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Strength of the ER = 127 keV, 26Al( p,γ )27Si resonance
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We examine the impact of the strength of the ER = 127 keV, 26Al(p,γ )27Si resonance on 26Al production in
classical nova explosions and asymptotic giant branch (AGB) stars. Thermonuclear 26Al(p,γ )27Si reaction rates
are determined using different assumed strengths for this resonance and representative stellar model calculations
of these astrophysical environments are performed using these different rates. Predicted 26Al yields in our models
are not sensitive to differences in rates determined using zero and a commonly stated upper limit corresponding to
ωγUL = 0.0042 μeV for this resonance strength. Yields of 26Al decrease by 6% and, more significantly, up to 30%,
when a strength of 24 × ωγUL = 0.1 μeV is assumed in the adopted nova and AGB star models, respectively.
Given that the value of ωγUL was deduced from a single, background-dominated 26Al(3He,d)27Si experiment
where only upper limits on differential cross sections were determined, we encourage new experiments to
confirm the strength of the 127-keV resonance.
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The origin of the observed radioisotope 26Al in our Galaxy
(the Milky Way Galaxy, hereafter referred to as the Galaxy) is
still unresolved. Over thirty years have passed since the first
identification [1] in the Galactic interstellar medium of the
1.809-MeV β-delayed γ -ray line from the decay of the ground
state of 26Al (t1/2 = 7.17 × 105 y). Since then, increasingly
sophisticated observational studies have produced all-sky
maps of the 1.809-MeV emission (showing that 26Al is mostly
confined to the Galactic disk) [2], demonstrated that 26Al coro-
tates with the Galaxy (supporting its Galaxywide origin) [3],
and used 26Al as a tracer to examine the kinematics of massive
star and supernova ejecta [4], among other achievements. The
stellar production of 26Al has also been inferred through mea-
sured excesses of its daughter 26Mg in inclusions and presolar
dust grains within primitive meteorites [5–8]. Nonetheless,
despite extensive theoretical studies of nucleosynthesis in pro-
posed astrophysical environments [9,10] such as asymptotic
giant branch (AGB) stars [11–13], classical nova explosions
[14–16], and massive stars [17–19], accounting for the
present-day Galactic 26Al abundance of 2–3 M� [3,20] has
proved elusive.

In hydrogen-burning environments, an accurate thermonu-
clear rate of the 26Al(p,γ )27Si destruction reaction at the
relevant stellar temperatures is clearly needed for reliable
model predictions of 26Al production. For example, according
to current models, winds from AGB stars eject 26Al produced
at temperatures of ≈50–100 MK, while in classical novae,
26Al is produced in explosions that involve an oxygen-neon
white dwarf and achieve peak temperatures of Tpeak ≈ 0.2–0.4
GK. To determine the 26Al(p,γ ) rate in these environments,
one therefore requires resonance energies ER (which enter
exponentially in the rate) and (p,γ ) resonance strengths ωγ
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(which enter linearly in the rate) for 27Si states between the
26Al + p energy threshold (Sp = 7463.25(16) keV [21]) and
≈200 and ≈500 keV above this threshold for AGB stars
and novae, respectively. [Note that throughout this paper we
discuss exclusively the (p,γ ) reaction on the 5+ ground state
of 26Al rather than on the 0+ isomeric state at Ex = 228 keV
(t1/2 = 6.3 s).]

The principal uncertainties in the 26Al(p,γ )27Si rate at
temperatures relevant to 26Al production in AGB stars and
novae arise from the unmeasured strengths of the resonances
at ER = 68 and 127 keV [22]. Tentative observations of addi-
tional states [23,24], which would correspond to ER = 30 and
94 keV, should also be confirmed, although we note that two
relatively nonselective, recent indirect studies did not observe
the latter level [24,25]. While it may play a role in AGB stars,
the uncertainty in the rate due to the strengths of resonances
at 30, 68, and 94 keV is not expected to significantly affect
26Al production in novae [14,16]. Therefore, in the present
work we focus on the impact of variations in the strength
of the 127-keV resonance on 26Al production in models of
AGB stars and classical novae. Obviously any sensitivity of
26Al production in these environments to reasonable adopted
strengths for this one resonance would only be exacerbated
through consideration of additional resonances.

Most detailed nova and AGB star models that have
examined the production of 26Al [13–16,26–28] have used
26Al(p,γ ) rates that incorporate a result from Vogelaar et al.
(1996) [29] for the strength of the 127-keV resonance. Indeed,
studies have estimated that novae may contribute up to ≈30%
of the Galactic 26Al abundance using such a rate [15,27].
Vogelaar et al. measured differential cross sections for 27Si
states above the 26Al + p energy threshold populated through
the 26Al(3He,d)27Si proton-transfer reaction. Assuming purely
single-particle transfer, (p,γ ) resonance strengths may be
estimated from proton spectroscopic factors C2S extracted
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from such an experiment. For the state at Ex = 7590 keV
(ER = 127 keV) solely upper limits for differential cross
sections were determined, and at only three of the nine
angles at which measurements were made. These limited
results were largely due to the nature of the target employed,
which was dominated by 27Al (26Al/27Al = 6.3%). Because
of this, the measured deuteron spectra were dominated by
products from the competing 27Al(3He,d) reaction. Direct
reaction calculations assuming l = 0 transfer were then
used with the upper limits on the differential cross sections
to give their stated upper limit of C2SUL = 0.002 for this
9/2+ [24,25] state. This would correspond to a strength of
ωγUL = 0.0042 μeV for the ER = 127 keV resonance under
the reasonable assumption that the proton partial width for
this threshold state is much less that the γ -ray partial width.

This upper limit on the spectroscopic factor may be
questionable for several reasons. The dearth of angles at
which differential cross-section upper limits were extracted
for this state makes the theoretical fit highly dependent on
the reliability of the limit at the lowest angle (θc.m. ≈ 5◦,
see Fig. 6(a) in Ref. [29]). If, instead, their calculation were
scaled to the upper limit at the highest angle at which a
limit was extracted from the background-dominated spectra
(θc.m. ≈ 14◦), the C2S value would increase by a factor of
≈20. Furthermore, we have repeated the l = 0 theoretical
calculation for this state using the direct reaction code
FRESCO [30] and we find a C2S value up to ≈5 times larger
than that of Vogelaar et al. when reasonable sets of optical
model parameters are adopted [29,31,32]. Finally, for the
9/2+ [24,25], 7739-keV 27Si state, Vogelaar et al. determine
a strength for an l = 0 transition (via an extracted C2S) that
differs from the directly measured value [33] by a factor of
≈5. For this state, 26Al(3He,d) cross sections were measured
at seven angles. While the discrepancy may be due to, for
example, population of this state through a mixed transition, an
erroneous spectroscopic factor due to issues with the measured
differential cross sections or the theoretical calculations cannot
be ruled out. With regard to the thermonuclear rate of the
26Al(p,γ )27Si reaction, a spectroscopic factor of zero for the
127-keV state leads to a rate up to 1.6 times lower than that
determined using ωγUL over T = 0.05–0.11 GK. On the
other hand, a strength of ωγ = 24 × ωγUL = 0.1 μeV (or
equivalently, C2S = 24 × C2SUL) has a dramatic effect on the
rate over T = 0.04–0.2 GK, leading to enhancements by as
much as a factor of 10 relative to the rate using ωγUL. Such
an enhanced rate would not be unreasonable given the above
discussion. These reaction rates are shown in Fig. 1.

To assess the sensitivity of model predictions of 26Al yields
to the strength of the ER = 127 keV, 26Al(p,γ )27Si resonance,
we have performed sets of representative hydrodynamic nova
models and stellar nucleosynthesis calculations for AGB stars.
We have used these models together with 26Al(p,γ )27Si rates
calculated assuming ER = 127 keV resonance strengths
of 0, 0.0042, and 0.1 μeV, as discussed above. To fully
explore the impact of this strength, we have also used a rate
determined using a strength of 1 μeV, although we note that
the corresponding C2S value of 0.5 seems incompatible with
the data of Ref. [29]. For the nova simulations, a 1.25 M�
oxygen-neon white dwarf was evolved from the accretion

FIG. 1. Thermonuclear rates of the 26Al(p,γ )27Si reaction cal-
culated using different assumed strengths (in μeV) for the ER =
127 keV resonance. Rates are shown relative to the rate calculated
using a strength of 0.0042 μeV. All other parameters for these rate
calculations were adopted from Ref. [22].

stage to the explosion, expansion, and ejection stages. Four
models, identical except for the adopted prescription of the
26Al(p,γ ) rate, have been computed with the spherically
symmetric, implicit, Lagrangian code SHIVA, extensively used
in the modeling of stellar explosions such as classical novae
and type I x-ray bursts [34]. The solarlike accreted material
was premixed with material from the outer layers of the
white dwarf at a level of 50% to mimic mixing at the
core-envelope interface [35]. Typical values for the initial
white dwarf luminosity (10−2 L�) and the mass-accretion
rate (2 × 10−10 M� yr−1) have been adopted, resulting in
explosions with Tpeak = 0.25 GK. Nucleosynthesis in AGB
stars was examined using models of 6 M� and 8 M� stars, with
metallicities of Z = 0.004 and 0.014, respectively [28,36].
These models were chosen because the temperature at the
base of the convective envelope reaches ≈0.1 GK during the
thermally pulsing AGB phase, which makes them ideal sites
for testing the impact of reaction rates related to the production
of 26Al. Abundances in the AGB star models were determined
with a postprocessing algorithm [28] that incorporates time-
dependent diffusive mixing for all convective zones [37].

Models using 26Al(p,γ )27Si rates determined with ωγ =
0 and ωγUL = 0.0042 μeV agreed to better than 3% in the
amount of 26Al produced, for both the nova and AGB star
simulations. Yields of 26Al decreased by 6% and 40% when the
reaction rates calculated with strengths of 0.1 and 1 μeV were
used in the nova models, relative to the 26Al yield determined
using ωγUL. The impact of the enhanced rates in the AGB
star models is rather more striking: for the 8 M� model, 26Al
yields decreased by 10% and a factor of 2 when the rates with
strengths of 0.1 and 1 μeV were employed; for the 6 M�
model, 26Al yields decreased by 30% and by a factor of 6
when the rates with strengths of 0.1 and 1 μeV were used,
all relative to the 26Al yield determined using ωγUL. We also
note that in a study of the impact of reaction rate variations
on 26Al production in massive stars [19], an enhancement of
the 26Al(p,γ )27Si rate by a factor of 10 during core hydrogen
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burning reduced the predicted 26Al yield by a factor of 1.8.
As shown in Fig. 1, this level of enhancement of the rate at
the relevant temperatures (T ≈ 0.04–0.08 GK [17,19]) would
follow from a strength of 0.1 μeV for the 127-keV resonance.

Given the impact on model predictions of 26Al production,
we encourage experimental efforts to measure the strength

of the ER = 127 keV, 26Al(p,γ )27Si resonance. A new
26Al(3He,d)27Si measurement with an improved target would
be helpful to both confirm the results of Vogelaar et al. [29]
for the 127-keV resonance and to help estimate the unknown
strengths of the lower energy resonances. Sufficiently strin-
gent upper limits from direct measurements would also be
welcome.
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[34] J. José and M. Hernanz, Astrophys. J. 494, 680 (1998).
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