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The primordial elemental abundance composition of the first stars leads to questions about their
modes of energy production and nucleosynthesis. The formation of 12C has been thought to occur
primarily through the 3α process, however, alternative reaction chains may contribute significantly,
such as 7Li(α, γ)11B(α, n)14N. This reaction sequence cannot only bypass the mass A = 8 stability
gap, but could also be a source of neutrons in the first star environment. However, the efficiency
of this reaction chain depends on the possible enhancement of its low energy cross section by α-
cluster resonances near the reaction threshold. A new study of the reaction 11B(α, n)14N has been
undertaken at the CASPAR underground facility at beam energies from 300-700 keV. A 4π neutron
detector in combination with pulse shape discrimination at low background conditions, resulted in
the ability to probe energies lower than previously measured. Resonance strengths were determined
for both the resonance at a laboratory energy of 411 keV, which was measured for the second time,
and for a new resonance at 337 keV that has been measured for the first time. This resonance, found
to be significantly weaker than previous estimates, dominates the reaction rate at lower temperatures
(T < 0.2GK) and reduces the reaction rate in first star environments.

I. INTRODUCTION13

The study of the 11B(α,n)14N reaction has been dis-14

cussed in the past as an important reaction for nucleosyn-15

thesis [1] in the framework of inhomogeneous Big Bang16

models [2, 3], in which 11B would have been produced by17

a sequence of neutron and α-capture reactions and would18

have become the seed of a Big Bang r-process pattern.19

However, a more detailed analysis of the nucleosynthe-20

sis in such a scenario [4] and the abundance patterns in21

early stars [5, 6] have demonstrated that this model is22

not sustainable [7].23

Sparking renewed interest, it has been proposed re-24

cently that the 11B(α, n)14N reaction may also play a25

role in helium burning environments in first generation26

stars [8]. The 11B isotope represents an important node27

in a network of proton and α-induced reactions as well as28

electron capture processes that leads to its establishment29

as a stepping stone for subsequent α-induced reactions30

such as 11B(α, p)14C or 11B(α, n)14N feeding the CNO31

mass range. The strength of the break-out from stan-32

dard helium burning depends not only on the nuclear33

reaction rates involved in the reaction pattern, but also34

on deep convection and the evolution of helium enriched35

bubbles in the early star environments [9]. It is a rather36

complex and dynamic nucleosynthesis environment. The37
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deep convective mixing patterns, as well as the strength38

on the different reaction branches, play a critical role in39

the on-set of this environment and the resulting abun-40

dance distribution of early stars [5, 6].41

The α-induced reactions are facilitated by resonance42

contributions of triton-alpha cluster configurations [10]43

in the 15N compound nucleus, emerging in the excitation44

range near the α-threshold. The direct study of these45

states requires very low energy measurements of the var-46

ious reaction branches and a reliable R-matrix analysis47

of the data over a wide energy range for many reaction48

channels [11, 12].49

The α-induced reactions may also play an impor-50

tant role on the operation of boron-fusion reactors [13],51

which are based on the 11B(p, 2α)4He reaction, convert-52

ing boron fuel into three free α-particles with a kinetic en-53

ergy distribution between 2 and 4MeV corresponding to54

the 8.7MeV difference in binding energy of the initial and55

final system [14, 15]. The free α-particles distribute their56

kinetic energy rapidly to the plasma by 11B(α, α’)11B in-57

elastic scattering but can also undergo α-induced nuclear58

reactions with the 11B isotopes in the plasma environ-59

ment. To understand the role and potential impact of60

these secondary reactions and the consequences for the61

build-up of impurities in the specific reactor environment,62

these processes need to be investigated over a wide energy63

range.64

In both the case of a convective stellar plasma environ-65

ments in first stars and boron fusion reactor operation,66

the 11B(α, n)14N reaction is of particular interest as a67
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neutron source, resulting in a new neutron capture re-68

action pattern leading to the production of short-lived69

nuclei from the existing seed material, rapidly creating70

heavier elements.71

In this paper we present new results on α-capture on72

11B by probing the 11B(α, n)14N reaction at very low73

energies, complementing our previous study of the reac-74

tion at higher energies [16]. An earlier study by Wang75

et al. [1] was handicapped by cosmogenic neutron back-76

ground and, therefore, did not reach the desired low en-77

ergy range. To reduce the background of cosmic ray in-78

duced neutrons in our experiments, we have studied the79

reaction at the CASPAR facility [17], located 4850 ft deep80

underground at the Sanford Underground Research Fa-81

cility (SURF).82

In the following section we describe the experimen-83

tal approach for studying the 11B(α, n)14N reaction over84

the energy range (energies are in the lab frame unless85

otherwise noted) between 300 and 700 keV, followed by86

an analysis of the resonance features of the reaction in87

comparison to the resonance analysis of the 11B(α, p)14C88

study by Gula et al. [18] in Sec. IV. To capture the effect89

of our newly measured strength for the Eα = 337 keV90

resonance, which is significantly different from previous91

theory estimates, a revised reaction rate is presented in92

Sec. V. Concluding remarks are given in Sec. VI.93

II. EXPERIMENTAL METHODS94

The 11B(α, n)14N reaction was investigated from Eα =95

300-700 keV using the JN accelerator at the CASPAR96

underground laboratory [17]. Beam intensities of He+97

ions ranged between 60-70µA. The beam energy was98

calibrated to better than 1 keV using resonances in the99

27Al(p,γ)28Si reaction and was monitored using the nar-100

row resonance at Eα = 606 keV in the 11B(α, n)14N re-101

action. Three thick boron targets were used. These102

targets were created by vacuum evaporation of 99% en-103

riched 11B powder onto a 0.5mm Ta backing. The tar-104

get thicknesses were determined by performing thick-105

target resonance scans over the narrow resonance at106

Eα = 606 keV. The targets were observed to have an en-107

ergy loss between 60-90 keV at this energy. Target degra-108

dation was monitored by performing repeated scans of109

the Eα = 606 keV resonance. After accumulating ≈ 2C110

of integrated charge, no significant degradation was ob-111

served.112

Yields from the 11B(α, n)14N reaction were measured113

using a 4π neutron detector with a polyethylene moder-114

ator (30.5× 30.5× 33 cm3) and 5% borated polyethylene115

shielding (5 cm). The detector has been described pre-116

viously [19] and its current configuration was described117

in Borgwardt [20]. A background rate of 0.1 counts per118

second in the underground laboratory environment at119

CASPAR was observed. The polyethylene moderator120

houses two concentric rings of 3He proportional coun-121

ters, containing a total of 16 detectors. The polyethy-122

lene moderates neutrons to thermal energies, which are123

then detected through the electrical signal induced by124

the 3He(n, p)3H reaction. The efficiency of the detector125

was determined through previous measurements of the126

51V(p, n)51Cr reaction [19], as well as modeling and a127

measurement of a 252Cf source [20]. For the neutron en-128

ergies relevant to this work (300-600 keV), the efficiency129

was found to be 31-34%. For neutrons coming from high130

spin states, such as the lowest energy state measured131

in this work, the neutron detection efficiency needs to132

account for the highly anisotropic angular distribution.133

This was done through simulation and resulted in a re-134

duction of the efficiency by 10% (e.g., 34% to 31%) for135

the Eα = 337 and 606 keV states.136

Pulse shape discrimination was used to mitigate the137

intrinsic α-activity of the detectors using the rise time138

discrimination method [21, 22]. Further details of the139

implementation can be found in Borgwardt [20]. The140

pulse shape discrimination rejected 99% of the intrinsic141

background of the detectors, while preserving 35% of the142

neutron signal. The uncertainty in the efficiency, over the143

limited neutron energy range of the present experiment,144

is estimated to be 10%, largely due to the 51V(p, n)51Cr145

calibration that produces neutrons at a very similar en-146

ergy.147

III. DATA ANALYSIS148

The resulting yields with and without pulse shape dis-149

crimination (PSD) are shown in Fig. 1 and an example150

of the PSD can be seen in Fig. 2. The stoichiometry of151

the targets was assumed to be pure boron, which had152

a stopping power of 50-60 (eV cm
2
)/1015 atoms over the153

energy range of the measurements. A 10% uncertainty154

is estimated, based on oxidation levels of targets used in155

previous studies [23, 24].156

Resonance strengths were derived using two methods,157

first from the yield curves of the two low energy res-158

onances using the isolated narrow resonance formalism159

and then through an R-matrix fit of the unfolded cross160

section data as discussed in more detail in Sec. IV. The161

two methods resulted in consistent values. The yield162

from the underlying background of the broad resonance163

at Eα = 596 keV was calculated and subtracted off when164

deriving the resonance strengths. As a broad resonance,165

it was found that the width could not be treated as con-166

stant and had to be corrected for the penetrability. The167

resonance strength was found to be 1.3 times larger than168

that reported by Wang et al. [1].169

Yield data were converted to cross sections following170

the methods in [25] and Brune and Sayre [26] using:171

σexp(Eeff) =
Y (E0)

fnx
, (1)

where nx is the number of active target nuclei, Y is the172

yield at beam energy E0, and Eeff is the effective energy173

and f is a correction factor, as defined in Brune and Sayre174
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FIG. 1: Thick target yield curve. The raw data is
shown in black, while the red points indicate the data
after pulse shape discrimination has been applied. Two
resonances can be seen in the data, which resemble step

functions and are on top of the tail of the broad
resonance at Eα = 596 keV. The front (low energy)

edge of each step function can be used to determine the
resonance energy, while the maximum yield at the

plateau determines the resonance strength.

TABLE I: Summary of the primary sources of
systematic uncertainty for the 11B(α, n)14N cross

section data of this work.

Systematic Uncertainty Contribution %
Stopping Power 10
Efficiency 10
Resolution Unfolding 5
Beam Current 3
Total 15

[26]. The cross section data are shown in Fig. 3. The175

main systematic uncertainty contributions to the cross176

section are summarized in Table I.177

IV. R-MATRIX FIT178

The R-matrix description of the 11B(α, n)14N cross179

section is a complicated case. The de-excitation of lev-180

els populated over the energy range of the present data181

can proceed through not only the α-particle and neutron182

channels, but also through the proton channel. Thus183

a multichannel analysis is required. In addition, many184

broad higher energy resonances exist that contribute to185

the slowly varying underlying cross section. In the anal-186

ysis of Wang et al. [1], a more simplified multilevel Breit-187

Wigner analysis is used, but this does not include im-188

portant interference contributions. To better model the189
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FIG. 2: Pulse shape discrimination of the (a) measured
data at Eα = 350 keV. The total signal consisted of

1445 events in a 2.5 hour measurement. Inside the cut
window is 60 events with an expected background of 15
events. Pulse shape discrimination of (b) a 252Cf source
and (c) laboratory background were used to define a cut

window (red dashed line).

cross section, a multichannel R-matrix analysis is em-190

ployed in this work, building off of previous R-matrix191

descriptions of the 15N system [27–30] that focused solely192

on 14N+n reactions. The fit is limited to the low energy193

range covered by the 11B(α, n)14N data of this work, but194

considers data from 14N + n, 11B + α, and 14C + p re-195

actions available in the literature. This analysis uses the196

code AZURE2 [31, 32] and is based on previous calcula-197

tions given in deBoer et al. [16]. Observable resonance198

parameters are used directly by way of the alternative199

R-matrix parameterization of Brune [33]. Masses were200

taken from the 2020 AME mass evaluation [34, 35] and201

the channel radii in fm are 5.1, 4.3, and 4 for (11B + α),202

(14C+ p), and (14N+ n), respectively.203

To obtain an R-matrix description of the relevant en-204

ergy region, a selection of data has been used that covers205

several different reaction channels. While there are sev-206

eral additional data sets available in the literature [1, 36–207
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FIG. 3: Cross Section of the 11B(α, n)14N reaction. The
data of Wang et al. [1] have been scaled by a factor of

1.3 as described in the text.

46], a selected set of data is used in order to not overly208

complicate the present work. A more comprehensive re-209

evaluation of the 15N compound system at low energies210

is underway [47], but is beyond the scope of this work.211

The R-matrix analysis includes the representative data212

sets for 14N+n total neutron cross section data of Harvey213

et al. [42], the 14N(n, p)14C data of Morgan [44], and214

proton scattering on 14C data of Harris and Armstrong215

[36]. These data sets are used because they minimized216

distortions due to target energy loss effects, are relatively217

consistent with one another, and provided uncertainty218

information.219

The fitted data sets are shown in Fig. 4 where the220

two lowest energy resonances in the 11B(α, n)14N reac-221

tion are indicated. The data sets in the other reaction222

channels are compared on a common 15N system excita-223

tion energy scale. Two resonances are clearly visible in224

the 11B(α, n)14N data at Eα = 337 and 411 keV. The225

low energy tail of a broader, higher energy, resonance is226

also evident, which corresponds to the 596 keV resonance.227

Comparing to the 14N(n, p)14C, 14C(p, p)14C, and 14N+n228

total cross section data (14N(n,total)), corresponding res-229

onances in these reactions are readily apparent.230

The total neutron cross section data of Harvey et al.231

[42] was an important data set for the R-matrix fit be-232

cause total neutron cross section measurements can typ-233

ically be made with significantly higher accuracy and234

precision than other types of reaction studies. For the235

present analysis, the total neutron cross section data were236

limited to En < 0.8MeV, which encompasses the excita-237

tion energy range of the 11B(α, n)14N data of this work238

and also extends to somewhat lower energies. These data239

are crucial for the fit because the two lowest energy res-240

onances observed in the 14N(n,total) data correspond to241

the same levels (Ex = 11.24MeV (7/2+) and 11.29MeV242

(1/2−)) as the two lowest energy resonances observed243

here in the 11B(α, n)14N data. Because of their small244

uncertainties, the 14N(n,total) data precisely constrain245

the energy and width of the resonances. In addition,246

these data constrain the energy and width of the level at247

Ex = 11.43MeV (1/2+, Eα = 596 keV), which is respon-248

sible, in large part, for the underlying “non-resonant”249

component of the observed 11B(α, n)14N cross section.250

The 14N(n,total) data also supplies a very stringent cross251

check of the energy calibration of the 11B(α, n)14N data.252

For the 14N(n, p)14C reaction, the data set of Mor-253

gan [48] was utilized because of its high energy resolu-254

tion and detailed uncertainty information. The two clear255

resonances observed in this data set correspond to the256

levels at Ex = 11.29MeV and 11.43MeV. However, an-257

other even broader (Eα = 827 keV, Γ ≈ 320 keV) un-258

derlying resonance is also present that is not clearly vis-259

ible in the data but is needed to reproduce the shape of260

the cross section, which corresponds to a 1/2+ level at261

Ex = 11.60MeV. This very broad resonance can be ob-262

served clearly in the higher energy proton scattering data263

of Harris and Armstrong [36] (not shown in Fig. 4). This264

very broad resonance also contributes to the underlying265

“non-resonant” portion of the 11B(α, n)14N cross section.266

The cross sections are compared, on their common exci-267

tation energy scale, in Fig. 4. Table II contains the best268

fit parameters for the two lowest energy resonances.269

From the widths deduced here, the spectroscopic fac-270

tors for the α-cluster as well as the single particle com-271

ponents of the resonance levels can be extracted. They272

are shown in Table III. The results indicate that the273

level at Ex = 11.24MeV, corresponding to the resonance274

at Eα = 336.7 keV should have a Jπ = 7/2+ spin par-275

ity assignments to meet the Wigner-limit for the proton276

spectroscopic factor. Table III suggests the state has a277

pronounced α-cluster configuration and will be, together278

with the Jπ = 1/2+ level at Ex = 11.43MeV, corre-279

sponding to the resonance at Eα = 596.5 keV, a near280

threshold α-cluster state.281

The low energy extrapolation of the S-factor for the282

11B(α, n)14N reaction is shown in Fig. 5. Below the283

two resonances at Er = 337 and 411 keV, the slowly284

varying S-factor, as modeled by the R-matrix analysis,285

is determined by the low energy tails of broad, higher286

energy resonances. The experimental data of this work287

do not indicate any strong subthreshold state contribu-288

tions, which is consistent with previous transfer stud-289

ies that do not report any strong α-cluster states near290

the threshold [52, 53]. However, the 11B(7Li, t)15N α-291

transfer measurements of both Kohler et al. [52] and Nor-292

ton et al. [53] do indicate that the sub-threshold state293

at Ex = 10.7019(3) MeV [54] (Eα = -290 keV) has at294

least a moderate α-strength. To estimate the contribu-295

tion that this state could have on the low energy S-factor,296

this state’s α-particle Asymptotic Normalization Coeffi-297

cient (ANC) was increased until its contribution to the S-298

factor resulted in an increased cross section similar to the299

84% upper bound obtained from the BRICK [49] MCMC300

uncertainty analysis (ANCα = 3000 fm−1/2). This state301
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FIG. 4: Simultaneous AZURE2 R-matrix fit (red solid lines) to reactions that populate the 15N system near the
α-particle separation energy for (a) the 11B(α, n)14N data of this work, (b) the 14N(n, p)14C data of Morgan [48], (c)
the 14N(n, total) data of Harvey et al. [42], and (d) the 14C(p, p)14C data of Harris and Armstrong [36]. The green
vertical dashed-dotted lines indicate the energies of the two states populated by the two lowest energy resonances in
the 11B(α, n)14N study described here. The dashed red lines in a) represent the 16 and 84% quantiles resulting from

the BRICK [49] uncertainty analysis.

TABLE II: Resonance parameters obtained for the two lowest lying resonances in the 11B(α, n)14N data from a
simultaneous R-matrix fit to data from the reactions 11B(α, n)14N (this work), 14N(n, p)14C [48], 14N(n,total) [50]
and 14C(p, p)14C [36] data from the literature (see Fig. 4). Resonance energies are in the laboratory frame and are
given in units of keV, while all other values are given in the center-of-mass frame in units of eV. The uncertainty in

the resonance energies is dominated by the accelerator energy calibration.

ωγ(α,n) (eV)
Er (keV) Jπ this work lit. value Γ (eV) Γα (eV) Γn (eV) Γp (eV)

336.7(10) 7
2

(+)a 6.3(9)×10−7 5.85× 10−5b 2.38(1) ×103 3.2(5)×10−7 2.38(1) ×103 9(2)×10−3c

411.0(10) 1
2

−
1.6(3)×10−5 1.6(2)×10−5c 6.09(9) ×103 1.2(2)×10−4 1.61(2) ×103 4.48(8) ×103

a From Harvey et al. [50].
b Estimate of Caughlan and Fowler [51].
c From Wang et al. [1].
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TABLE III: Excitation energies (Ex), spin and parity (Jπ) as well as orbital momenta associated with the α + 11B
(ℓα) and p + 14C (ℓp) partitions. The spectroscopic factors C2S were calculated from the ratio of the observed

partial width and the Wigner limits for the transition, which were calculated in the framework of a simple Coulomb
potential model.

Er (keV) Ex (MeV) Jπ ℓα C2Sα ℓp C2Sp

336.7 11.239 7
2

+
2 7.8×10−3 4 −

411.0 11.315 1
2

−
1 5.1×10−3 1 1.10 ×10−2

596.5 11.429 1
2

+
2 8.35×10−1 0 4.10 ×10−3

606.0 11.436 7
2

−
3 7.04×10−3 3 7.50 ×10−8
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FIG. 5: Extrapolation of the low energy S-factor for the
11B(α, n)14N reaction. The green dashed-dotted line

represents a possible contribution from the subthreshold
state at Ex = 10.7 MeV. Descriptions of the other
components of the plot can be found in Fig. 4.

is only proton unbound (Sp = 10.21 MeV) and its proton302

width (Γp) was kept fixed at a value of 200 eV [54]. This303

state’s neutron ANCn (0.07 fm−1/2) was estimated by304

fitting the very low energy 14N(n, p)14C data of Koehler305

and O’Brien [55], as shown previously in deBoer et al.306

[16].307

While the subthreshold state at Ex = 10.7019(3) MeV308

seems to be the most likely candidate to produce an S-309

factor enhancement at low energy, the calculation shown310

in Fig. 5 is not unique as it is very possible that sev-311

eral subthreshold states sum to produce an enhancement312

of the low energy S-factor. However, after making test313

calculations for several other bound states, it was found314

that the energy dependence produced by all of them was315

similar. The energy dependence in each case was fairly316

smooth, indicating minimal interference effects. Given317

the phenomenological nature of the model used, interfer-318

ence effects can not be ruled out, but none were seen with319

the known levels in the energy region. Therefore, their320

summed contribution is fully constrained by the lowest-321

energy, off-resonance, cross section data of this work and322

a significantly larger low S-factor is not possible through323

this type of reaction mechanism. It is possible that an324

additional resonance could be present at very low ener-325

gies, but its neutron width and α-particle reduced width326

would have to be small, given the constraints imposed327

by low energy 14N(n, total) data and α-transfer data, re-328

spectively.329

V. REACTION RATE330

An updated reaction rate was calculated by numeri-331

cal integration of the 11B(α, n)14N R-matrix cross sec-332

tion and is shown compared to the rate of Caughlan and333

Fowler [51] in Fig. 6. The rate is available in tabulated334

form in the Supplemental Material [56]. The individual335

resonance contributions to the rate, in the absence of336

interference, are shown in Fig. 7. The newly observed337

resonance at 337 keV dominates the rate between ap-338

proximately 0.1 and 0.2 GK. Because the strength of this339

resonance was estimated to be much larger by Caughlan340

and Fowler [51], the rate presented here is significantly341

lower over this temperature range. Below ≈0.1 GK, the342

rate is dominated by the low energy tails of higher ly-343

ing broad resonances, which make up ≈50% of the total.344

As discussed in Sec. IV, subthreshold state contributions345

could also be present, which could also make a significant346

contribution to the low temperature rate as indicated in347

Fig. 7. At temperatures above ≈ 0.2 GK, the strong,348

narrow, resonance at Er = 606 keV, which corresponds349

to the 7/2− level at Ex = 11.436 MeV, dominates the350

reaction rate.351

The 11B(α, n)14N reaction dominates by at least an352

order of magnitude over the competing 11B(α, p)14C re-353

action as indicated in Fig. 8. This suggests that the354

11B(α, n)14N reaction may contribute to neutron produc-355

tion in an early star environment facilitating the produc-356

tion of heavier isotopes by neutron induced reactions.357

However the overall neutron flux will be small because358

of the abundance of 11B expected for the framework of359

nuclear reactions in an early star environment. The equi-360

librium abundance of 11B will be established by the re-361

action rate ratio of the main 7Li(α, γ)11B production re-362

action, the 11B(α, n)14N depletion reaction towards the363

CNO range as presented here, and the dominant deple-364

tion process 11B(p, 2α)4He [57], which processes material365
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FIG. 6: Ratios of the rate of this work (solid red line)
and that of Wang et al. [1] (blue dashed line) to that of

Caughlan and Fowler [51] (CF88). The significant
decrease in the rate at ≈0.1 GK from this work comes

from the much smaller measured strength for the
337 keV resonance than that estimated by Caughlan

and Fowler [51].

back into helium feeding the production cycle again. The366

equilibrium abundance367

[11B]

[7Li]
≈

[4He]⟨σv⟩7Li(α,γ)

[4He]⟨σv⟩11B(α,n) + [1H]⟨σv⟩11B(p,3α)
(2)

is likely low, as shown in Fig. 9, because of the relatively368

strong 11B(p, 3α) depletion reaction. However, this ratio369

also depends on the abundances of 7Li as well as 4He and370

the various hydrogen isotopes in the highly convective371

stellar environment. Therefore, in a helium rich bubble,372

a fair fraction of the 11B may be converted to 14N, also373

generating free neutrons, while in hydrogen rich zones374

this branch remains negligible. A more detailed anal-375

ysis of the impact of the 11B(α, n)14N reaction branch376

requires complex 3D-simulations, which are beyond the377

scope of this work.378

VI. CONCLUSIONS379

This paper presents a new study of the two lowest en-380

ergy resonances in 11B(α, n)14N. The resonance at Eα =381

337 keV was measured for the first time by taking advan-382

tage of the low cosmogenic neutron background at the383

CASPAR underground laboratory. The Eα = 411 keV384

resonance was measured for the second time after Wang385

et al. [1] and a consistent value was found for the reso-386

nance strength. These two resonances dominate the re-387

action rate at lower temperatures, such as those found388
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FIG. 7: Individual resonance components of the
11B(α, n)14N reaction rate relative to the total. The
upper limit of the subthreshold state contribution is

also indicated.
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FIG. 8: Ratio of the 11B(α, n)14N reaction rate of this
work (red solid line) and from Wang et al. [1] (black
dashed line) to the 11B(α, p)14C reaction rate of Wang

et al. [1].

in stellar or also in fusion plasma environments. Previ-389

ous calculations of the reaction rate used an estimated390

value for the Eα = 337 keV resonance strength. The re-391

sult from this work is lower than the previously estimated392

value by two orders of magnitude. This reduction in res-393

onance strength leads to a large reduction in the reaction394

rate at temperatures below 0.3GK. At these tempera-395

tures the 11B(α, n)14N channel was previously considered396

to be the dominant reaction branch. The new reaction397

rate results still show the channel to be the dominant398

reaction branch, but significantly reduce the role of 11B399

as a contaminating neutron source in stellar and boron400
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plasma environments.401
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