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Abstract

Data for the 12C(n, ay), 1*O(n,ap), and '°O(n, 1 5 3) differential cross sections are important

for several different areas of nuclear physics such as understanding neutron transmutation in
nuclear reactors. The TexAT time projection chamber (TPC) was used to measure the differential
and angle-integrated cross sections in active-target mode. The chamber was filled with CO, gas
and used a quasi-monoenergetic neutron beam from the d(d, n) reaction at Edwards Accelerator
Lab at Ohio University. A comparison between our current and previous results at overlapping
energies and angles showed good agreement in angular dependence and absolute cross section. A
broader angular coverage than previous results demonstrated that the integrated cross section for
the '°O(n, a1 5 3) reaction deviates from ENDFVIILO evaluations. This first instance of neutron-
induced measurements with an active-target TPC demonstrates the use of this method for high-
quality differential cross section data across a broad angular range, generating good statistics with a
relatively low-intensity beam.

1. Introduction

A high-precision understanding of (1, cross sections is essential for many areas of nuclear physics.
Of particular importance is the °O(n, ayp), which is a crucial ingredient in understanding the neu-

tron multiplication factor in nuclear reactors, k.. Additionally, this reaction accounts for 25% of total
helium production, affecting the performance of fuel pins and clads [1]. Discrepancies between different

© 2026 The Author(s). Published by IOP Publishing Ltd
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measurements mean that, while the energy dependence of this cross section is reasonably understood,
the overall normalisation was not known to better than 30% due to issues with historical data. It is for
this reason that a measurement of the total cross section for this reaction is at the top of the UK nuclear
data high priority request list [2, 3] which motivated this work. Recent studies from LANL [4] have pro-
vided data for differential cross sections at a small number of angles; however, the full angular range has
not been measured.

Additionally, the 2C(n, ay) reaction is important for neutron spectroscopy and understanding the
delivered dose in the body for fast neutron therapy. Using an active-target approach with diamond
detectors, the 2C(n,qq) total and differential cross sections have been previously measured across a
broad range of neutron energies, with the total cross section being well understood [5, 6]. Later works
have also measured the '>C(n,n+ 3a) cross section which has contributions from *C(n,n’)'?C*,
2C(n,a)’Be* as well as 2C(n,> He)®Be [7]. This active-target approach is particularly efficient and the
neutron-induced reactions on oxygen cannot be measured with a solid active-target approach in the
same way. However, it is possible to use a gas target containing both carbon and oxygen to measure
these reactions simultaneously. This provides additional cross normalisation and validation. With lim-
ited neutron fluence, gaining sufficient statistics for differential cross sections typically requires extremely
specialised facilities or extended beam time.

To overcome these difficulties, this work took advantage of a time projection chamber (TPC) which
has both high target thickness and 47 solid-angle coverage to measure the neutron-induced reactions
on both C and O from carbon dioxide (CO,) counting gas. Using a pseudo-monoenergetic neutron
source from the Edwards Accelerator Laboratory at Ohio University [8] from a d(d,n) reaction with
a tunable deuteron energy, five different reaction cross sections from neutron-induced reactions were
measured simultaneously and differentiated inside the TPC. The first two were the 2C(n,1,)3c and
2C(n, a1 »)’Be—i.e. the inelastic scattering of carbon-12 to the second excited state (the Hoyle state),
and the (n,a’) populating unbound states in *Be. Both of these reactions yield a final state of 3 -
particles and a neutron and have been previously published [9]. In addition to these 3a+n final-state
cross sections, the important two-body final state reactions '2C(n,qy), '*O(n,ap) and *O(n, a5 3)
(where o 5 3 indicates o, o, and a3 which cannot be separated due to the similar excitation energies
in 1°C) were measured between neutron energies of 7.2 and 10 MeV. The first of these, '*C(n, ), is
used to benchmark our methods against the well known LANSCE results [5] and therefore constitutes
an excellent benchmark to validate any '®O(n,a) cross section results.

2. Experimental setup

To study neutron-induced reactions, a direct-current deuteron beam of 1-2 pA from the 4.5MV tan-
dem accelerator at Edwards Accelerator Laboratory, Ohio University was provided. This high-intensity
deuteron beam was incident on a deuterium-filled gas cell with a total length of 7.98 cm at a pressure
of 760 Torr, isolated from the beamline by a 2.5um-thick Havar foil. To stop the unreacted beam, a gold
foil was placed at the end of the gas cell.

The forward-focused neutrons from the d(d,n) reaction were collimated by a multi-material system
placed in the 30 m time-of-flight tunnel. A 0.75-cm-diameter opening aperture ensured that the neutron
beam-spot size had a diameter of 0.75 cm at a distance of 2 m from the gas cell, increasing to 1.5 cm at
the exit of the collimator. In order to provide neutron energies between 7.2-10 MeV (with widths rang-
ing from 0.35-0.25 MeV), the incident deuteron energy was varied from 4.25 to 7 MeV. Previous stud-
ies using the same dataset have provided information on the energy verification using a NE-213 detec-
tor placed 30 m from the gas cell [9]. The generated neutron energy spectrum is non-Gaussian due to
being dominated by the energy loss through the deuterium gas cell with the exact energy spectra avail-
able with the accompanying dataset [10] and is between 2%—-8% depending on the neutron energy. The
typical intensity of the monoenergetic neutron beam was 5000 neutrons per second after the collima-
tor. The low neutron beam intensity therefore necessitates the use of a detector system with high effi-
ciency and target thickness. This was achieved using the TexAT TPC [11], which was placed at a distance
of 4 m from the gas cell and was filled with either 50 or 100 Torr of CO, gas (50 Torr for E, = 8.36
— 10 MeV and 100 Torr for E, = 7.25 — 8.15 MeV) where the higher pressure was chosen to optimise
statistics. Interactions in the gas produce charged-particles which lose energy in the gas via creation of
electron-ion pairs. These electrons are drifted by the field cage which has an electric field of 69 Vcm™
corresponding to an electron drift velocity of 0.75 cm us™'. The signals from the drifted electrons are
amplified in two stages, first by a Thick GEM [12] (thickness 1.5 mm) and then by MM [13, 14] (mesh
height 128 pm). This corresponded to an overall gas gain of around 5000. The signal is then read out

1
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Figure 1. Schematic overview showing the key features of the setup. The neutron beam was generated by a deuteron beam
incident on a deuterium gas cell. A collimator system reduces the size of the beam at 4 meters to 1.5 cm diameter. The neu-
trons are then incident upon the TexAT TPC where (1,c) reactions are measured from the CO; gas inside the active area of the
Micromegas (MM). In addition, neutron elastic scattering off a CH, foil at the entrance to the detector was used for normalisa-
tion by measuring the protons in Si detectors in the forward direction.

by the 1024 channels of the MM plane (size 245 x 224 mm?). The trigger condition required the sig-
nal in only one pad to be above threshold. In addition to the MM, four 625-um-thick Si detectors were
placed 50 cm from the beam entrance. These were used for normalisation where elastically scattered pro-
tons from a 30- (or 60- for some energies) pm-thick CH, foil placed at the beam entrance were mea-
sured. The cross section for the 'H(n,p) is well-known and provided the overall flux of neutrons for
each energy. These Si detectors were also placed in the trigger where a silicon hit or the MM triggered
an event. Figure 1 shows an overview of the setup.

3. Channel separation

Inside of the TexAT TPC, the 3D tracks of the resultant particles were reconstructed using the
RANSChiSM method [15]. Given the trigger multiplicity required only one pad to fire, a large portion
of events originated from '2C(n,ny) and 'O(n,ny) elastic scattering. The recoil '2C or '°O has a rela-
tively small energy and therefore a small range. These events were removed by cutting events where the
length of any tracks was shorter than the maximum allowed range for elastic scattering events. For all
scattering angles and energies, the (1,«) events of interest — '2C(n, ), '*O(n, ) and *O(n, 15 3) —
had longer tracks than the elastic scattering limit but for the lower neutron beam energies, the separa-
tion between the channels became problematic.

The RANSChiSM technique fits events with two tracks, one for the light particle (*He) and one for
the heavy particle (°Be/!°C). To parameterise this fit, three locations are chosen corresponding to: the
interaction vertex (which was limited to lie within the known region where the neutron beam was inci-
dent), the end point of the light track, and the end point of the heavy track. The RANSChiSM tech-
nique chooses these points by randomly sampling the available point cloud and the best fit is selected
by choosing the fit lines that minimise the chi-squared. Compared to previous implementations of
RANSChiSM, an additional term is included to ensure conservation of momentum transverse to the
beam direction among the final particles with the penalty to the total x? scaling as (1 — \E[.ED, where d
and b are the vectors of the light and heavy particle along the xy direction. Once the optimum fit has
been achieved, the kinematics of the decay are characterised by evaluating four variables. These variables
are: 0, the light-recoil lab angle relative to the beam, 0y, the heavy-recoil angle relative to the beam,
Ry, the light-recoil range in the TPC active region and Ry, the heavy-recoil range in the TPC active
region. For a large number of events, the a-particle had sufficient energy from the decay to escape the
active volume of the TPC. Therefore, the range of the light fragment, Ry, is often a lower limit of the
true range and is not a meaningful cut. Two different selection methods are then made to differentiate
between the three channels where the channel with the smallest chi-squared is initially taken. As the last
5 mm of the tracks for both >C and '°O are below threshold, a range extending correction to the mea-
sured Ry was applied.
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Figure 2. Example final separation of events by variables for E, = 9.25 MeV for heavy lab angle vs light lab angle (left) and heavy
range against heavy lab angle (right) with events classified as 2C(n, ) denoted by blue points, 1°O(n, cvy) events by orange
points, and *O(n, a1 »,3) by green points. The kinematic predictions for each are also overlaid with the same colours in a dotted
line of a darker hue.

The first selection is based on the relationship between 6, and 0y. All three channels demonstrate
very similar relationships between these quantities, with the left plot of figure 2 showing the experi-
mental data overlaid with loci for the three different channels. The angle-angle map can distinguish
180(n,a) from the other two channels, but the separation is not unambiguous at all angles and another
channel selection criteria is required.

The second selection is based on the relationship between 6y and Ry, which is more reliable than
utilising the light-particle track as the heavy particle cannot escape the active region. The right plot of
figure 2 shows the data overlaid with the loci for each of the different channels and a clear separation
can be seen between '*C(n,ap)/'°O(n,a0) and '°O(n, 5 3) with some difficulties arising at small 6y.
Combining the two selections therefore allows for separation of the three channels.

On an event-by-event basis, evaluating the x? for each of these two selections against the expected
kinematics allows for a probabilistic measurement of the cross sections with uncertainty propagation.
The motivation for this is that the channel separation becomes poor at certain angles and some events
from a dominant channel mischaracterised as a weaker channel can lead to incorrect differential cross
sections.

For the channel k for event i, the chi-squared 7% is then converted to a classification probability, pj.
These probability values are then normalised to relative probabilities [16], Py, for each channel so that:

Yl = 1. (1

This allows for the formulation of a multinomial distribution for the three channels event by event
where the yield is determined to be:

Yie = Xi P, (2)
and the variance is given as:
o} = i Py (1 = Py). 3)

As an example, if each channel were as likely as the others (p = ) then the yield for each channel

would increase by } but the error bars would increase by ?, signifying the degree of uncertainty. With
p =0.9, the yield for the most likely channel increases by 0.9 with the error bars increasing by 0.3. In
this approach, the differential cross section for each channel can be evaluated by counting the yield

in the centre of mass (c.0.m) for 6 ., with the different correct conversions from 6y, for the three
channels.

4, Differential cross sections

Following the conversion from lab to centre of mass angle, the c.o.m. differential cross sections were
calculated for the three channels for the different neutron energies. As the interaction vertex is hard to

4
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Figure 3. Centre-of-mass differential cross sections for the 2C(n, cvy) reaction at different incident neutron energies, in compar-
ison to the Legendre coefficients of Geiger and Van Der Zwan [17], normalised to reproduce the total cross sections measured by
Kuvin et al [5].

determine for decays closely aligned to the beam axis, the angular range for reliable differential cross
sections is restricted. The covered range for good-track events is therefore limited to 40°-160° in the
centre of mass by this constraint. Additionally, as with the *C(n,aq) and '®O(n, ;) reactions which
have quite large negative Q-values, the heavy fragment range for decays with a heavy-fragment labora-
tory angle above 90° is very small (<10 mm) such that these data may not be sufficiently reliable due to
track fitting difficulties. For each energy, the safe angular range for each decay path was evaluated using
the two above constraints for each decay path, neutron energy, and TPC gas pressure.

The energy error bars plotted throughout the paper correspond to the total width of our incident
neutron energy spectrum due to the non-Gaussian beam energy profile. The differential cross section
errors represent the channel separation statistical uncertainty and Poisson statistics. The normalisation
uncertainty from the counting statistics of 'H(#n,p) events incorporates a systematic uncertainty that is
represented in the full data files accompanying this paper [10].

4.1.12C(n, o)
The 2C(n, ) differential cross sections for the full selection of neutron energies are shown in figure 3.
A fairly robust data set is that of the time-reversed *Be(«,n) of Geiger and van Der Zwan [17], originat-
ing from the experimental results of van Der Zwan and Obst [18, 19] where the Legendre coefficients,
A;, up to order 8 were determined for a broad range of alpha-particle energies [20]. The trend of the
differential cross section with energy from the Geiger work is demonstrated in figure 4. The Geiger val-
ues, as shown by the red lines in figure 3 have been overlaid with our results where the absolute normal-
isation was taken by scaling the A, to be 0, /(47) from the work of Kuvin [5].

At the lowest neutron energies of E, = 7.25 MeV the agreement with the Geiger is poor, mainly
due to the absolute magnitude of the cross section. In the Geiger data, the closest energy point for
comparison is 75 keV lower in energy, and with a relatively large spread in neutron energy, the aver-
age 2C(n, ) cross section will be much larger than the normalisation value used here. As the energy
increases, despite the smaller angular range covered at the higher gas pressure of 100 Torr, the results
for E, < 8.15 MeV agree relatively well. At E, > 8.36 MeV, the lower gas pressure of 50 Torr means a

5
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Figure 4. Centre of mass differential cross sections from the *Be(a,ng)!2C reaction from Geiger and Van Der Zwan [17, 20],
converted to different incident neutron energies for the 12C(n, o) interaction. The colour scale also represents neutron energy to
aid visualisation.

larger angular range can be covered and much closer agreement is found. This demonstrates the chan-
nel separation for the ?C(n, o) reaction has been achieved cleanly using the angular and length cuts

discussed above. Additionally, the normalisation of our data from the 'H(n,p) is also demonstrated to
show consistent '>C(n, ) cross sections with previous well understood values [5]. This point becomes
particularly important for the '°O(n,ap) cross section where historical differences have been observed.

4.2.1%0(n, o)

Obtaining '®O+n cross sections are experimentally much more challenging than for 2C+n. This is due
to the higher density of levels, with a large fraction being narrow. The total cross section for °O(n, )
at lower energies has been influenced by historical confusion where different data sets saw a 30% dis-
crepancy for the time reverse '*C(«,n) reaction [21, 22]. Due to the difficulties in understanding the
neutron detection efficiency for this reaction, detector developments of neutron long counters with a
constant efficiency with neutron energy have since been developed. This rectified the discrepancy as aris-
ing due to an overly simplistic model of the (c,n;) components across different alpha-particle energies
[23, 24]. As the incident energy changes with traditional neutron detectors, one becomes very sensitive
in the total measured cross section to different populations of the ny, 1, 1y, etc. due to changes in the
outgoing neutron energy and, therefore, the efficiency. The measurements of the time-reversed reaction
conducted in this way cannot separate the 1*C(c,n9) channel of interest here. A full ENDF evaluation
based on an R-matrix analysis of 7O [25] covers neutron energies below 7 MeV using data from mul-
tiple channels. Cross sections above this range were ‘joined smoothly’ between 6.5-7.5 MeV. For the
180(n, ) reaction, there is still uncertainty about the total cross section above E, = 7 MeV and mea-
surement of the total cross section (requiring full angular coverage of the recoil «) is extremely challeng-
ing. Differential cross sections covering as broad an angular range as possible allow for the best possible
angle-integrated cross sections with minimal reliance on predictions of the angular distribution outside
the range covered by data.

Figure 5 shows the values for the '°O(n,qq) differential cross section from the current work. At
lower neutron energies, the cross section appears to peak at backwards angles. One may compare with
the recent results of Lee et al [4] using LENZ at LANSCE which provide high-quality '*O(n, o) differ-
ential cross section measurements over our entire energy range, albeit at a limited number of angles.
There is a reasonable agreement across many different neutron energies at large centre of mass angles
although our cross sections appear higher than those of Lee at 8., = 57° for neutron energies exceed-
ing 8.6 MeV. The Lee differential cross section at this angle also showed disagreement from the time-
reversed (v, ny) of Robb [26] at E,, = 7.23 MeV where the Lee value appears almost a factor of two
larger. As in the current data, the neutron energy FWHM of the Lee data was rather large at around
0.13 MeV for E, = 7.25 MeV so complicated energy smearing effects near the strong resonance in
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Figure 5. Centre of mass differential cross sections for the 1°O(n, ) reaction at different incident neutron energies in compari-
son to the values of Lee et al [4].

160+n at E, = 7.2 MeV may contribute to discrepancies between different measurements. In the cur-
rent work for example, the total width ranges from 350-250 keV from E, = 7.2 — 10 MeV accordingly,
with a smeared flat-top distribution [9].

4.3. 160(1’1, a1,2,3)

The *O(n,;53) cross section is difficult to obtain. As noted above, we cannot separate the 123, .4
components, so these are grouped together and data from the inverse *C(«a,n) reaction cannot be used.
As with the *O(n, ), previous LENZ results from Lee have measured this component [4] (similarly
grouped into «; ;3) however with just one angle that overlaps the current data for E, > 9 MeV. In this
energy range, this component is expected to have a larger cross section than for directly populating the
3C ground state for ag. Our differential cross-section data for '°O(n,; »3) are shown in figure 6 where
a different behaviour from the *O(n, ) can be seen with a regular minimum occurring around 90°
suggesting odd Legendre polynomials contribute or the even polynomials destructively interfere. The
comparison between the current work and a previously measured data point at 0., ~ 68° [4] again
shows reasonable agreement.

5. Angle integrated cross section

As expected from the ENDFVIIL.O [25] evaluations due to the fact there are multiple channels, our data
show that the '*O(n, v 5 3) differential cross section is larger than the '°O(n, ) above 9 MeV. Using
our limited angular range, it is possible to estimate the total cross section for these two components. It
is important to note that without information across the full angular range, the results here are only an
estimator of the total cross section. Given that:

do do .
U—/Edﬁ—Zﬂ/msmedﬁ, (4)
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Figure 6. Centre-of-mass differential cross sections for the 1°O(n, a1 »,3) reaction at different incident neutron energies in com-
parison to the values of Lee et al [4].

with our larger angular coverage than Lee, rather than approximate a constant do/d(2, we opt to use a
sin(f) weighting to obtain a better cross-section estimate. Given our data do not cover 6 from [0,7],

one must carefully account for these unmeasured regions and can assign a more constrained estimate of
the constant value for these angles. Given the sine weighting, these larger angles however are of smaller
importance so the model error correspondingly becomes smaller. To account for this, our estimate of the
total cross section as the angle-integrated cross section, &, is calculated by the angular weighting:

- (U5t 45 5in0d0) (f;"sin6d6) . 4o Gin6dg -
g = T =47 ,
(Jyhsinoa0) Jsin6d6

to account for the limited angular range between 6, and fy. It is worth noting that in cases of isolated
resonances, the even Legendre coefficients are often positive and this correspondingly creates a maximal
contribution at forward and backward angles. As such, this method is likely to systematically underesti-
mate the cross section. In the excitation regime of multiple resonances, this effect becomes reduced and
the angle-integrated cross section becomes less likely to underestimate the total cross section. One may
compare this method against obtaining the cross section via Legendre polynomials by a fit up to arbi-
trary order. This technique is seen to be more susceptible to poor estimation of the error on the cross
section obtained by the coefficient for the zeroth order Legendre polynomial, Ay, due to strong corre-
lations between even Legendre polynomials when the fit does not cover a significant fraction of 6 from
[0,7].

Our incident neutron energies are not normally distributed, arising from the dominant contribu-
tion of energy loss through the 7.98-cm-long deuterium gas cell sweeping out many neutron energies,
and energy straggling. Therefore, the energy error bars used represent the total width of the neutron
energy spectrum. The cross section error bars correspond to contributions from the integration of errors
from the (n,«) differential cross section in combination with counting statistics from the normalisation
"H(n,p) and do not incorporate model errors due to limited angular range information.
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previous literature values of Kuvin et al [5] which has also been smeared by our intrinsic beam energy spread, shown by the red
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the current work, compared to previous literature values of Lee et al [4] and the ENDFVIILO evaluation [25]. The 1O(n, cvg)
ENDFVIILO cross section is also shown after being smeared with our intrinsic beam energy spectrum.

To compare our data against the evaluation libraries, on figures 7 and 8 the smeared ENDFVIIL.0
cross sections are plotted. Here, the cross section is convoluted with our neutron energy spectrum (tak-
ing into account changes in width over the total neutron energy range) which should give a comparable
cross section value when at the centroid of our data points.
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The values obtained from this method for ?C(n, ) are shown in figure 7 in comparison with the
results of Kuvin et al [5]. Reasonable agreement is observed over much of the energy range, only with an
over-estimated cross section at small neutron energies, as discussed above due to the rapidly rising cross
section and broad energy profile of our beam. The angle-integrated cross section of the current work
around the peak at E, = 9.2 MeV is also smaller than the previously measured results. This discrep-
ancy may be attributed to large cross sections at both small and large angles that are outside of our cov-
ered angular range and highlight the systematic underestimate possible for strong isolated resonance dis-
cussed above, meaning that our angle-integrated cross section differs from the more reliable total cross
section results previously obtained.

The angle integrated cross section for '°O(n, ) and *O(n, a5 3) are shown in figure 8. They are
shown in comparison to the angle-integrated cross section of Lee (where they make the assumption that
the differential cross section is the same for all angles as the average of the § = 15° and 6 = 57° values)
and the ENDFVIILO evaluation [25]. The individual ENDF components for (n,«;), (#,a3), and (n,a3)
are also shown separately.

The '°O(n, a) values show good agreement (despite limited angular range) with the ENDFVIII
evaluations (MT = 800) at the smaller neutron energies with the value near the resonance at E, =
7.25 MeV being consistent in the current work. Our values match well those of Lee at this energy. As the
neutron energy exceeds 7.5 MeV, our '°O(n,qq) cross section also follows well that of the ENDF values.
For E, > 9 MeV, our values can once again be compared to those of Lee where the current work shows
a much flatter energy behaviour, similar to the ENDF values. The relative uncertainty of our °O(n, )
integrated cross sections range from 7%-24% across the different energy bins. This exceeds the desired
5% accuracy across the 2-20 MeV neutron energy range [2, 3], but is a significant improvement on the
previous 30% uncertainty. Once propagated through nuclear data libraries, with a 30% uncertainty in
180(n, ) leading to a 100 pcm (i.e. 1072 relative) uncertainty for ke, these new results can hopefully
contribute to rectifying an under-prediction of light water reactors’ reactivity [1].

The '°O(n,a 53) cross section components show a larger than expected integrated cross section at
lower energies with the value of around 50 mb from the current work exceeding the ENDF value (MT
= 801, 802, 803) by a factor of 5. As the energy increases however, the ENDF results begin to exceed
our integrated cross section, which have good agreement with the Lee results despite limited angu-
lar range. The current results show the importance of measuring the differential cross sections for as
broad a range of angles as possible which can have significant impact on the evaluated libraries’ total
cross sections. The relative uncertainties for this channel range from 45% for E, < 8.36 MeV, to around
15% for E, > 8.36 MeV. While the '®O(n,«) reaction now appears to be well understood below E, =
7 MeV, there is clearly a great need for extending the R-Matrix evaluation to higher energies, which is a
much better approach for determining angle-integrated cross sections from differential data over a lim-
ited angular range. The considerable contribution of the O(n, a1 5 3) to the total '*O(n, ) cross section
means greater neutron loss inside of reactors, modifying ks, and causing greater He build-up than pre-
viously accounted for, potentially precipitating helium embrittlement effects in oxygen-containing reactor
facing materials.

6. Discussion

This work demonstrates that neutron-induced reactions can be measured with active-target TPCs.
Current limitations around track-length reconstruction and angular acceptance can be rectified by future
detector improvements such as increasing the height of the field cage to minimise escaping light recoils
in the vertical direction which will provide an additional route for channel selection. Having a larger
active area coupled with a decreased gas pressure, or increased pad granularity will also improve the
charged-particle track quality and therefore provide better angular resolution. Currently, the angular bin-
ning is dictated by statistics rather than resolution, but improvements in the incident neutron flux (such
as primary gas target development to facilitate an increased primary beam current) may generate signifi-
cant statistics in short runs.

Running in active-target mode, there are obviously limits on which reactions can be measured as it
must be a component of a gas with good TPC properties or coupled with a quenching gas with a well
understood background contribution. Incorporating a gas with a hydrogen component also incorporates
a built-in normalisation method through the 'H(n,p) reaction, as used in the current work, but without
the requirement for a CH, conversion foil.
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7. Conclusion

The 2C(n,ap), *O(n,ap) and '*O(n, a5 3) differential cross sections were obtained across a variety
of neutron energies using the TexAT TPC. Channel separation was made by distinguishing between the
angle of the heavy and light recoils, and the range of the heavy recoil in the gas. A multinomial model
was used to propagate ambiguities in channel selection on an event-by-event basis. The results for the
three reaction channels appear to agree well with previous data where overlapping angles and energies
are available. For the '°O(n, ) and '*O(n, ,3), our current data provide useful differential cross
section values across a much broader angular range than previously measured. This will be of great use
for expanding the existing R-Matrix description of 7O up to E, = 10 MeV to describe the *O(n, ) in
greater detail. This reaction is of interest in modelling the neutron multiplication factor, kg in nuclear
reactors and our results suggest the evaluation libraries have a poor understanding of the cross section
above E, = 7.5 MeV.

This work demonstrates that future nuclear data experiments are possible using a TPC to study
neutron-induced reactions.
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