Title: Explorations in Quantum Information - Lecture 6
Date: Mar 19, 2012 02:00 PM

URL: http://pirsa.org/12030008

Abstract:

Pirsa: 12030008 Page 1/80



#® Mathematica File Edit Insert Format Cell
a M M

Graphics Evaluation Palettes Window Help

® QE Lec 6.nb

Operators for various components

-

Analyzer

Detector

. @ not

Polarizer | +
RF-
Flipper RE
' \ Flipper Polarizer
—//Lo , Flipp
| SF ] | S | -
1 o i QYN
e 2 /4 TN Detector
— B
) 0/, .
Perfect Crystal - )"’fn,
Sample « Interferometer :

I A

Pirsa: 12030008

Y ®) D -

= 4 (@] Mon2.03PM dcory Q

Page 2/80



Pirsa: 12030008 Page 3/80




Pirsa: 12030008 Page 4/80



Pirsa: 12030008 Page 5/80




Pirsa: 12030008 Page 6/80



Pirsa: 12030008 Page 7/80



Pirsa: 12030008 Page 8/80



Pirsa: 12030008 Page 9/80



Pirsa: 12030008 Page 10/80



Pirsa: 12030008 Page 11/80



Pirsa: 12030008 Page 12/80



Pirsa: 12030008 Page 13/80




e f‘J (= (7 ,.M/) lr L’\

-‘_J/i:) .”V‘ //’CL

Pirsa: 12030008 Page 14/80




N T e I,J ((; ,‘-—‘/.) l’\'\

’ -~ L’,,/, - (1)
.\_-,IF_HM f/g_ | r)" L (

Pirsa: 12030008 Page 15/80




ch’)’ce sP l’b\

' 2 - T 'JL e (>
-::')/P;f\ (/2_ / «?)A*LJ'/-‘ o {J‘f)’f- { ) ’ -~

SP'A (T>) (>
oveyr NL

e

—

—
/
?:J“: L { LI
7Y
w474

\
~J _r-:_

A
Sy D ima 5 red

Pirsa: 12030008 Page 16/80




NT_ Ce dce 5",) II\/\

Y’] %f]-_.)."h"\ (/'a

qd’oq rTS ove yr NI
2

&

Pirsa: 12030008 Page 17/80




Pirsa: 12030008

—

L ce A SP W

Y’] -gr]j;lr\ (/2_

Ak
=

add S over VL

&

v V\?f‘q ri},f/fg me. A

. /
2 S ')“_. 1 Y

P a:ILLw [
Pt ()

(0 T>

\/ ’ f>' l() \L >

'rf].,-—"":.. v !’,. :'i‘ { | \L>
7 T

0

=1 mmasrel /e |
7/
r ..‘l -‘r,- ]

Page 18/80




-
Shdvmas el (e [ Ca I

JJ ‘ i
250) 20ere M
5w by

‘I

Pirsa: 12030008 Page 19/80




b

S S a s e {)'.'L I a
\ /!

[ /

I“ :ﬁ \ ;’ s B
) 20w M- 7

/

N

YI ll H‘ e‘/
A LA >p th
6f1) U‘) f\

Pirsa: 12030008 Page 20/80




Sy B a s e [".g_ V f'\_‘iL‘r ]
)| )

) Zoere Hn/{
‘T

Hele
N\ =
N\ Y
v : ‘Ylan‘é‘"‘,
O LA <P "
Gf') W\

Pirsa: 12030008 Page 21/80




Pirsa: 12030008 Page 22/80







Tmaemdn

vy Q },\;{-a "1}//.’ 3 ‘[7‘._

Sy ™M a s e i.L- < 4 -“a.-%-—l
)

/

Tl ) "-’-’“-r-_. F}'..//

I

f /
& 95 '}1. | aY

5k
DB
s I
G\ ey
O LA w,‘..'lq kd- ((rs“/" ff\:‘/% .

O R TN

Pirsa: 12030008 Page 24/80




—mamdn

LAY, CLK]},/( me ‘L7i\ /R -

\_y amasrnele | ."-‘_-{__l

/

V/fz (‘0 s /( ‘r | \Z5%) 2 e H‘—~/

4

e
/\’
A
¢\ Itev
O A ‘*\!\II’L\

AONWTN

Pirsa: 12030008 Page 25/80




e

r V\?{"O_f}},fr me. t7(‘

/P‘hlﬁ]_d nel e lf’k-1L{ o

L M :
s Uz (‘0 1l ) GR) 20w H?“/c,

4 /
- ST.-H’] oY

N

rp
/\
2\ "\l '\/
9 He«:

/J':.,:t.- ““'!"l I

& t‘)lﬁ/”\

Pirsa: 12030008 Page 26/80




Tmamdn

F 4

s
SP IR

|
CF\):»“ \

Pirsa: 12030008 Page 27/80




gy
/i'y? (""\’ ;L ﬁ)

[

Pirsa: 12030008 Page 28/80




r o T
A =snih

/
CF‘_]H‘”\

Pirsa: 12030008 Page 29/80




Pirsa: 12030008 Page 30/80




® Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help S ®B) O [ = 4 (@] Mon224PM dcory Q
M N O ® QE Lec 6.nb

TV Y O PO O WO OO IR O OO OO GO TOU T ROT T O S TS IO O T O T OO T O POTIOOTIe O R

2
gamma = 1.832 <10°4; (« Hz/G «)
Spin filter f

This is a projector along the z-axis of the spin state and the k-x up path F
=

Ezp = 1/2 (PauliMatrix[0]) + PauliMatrix(3]);

Ezm = 1/2 (PauliMatrix (0] PauliMatrix(3]); by
Uzpup = KroneckerProduct [Ezp, Ezp); I“:'
Uzpup // MatrixForm :K
0 0

o o

o O -
o

0
00
0

o
o

Uzpdown = KroneckerProduct|[Ezp, Ezm];
Uzpdown // MatrixForm bt

0000

0100

000
0000

-

Uzmup = KroneckerProduct [Ezm, Ezp);
Uzmup // MatrixForm

0000

0000

0010

0000
Uzmdown = KroneckerProduct|[Ezm, Ezm];

Uzmdown // MatrixForm

0000
0000
0000
0001

Spin Nipper

Rotate the spin by x about the x axis for the k-x down path

Uflip = MatrixExp([I n/2 PauliMatrix([1]];
Uflip // MatrixForm

Pirsa: 12030008 Page 31/80



® Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help y ®B) O [ = 4 (@] Mon224PM dcory Q
M MNO ® QE Lec 6.nb

Experimental setup

resls(t_, a_] :s TfigReduce [ExpToTrig[Simplify(
Refine[Ubladews . Unmws . Urotdown [t] . Uphasews[a] . Ubladews . Uzpup . Ubladewsinv . F
Uphasewsinv[a) . Urotdowninv([t] . Unwsinv . Ubladewsinv), Element[t, Reals)]]] <

resls (0, a] // MatrixForm
Cos [a ; 15in/a 00
Sin a j (1 Cosla
0 0 00
0 0 00

o
o
-'f_ F‘ 3

resls(n, a)] // MatrixForm

Cos a 1 5in a A Cos a 1 5ina
Cos/a +18in(a ' (Cos|a Sin a
resls(2n, a) // MatrixForm
Cos [a j Sin a 00
5in a l+Cosla 0 0

0 0 00
0 0 00
resls(4n, a) // MatrixForm
Cos [a Sin a 00
Sin a ‘(1 Cosla 00
0 0 00
0 0 00
So we see that indeed a 47 rotation returns the original state.
= Put a spin filter in the O-beam and look at the intensity
® ()-Beam with spin up filter
MOup(t_, a_] t= Tr([Uzpup . resls(t, a]]
MOup [t, a]
1 t t
™ 1+.2Cos a 2Cos a- + Cos [t
8 2 2 A
PlotiD[MOup(t, a), (a, 0, 2 ), (t, 0, 4 n),
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Experimental setup

resls(t_, a_] := TrijjReduce [ExpToTrig[Simplify[

|
Uphasewsinv[a) . Urotdowninv(t] . Unmwsinv . Ubladewsinv), Element[t, Reals)]]] Ek

Refine[Ubladews . Unmws . Urotdown [t] . Uphasews[a] . Ubladews . Uzpup . Ubladewsinv .
resls (0, a] // MatrixForm Ry
Cos [a ; 15in(a 00 .":"l
Sin a y (1 Cosla 00 :'K
0 0 00
0 0 00

resls(n, a)] // MatrixForm
Cos/a +18in/a . (Cos a Sin|a
Cos a Sinla " (Cos a Sinla

Cos a 1 §in a Cos a 1 5ina

-

Cos|(a +185in|a ‘ (Cos|a Sin/a

resls(2 7, a) // MatrixForm

Cos [a Sin a 00
5in a , (l1+Cosla 00
0 0 00
0 0 00

resls(4n, a) // MatrixForm

Cos [a Sin|a 00
Sin a , (1 -Cosla 00
0 0 00
0 0 00

So we see that indeed a 42 rotation returns the original state.,
= Put a spin filter in the O-beam and look at the intensity
® ()-Beam with spin up filter

MOup(t_, a_] t= Tr([Uzpup . resls(t, a]]
MOup [t, a]
1 t t
™ 3+.2Cos a 2Cos a- +Cos [t
8 2 2 A
PlotiD(MOup(t, a], (a, 0, 21), (t, O, 4 x), :
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. 18in a Cos a 00
0 0 00 ?
0 0 0
So we see that indeed a 42 rotation returns the original state :
= Put a spin filter in the O-beam and look at the intensity ER
® O-Beam with spin up filter R
MOup(t_, a_] t= Tr([Uzpup . resls(t, a]] :‘:;il
MOup[t, a) '5("
1 i

t t
J+2Cos | a 2Cos a- +Cos [t
2 2

PlotID[MOup(t, a), (a, 0, 2 ), (t, O, 4 n),
{AxesLabel + { "phase flag"”, "spin rotation", "intensity"})])

-

= H-Beam with spin up filter
MHup(t_, a_] 1= Tr(Uszpdown . resls(t, a])
MHup [t, a]

t t
J 2Cos a 2Cos a- +Cos [t
2 2

PlotID[MHup(t, a), (a, 0, 2 ), (t, O, 4 ),
{AxesLabel -+ { "phase flag"”, "spin rotation”, "intensity"}}]
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Yy 8ina (1 Cosla 00

0 0 00
0 0 00
So we see that indeed a 42 rotation returns the original state :

= Put a spin filter in the O-beam and look at the intensity
® O-Beam with spin up filter

[
MOup(t_, a_] t= Tr([Uzpup . resls(t, a]] s
MOup[t, a) '5( 3
1 t t A
3+.2Cos a 2Cos a- +Cos [t
2 2

PlotID[MOup(t, a), (a, 0, 2 ), (t, O, 4 n),
{AxesLabel + { "phase flag"”, "spin rotation", "intensity"})}])

® H-Beam with spin uo filter
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The figure shows the trajectory of the magnetization

Note the thick lines correspond to the motion. The thin lines are just the nutation cones of +z (blue) and -z (red)
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The figure shows the trajectory of the magnetization

Note the thick lines correspond to the motion. The thin lines are just the nutation cones of +z (blue) and -z (red)
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{'[ . l'Ol' : IO]J':OI lr Ot o}r' ror : ,0]',{0, Or oll]]
L f 2 I J

2 2 L2

Uspin = MatrixExp[I (x/ 2) KroneckerProduct [Ep, PauliMatrix([1]]]
{{¢, i, 0, 0}, {2, 0, 0, O}, (O, 0, 1,0}, (O, 0,0, 1}}

]

-

Uspini = MatrixExp[-I (x/ 2) KroneckerProduct [Ep, PauliMatrix[1]]]
{{(¢, 4,0,0}, { 2,0,0,0}, {O,0,1,0}, {O, 0,0, 1}}

Uphase[a ] := MatrixExp[I (a/2) KroneckerProduct [PauliMatrix (1], Ep]]

Uphasei[a ] := MatrixExp([-I (a/2) KroneckerProduct [PauliMatrix[1], Ep]] |

Umir = MatrixExp[I (i / 2) KroneckerProduct [PauliMatrix([1l], Ep]]
€6 {:or of ilr o}.r {Or lr 01 0]: i1, or Or O}I' {0! 01 0: l}+

Umiri = MatrixExp[-I (n/ 2) KroneckerProduct [PauliMatrix([1], Ep]]
({0, 0, -1, 0}, {O0,1,0,0},(-2,0,0,0}, {O,0,0, 1}}

rout(a ] := Ub . Umir . Uspin . Uphase[a] . Ub . rin . Ubi . Uphasei[a] . Uspin . Umir . Ub

Simplify[rout[a]] // MatrixForm

| -z (red)

150% »

T ™
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Umiri = MatrixExp[-I (n/ 2) KroneckerProduct [PauliMatrix[1l], Ep]]
{{(0, 0, &, 0}, {O,1,0,0},{( &, 0,0,0}, {O,0,0,1}}

rout(a ] :=Ub . Umir . Uspin . Uphase[a] . Ub . rin . Ubi . Uphasei[a] . Uspin . Umir . Ub

Simplify[rout[a]] // MatrixForm

1 1 1 0
4 2 /2 4
212 ; 2]2 v
1l 1 1 0 hr
4 22 4
0 0 0

Ub // MatrixForm

! o Y o
2 .
0 1 0 0
1 o 1 o .
2 2
0 0 0 1
| =z (red)
150% »
| !‘m.r i—
IR AT S UL LT T R L LS T TR e ——
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Umiri = MatrixExp[-I (n/ 2) KroneckerProduct [PauliMatrix(1l], Ep]]
({0, 0, -1, 0}, {O,1,0,0},( 2, 0,0,0}, {O,0,0,1}}

rout(a ] := Ub . Umir . Uspin . Uphase[a] . Ub . rin . Ubi . Uphasei[a] . Uspin . Umir . Ub

Simplify[rout[a]] // MatrixForm

1 1 1 0
4 2 2 4
1 1 1 0
2 /2 2 2 /2
1 1 1 0 -
4 242 4
0 0 0

Ub // MatrixForm

! o Y o

2 2

0 1 0 o0

1 o 1 o

2 2

0 0 0 1 B

| =z (red)
150% »
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The figure shows the trajectory of the magnetization

Note the thick lines correspond to the motion. The thin lines are just the nutation cones of +z (blue) and -z (red)
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