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like we saw with the magnetic moment and a magnetic sample in the last lecture. [ want to keep this distinct from decoherence. Since incoherence has an

underlying time independent Hamiltonian structure with an associated classical probability distribution, it can always be recovered by post selection. So
no information need be lost if we are willing to make a more complex measurement.

= 3-blade single crystal interferometer
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» Sixth Experiment: incoherent distribution with a wedge in the path,

The wedge is a precise prism that introduces a phase shift that is proportional to the height of the neutron in the beam.

Note the picture is misleading, the wedge is arranged so that it becomes narrower as it moves out of the paper towards you.

Here we need to note that the neutron beam has some height, so we must introduce a new variable (z) as well as a classical probability distribution over z.
We will define the spatially dependent phase shift in terms of the position (z) and a wave-number q. Note that the product gz is an angle.

= Wedge Propagators
We define a propagator for a wedge in both the +k, and in the -, paths.
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Pirsa: 12030007 Page 17/38



® Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

anNo ® QE Lec 4.nb
. - r

O-beam intensity 720
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phase (Radians) i

M6H[q , ] := Integrate[Tr([Ezm . res6([(qg,z,al],{(z,-0.5,0.5}]

M6H[q, a]
0.5gq+0.58in[{a 0.5qgq] 0.5Sin[a+0.5q]
q

Plot3D[M6H[q, a], {a, 0, 2}, {q, O, 20},

{AxesLabel - { "phase Radians)", "q", "O-beam intensity"}, PlotRange -+ {0, 1}}]
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M6H[g , a ] := Integrate[Tr[Ezm . res6[qg,z,a]],{2,-0.5,0.5}]

M6H[q, a]
0.5gq+0.58in[{a 0.59g] 0.5S8in[a+0.5q]
q

Plot3D[M6H[q, a], {a, 0, 2x}, {g, 0, 20},
{AxesLabel -+ { "phase (Radians)", "g", "O-beam intensity"}, PlotRange -+ {0, 1}}]

phase (Radians) }

We see that as expected all neutrons are detected at one beam or the other, but that as the wave-number of the prism is ir
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Clearly, the interferometer actually retains the desired contrast, it is just that the contrast curves from the various spatial locations are shifted in phase and
add incoherently. For larger wave-numbers, this results in the integrated contrast vanishing even though at each spatial location the contrast is preserved.

Measurements from a position sensitive detector showing the fringes and the beam profile. Note that the position sensitive = e

efficiency. The neutron is converted to light in a scintillator which is then collected in a CCD. If the scintillator is thick, {
increased but at a cost of resolution. The scintillation event acts as a point source for photons.

@
Notice that as the position sensitive detector is moved from one path to the other that the fringes are complementary. l
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Measurements from a position sensitive detector showing the fringes and the beam profile. Note that the position sensitive detector has low quantum
efficiency. The neutron is converted to light in a scintillator which is then collected in a CCD. If the scintillator is thick, then the quantum efficiency is

increased but at a cost of resolution. The scintillation event acts as a point source for photons.

Notice that as the position sensitive detector is moved from one path to the other that the fringes are complementary.

Problem 20:

Why are the fringes tilted, and why are the O and H fringes complementary. How can you show from this that the state is an incoherent distribution of

pure states?
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Estimate the transmission coefficient and the loss for the experimental NI setup shown above.

= Discussion Question

If you are using NI to explore quantum foundations do the problems of noise and transmission enter the same way?

150% » | £

Pirsa: 12030007 Page 31/38



® Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ) 8 O m 4« @1 Thu950AM dcory Q

M5 ® QE Lec 4.nb
- . . 4 -
AxesLabel -+ {"phase (Radians)", "Intensity"},
PlotStyle - {
Directive [RGBColor (0, 0, 1], Thickness[0.01]],
Directive [RGBColor [0, 1, 0], Thickness [0.01]]
}l’
PlotRange -+ {0, 1.02}
], {no , 0, 2x}, {transmi , 0, n/4)}, SaveDefinitions -+ True]
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