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Abstract

The NIFFTE Fission Time Projection Chamber (TPC) is a powerful tool that is being developed to take precision measurements of
neutron-induced fission cross sections of transuranic elements. These improved data are needed for many applications including the
development of future generations of nuclear reactors. During the last run at the Los Alamos Neutron Science Center (LANSCE)
the fully instrumented TPC took data with several different targets for the first time. The exquisite tracking capabilities of this
device allow the full reconstruction of charged particles produced by neutron beam induced fissions from a thin central target. The
wealth of information gained from this approach will allow cross section systematics to be controlled at the level of 1%. Results
from this run will be shared. These results are critical to the development of advanced uranium-fueled reactors. However, there are
clear advantages to developing thorium-fueled reactors including the abundance of thorium verses uranium, minimizing radioactive
waste, improved reactor safety, and enhanced proliferation resistance. The potential for using the NIFFTE fission TPC to measure
needed cross sections important to the development of thorium fueled nuclear reactors will also be discussed.
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1. Introduction

The NIFFTE (Neutron Induced Fission Fragment Track-
ing Experiment) Collaboration began several years ago to
develop a unique tool to make high precision cross-sections.
The results of this effort is a small, highly segmented, Time
Projection Chamber (TPC) specifically designed to make
high accuracy fission cross-sections for isotopes such as
235U, 238U, 239Pu, and 237Np, preferably with precision
of less than 1%. These high accuracy measurements are
needed to provide better input to reactor and fuel design
models and calculations. In addition, novel experimental
insights into the kinematics of fission could provide valu-
able constraints to fission models that will contribute to
the stewardship of the national nuclear stockpile. Nuclear
data evaluators have used worldwide measurements of fis-
sion cross-sections to obtain values as accurate as possible
for inputs to modeling, simulation and validation codes, but
many of these evaluation tools are currently being revisited
to address issues arising from correlations among experi-
ments relying on common reference cross-sections and to
better identify and account for different sources of uncer-
tainties.

Most of the data used by evaluators come from tradi-
tional experimental measurements that rely on ionization
chambers. Ionization chambers are high efficiency, reliable
devices that are insensitive to radiation damage and easy to
build and operate. They measure the ionization deposited
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by charged particles produced in fission reactions with fast
timing and good timing resolution but have an inherent
2-5% typical uncertainty due to ambiguities in individual
fragment identification, energy loss of fragments in the tar-
get, target non-uniformities, and uncertainties associated
with neutron beam interaction rate measurements. In ad-
dition, almost all measurements are made as ratios with
respect to better known reference data, which introduces
correlations among these datasets that have not previously
been adequately addressed by nuclear data evaluators. In
order to address these issues, a new type of device for study-
ing nuclear fission has been developed.

Looking to the future, there are many reasons why future
nuclear reactors will be fueled by thorium and not uranium.
A few of the obvious reasons include the abundance of tho-
rium verses uranium, the need to minimizing radioactive
waste, clear improvements in reactor safety, improved ef-
ficiency, small modular design, and enhanced proliferation
resistance. Therefore, it is only natural to consider how the
NIFFTE fission TPC can also make measurements to ad-
vance thorium fueled reactor designs.

2. Experimental Design

The NIFFTE collaboration has designed and constructed
a Time Projection Chamber (TPC) that can improve on
these reaction cross-section uncertainties to better than
1%. This is possible because the TPC provides additional
kinematic information on the fission products in the form
of particle trajectories in the drift volume. Thus one can
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observe the track origin, angle, length and specific energy
loss along the track. This additional information can di-
rectly address some of the major sources of systematic un-
certainty in ionization chamber measurements:

(i) Track emission angle - to assess energy loss in the
target and overall efficiency

(ii) Track emission vertex reconstruction to characterize
the neutron beam profile and target non-uniformities

(iii) Track length and specific ionization along the track to
identify fragments by their Bragg peaks and improve
particle identification

Recently, the NIFFTE collaboration has submitted to Nu-
clear Instruments and Methods a manuscript detailing the
design and performance of the detector with spontaneous
fission targets and actinide targets in neutron beams at the
Los Alamos Neutron Science Center. [1][arXiv:1403.6771]

The contributions to efficiency corrections in ionization
chamber measurements are typically estimated using simu-
lation tools, which drive the estimated uncertainties. SRIM
can be used to calculate straggling effects in the target,
while detector energy threshold corrections rely on assump-
tions about the energy tail of the fission fragments, and re-
action kinematics are estimated from the boost of the frag-
ments in the beam direction. But even better, all of these
can be directly measured in a TPC via count rate and to-
tal kinetic energy vs. emission angle and fragment emission
vs. incident neutron energy. These significant advantages
will enable us to better understand previous measurements
and to fully characterize their systematic uncertainties. The
TPC data can be analyzed in full or in ionization chamber
mode to demonstrate what a comparable ionization cham-
ber would measure for the same exact interactions.

3. Present Status

The TPC is now fully operational and used on its ded-
icated flight path at LANSCE/WNR whenever neutron
beams are available. In the beam off periods the TPC moves
back to LLNL where precision measurements with spon-
taneous fission sources are performed to test the accuracy
limits and to try out experimental improvements on the
setup.

During the last LANSCE run data was taken for the first
time with the fully instrumented TPC. Initial analysis are
underway and preliminary results indicate that the TPC
is preforming well and that measurements with small sys-
temic uncertainties can be achieved. One of the largest ir-
reducible sources of uncertainty in previous measurements
has been the inability to separate alphas from low energy
fission fragments. Figure 1 shows how clearly the TPC can
preform particle identification. The track length verses en-
ergy deposited clearly separates the signal from the back-
ground.

Fig. 1. The track length verses energy deposited allows the TPC to

separate the background alpha events from the fission fragments.

4. Summary

The exquisite tracking capabilities of the fission TPC al-
low the full reconstruction of charged particles produced by
neutron beam induced fissions from a thin central target.
The wealth of information gained from this approach will
allow cross section systematics to be controlled at the level
of 1%. Results from data recorded in 2014 will be shared.
These results are critical to the development of advanced
uranium-fueled reactors. However, there are clear advan-
tages to developing thorium-fueled reactors [2] including
the abundance of thorium verses uranium, minimizing ra-
dioactive waste, improved reactor safety, and enhanced pro-
liferation resistance. The potential for using the NIFFTE
fission TPC to measure needed cross sections important
to the development of thorium fueled nuclear reactors will
also be discussed.
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