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Background: The (α,n) and (α,γ) reactions on 17,18O have significant impact on the neutron balance in the
astrophysical s-process. In this scenario stellar reaction rates are required for relatively low temperatures below
T9

<
∼ 1.

Purpose: The uncertainties of the 17,18O(α,n)20,21Ne reactions are investigated. Statistical model calculations
are performed to study the applicability of this model for relatively light nuclei in extension to a recent review
for the 20 ≤ A ≤ 50 mass range.

Method: The available experimental data for the 17,18O(α,n)20,21Ne reactions are compared to statistical model
calculations. Additionally, the reverse 20Ne(n,α)17O reaction is investigated, and similar studies for the 17F mirror
nucleus are provided.

Results: It is found that on average the available experimental data for 17O and 18O are well described within the
statistical model, resulting in reliable reaction rates above T9

>
∼ 1.5 from these calculations. However, significant

experimental uncertainties are identified for the 17O(α,n0)
20Ne(g.s.) channel.

Conclusions: The statistical model is able to predict astrophysical reaction rates for temperatures above 1 GK
with uncertainties of less than a factor of two for the nuclei under study. An experimental discrepancy for the
17O(α,n)20Ne reaction needs to be resolved.

PACS numbers: 24.60.Dr,25.55.-e,26.20.Kn

I. INTRODUCTION

α-induced reactions play an important role in various
astrophysical scaenarios. In the astrophysical s-process,
the 13C(α,n)16O and 22Ne(α,n)25Mg reactions are the
neutron production reactions [1], and the 17O(α,n)20Ne,
17O(α,γ)21Ne, and 18O(α,n)21Ne reactions affect the
neutron balance via the potential neutron poison 16O.
Depending on the rates of these reactions, a neutron may
be first absorbed by the highly abundant 16O nucleus in
the 16O(n,γ)17O reaction, but later the neutron can be
recycled in the 17O(α,n)20Ne reaction [2, 3].
In most cases the statistical model (StM) is applied

for the calculation of α-induced reaction rates. The StM
is well founded for heavy target nuclei, e.g. for (α,n) re-
actions under certain r-process conditions [4–6], and for
inverse (γ,α) reactions in the γ-process [7, 8]. Contrary
to the situations in the r-process and γ-process, it is not
clear whether the level density is sufficiently high for a
reliable calculation of α-induced reactions for the light
target nuclei in the s-process with masses A <

∼ 20. In-
terestingly, it was found that the reaction cross sections
in the 20 ≤ A ≤ 50 mass range follow a generic be-
havior and can be quite well described within the StM
[9] using the simple 4-parameter potential by McFadden
and Satchler [10]. This holds in particular for slightly
higher energies and/or nuclei at the upper end of the
20 ≤ A ≤ 50 mass range. For low energies and lighter
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target nuclei, the cross sections are dominated by indi-
vidual resonances, and thus the StM is only able to repro-
duce the average trend of the experimental cross sections.
Contrary to this excellent performance for light target
nuclei, the simple McFadden/Satchler potential tends to
overpredict α-induced cross sections for heavy target nu-
clei in the A ≈ 100 mass range and above. Much effort
has been spent in the recent years to provide improved
global α-nucleus potentials for heavy nuclei, and signifi-
cant improvements have been achieved (e.g., [11–15]).

Primarily, this study was motivated as an extension
of the previous review in the 20 ≤ A ≤ 50 mass range
[9] with the aim to provide a prediction for the upcom-
ing 17F(α,p)20Ne data which have been measured re-
cently using the MUSIC chamber at Argonne National
Lab [16, 17]. A further experiment for 17F(α,p)20Ne
has been done at Florida State University using the
ANASEN active detector [18]. In the course of this study
of 17F+α, the mirror 17O(α,n)20Ne reaction was also an-
alyzed, and unexpected inconsistencies between differ-
ent experimental data sets were identified. These are
based on the 17O(α,n)20Ne data in [19–24] and the re-
verse 20Ne(n,α)17O reaction [25–28]. As a consequence,
the present work now focuses on the resulting uncertain-
ties of the 17O(α,n)20Ne reaction rate. In most cases
[19, 20, 22, 23, 29] the same experimental techniques
were also applied to the 18O(α,n)21Ne reaction. This
allows a careful comparison of the experimental results
for two nuclei, and in addition a step-by-step extension
of the systematics in the 20 ≤ A ≤ 50 mass range [9]
towards lighter nuclei is possible. Detailed calculations
of the 17F(α,p)20Ne and its reverse 20Ne(p,α)17F reac-
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tion [30] will be provided in a separate paper [16]. Most
experimental data in this work have been taken from the
EXFOR database [31]; other sources are given explicitly.
The paper is organized as follows. Sec. II gives a review

of the existing experimental data for the 18O(α,n)21Ne
reaction, and the experimental data are compared to StM
calculations. Sec. III provides a similar review for the
17O(α,n)20Ne reaction which is extended by data for the
reverse 20Ne(n,α)17O reaction. The 17F(α,p) 20Ne and
20Ne(p,α)17F reactions are briefly mentioned in Sec. IV.
Astrophysical reaction rates are calculated, and their un-
certainties are discussed in Sec. V. Finally, as the α-
nucleus potential is the key ingredient for the calcula-
tion of (α,n) cross sections, the results from different α-
nucleus potentials are presented in Sec. VI. Conclusions
are drawn in Sec. VII.
The StM calculations in the present work were made

using the code TALYS [32] (version 1.8) in combina-
tion with the α-nucleus potential by McFadden/Satchler.
This choice is based on the excellent performance of the
McFadden/Satchler potential in the 20 ≤ A ≤ 50 mass
range [9] and on the finding that most of the recent global
potentials [11–13] provide relatively similar cross sections
for lighter nuclei [33]. Other ingredients for the StM cal-
culations like the nucleon optical model potential, the
γ-ray strength function, and the level density have very
minor influence on the calculated (α,n) or (α,p) cross sec-
tions within the StM, in particular as long as either the
(α,n) or the (α,p) channel has a dominating contribution
to the total α-induced reaction cross section; this is often
the case in the 20 ≤ A ≤ 50 mass range [9]. Although
the role of the chosen level density parametrization in
the StM calculations is minor, in reality at the lowest
energies under study the cross sections are governed by
the properties of few levels which appear as low-energy
resonances in the (α,n) cross section.

II. 18O(α,n)21NE

The present study starts from the first NACRE com-
pilation [34] in 1999; the updated NACRE-2 compilation
[35] ends at A = 16 and does not include the reactions un-
der analysis. NACRE lists four experiments where total
18O(α,n)21Ne cross sections were measured by neutron
counting. This technique does not provide much infor-
mation on the neutron energy which complicates a pre-
cise calibration of the energy-dependent efficiency of the
neutron longcounters. In addition, resonances in back-
ground reactions may be misinterpreted. Nevertheless,
the four data sets by Bair and Willard [36] (hereafter:
Bair62; the other data sets are referenced by the first au-
thor in the following), Hansen et al. [19], Bair and Haas
[20], and Denker [22] are in reasonable agreement (see
Fig. 1). The data cover energies from close above the
reaction threshold up to about 10 MeV. Note that the
18O(α,n)21Ne reaction has a slightly negative Q-value of
Q = −698 keV, leading to a threshold at Eα = 842 keV

in the laboratory system.
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FIG. 1. (Color online) Total 18O(α,n)21Ne S-factor from neu-
tron counting experiments [19, 20, 22, 36] and partial (α,n0)
and (α,n1) cross section measurements [29] in comparison to
TALYS calculations. The (α,n0) and (α,n1) data are scaled
by factors of 10−2 and 10−4 for better visibility. Further dis-
cussion see text.

The TALYS calculations show good agreement with
the Hansen data at higher energies above 5 MeV, and the
calculations reproduce the average trend of the Bair62
data down to about 2 MeV. At even lower energies, there
is still reasonable agreement between the calculation and
the average trend of the Bair data and the Denker data.
In addition to the longcounter data, time-of-flight

(TOF) data have been used by Hansen et al. [19] at higher
energies around 10 MeV to discriminate between the final
states in the residual 21Ne nucleus. The resolution was
not sufficient to resolve all individual levels of 21Ne; only
angular distributions for three groups (n0+n1; n2+n3;
n5+n6+n7) are shown in [19]. The angle-integrated cross
sections of these groups are in reasonable agreement with
the TALYS calculations with deviations below a factor of
two in all cases. In particular, the (n0+n1) group with
cross sections of about 80 to 45 mb from 9.8 to 12.3 MeV
are nicely reproduced within about 20%, giving some con-
fidence in the calculated branching ratios to the lowest
states in 21Ne.
The latest study by Best et al. [29] at low energies im-

proves the previous longcounter measurements by an ad-
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ditional determination of the 18O(α,n1)
21Ne cross section

by γ-ray spectroscopy. The information from the γ-ray
data on the (α,n1) cross section is used to calculate the
contribution of the (α,n1) channel to the total neutron
yield which is measured as in the other studies by neu-
tron counting. After subtraction of the (α,n1) yield, the
remaining yield is assigned to the (α,n0) channel (other
channels are closed for the low energies under study in
[29]), and this remaining yield is then converted to the
(α,n0) cross section with smaller uncertainties because
the neutron energy in the (α,n0) channel is now known
from kinematics; thus, the neutron detection efficiency
can be determined with improved accuracy.
The total 18O(α,n)21Ne cross section of the Best data

is in good agreement with the other data sets, and also
the branching ratio between the (α,n0) and (α,n1) cross
sections is on average well reproduced by the TALYS cal-
culations (see Fig. 1); obviously, the branching ratio of
the individual resonances cannot be reproduced by the
StM calculations. This leads to three conclusions for the
18O(α,n)21Ne reaction: First, this cross section is well
determined experimentally from several data sets which
agree with each other [19, 20, 22, 29, 36]. Second, the
statistical model is able to predict the average cross sec-
tion for both open channels at low energies. Third, the
excellent performance of the simple α-nucleus potential
of McFadden and Satchler [10] in the 20 ≤ A ≤ 50 mass
range [9] can at least be extended down to 18O.

III. 17O(α,n)20NE

From the above conclusions on the 18O(α,n)21Ne reac-
tion, similar findings are expected for the 17O(α,n)20Ne
reaction because the same experimental techniques have
been applied by the same groups. However, this is not
the case. The available experimental data are in part
contradictory for the 17O(α,n)20Ne reaction.
Similar to 18O(α,n)21Ne, the starting point of the

present analysis is the NACRE compilation from 1999.
Three data sets are listed, starting with the early work
of Hansen et al. [19], the data by Bair and Haas [20], and
the unpublished data by Denker [22]. All experiments
use simple neutron counting techniques. Similar to the
18O case, the three data sets are in reasonable agreement
(see Fig. 2). Very recently, Avila et al. [24] have measured
the 17O(α,n)20Ne reaction in inverse kinematics by the
detection of the residual 20Ne nucleus for energies corre-
sponding to Eα ≈ 3− 6 MeV. Also these data with their
completely different systematic uncertainties agree well
in the overlap regions with the Bair data and the Hansen
data. The TALYS calculation is able to reproduce the
experimental data at higher energies. At lower energies
the cross section is dominated by individual resonances,
but still the statistical model calculations reproduce the
average trend of the data.
Again similar to the 18O case, Hansen et al. [19] have

applied the TOF technique to discriminate between the

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

S(
E

)
(M

eV
b)

1 2 3 4 5 6

Ec.m. (MeV)

( ,n)total:
Hansen 1967
Bair 1973
Denker 1994
Avila 2017

( ,n1) x 10
-4

:
Best 2013

( ,n0) x 10
-2

:
Best 2013

17
O

FIG. 2. (Color online) Total 17O(α,n)20Ne S-factor from
neutron counting experiments [19, 20, 22] and partial (α,n0)
and (α,n1) cross section measurements [29] in comparison
to TALYS calculations (total (α,n): full black line; (α,n0):
golden dotted; (α,n1): lightgreen dashed). Further total (α,n)
data are measured by detection of the 20Ne recoil nucleus in
inverse kinematics [24]. The (α,n0) and (α,n1) data are scaled
by factors of 10−2 and 10−4 for better visibility. Further dis-
cussion see text.

final states in 20Ne. Angular distributions for the n1, the
n2, and the sum of the (n4+n5) channels are shown for
energies between 9.8 and 12.3 MeV, and it is pointed out
that the n0 channel and the n3 channel are only weakly
populated, thus preventing an analysis. The experimen-
tal data points for the n1 and n2 channels (from 9.8 to
12.3 MeV: about 80 to 30 mb for the n1 channel and
90 to 70 mb for the n2 channel) are reproduced by the
TALYS calculations with deviations below about 20%,
and the calculated n0 cross section is about a factor of
five lower than the n1 channel. This confirms the TALYS
calculations for the branchings to individual final states
in 20Ne.

Again similar to the 18O case, Best et al. [23] have
extended the neutron counting experiments by an addi-
tional measurement of the 17O(α,n1)

20Ne reaction by γ-
spectroscopy of the 1634 keV γ-ray from the decay of the
first excited state in 20Ne to the ground state. The (α,n1)
data at low energies are on average well reproduced by
the TALYS calculations. Then, Best et al. calculate the
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yield of the (α,n1) reaction in their neutron detector, and
from the difference of the measured yield and the calcu-
lated (α,n1) yield the (α,n0) cross section is extracted.
Other channels are closed at the energies under study
in [23]. Contrary to the TOF results by Hansen et al.

[19] around 10 MeV, it is found for the low energy region
that the n0 channel is dominating over the n1 channel.
As can be seen from Fig. 2, the TALYS calculation is
significantly lower than the experimental result for the
(α,n0) channel. Interestingly, this discrepancy between
the Best data for the n0 channel and the TALYS cal-
culation appears mainly in the energy region above the
opening of the n1 channel (see Fig. 3).
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FIG. 3. (Color online) Same as Fig. 2 for low energies. Above
the opening of the n1 channel at Eα = 1293 keV (Ec.m. = 1047
keV), the Best data for the n0 channel exceed the Bair and
the Denker data and are also significantly above the TALYS
prediction (golden dotted). Below the n1 threshold, the ex-
perimental data sets roughly agree. Note that contrary to
Fig. 2, the (α,n0) and (α,n1) data are not scaled. Further
discussion see text.

It is somewhat difficult to visualize the essential dis-
crepancies between the various experimental data sets;
an attempt is made in Fig. 3. Above the n1 threshold
at Ec.m. = 1047 keV and clearly visible above about 1.3
MeV, the Best (α,n0) data exceed the total (α,n) data
of Bair and of Denker by about a factor of three. The
TALYS calculation predicts on average a weak n0 chan-
nel and a dominating n1 channel whereas the Best data
show the opposite trend over the whole energy range.
Note that the TALYS predictions are verified around 10
MeV according to the Hansen TOF data.
There is an additional experiment by McDonald et al.

[21] on isospin-forbidden particle decays in 21Ne. An
attempt was made in [21] to find weak T = 3/2 reso-
nances in the 17O(α,n0)

20Ne channel by neutron detec-
tion in an energy-sensitive NE213 scintillator and in the
17O(α,n1)

20Ne channel by γ-spectroscopy. As a byprod-
uct, neighboring strong T = 1/2 resonances were also
seen in [21]. In particular, two resonances are discussed
explicitly in [21].

At Ec.m. = 1491 keV a resonance was found in the
(α,n1) channel, but no enhanced yield was seen in the
(α,n0) channel. Γn0

/Γ < 0.3 was deduced from the data,
in conflict with the Best data which give Γn,0 = 5.13 keV
and Γn,1 = 3.05 keV, leading to Γn,0/Γn,1 = 1.68. For
completeness it should be noted that the Denker data for
the total (α,n) cross section agree almost perfectly with
the Best data for the (α,n1) channel around the 1491 keV
resonance.

For the tail of the broad resonance at Ec.m. = 1753 keV
(Eα = 2165 keV) differential cross sections of slightly be-
low 2 mb/sr are given at Eα ≈ 2200 keV for the (α,n0)
and the (α,n1) channels in [21]. Assuming isotropy, this
corresponds to angle-integrated cross sections of the or-
der of 20− 25 mb. Interestingly, the (α,n1) cross section
is in rough agreement with the Best data, but the (α,n0)
cross section is again significantly lower (about a factor
of two) than the Best result.

The reverse 20Ne(n,α)17O reaction can be used to pro-
vide a further constraint on the 17O(α,n0)

20Ne data.
This possibility was unfortunately disregarded in the pre-
vious works [23, 34]. Three data sets are available for
neutrons in the low MeV energy region. The early data
by Johnson et al. [25] are composed of the α0 and α1

channels and cover the low-energy region. Bell et al. [26]
are able to resolve the α0 and α1 channels for low neu-
tron energies between 3 and 4.5 MeV; at higher energies
also only the sum of the first two channels is reported.
At energies above 4 MeV, recently Khryachkhov et al.

[27, 28] have also measured the sum of the α0 and α1

channels. The (n,α) data are in good agreement below
5 MeV (see Fig. 4) although at higher energies discrep-
ancies up to about a factor of two are found. The Bell
data clearly indicate that the (n,α0) channel is dominat-
ing with a minor contribution of the (n,α1) channel of
the order of 10%. Higher-lying final states in 17O do not
play a role at energies below 5 MeV.

The TALYS calculations are able to reproduce the av-
erage trend of the experimental data. The agreement is
very good for the (n,α0) channel between 3 and 4 MeV,
corresponding to slightly lower energies Eα in the (α,n)
reaction because of the small negative Q-value of the
(n,α) reaction of Q = −587 keV.

The 20Ne(n,α0)
17O data can be converted to

17O(α,n0)
20Ne cross sections by application of the reci-

procity theorem. The comparison between the Best data
for the (α,n0) channel and the converted (n,α) data of
Johnson and Bell is shown in Fig. 5. A significant dis-
crepancy can be seen between the Best data and the data
from the reverse (n,α) reaction. For completeness also
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FIG. 4. (Color online) Experimental cross section of the
20Ne(n,α)17O reaction [25–28] in comparison to a statisti-
cal model calculation. Because of the dominating α0 chan-
nel, the (n,α) data provide an additional constraint for the
17O(α,n0)

20Ne cross section.

the TALYS calculation for the (α,n0) channel is included
in Fig. 5 which clearly favors the lower data from the
(n,α) reaction.

Summarizing the above results, there is a clear experi-
mental contradiction between the Best data for the (α,n0)
channel on the one hand and the (α,n) data of McDon-
alds and the (n,α) data of Johnson and of Bell on the
other hand. The TALYS calculation clearly favors the
lower (α,n0) data of McDonalds, Johnson, and Bell. The
(α,n0) data of Best are also above the total (α,n) data
of Denker and Bair (at least above the (α,n1) thresh-
old). Thus, the simplest approach for consistency is a
reduction of the (α,n0) data of Best above the (α,n1)
threshold by a significant amount. Typically, this re-
duction should be at least a factor of two to three (but
an energy-independent reduction factor may be inappro-
priate). Any other solution would require the modifi-
cation of several data sets which are roughly consistent
with each other. Fortunately, new experiments for the
17O(α,n)20Ne reaction are in preparation [37] using im-
proved energy-sensitive neutron detectors [38].
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FIG. 5. (Color online) Same as Fig. 2 for the overlap region
between the Best data for the (α,n0) channel and the con-
verted (n,α) data of Johnson et al. [25] and Bell et al. [26].
The (α,n0) data are in significant disagreement to the (n,α)
data. The TALYS calculation reproduces the average trend
of the (n,α) data. Further discussion see text.

IV. 17F(α,p)20NE

A detailed discussion of the 17F(α,p)20Ne reaction will
be given in a forthcoming paper with the upcoming ex-
perimental results from ANL [16]. As a first step, the
reverse 20Ne(p,α)17F reaction was studied. Fig. 6 shows
the experimental results of Gruhle et al. [30] for the total
(p,α) cross section. The TALYS calculation is again able
to reproduce the data quite well.
According to TALYS, the (p,α0) channel is dominat-

ing over the whole energy range of the Gruhle data with
a small contribution (<∼ 20%) from the (p,α1) channel
and negligible contributions from higher-lying channels
like (p,α2). Such a branching ratio is expected from the
negative Q-value of the (p,α) reaction and the result-
ing strong Coulomb suppression of the higher-lying final
states in 17F.
Because of the dominance of the (p,α0) channel, the

experimental (p,α) data can be approximately converted
to the 17F(α,p0)

20Ne cross section. However, a compari-
son to the upcoming 17F(α,p)20Ne data is complicated
by the fact that – according to TALYS – the (α,p0)
channel is relatively weak in the 17F(α,p)20Ne reaction.
The predicted branching ratios and consequences for the
analysis of the experimental data will be presented in
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FIG. 6. (Color online) Experimental cross section of
the 20Ne(p,α)17F reaction [30] in comparison to a statisti-
cal model calculation. Similar to the 20Ne(n,α)17O reaction,
because of the dominating α0 channel the (p,α) data provide
an additional constraint for the 17F(α,p0)

20Ne cross section.

[16]. Note that high-lying excited states in 20Ne from
the 17F(α,p)20Ne reaction may decay to 16O + α before
the residual 20Ne nucleus can be detected in the MUSIC
chamber at ANL; this complication remained negligible
in the analysis of the 17O(α,n)20Ne data [24] because of
the small Q-value of the (α,n) reaction.

V. ASTROPHYSICAL REACTION RATES

The astrophysical reaction rate NA〈σv〉 is essentially
an average cross section where the averaging is weighted
by the thermal Maxwell-Boltzmann distribution of the
colliding nuclei. For a given temperature T (typically
given as T9 = T/109 K) the reaction rate NA〈σv〉 is
dominated by the cross section in the so-called Gamow
window which is located around E0 = 1150 keV (1820
keV; 2390 keV) for T9 = 1 (T9 = 2; 3) for 17O and 18O
and has a width ∆ of about 725 keV (1295 keV; 1815
keV) in the center-of-mass system [39, 40]. Note that the
simple Gamow window approach does not hold for the
18O(α,n)21Ne reaction at very low temperatures because
of the negative Q-value of about −0.7 MeV.
Obviously, the statistical model calculations should be

able to provide the reaction rate NA〈σv〉 at high tem-
peratures where the cross section in the Gamow window

is composed of a sufficiently high number of resonances.
This definitely holds for energies above about 3− 4 MeV
where the averaged cross sections as e.g. measured by
Hansen et al. [19] or Avila et al. [24] show a smooth en-
ergy dependence (see Figs. 1 and 2). Thus, the statistical
model is definitely valid at the corresponding tempera-
tures slightly above T9 = 3. At lower temperatures down
to about T9 = 1 still several resonances are located in
the Gamow window. Here NA〈σv〉 from the statistical
model should remain more or less reliable (say within a
factor of two or so) because NA〈σv〉 approximately aver-
ages over the relatively broad Gamow window. This reli-
ability of NA〈σv〉 from the statistical model is confirmed
by the reasonable agreement with the experimental rates
which are calculated from the sum over the contributing
resonances for the nuclei under study. However, below
T9 ≈ 1, NA〈σv〉 is dominated by very few individual res-
onances. Here the statistical model is not able to predict
NA〈σv〉 with sufficient accuracy.
The reaction rate NA〈σv〉 increases dramatically with

temperature. For better visibility, in the following Figs. 7
and 8 the reaction rates NA〈σv〉 are normalized to a ref-
erence rate which is taken from the NA〈σv〉 fit functions
of the NACRE compilation for 17O and 18O. The rates
will be discussed with a focus on the low temperature
region which corresponds to the astrophysical s-process.

A. 18O(α,n)21Ne

The latest calculation of NA〈σv〉 for the reaction
18O(α,n)21Ne by Best et al. [29] is based on an R-Matrix
analysis of the experimental data which cover an energy
range from the threshold up to about 2 MeV; i.e., the
Gamow window is fully covered (including the width
∆) up to T9 ≈ 1.5. Therefore, at higher temperatures
the rate NA〈σv〉 is calculated from the statistical model
which has been scaled to NA〈σv〉 from experiment at
T9 = 2. The Best results are slightly lower than NACRE,
but the deviation does not exceed a factor of two for
0.5 <

∼ T9
<
∼ 2.0. The significantly lower NA〈σv〉 at very

low temperatures below T9 = 0.5 results from the fact
that the lowest resonance in the Denker data at 888 keV
is considered as spurious and has been assigned to the
17O(α,n)20Ne reaction by Best et al. [23]. The results
are shown in Fig. 7.
The TALYS calculation is between the NACRE rate

and the Best rate for temperatures above T9 ≈ 1, and
it remains closer to the NACRE rate. As pointed out
above, at temperatures above T9 ≈ 3 the statistical
model should be fully valid. Two potential explanations
(or a combination of both) can be given for the devia-
tion between the Best rate and the TALYS rate: (i) The
number of resonances in the 18O(α,n)21Ne reaction may
be accidentially low in the Gamow window for T9 = 2
around 2 MeV, leading to a scaling factor significantly be-
low 1.0 in [29] for the adjustment of the statistical model
calculations. (Unfortunately, this factor is not provided
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FIG. 7. (Color online) Reaction rate NA〈σv〉 of the
18O(α,n)21Ne reaction from the NACRE compilation, from
the experimental resonance properties by Best et al. [29], and
from the statistical model calculations using TALYS. The up-
per part (a) shows the rates NA〈σv〉; the lower part (b) shows
the rates normalized to the NACRE fit, including horizontal
arrows which indicate the approximate validity of the different
rates. Further discussion see text.

in [29].) (ii) The Gamow window at T9 = 2 is not fully
covered by the experimental cross sections, leading to a
slight underestimation of NA〈σv〉 at T9 = 2 because of
missing contributions from energies above 2 MeV.

At very low temperatures below T9 ≈ 0.7 the limi-
tations of the statistical model become clearly visible.
The statistical model gives an almost constant astro-
physical S-factor of S(E) ≈ 3 × 107 MeVb down to the
threshold of the (α,n) reaction. Such a constant S-factor
leads to a significantly enhanced reaction rate NA〈σv〉
which is excluded by the experimental data of Denker and
Best. Note that the negative Q-value and the resulting
threshold for the (α,n) reaction lead to a relatively well-
constrained reaction rate NA〈σv〉 because resonances at
very low energies with their typically tiny (and often not
measureable) resonance strengths cannot exist.

Summarizing the above, the reaction rate NA〈σv〉 of
the 18O(α,n)21Ne reaction is well-defined down to low
temperatures from the Best data. Except the spurious
resonance at 888 keV, the Denker data and also the Bair
and the Hansen data at higher energies show good agree-
ment and thus confirm the recommended rate by Best

et al. [29]. The TALYS calculation cannot be used be-
low T9 ≈ 0.7. Above T9 ≈ 2 the TALYS calculation
gives slightly higher NA〈σv〉. Here the TALYS calcula-
tion reproduces the experimental (α,n) data of Bair62,
Bair, and Hansen, and it is close to the evaluation in
the NACRE compilation; thus, the TALYS calculation
should be reliable.

B. 17O(α,n)20Ne

Similar to the 18O(α,n)21Ne reaction, Best at al. [23]
provide the reaction rate NA〈σv〉 of the 17O(α,n)20Ne
reaction from a R-matrix fit to their experimental data
in the energy range from 0.7 to 1.9 MeV. Two versions
of NA〈σv〉 are listed in [23]. The so-called experimen-
tal rate NA〈σv〉exp is calculated from the experimental
resonance strengths (excluding contributions from res-
onances outside the experimental energy range from 0.7
to 1.9 MeV). The recommended rate NA〈σv〉rec addition-
ally includes estimates for low-lying resonances, and at
higher temperatures the result of a statistical model cal-
culation is recommended which has been adjusted to the
experimental NA〈σv〉exp at T9 = 2 (as in the case of the
18O(α,n)21Ne reaction).
Fig. 8 shows the results. As discussed in Sec. III, the

Best cross sections are significantly above the other data
from literature in particular for the (α,n0) channel above
the (α,n1) threshold. This leads to an enhanced NA〈σv〉
by about a factor of three for 1 ≤ T9 ≤ 2. As expected,
above T9 = 2 the enhancement of NA〈σv〉exp decreases
because of missing contributions from outside the experi-
mental energy range, whereas NA〈σv〉rec remains a factor
of three above the NACRE rate. The TALYS calculation
agrees almost perfectly with the NACRE compilation,
and the temperature dependence is almost identical to
NA〈σv〉rec of Best et al. [23], at least for temperatures
above T9 = 1.
At very low temperatures, NA〈σv〉 is governed by few

low-lying resonances which have not been seen in (α,n)
experiments to date. NACRE extends the lowest ex-
perimental S-factor data using a constant S(E) down
to E = 0. Consequently, the experimental NA〈σv〉exp
by Best et al. is by far below the NACRE result and
the TALYS calculation. The recommended NA〈σv〉rec is
closer to the NACRE rate, but still about a factor of two
lower. The agreement between the TALYS calculation
and NACRE for the lowest temperatures is not surprising
because the calculated TALYS S-factor towards E ≈ 0
is close to the chosen constant S-factor of NACRE. The
rough agreement between the Best recommendation and
the TALYS rate at low temperatures must be considered
as somewhat accidential. However, as the Best recom-
mended NA〈σv〉rec is based on well-chosen average prop-
erties of several unobserved low-lying resonances, the re-
sulting NA〈σv〉rec should not deviate by orders of mag-
nitude from a statistical model calculation which is also
based on average properties. For completeness it can be
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FIG. 8. (Color online) Reaction rate NA〈σv〉 of the
17O(α,n)20Ne reaction from the NACRE compilation, from
the experimental resonance properties by Best et al. [23], and
from the statistical model calculations using TALYS. The up-
per part (a) shows the rates NA〈σv〉; the lower part (b) shows
the rates normalized to the NACRE fit, including horizontal
arrows which indicate the approximate validity of the different
rates. Further discussion see text.

noted that a microscopic calculation of the 17O(α,n)20Ne
cross section at low energies [41] gives a rate NA〈σv〉
which is more than one order of magnitude lower than
the NACRE recommendation at T9 ≈ 0.1 [22].

In summary, the reaction rate NA〈σv〉 of the
17O(α,n)20Ne reaction has significant uncertainties. At
low temperatures (T9

<
∼ 0.7) the recommended rate

NA〈σv〉rec of Best et al. is a good choice. Here im-
proved experimental resonance strengths for the yet un-
observed low-lying resonances could reduce the uncer-
tainties. However, above T9 = 1 the contradictory exper-
imental data lead to uncertainties of at least a factor of
three. Here the Best recommended NA〈σv〉rec should be
considered as an upper limit for NA〈σv〉, and the lower
limit for NA〈σv〉 should be taken from the NACRE com-
pilation or from the present TALYS calculation. A re-
duction of this uncertainty requires the resolution of the
contradictory experiments.

VI. SENSITIVITY TO THE CHOSEN
α-NUCLEUS POTENTIAL

It has been shown that the calculation of cross sections
of (α,n) cross sections in the 20 ≤ A ≤ 50 mass range
is mainly sensitive to the chosen α-nucleus potential [9].
This also holds for the present study for 17O and 18O
where the (α,p) channel remains closed up to more than
5 MeV, thus minimizing the role of the nucleon-nucleus
potential. Whereas in the in the 20 ≤ A ≤ 50 mass range
the McFadden/Satchler potential [10] provides good re-
sults [9] and a relative small sensitivity of the reaction
cross sections on the α-nucleus potential was seen re-
cently for 64Zn [42], for heavy targets typically huge de-
viations are found from calculations of different α-nucleus
potentials (e.g., [43–45]).
Excitation functions for the 18O(α,n)21Ne and

17O(α,n)20Ne reactions were calculated from several α-
nucleus potentials. For presentation, the calculated ex-
citation functions are normalized to the reference calcu-
lation using the McFadden/Satchler potential [10] (see
Fig. 9).
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FIG. 9. (Color online) Ratio between the calculated (α,n)
cross sections, normalized to the standard potential of Mc-
Fadden and Satchler [10], using different α-nucleus potentials
for 18O (a) and 17O (b). The calculated cross sections do not
vary by more than a factor of two.

The following potentials were investigated. The
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TALYS default potential is based on Watanabe [46] and
results in slightly higher cross sections. Similar findings
are obtained from Avrigeanu et al. [13] which will be
used as default in the next TALYS versions. Three differ-
ent versions, provided by Demetriou et al. [11], are also
shown in Fig. 9. Whereas the first two versions give cross
sections slightly above McFadden/Satchler, the third ver-
sion is slightly lower in particular for 18O at low energies.
Recently, it has been suggested to multiply the real po-

tential of the third version of Demetriou et al. by a factor
of 1.1−1.2 [47]. Later, the same factor has been applied in
[15], and good agreement for several reactions was found
(see Supplement of [15]). The corresponding calculations
using the Demetriou-V3 potential multiplied by 1.1 or
1.2 are also slightly higher than the McFadden/Satchler
result.
For completeness, it has to be noted that most of

the global potentials [11–13, 15] have been optimized for
medium-mass and heavy targets which may lead to ad-
ditional uncertainties for the light targets under study in
this work. For the ATOMKI-V1 potential [12] it is ex-
plicitly stated that it is applicable only above A >

∼ 60;
thus, the results from ATOMKI-V1 are not included in
Fig. 9.
Usually, at higher energies different α-nucleus poten-

tials show a trend to provide almost identical reac-
tion cross sections with small deviations of the order of
10− 20%. Such a convergence is already found at about
4 MeV for 18O(α,n)21Ne and 17O(α,n)20Ne (see Fig. 9).
But interestingly also at lower energies the differences
from the various α-nucleus potentials remain quite lim-
ited within about a factor of two.

VII. CONCLUSIONS

The present study shows that statistical model calcula-
tions in combination with the simple α-nucleus potential
by McFadden/Satchler are able to reproduce the cross
sections of α-induced reactions even for light nuclei with

masses A <
∼ 20. Obviously, this result holds mainly for

higher energies above a few MeV. At lower energies the
statistical model cannot reproduce the individual reso-
nances, but is still able to reproduce the average trend
of the energy dependence which is essential for the pre-
diction of astrophysical reaction rates NA〈σv〉. These
results extend the conclusions of [9] towards lighter nu-
clei. The results from other recent α-nucleus potentials
do not differ by more than a factor of two from the widely
used McFadden/Satchler potential.

The statistical model calculations can be used to pre-
dict astrophysical reaction rates NA〈σv〉 for higher tem-
peratues above T9 ≈ 2− 3 with high reliablity. However,
as expected, at very low temperatures below T9 ≈ 1 the
statistical model predictions are not reliable because the
reaction rates are governed here by the properties of very
few individual resonances.

For the 18O(α,n)21Ne reaction good agreement be-
tween all experimental data is found, leading to an ex-
perimentally well-constrained reaction rateNA〈σv〉. Sur-
prisingly, for the 17O(α,n)20Ne reaction a significant dis-
crepancy has been found at energies above the (α,n1)
threshold between the data by Best et al. [23] and sev-
eral other (α,n) [19–22, 24] and (n,α) [25–28] data sets.
This experimental discrepancy has to be resolved for a
better definition of the 17O(α,n)20Ne rate at higher tem-
peratures above T9 ≈ 1. For the astrophysically most
important low temperatures below T9 = 1 which are typ-
ical for the s-process, the recommendations of Best et al.
[23] remain valid.
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