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The modeling of background sources in large volume detection systems requires accurate nuclear cross
sections for a variety of reactions. Among the most important are (α, n) on light nuclei, where α particles,
up to ≈9 MeV, are produced from the decay of actinides present in trace amounts in detection and structural
material. In order to model the neutron energy spectra and production of other secondary particles, the partial
cross sections are needed. Yet very little experimental data exists for these partial cross sections because past
measurements, hampered by the experimental challenges of neutron detection, have focused mostly on total
reaction cross section measurements. Here the partial cross section of the 13C(α, n1)16O reaction is reported
for the first time. The measurements were made near the reaction threshold using a high energy resolution
helium spectrometer. The measurements show a rapidly increasing cross section, which quickly becomes a
significant fraction of the total reaction cross section. Measurements are compared with previous theory estimates
and differences of more than an order of magnitude are found. A comparison is made with new total cross
section measurements and the current level of consistency is demonstrated.
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I. INTRODUCTION

Dark matter, neutrino, and neutrinoless double β de-
cay measurements all require very-low-background, deep-
underground environments in order to achieve unprecedented
levels of sensitivity. Under these conditions, the background
signals induced by cosmic rays that are encountered in surface
laboratories are greatly suppressed, yet backgrounds from the
decay of naturally occurring radioactive isotopes in the sur-
rounding rock and structural materials remain and are often
even larger than on the Earth’s surface. Energetic α particles,
up to ≈9 MeV, are produced from actinide decays, which in
turn can undergo (α, n) reactions on light elements that are
also often present in significant amounts due to their high nat-
ural abundances. The reaction that often produces the highest
yield is 13C(α, n)16O (Q = +2.2 MeV), producing neutrons
up to ≈11 MeV, sometimes in coincidence with γ rays and β

particles [1–9].
Simulations of these neutron background sources are often

very critical in the design stage of large volume detector
experiments, as they determine the amount of shielding that
will be needed. Thus inaccurate or poor precision measure-
ments can directly translate into inflated construction costs.
Yet measurements are often only available for part of the en-
ergy ranges required or, worse, do not exist at all. In addition,
the partial cross section data that are truly needed to accurately
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reproduce the neutron energy spectrum when multiple final
states are energetically accessible are almost never available.
This fact can be easily overlooked by end users, since sim-
ulation software very often does not include uncertainties on
the input cross sections taken from evaluations, giving sim-
ulations a false sense of confidence and causing confusion
when source measurements do not match simulation. Most
simulations rely on a single evaluation for (α, n) reactions,
the JENDL/AN-2005 data set [10], where statistical model
calculations are often used when experimental data are un-
available. While this is a common practice, because there is
no better alternative, these model calculations carry with them
large uncertainties, especially for light nuclear systems, which
are often not clearly indicated.

Recently, Febbraro et al. [11] showed that insufficient in-
formation about the different partial cross sections for the
13C(α, n)16O reaction could have a significant impact on the
background estimation for a portion of the neutrino data ob-
tained at KamLAND that was used to determine ν1–ν2 mixing
[12]. In that work, it was emphasized that the 13C(α, n1)16O
partial cross section was of particular importance, because
it results in the simultaneous emission of a neutron and
a positron, which can mimic inverse β decay (p + ν̄e →
n + e+).

In this work, measurements of the low energy cross sec-
tion of the 13C(α, n1)16O reaction are reported for the first
time. The measurements cover the low energy range from the
reaction threshold near Eα = 5 MeV up to 5.6 MeV. Because
of experimental constraints, most of the present measurements
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FIG. 1. Simplified level diagram of the 17O system [13] over the
region of the present experimental measurements.

are limited to a differential excitation curve at a single forward
angle of θlab = 15◦, but angular distribution measurements
are performed at few select energies. The data are analyzed
using a simplified R-matrix analysis, which was used to make
a rough estimate of the angle integrated cross section. Using
13C(α, n0)16O and 13C(α, n2)16O measurements from other
studies, a comparison is made with recent total cross sec-
tion measurements to estimate the level of consistency. A
simplified level diagram of the 17O system is given in Fig. 1.

Section II describes the experimental setup and the conver-
sion from experimental yields to differential cross sections is
described in Sec. III. Section IV details the R-matrix analysis
used to estimate the angle integrated cross section from dif-
ferential measurements, and further discussions are presented
in Sec. V. Summarizing remarks are given in Sec. VI.

II. EXPERIMENTAL SETUP

Experimental measurements were performed at the Univer-
sity of Notre Dame Nuclear Science Laboratory (NSL). The
Stable ion Accelerator for Nuclear Astrophysics (Sta. ANA) 5
MV accelerator was used to produce a He++ beam covering a
laboratory energy from Eα = 5.0 to 5.57 MeV and a proton
beam of Ep = 0.34 to 3 MeV. Beam intensities from 5 to
20 μA and from 1 to 6 μA were impinged on target for the
α-particle and proton beams, respectively. Beam-stop targets,
all with identical 0.5 mm thick Ta backings, were mounted
on a low-mass, electrically isolated, water cooled, aluminum
target holder. A 1 inch diameter electrically isolated copper
pipe was mounted inside the beam pipe just upstream of the
target. The pipe was both cooled with liquid nitrogen and
biased to −300 V in order to act as both a cold trap and
electron suppressor.

Carbon targets were produced at the Institute for Nu-
clear Research (ATOMKI) in Debrecen, Hungary. Enriched
(99%) 13C powder was evaporated onto a 0.5 mm Ta back-
ing, creating a thin layered target of ≈10 μg/cm2 (≈7 ×
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FIG. 2. Thick target yield curve of the Ep = 340 keV resonance
in the 19F(p, αγ )16O reaction used to obtain the thickness of the LiF
calibration target

1017 atoms/cm2) nominal thickness. A precise target thick-
ness was determined by comparing neutron yields from the
present target with that of Brune et al. [14], where the tar-
get thickness of Brune et al. [14] was determined to 10%
uncertainty using Rutherford backscattering. The yield ratio
measurements for the different targets were performed at the
Edwards Accelerator Laboratory at Ohio University [15] us-
ing the HeBGB long counter [16]. Measurements were made
at a relatively constant region of the cross section at Eα =
2.9 MeV. The target thickness, found by normalizing to the
yield of the target from Brune et al. [14], was found to be
6.8(7) × 1017 atoms/cm2, in good agreement with the nomi-
nal value.

LiF targets of natural isotopic abundance were also utilized
for the efficiency calibration of the neutron detector using the
7Li(p, n) 7Be reaction. The LiF material was evaporated onto
0.5 mm thick Ta backings using an evaporator setup at the
NSL. The target thickness was determined by performing a
thick-target scan of the narrow (� ≈2 keV) Ep = 340 keV
resonance in the 19F(p, αγ2)16O reaction using a CeBr3 de-
tector for the measurement of 6.13 MeV γ rays, as shown in
Fig. 2. The number of Li atoms in the target was determined
assuming a 1:1 isotopic composition of Li and F and stopping
powers from the code SRIM [17]. The proton energy loss
observed through the target was observed to be � = 28(1)
keV, giving, after considering the natural abundance of lithium
isotopes, a target thickness of 3.2(2) × 1018 7Li atoms/cm2.

The detection setup consisted of a single 3He spectrometer
(FNS-100, Bubble Technology Industries [18]) mounted on
a rotating swing arm to enable angular distribution measure-
ments between 0 <θlab < 135◦. The swing arm was supported
by a large table, which was machined to accurately indicate
the angle of rotation. Because of the detector geometry, water
cooling, and the desire to make well defined angular mea-
surements, the detector was positioned far from the target.
This resulted in a low detection efficiency, but provided a
straightforward geometry that facilitated the conversion of the
experimental yields into absolute differential cross sections.
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FIG. 3. Experimental setup. The 3He spectrometer was mounted on a rotatable swing arm, which could be moved between θlab = 0 and
135◦. A CeBr3 detector was mounted at θlab = 45◦ to monitor secondary γ rays.

The setup is shown in Fig. 3. The analog electronics, for
both the 3He spectrometer and CeBr3 detector, consisted of
an ORTEC 672 spectroscopic amplifier and a Canberra 8715
analog-to-digital converter. Signals from both detectors were
fed into a four-channel FAST MPA-3 multichannel analyzer.

III. DATA ANALYSIS

A sample spectrum from the 3He spectrometer is shown
in Fig. 4. An energy resolution for the thermal peak of less
than 20 keV was obtained and that of the reaction peaks was
≈30 keV, which are typical for this detector type [18]. The
spectrum is free from background peaks from other reactions,
e.g., 19F(α, n)22Ne, but there is a significant, nearly constant
background present from high energy ground state neutrons
from the 13C(α, n0)16O reaction. This background is the result
of the continuum created by incomplete energy loss of these
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FIG. 4. Neutron energy spectrum in the 3He spectrometer for an
evaporated 13C target on a Ta backing at Eeff = 5.528 MeV. Neutron
peaks corresponding to the 13C(α, n1)16O and 13C(α, n2)16O reac-
tions are resolved. The flat background is primarily the result of the
much larger Q-value 13C(α, n0 )16O reaction.

high energy neutrons in the active counter volume (“wall
effects”) [19]. Since the ground state cross section is always
significant over this energy range, this constant background is
always present, hindering measurements of the 13C(α, n1)16O
cross section, especially in off-resonance regions.

Further, at the highest energies investigated, appreciable
yields were observed for the 13C(α, n2)16O reaction. As this
reaction has a Q value that is only ≈80 keV less than the
13C(α, n1)16O reaction, high energy resolution was critical.
This was the main reason a 3He spectrometer was utilized for
this measurement, despite its very low efficiency.

The absolute cross sections for the present 13C(α, n1)16O
measurements were determined through normalization to the
7Li(p, n)7Be differential cross sections of Burke et al. [20],
which were available in digital form in the EXFOR database
[21]. Due to the low efficiency of the setup and the insta-
bility of LiF targets under high current beam bombardment,
calibration measurements were made at only a few sample
energies. This still provided an accurate determination of the
efficiency, since the shape was well characterized previously
[19]. Facilitating the analysis, a functional representation of
the efficiency shape is available in Ohm et al. [22]. The
absolute efficiency of the 3He spectrometer is shown in Fig. 5.

From the 13C target thickness and the absolute efficiency,
the 13C(α, n1)16O differential cross sections were determined.
A thin target approximation was assumed as the observed
resonance structures were wide compared to the beam energy
loss through the target, which was approximately constant
(�E ≈ 8 keV). The effective energy was determined as Eeff

= Ebeam − �E/2.
The majority of the experimental measurements were

made at θlab = 15◦ due to experimental constraints. This
small forward angle was chosen instead of 0◦ to avoid
attenuation from the water cooling lines. The laboratory dif-
ferential cross section for the 13C(α, n1)16O reaction at θlab

= 15◦ is shown in Fig. 6. Angular distribution measurements
were made at four energies as indicated in Fig. 7. Table I
summarizes the uncertainty contributions to the cross sec-
tion measurements. The data are provided in the Supplemental
Material [23].
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FIG. 5. The absolute detection efficiency of the 3He spectrometer
in the geometry shown in Fig. 3. The efficiency was determined by
normalizing the differential yield measurements of the 7Li(p, n)7Be
reaction to the differential cross section data of Burke et al. [20] and
was interpolated using the efficiency function of Ohm et al. [22] that
was produced from the experimental data of Franz et al. [19].

IV. SINGLE REACTION R-MATRIX ANALYSIS

In order to estimate the angle integrated cross section, a
simplified R-matrix calculation was performed using the code
AZURE2 [25,26] and the uncertainty was estimated using the
Bayesian R-matrix Inference Code Kit (BRICK) [27]. The fit
was done using the alternative R-matrix parametrization of
Brune [28], and channel radii of aα = 6.684 fm and an0 =
an1 = 4.15 fm. Several previous R-matrix fits exist for the 17O
system (e.g., Heil et al. [24], Leal et al. [29], Chakraborty
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FIG. 6. The laboratory differential cross section of the
13C(α, n1)16O reaction at θlab = 15◦. The indicated uncertainties
result only from statistics. The blue vertical arrows indicate energies
where angular distributions were measured. The dashed-dotted
grey line represents an R-matrix calculation of the differential cross
section performed with SAMMY using the parameters of Heil et al.
[24]. The red solid and dashed lines indicate the cross section and
uncertainty (68% confidence limits), respectively, of the R-matrix fit
of this work.
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FIG. 7. Angular distribution measurements for the 13C(α, n1)16O
reaction.

et al. [30], and that found in the ENDF/B-VIII.0 evaluation
[31]), but due to the lack of higher energy data, they, for the
most part, are limited to lower energies than the present data.
The fit of Heil et al. [24] does extend into and above the range
of the current data, but it was found that the 13C(α, n1)16O
cross section calculated from the parameters of that work did
not accurately describe the present data as shown in Fig. 6.

The data indicated at least three resonances in the
13C(α, n1)16O reaction, over the region of measurement (see
Fig. 6). Angular distributions were measured near the maxima
of the three resonances as shown in Fig. 7. The large cross
sections on top of the resonances, the close proximity to the
threshold, and the Wigner limits of the reduced width am-
plitudes likely limit these resonances to corresponding levels
that can be populated in the exit channel with relative orbital
angular momentum � 2. Table II summarizes the R-matrix
fit parameters that were found to give a good description of
the experimental data, but it should be noted that, due to the
limited nature of the fitting, the fit is not unique.

V. DISCUSSION

As these are the first measurements of the 13C(α, n1)16O
cross section, there are no previous data to directly compare
with. Estimates of the cross section have been made in the
JENDL-AN evaluation [10], the global R-matrix fit of Heil

TABLE I. Summary of systematic uncertainty estimates.

Systematic uncertainty contribution (%)

13C target thickness 10
LiF target thickness 3.6
7Li(p, n)7Be cross section [20] 5
Efficiency function [19] 3
Target degradation 10
Beam current reading 3

Total 16
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TABLE II. R-matrix level parameters in the Brune parametrization [28]. Channel radii of 4.150 and 6.684 fm were used for the neutron and
α-particle partitions respectively. Masses and separation energies were taken from the AME 2016 mass evaluation [32,33]. Uncertainties in the
widths were calculated using the Markov chain Monte Carlo routine EMCEE [34], implemented for the AZURE2 code using the Python package
BRICK [27]. Negative signs on the partial widths indicate the sign of the corresponding reduced width amplitude. The dominant uncertainties
in the level energies corresponds to the systematic uncertainty in the energy calibration of accelerator.

Ec.m.(MeV)
Ex (MeV) Jπ �n0 (keV) �α0 (keV) �n1 (keV) � (keV)

This work This work [13] This work [13] This work This work [13]

10.240 7/2+ 122
3.904(8) 10.263(8) (3/2−) 62.1+7.1

−6.5 11.5+2.2
−1.6 74+8.5

−7.7

10.335(15) (5/2+, 7/2−) 155
10421.3(20) (5/2−, 7/2−) 14(3)

4.154(8) 10.513(8) (5/2+) 2.8+4.0
−1.9 19.6+5.6

−5.8 19.5+7.0
−6.4 42+15

−14

4.165(8) 10.524(8) 10.5 (5/2+) (5/2+, 7/2−) −19.8+7.1
−6.7 8.5+5.3

−4.1 31.0+11.6
−14.9 59+22

−28 75(30)

4.168(8) 10.527(8) 10.5623(8) (5/2+) (7/2−) 8.8+6.0
−5.2 19.8+16.7

−8.5 5.3+2.4
−1.8 34+29

−15 44.5(25)

et al. [24], and more recently by Mohr [35]. The JENDL-AN
[10] and Mohr [35] estimates rely heavily on statistical model
calculations (MEXIFON [36] and TALYS [37], respectively). The
statistical model was used to calculate the branching ratios of
the different final state transitions and these were then applied
to the reaction cross section measurements of Bair and Haas
[38] and Harissopulos et al. [39], respectively. These calcula-
tions should only be expected to give very rough estimates of
the partial cross sections, since in this region resonances are
still clearly resolved. Further, the uncertainty in these calcula-
tions is difficult to estimate, often resulting in no uncertainty
being given.

This point is highlighted in Fig. 8, where the R-matrix
estimate of the cross section from the present experimental
results is compared to the statistical model calculations of
JENDL-AN [10] and Mohr [35] and a previous comprehen-
sive R-matrix fit by Heil et al. [24]. Different calculations vary
from one another by approximately an order of magnitude.
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FIG. 8. Comparison of the 13C(α, n1)16O partial cross section of
this work (red solid line) with previous theoretical estimates from
the JENDL-AN evaluation [10] (black dashed line) and by Mohr
[35] (blue-dashed-dotted line) using the branching ratios from the
statistical codes MEXIFON [36] and TALYS [37], respectively. The
global R-matrix fit of Heil et al. [24] is indicated by the grey dashed-
dotted-dotted line.

Close to the reaction threshold, the theoretical calculations
from JENDL-AN are in reasonable agreement with the
present data, but at higher energies, above Eα ≈ 5.4 MeV, the
JENDL-AN calculation underestimates the cross section sub-
stantially. In contrast, the R-matrix calculation of Heil et al.
[24] is in better agreement over the higher energy region, but
underestimates the cross section at low energies. In addition,
the calculation of Heil et al. [24] predicts a strong narrow
resonance at Eα ≈ 5.25 MeV, which does not appear, at least
as strongly, in the present 13C(α, n1)16O data. This resonance
instead appears strongly in the 13C(α, n2γ )16O cross sec-
tion [11,40,41]. The cross section calculated from Mohr [35]
underestimates the cross section over the entire range.

The compilation [13] reports five levels in the energy re-
gion covered by the present data (10.21 < Ex < 10.59 MeV).
The first level is at Ex = 10.240 MeV (no quoted uncertainty)
and has a Jπ assignment of 7/2+. Because of the penetrability,
it is very unlikely that this level corresponds to the broad
resonance observed in the present data at Ex = 10.263(8)
MeV, so close to the n1 separation energy (Sn1 = 9.448 MeV),
as it would have to be populated through 
 = 4 in the n1 exit
channel. The next level is located at Ex = 10.335(15) MeV
and has tentative Jπ assignments of 5/2+ or 7/2−. This level
could also correspond to the near threshold level observed
here at Ex = 10.263(8) MeV, but again, even with 
 = 2,
it is unlikely due to the n1 penetrability. The reported width
is also significantly larger than that observed here. The next
level at Ex = 10.4213(20) MeV has too small of a width
to correspond to any of the levels observed here, but likely
corresponds to the narrow resonance observed strongly in the
n2 channel. The level at Ex = 10.5 MeV (no uncertainty given)
could correspond to either of the levels observed here at Ex =
10.524(8) or 10.527(8) MeV and the Jπ assignment of 5/2+
(exit channel 
 = 2) is consistent with he measured angular
distributions and penetrability. Its reported total width, 75(30)
keV, is also similar to that found here, 59+22

−28 keV. Finally,
the level at Ex = 10.5623(8) MeV is very close in energy
to the highest energy level observed in the present study at
Ex = 10.527(8) keV, and the widths are similar, 44.5(25) and
34+29

−15 keV respectively. However, the level in the compila-
tion has Jπ = (7/2−), which again would be unlikely due to
penetrability, but this assignment is tentative. Given the above
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FIG. 9. Comparison of the 13C(α, n)16O reaction data of Bair and
Haas [38], Harissopulos et al. [39], and Brandenburg et al. [43].

considerations, the two highest energy resonances observed
in the present study likely correspond to previously observed
levels in other reactions but the lower energy two do not.
The levels observed here are compared with those from the
compilation in Table II. A multichannel R-matrix analysis that
takes into account all previously existing data could likely
yield more definitive results, but that is beyond the scope of
the current work.

The present 13C(α, n1)16O partial cross section data can
be summed together with other partial cross section data
and compared with total reaction cross section data to check
for consistency. This calculation is somewhat complicated
by problems with past 13C(α, n)16O reaction data [35,42],
especially that of Harissopulos et al. [39]. Recently, a new
measurement of the 13C(α, n)16O reaction cross section was
made [43] with improved accuracy by using a neutron mod-
erator detector with a much more constant efficiency and
where angular distribution effects were also corrected. The
difference in the cross section is significant over the region
of the present data, showing not just a difference in overall
normalization, but also in shape, as shown in Fig. 9.

For the 13C(α, n0)16O cross section, measurements have
been made over this energy by Febbraro et al. [11],
Prusachenko et al. [44], and deBoer et al. [45] and using the
inverse reaction by Davis et al. [46] and Giorginis et al. [47]
as shown in Fig. 10. The shape of the 13C(α, n0)16O cross
section is fairly consistent among the different measurements,
but the overall scale varies by a factor of ≈2.

Measurements of the 13C(α, n2)16O cross section have
been reported only as differential measurements of the sec-
ondary γ ray by Spear et al. [41], Febbraro et al. [11], and
deBoer et al. [40]. The different measurements are compared
in Fig. 11. The measurements of Spear et al. [41] can be
compared directly with those of deBoer et al. [40], as they
were made at the same angle. The data of Spear et al. [41]
show a higher cross section in the off-resonance regions, with
the discrepancy increasing at lower energies. This is attributed
to incomplete background subtraction in that measurement,
where a low resolution sodium iodide detector was used, com-
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FIG. 10. Comparison of the 13C(α, n0 )16O data of Febbraro et al.
[11], Prusachenko et al. [44], and deBoer et al. [45], as well as the
inverse data of Davis et al. [46] and Giorginis et al. [47].

pared to the high-purity germanium detector detector used by
deBoer et al. [40].

Given the above considerations, the 13C(α, n0)16O data
of deBoer et al. [45] and the 13C(α, n2)16O data of deBoer
et al. [40] have been combined with the 13C(α, n1)16O data
of this work to compare with the 13C(α, n)16O reaction cross
section measurements of Brandenburg et al. [43], as shown in
Fig. 12. In the data shown, only the point-to-point uncertain-
ties are indicted in the plot, while the systematic uncertainties
dominate for the different reactions, these being 16% for the
present 13C(α, n1)16O data, 10% for the 13C(α, n2γ )16O data
of deBoer et al. [40], and 13% for the 13C(α, n0)16O data of
deBoer et al. [45]. The 13C(α, n1)16O cross section begins
to make a significant contribution very close to the reaction
threshold at ≈5.0 MeV, rising rapidly and becoming nearly
equal in magnitude to the 13C(α, n0)16O cross section data of
deBoer et al. [45] at ≈5.1 MeV. The sum of these partial cross
sections somewhat overestimates the reaction cross section of
Brandenburg et al. [43] below Eα ≈ 5.2 MeV, but at higher
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FIG. 11. Comparison of the 13C(α, n2)16O data of Spear et al.
[41], Febbraro et al. [11], and deBoer et al. [40].

055808-6



FIRST NEAR-THRESHOLD MEASUREMENTS OF THE … PHYSICAL REVIEW C 106, 055808 (2022)

5.1 5.2 5.3 5.4 5.5 5.6
Laboratory Energy (MeV)

10
-2

10
-1

10
0

C
ro

ss
 S

ec
ti

o
n
 (

b
ar

n
s)

6.13 MeV �-rays at 45° times 4	, n
2

Brandenburg et al. (2022), n
total

deBoer et al. (2022), n
0

this work, n
1

13
C(�,n)

16
O

FIG. 12. Comparison of the total 13C(α, n)16O cross sec-
tion measurement of Brandenburg et al. [43] (blue points) with the
sum of the three open deexcitation channels (n0: deBoer et al. [45]
(green squares); n1: this work (grey lines); n2: deBoer et al. [40]
(yellow triangles)]. This sum and its uncertainty are represented by
the orange solid and dashed lines, respectively. See text for details.

energies comes into better agreement. The 13C(α, n2)16O
cross section becomes significant at ≈5.3 MeV and higher
in energy. Here the differential 13C(α, n2γ )16O data from de-
Boer et al. [40] have been scaled by a factor of 4π to obtain an
estimate of the angle integrated 13C(α, n2)16O cross section.
Reasonable agreement is observed between the sum of the
three partial cross sections and the total data of Brandenburg
et al. [43] over this energy range.

VI. SUMMARY

An accurate determination of the 13C(α, n)16O cross sec-
tion from near the reaction threshold up to ≈9 MeV is desired
for applications ranging from nuclear synthesis to energy gen-

eration to large volume neutrino and dark matter detectors. Yet
there remain large portions of the cross section that are very
uncertain due to a lack of measurements and reliable theory.
In particular, angular distributions and partial cross sections,
remain poorly, or even completely, unmeasured.

In this work, first measurements of the partial differential
cross section of the 13C(α, n1)16O reaction have been made
from near the reaction threshold up to 5.6 MeV using a 3He
neutron spectrometer. A simplified R-matrix analysis has been
used to estimate the angle integrated cross section from the
θlab = 15◦ differential cross section and angular distributions
at four energies. The data were compared with previous the-
ory estimates of the 13C(α, n1)16O cross section based on
statistical model calculations and show up to an order of
magnitude deviation over wide energy regions. The present
13C(α, n1)16O data were then summed with other partial cross
section measurements of the 13C(α, n0)16O and 13C(α, n2)16O
reactions and compared to recent total reaction cross sec-
tion measurements, where fair agreement was found.

While the measurements presented here represent a first
step forward in the characterization of the 13C(α, n1)16O cross
section, comparison with theory calculations makes it clear
that further measurements are required to obtain an evaluation
of the partial cross sections to the desired precision, better
than 10%, up to Eα ≈ 9 MeV. To this end, new measurements
of these and other (α, n) partial differential cross sections are
underway at the University of Notre Dame NSL.
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