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ABSTRACT
Here we report on the development of a new molecular imaging technique using inelastic scattering
of fast neutrons. Earlier studies demonstrated a significant difference in trace element concentrations
between benign and malignant tissue for several cancers including breast, lung, and colon.
Unfortunately, the measurement techniques were not compatible with living organisms and this
discovery did not translate into diagnostic techniques. Recently we have developed a tomographic
approach to measuring the trace element concentrations using neutrons to stimulate characteristic
gamma emission from atomic nuclei in the body. Spatial projections of the emitted energy spectra
allow tomographic image reconstruction of the elemental concentrations. In preliminary
experiments, spectra have been acquired using a 7.5MeV neutron beam incident on several multi-
element phantoms. These experiments demonstrate our ability to determine the presence of Oxygen,
Carbon, Copper, Iron, and Calcium. We describe the experimental technique and present acquired
spectra.

1.INTRODUCTION
In this manuscript, we introduce a technique for in vivo spectrographic imaging of stable isotopes.
We call the technique Neutron Stimulated Emission Computed Tomography (NSECT) and present
the motivation, methods, and current state of results as a demonstration of feasibility. NSECT can
be pictured as a modification of conventional emission computed tomography (ECT) where the
gamma emissions are not from naturally radioactive isotopes (as is conventional), but instead are
from stable isotopes that have been stimulated to emit characteristic gamma photons through
inelastic scattering of an external neutron beam. These stable isotopes can be either a natural part of
the body composition or could be introduced as a label that is tagged to a molecule of interest. The
neutron beam can be scanned (or the gammas detected) with a geometry that generates tomographic
projections. These projections can then be reconstructed into image voxels consisting of
characteristic gamma energy spectra from which the elemental composition in the voxel can be
determined. This reconstructed spatial distribution of the different elements that make up the body
may provide insight into the molecular processes and may form the basis for new diagnostic
techniques.
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The underlying physical principals of NSECT are not new. Several similar techniques have been
developed for a variety of purposes. Most of these techniques have been developed for remote
detection of various substances of interest for the specific application. In the discussion section,
examples will be presented along with a comparison of NSECT to previous work. It will be helpful
to distinguish the physical principal of NSECT from Neutron Activation Analysis (NAA) also
known as Instrumental Neutron Activation Analysis (INAA). The latter terms usually refer to the
process of placing a sample of a material inside a nuclear reactor for several hours to several days
time during which the nuclei in the material will capture thermal neutrons from the reactor flux and
thus will be transmuted into neutron-rich isotopes. These isotopes are predominantly unstable and
will decay. Some of the decays will be accompanied by gamma emission that is characteristic of the
decaying isotope. After irradiation in the reactor, the sample is placed in a gamma spectrometer and
the multiple decay processes will be monitored for up to a week to identify the elemental
composition of the sample. This technique can be very accurate and can detect small quantities of
some elements.

Previous research has demonstrated a statistically significant difference in the concentration of trace
elements between benign and malignant tissue for several cancers including breast'™, lung* and
colon®. Unfortunately, the techniques employed in these studies were either destructive to the tissue
or could not penetrate deep into the body and thus could not be translated into in vivo clinical
diagnostic tools. We are developing NSECT as a technique that may be able to perform these
measurements of the concentration of trace elements in vivo with little intervention and thus may
eventually lead to a new molecular imaging technique for the diagnosis of several diseases including
cancer, diseases of the liver involving iron overload such as hemochromatosis, or unusual levels of
copper such as Wilson’s disease. The research presented here will serve as an introduction to the
NSECT technique and will describe some preliminary experiments performed to explore the
potential of this technique for discriminating between different elements. The motivation for this
work is to develop quantitative imaging tools to provide new diagnostic techniques, new methods
for monitoring the progress of treatments, and new research tools to study molecular processes in
living organisms including humans.

2.METHODS
A low-intensity beam of fast neutrons illuminates the region of interest in the body. The primary
interaction of the incident neutrons with the nuclei of the body is through both elastic and inelastic
scattering. When the scattering is inelastic, some of the neutron’s energy is transferred to the nucleus
thus exciting one of the quantized nuclear energy states. The excited nucleus promptly decays to a
lower energy state by emitting a gamma photon whose energy is equal to the difference in energy of
the states. The energy states of the known isotopes are unique and the energy of the emitted gamma
photon is characteristic of the emitting isotope. The energy spectra of the emitted gamma photons
are detected as tomographic projections. Reconstruction of these projection spectra provides a four
dimensional image: three spatial and one energy dimension. The energy spectrum of each
reconstructed voxel can to reveal the mixture of elemental concentrations by analyzing the intensity
of the characteristic emissions from each element.

With NSECT, the spatial distribution of stable isotopes is then reconstructed by stimulating these
isotopes to emit gamma photons that are characteristic of the emitting isotope. Exciting the atomic
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