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L
Plot[M50up([a, b], {a, 0, 2x}, {AxesLabel -+ { "phase (Radians) ", "intensity },
PlotStyle -» {RGBColor[0, 1, 0], Thickness[0.01]}, PlotRange < {Df:}}:' o
Plot [M50down[a, b], {a, 0, 27}, {AxesLabel - { “phase (Radians)”, ”;n:u:n-:f ’
PlotStyle -+ {RGBColor [0, .5, .5], Thickness [0.01])}, PlotRange - {0, 1}}]],
{b, 0, 2x), SaveDefinitions - True]
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Hnnipulato[Show[
plot[M5H[a, bl, (&,

: " S iy
0, 2r} {AxesLabel - {"phase (Radians) ", "H-beam intensity }.
’ ’ -

plotStyle = R i -+ {0, 1}}].
1 Y kness[0.01]}, PlotRange » {0, 1l

¢gBColorx [0 0, 1], Thic . e, 2 ,
: l{ L] {a, 0, Zaﬂ, {nxcsLubcl--[ phase (Radians) , intensi Vﬂ} , il
Plot [M5HuUp (&, ’ ’ ? i . l |
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L
Plot[M50up([a, b], {a, 0, 2x}, {AxesLabel » { "phase (Radians) ”, "intensity
PlotStyle -» {RGBColor[0, 1, 0], Thickness[0.01]}, PlotRange - {C-f 1)
Plot[M50down[a, b], {a, O, 2}, {AxesLabel - { "phase (Radians) " "inte sit;
PlotStyle -+ {RGBColor [0, .5, .5], Thickness [0.01]}, PlotRange - (0, 1}}]11].
{b, 0, 27}, SaveDefinitions - True]
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Manipulate [Show| sLabel - {"phase

b], {(a, 0, 27}, {Axes - {0, 1}}1., .

G .-]{RGBCol’or[O; 0, 1], Thickness[0.01]}, PlotRangs ""{ntcn}s}i]t)'" } .
PIOtStYl? b], {a, 0, 27}, {AxesLabel - { “phase (Raciansisd e ' L

plot [M5Hup[a, B, (&, Fr — e

(Radians) ", "H-beam intensity” },
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Plot[M50up([a, b], {a, 0, 2x}, {AxesLabel -+ { "phase (Radians) °, ";:.:-_-::‘::‘;.:-_‘"
PlotStyle -» {RGBColor ([0, 1, 0], Thickness [0.01]}, PlotRange T CJ 1}}]1., "
Plot[M50down[a, b], {a, 0, 2x}, {AxesLabel - {“phase (Radians) , ‘Tr.':-_"::‘-..“.-:_:
PlotStyle -+ {RGBColor[0, .5, .5], Thickness [0.01]}, PlotRange - {0, 1}}:1],
{b, 0, 2x), SaveDefinitions - True]
Ty e - o
O=beam intcnsity
10 A~
08 \ fl'," //,P’".
\ \ / /
06} \ N\ J
\ / /
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0.4} /
: L
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.\ // Pl e e s i i hi (Radia
TR 2 = :
Hanipulste [Show 2 {AxesLabel - {“phase (Radians) ", "H-beam intensity” },
plot[M5H[a, b], (8, O/ 7:)}:0 1], Thickness[0.01]}, PlotRange - {0, 1}}1.
G ol {RGBCOlor[z’r} : {A;ccsLabcl - {"phase (Radians)”,” intensity" }, ‘ s
plot [M5Hup[a, b], {a, 0, 270~ 008 3] Yais
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- a process that flips the spin
These are described by the following two operators. 1 have made the probabilitics dependent on Lime
the spin flip looks like a relaxation process. Of course they add up to 1.

Notice that even though the spin state is the identity in our example, the identity is composed of spins being
up or down, so a spin flip maintains its meaning.
= phase evolution with spin flips
We showed that the evolution of the phase was a rotation about the z axis. Solet’s look only at this part
U = MatrixExp[I 0.2 PauliMatrix([3]];
Ui = MatrixExp [-I 0.2 PauliMatrix([3]];
puf0] = {{0, 1}, {1, O}}:
pu[n_] := pu[n] = .95 U.pu[n=-1] . Ui +.05 Ui .pu[n-1] . U;
pu[100] ;
pd[0] = {{0, 1}, {1, O}}:
pd[n_] :=pd[n] = .95 Ui.pd[n-1]. U +.05U.pd[n=1] . Ui;
pd[100];

Show[{LiutPlot[Tablo[ Ro[Tr[PuuliHatrix[l] .pu[n]] /2], {n, 1,. 100, 1}1.
{PlotRange - {(¥1, 1}, PlotStyle - {RGBColor[0, 0, 1], Thickness [0.003] } s
pisplayFunction - Identityl}].,
LiBtPlot['I‘nblc[Ro[Tr[?nuliMutrix[z] .pu[n])/2), {n, 1, 100, 1}1.,
{PlotStyle - (RGBColor[1, 0, 0], Thicknosz:[O.(?OB] Yy . : ‘
nigplnyFunction - Identity}]l}. pisplayFunction -+ spisplayFunction]
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ListPlot|
Table[ (1 + Re[Tr [PauliMatrix([l] . pu[n]] /4] + Re [Tr[PauliMatrix[1)
{n, 1, 100, 1}], 383
{PlotRange - {0, 1)}, PlotStyle - {RGBColor[O, 0, 1], Thickness [0.003]}}]
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This is the contrast curve we expect with a fluctuating spin.

« Problem: Show that as the time to flip the spin reduces that the contrast returns. This is an example of so-
called self decoupling.

m Superoperator
The map for the fifth experiment is not unitary and it is conv
ics. Note that above we described this by considering a convex sum of unitary processes. Here we define
the superoperator as d complete description of the dynamics for a 'r;pcci.fict‘l inst;mt: e :

enient to use new tools to describe the dynam-
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