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Abstract. Charge neutrality, a spin 21 and an associated magnetic moment of the neutron make it an ideal probe of quantal spinor evolutions. Polarized neutron interferometry
in magnetic field Hamiltonians has thus scored several firsts such as direct verification of
Pauli anticommutation, experimental separation of geometric and dynamical phases and
observation of non-cyclic amplitudes and phases. This paper provides a flavour of the
physics learnt from such experiments.
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The neutron, due to its zero electrical charge, large mass, spin 21 and associated
magnetic moment, constitutes a fascinating quantum wave packet. Neutron interferometry [1,2] therefore is the ideal probe of quantum mechanical ideas. Several
quantum mechanical concepts, which could previously be dealt with only in thought
experiments, have been explicitly verified in the laboratory using neutron interferometry. A number of counterintuitive phenomena, e.g., a change in the sign of
the wave function when a spin 21 is rotated through 360◦ and a superposition of
up- and down-spin states yielding a transverse spin state, have thus been directly
confirmed.
Bragg diffraction at perfect crystal silicon slabs, precision carved on a single ingot,
is employed to split and recombine monochromatic neutron beams coherently. Neutron interferometry has scored several firsts. Of these, direct verification of Pauli
anticommutation, separation of geometric and dynamical phases and observation
of non-cyclic amplitudes and phases, will be described here.
Figure 1 depicts the scheme [3] of the interferometry experiment. Identical spin
flippers F1 and F2 on paths 1 and 2 of the interferometer take the +z-polarized
incident neutron beam to the −z state. Each flipper performs an operation −σ I σII ,
in terms of the Pauli spin operator components along mutually perpendicular axes
I and II, say. A reversal of current in the coils of a flipper effects the operation
−σII σI . Pauli anticommutation implies that these two operations differ by just a
sign, i.e., a 180◦ phase. Figure 2 shows a direct interferometric verification of this
effect, implemented with a mere flick of a switch.
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Figure 1. Schematic diagram of the interferometric experiment [6]. Identical dual flippers F1 and F2 on paths 1 and 2 take the incident +z spin to
−z. A current reversal in a flipper coil enables direct verification of Pauli
anticommutation. Geometric and dynamical phases get clearly separated by
getting associated with distinct physical operations, viz. relative rotations and
translations respectively between F1 and F2 .

Figure 2. Pauli anticommutation stands directly verified [6]. The interferogram has shifted by 180.5 ± 3.0 degree on switching the current in the flipper
from forward (F) to the reverse (R) sense.

Geometric phase [4,5] is the non-integrable, Hamiltonian-independent component
of the total phase, which depends only on the ray space geometry. For neutrons
subjected to magnetic fields, it equals minus half the solid angle of the closed
curve traced by the neutron spin on the sphere of directions. The remaining, viz.
dynamical, phase depends directly on the Hamiltonian and is integrable.
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Figure 3. Polarimetric experiment [7] to observe well-demarcated geometric
and dynamical phases (schematic), for the z-state arising from relative rotations and translations respectively between identical single flippers F 1 and
F2 .

Figure 4. Interference intensity variation [7] with geometric and dynamical
phases produced by flipper rotations and translations respectively.

In the scheme of figure 1, a relative rotation δβ between the flippers F1 and F2
generates a pure geometric phase [3] equal to δβ. A relative translation δx on the
other hand, produces a proportionate pure dynamical phase due to the guide field
B0 . We have effected this clear separation of the two phases in interferometric [6]
as well as polarimetric [7] experiments.
Figure 3 is a schematic sketch of the polarimetric experiment. Figure 4 displays
the observed oscillations due to the geometric and dynamical phases introduced
by δβ and δx respectively. The geometric and dynamical phases extracted from
the data are plotted in figures 5 and 6. The geometric phases measured in a B 0 free environment, to eliminate the dynamical phase contamination, are shown by
triangles in figure 7. As expected, a null geometric phase (open circles) is observed
when the flippers are rotated together (δβ = 0).
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Figure 5. Pure geometric phase variation
[7] with the angle between F1 and F2 .

Figure 6. Pure dynamical phase [7] as a
function of F2 translation.

Figure 7. Pure geometric phase (triangles) extracted from measured
y-polarizations (filled circles) in zero guide field [7]. A null geometric phase
(open circles) is observed when F1 and F2 are rotated together.

An evolution is non-cyclic when the initial and final states are distinct. Pancharatnam connection [4,8] specifies an interference amplitude (less than unity) in
addition to the phase for a non-cyclic evolution. When a neutron spin precessing
about the z-axis at an angle θ, performs a fractional revolution, the initial and
final spin directions differ and the spinor evolution is non-cyclic, unless θ = 0 ◦ or
180◦ . We have measured the interference phases and amplitudes simultaneously for
such non-cyclic evolutions in an interferometric experiment [9]. Figure 8 presents
phase shifts measured for obtuse θ states with θR = 0◦ as the reference state and
for acute θ states with θR = 180◦ as the reference state. The interference amplitudes for the various θ states are shown in figure 9 as a function of the precession
angle. The product of the amplitude with the cosine of the corresponding phase is
state-independent (figure 10), as expected for SU (2) evolutions [8].
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Figure 8. Phase shifts [9] between incident states with spin angles θ and θR
as a function of the spin precession.

Figure 9. Interference amplitudes [9] for incident spin angles θ. Points:
data; Curves: theory.

Figure 10. Products of the observed interference amplitudes and cosines of
the corresponding phases for four incident angles θ, all lie close to a single
curve [9], as expected.
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Epilogue
Day out with babe
For Field Magnetica I have an inbuilt obsession
And keep going round her in a conical precession
Whether up, down or at any angle you fancy
I am always tuned to her own frequency
On completing a round, I go out of phase
Come another round, I’m back to old ways
Am all at home when in line with Magnetica
The phase is half the precession – wholly dynamica
When inclined otherwise, outdoors I stray
And watch the phase meander on a serpentine way
At right angles to her, I play my best trick
Letting the phase jump along a staircase geometric
Fraction A of the original mood remains as I woo
Latching A cos phase at cos precession by two
Having observed all my idiosyncrasies
Go tell quantum physicists about these
Spinor
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