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Comment on "Direct Measurement of the
Longitudinal Coherence Length of a Thermal
Neutron Beam"
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In a recent Letter, Kaiser, Werner, and
George (KWG)' present a beautiful neutron inter-
ference experiment and claim to have observed
"the detailed longitudinal shape of a neutron wave
packet. " It is shown here that the KWG experi-
ment only confirmed the already known value of
the incident-beam wave-number spread, a„but
did not supply any ne~ information; i.e., it was
simply an alternative way to measure the wave-
number spread.

KWG have measured the contrast [ =(I
-I~)/(I „+I )] as. a function of the thickness
D of an Al slab placed in one of the interferom-
eter legs. They have interpreted the contrast
loss as the result of a reduction in overlap be-
tween interfering wave packets due to the spatial
shift induced by the Al slab. However, KWG
have not made use of the fact that the loss of con-
trast is directly due to lack of beam monochro-
maticity via the wavelength dependency of the
spatial shift [Eq. (6), Ref. IJ. This is done here.
Neutrons with different wavelengths experience
different phase shifts. The effect is substantial.
For instance, when the conditions for I, are
met, i.e. , neutrons of nominal wavelength A.,0=1.268 A interfere in phase, neutrons with wave-
lengths only lac off interfere ——for Ll = 1 cm—al-
most in antiphase (hy = 150').

The effective l~„(I ) is calculated here ex-
clusively by using formulas and numerical values
from Ref. 1. From Eqs. (6) and (8) the contribu-
tion to the effective intensity of the neutrons of
wavelength A, , when the I~„(I . ) conditions for
the nominal wavelength A., are met, is obtained.
These contributions are then weighted with the
neutron wavelength distribution (Gaussian, o,
= 0.0254 A ')' and summed by integration upon A. ,
for various values of D. The resulting effective
I~„and I . values are used to calculate the con-
trast, plotted as a solid line in Fig. 1. Note that
no adjustable parameter was used. The experi-
mental points from Fig. 4 curve C of Ref. 1 are
also plotted. (Their abscissa is shifted by &
=0.07 cm according to Ref. 1.) In spite of the
apparent similarity between the solid line in Fig.
1 here and the corresponding one in Fig. 4 (curve
C) of Ref. 1, they differ fundamentally. The
curve in Fig. 1 here is calculated exclusively
from equations and data [Eqs. (6) and (8) and c', ]
which were known before the KWG experiment
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FIG. 1. Loss of contrast vs aluminum slab thickness
D. The data points are taken from Fig. 4, curve C,
Ref. 1. The theoretical loss of contrast (solid line) is
due only to the phase-shift dependence on the wavelength
of the neutrons, each described by a wave packet of in-
finite length. No adjustable parameter was used.

was done. Thus, the excellent agreement with
the data from the KWG experiment demonstrates
that these data do not supply any new informa-
tion. In contrast, curve C in Fig. 4 of Ref. 1 is
simply a Gaussian fitted to the experimental
points obtained from the KWG experiment. KWG
use the full width at half maximum of this fitted
Gaussian to obtain "new" information (first ob-
servation of ". the detailed longitudinal shape of
a neutron wave packet" and explicit verification
of "the uncertainty relation for neutrons in longi-
tudinal direction"). This is certainly at variance
with the above conclusion.

The summation of the intensity contribution of
each individual neutron as done here accounts for
the fact that the intensity pattern in interference
experiments with particles with relative random
phases is the result of the interference of each
particle with itself. ' The calculation leading to
the solid line in Fig. 1 implicitly assumes that
each particular neutron is represented by a single
plane wave (wave packet of infinite length).
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