NEUTRON INTERFEROMETRY
AND OPTICS FACILITY (NIOF)

neutron interferometer (NI) is analogous to a classical  neutron interferometers (perhaps the best in the world today)

Mach-Zehnder type optical interferometer and it is the onlyith exceptional phase stability and fringe visibility that are
device that allows direct measurement of the phase of a neutrarucial for the success of experiments in both fundamental and
wave. The first neutron interferometer was operated over two applied research. This exceptional performance is in part attrib-
decades ago in Vienna, Austria. In the USA, a very successfulutéd to the state-of-the-art thermal, acoustical and vibration isola-
group has been operating at the University of Missouri-Columbign system that has been successfully designed and built during
for the last two decades. Gravitationally induced quantum interthe past few years.
ference of neutron wavesw4pinor rotation of neutrons in a During the past year the NIST NIOF has provided unique
magnetic field, and observation of the Aharonov-Casher effect research opportunities for both applied and fundamental research
(neutron analog of the Aharonov-Bohm effect for electrons) areand a diverse selection of experiments have been successfully
among the seminal experiments that were carried out during thigrried out. Two Ph.D. dissertation researches were completed
period. By measuring the phase shift of the neutrons that passiuring this period and six articles have been written for publica-
through a sample it is possible to accurately determine the  tions. Research collaborations have been established with the
neutron refractive index, of the material. The NI method of  University of Missouri-Columbia, the Hahn-Meitner-Institute,
determination ofi is, for the most part, independent of the the University of Innsbruck and Exxon.
microscopic details of the sample and perhaps the most accurate  Special effort has been made to apply neutron-imaging
method that is available today. The refractive index, n, of manyechniques for industrial research. The NIOF is equipped with a
solids (e.g. uranium, chromium, vanadium) and gases (hydrogérgh resolution CCD type 2-D position sensitive neutron detector
helium etc.) that are important to condensed matter and solid to perform high-resolution neutron radiography of samples using
state physics have been measured and are being measured todayono- or a poly-energetic energetic neutron beam. Early

The NIST Neutron Interferometry and Optics Facility performance tests of a neutron tomography station have been
(NIOF) is one of the premier facilities for neutron optics successfully carried out. In addition to radiography, many other
research. Located in the NCNR guide hall, it uses single cryst&ypes of diffraction imaging experiments may be performed at the
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FIGURE 1. Experimental setup and neutron image of the water gradient inside a fuel cell.
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NIOF. Reseahers from Exxon hae eploited the comenience
of this facility for both tydrogen fuel cell eseach and br stug-
ing hydrocarbons. &t the frst time the \ater gadient inside a
working fuel cell has been successjulinaged (Fg.1). Results
from these xpeiments hae allaved \eiification of theoetical
predictions of veter transpot medanism in a wrking fuel cell
[1]. Reseahers from the UnVersity of Innsbuck, Austia, have
also used thisaility to stud the difraction of neutons
(A = 0.235 nm) fom macoscopic objects ~0.1 mm in siz
Finally, a semi-inalist in the 57thWestinghouse Sciendalent
Seach has demonsted the Neutin Phase Cordst Imajing
technique

The frst successful neun intererometic measuements
of scdtering length density in pgher thin fims (1<um) have
been caiied out in coll®doration with the NIST Blymers
Division (Fg. 2). This tednique is indpendent of calikation
standads and complemahemdical modeling of the pysical
process of intexction. This measwement has opened the pessi
bility of using NI as an impdant tool br estélishing well
defined densities of thinlns tha is citical in mary anaysis
techniques in sudce plysics eseath [2].

An important expeiiment has been aded out to erify the
recent pedictions of quantum entanglement of thelear stées
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FIGURE 2. Schematic of the polymer thin film measurement setup.

in a mixtue of fluids. The &istence of sut entanglement auld
suggest thathe efractive inde, ‘n’, of a mixtue cannot be cal
culated from only knowledge of the factional dundances and
indices of the constituent elements. If thisgasiion vere trug
the implicdions would be pofound br mary neuton scétering
techniques.A NIOF expeiiment measwad scétering length den
sity, Nb, for various mixtues of HO and DO. It had been jor
posed thafor these mixtues a 5%-10% deation from the tadk
tional theoy might occur because of quantum entanglement of H
and D @&room tempesture. However, within the stéistical fluc-
tuation of the epelimental d#a, which was of oder 0.4%no
deviation from traditional theoy has been obsexd [3].

The caability of the facility has been augmentey the
addition of a tansmission neutn polaizer and RF tadient
flipper. Neuton polaization in excess of 98% has been obtained
with themal neutons. This nev cgpability was eploited in an
expeiiment which obseved the 4 spin otaion symmety of the
neuton wave function. This expetiment was unique in thiathe
neuton guide feld was gntly rotaed by 18C allowing the
neuton spin diection to adibdically follow the feld. This
expeliment povides the if stdirectobsevation of 4 spin
rotation symmety of neutons under spacetdion.

New expeiments ae being done sicas the measement
of the intenal chaige stucture of the neutsn and measements
of mass densities of thiiirhs as a function of thimess. Planned
are scétering length measements of samples (duas D gas)
importtant for mary body nudear calcultions. Futue plans also
include constucting lage sgarated-section intedrometes. Sud
interferometes ae ciucial for phase &nsition studies in samples
and fundamental pisics &petiments with &least an ater of
maghitude moe sensitiity than what is possite todg.
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