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Quantum Information
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Basis vectors: [OTand |10




Basis vectors: [OTand |10

Arbitrary states: |PE=a|0E-B(10
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Basis vectors: [OTand |10

Arbitrary states: |PEa|0E-B(10
such that lol*+IBI°=1

Arbitrary multi-states: | N
(Y0 |00E-B|015-0|103y{110

such that 1012+IBI2+812+\2=1
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_standard notations
Conjugate: if |PEaj0E-B|1E(F)
then W|=0 OB |=(a" )




_standard notations
Conjugate: if |PEa|03-B|1 &(%)
then M|=0 OB |=(a" ")

Scalar product: [P|@E-p (e[
O|0=1|1Z1 and O1EM|0E0
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_standard notations
Conjugate: if |PEa|03-B|1 &(%)
then M|=0 OB |=(a" ")

Scalar product: [P|@E-p|e{qpO
D011 and O1E|0E0

Tensor product: |QIIP|=|pe0p|

0m=(§ o) [0mL=(Q 3)... |1mL|=({
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Quantum Measurements
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Polarizing Filter

optical axis
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Polarizing Filter
and photodetectors
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Projective Measurements
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Projector: (state) Py, =(pmp|
(space) P =2 P, where P.P..=0. .. P.




_standard notations
Projector: (state) Py, =(p|

(space) P =2 P. where P.P., = 51,1’ P.

Measurement: { P_ }
2P =1, P P .=

O .P

m,m’ ~ m
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_standard notations
Projector: (state) Py, =[]
(space) P =2 P, where P.P..=0. .. P.

Measurement: { P_ }
2P =1, P P .= Em,m, P

100

Measuring: Pr[m]=[P_|¢C
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_standard notations
Projector: (state) Py, =[]
(space) P =2 P, where P.P..=0. .. P.

Measurement: { P_ }
2P =1, P P .= 5m,m, P

100

Measuring: Pr[m]=[@[P_|@C

Resulting: P_|@d\ Pr[m]
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Projectors: P, =|O[[CD|=! 0o !

Py =|1E[&|=(8 (1)




Projectors: P, =|O[[CD|=! (1) 8 !

Py =|1E[&|=(8 (1)

Measurement: { P,,P, }
2P =1, P,P,=P,P,=0




Projectors: P, =|O[[CD|=! 0o !

P, =[1m}=(3 ¢
Measurement: | P,,P, }

2P =1, P,P,=PP,=0
Measuring: Pr{m]=pP_|¢C
o* KB | P, aj0E-B|1Fa a=|a 2

o O}+B°1| P, alo=-Bl1ER*B=[B4
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Quantum Computations
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Quantum Evolution:
Unitary Operators
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standard notations
Unitary Operators: UTU=UUT=]




standard notations
Unitary Operators: UTU=UU"T=]

linear: U(a|0E-B|10 = aU0ELU|10




standard notations
Unitary Operators: UTU=UU"T=]

linear: U(a|0E-B|10 = aU0EFLU|1O

preserves scalar products:

(m|UT)(Uled)
= p|UTUJgD= Op[lje0= Op|pm

© Claude Cré, 32




00— [H]— (Jo3|1D/v2
10—-[H]— (|oE-|10/v2

= 1/\/2( 3

© Claude Cré, 33




© Claude

|0|jT 00

00——@—— |00

|1DT|1|:|

o0——@—— |10

»”

|ouT 100

10—@—— |10

|1DT|1|:|

10—@——|oD

1000

0100

-4 0001
_$_ 0010

34




4
eneral Measurements
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Calcite Crystal sin2 6
and photodetectors
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Measurement: { P_ U }:(larger state)
2P =1, P P .= Em’m, P

190




Measurement: { P_ U }:(larger state)
2P =1, P P .= Bm,m, P

100

Measuring:

Pr[m]=00"|p UTP_ U |@0"C
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Measurement: { P_ U }:(larger state)
2P =1, P P .= Bm,m, P

100

Measuring:

Pr[m]=00"|p| UTP_ U |@0"C

Resulting: PmU|(p[|D“Df NPr[m]
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Calcite crystal
& Photodetection
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Classical & Ouantum Information

00110111000110 Classical | Quantum a4~ % e %

Copying: Yes NO
Measuring: Yes partial
Broadcasting: Yes NO
Superposing: NO Yes

Interfering: NO Yes
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Quantum Entanglement




Albert Einstein

EPR
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Quantum Teleportation







Quantum teleportation
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Duantum “broadcasting”

A\\vj
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Quantum Factorinc




(Quantum Superposition
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Duantum Superposition

- b P &

e [l

© Claud > 61




Quantum Factoring
Given n=pq and @(n)=(p-1)(q-1)
it 1s easy to find p and q because
((n)=(p-1)(q-1) =pg-p-q+1 =n-p-(n/p)+1
p+(n/p)+n-@(n)+1=0
p>+(n-(@n)+1)p+n =0 has solutions:

= (- b+v4ac)/2a (a=1, b=n- -P(n)+1, c—n)
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Quantum Factoring

Euler’s theorem

a?™ modn=1

F(a,r,n):=(a' mod n,r,n)
F(a,r,n):=(( 7),r,n)

F(a,k@mn),n):=(( -),k@n),n)
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Quantum Factoring

F(a,r,n):=(a"' mod n,r,n)
F(al 9r9n) : =( 9r9n)
F(azaran):=( 9r9n)

F(ai,r,n):. ;(Q,r,n)
but

F(a, k@n),n):=((>).k@n),n)
F(a,,k@n),n):=(( >),k@n),n)

F(a, k@(n),n):=((,k@n),n)




(Quantum Factoring

F(a,r,n):=(a' mod n,r,n)
F(*,r,n):=((Y),r,n)
- =((+),r,n)

but .
F(* k@(n),n):=( (k@n),n)
F(*.k@(n),n):=( ( Sk
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Quantum Factoring
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Quantum Factoring




(Quantum Factoring

Construct the superposition
for all r and all a of

(a' mod n,r,n)

measure r, and with high
probability r=k(@(n)
for some 1nteger k

repeat to obtain r’=k’@(n)
gcd(r,r’) = @(n).
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