
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~  First Quantization

= W) = cooloo) ® [¢o) + ;)C()j’¢0> ® [¢j) +
J
D Cioldi) @ |Po) + D cijloi) @ |d;)
1 >0 1,770
0 (U|Ep|V) =1 & identicle =
Cij — 0 & Coj — TCjo
0 Normalization : ‘600‘2 -+ ZZ‘C(M‘Q =1
>0

s Fermions: cyp = 0, Separatable
0 10) = L(160) @ [A) — [A) @ [d0))
A) = V23 cojlds)

j>0
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~  First Quantization

m Bosons

W) = /2L (160) 210) + 10) ® |é))
0) =/ r e (%160} + L cjody)

(1) co=0: [¥)=l|go) @ |¢o)
(2) Coo — 0: <@‘\I/> =0

(3) (Olgo) # 0 & |©) # |¢)




~ Second Quantization

n A'()]0) = [¢), a(¥)[y) = 10)
0 [a(yn), al ()] = (¢rfihe) = {a(in),a’ (o)}
m Ny, ng-cng) = (ai)nl(@)nz"'(ak)nk\()}
| \/H?:l n;!
n P(3) = (i]Y),
(ij|11a) = (Olasaza’ (vr)a' (12)]0)
1(0)a(7) £ 1(7) (s
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P = Second Quantization

m Bosons

[]

[&(w‘ﬁ)? af (wvz)] — <¢V1 |¢V2>
= Jps 7, (r)iby, (r) =0

<>subalgebra Ay, , commute

m Fermions

[]

{&(wvl)7 dT(wvz)} — <wV1’¢V2>

= Juo 17, (M) (1) = 0
<subalgebra Ay, , anti-commute
AB,C| = A{B,C}—-{A,C}B

& A and A5 are commute,

as well as A% and A4, A9dd and A%
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p° First and Second QQuantization

\__ ]

d |

Approaches Compared

m Fermions

0 [U) =a (;le]) 0)
=P(al)- 0@, - .al,--)|0)

0 both approaches obtain separable states

m Bosons

both approaches obtain separab
both approaches obtain separab
second quantization approach o

e states
e states

htain

separable states but fitst way obtain

entangled states
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