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Motivation

✤ Nucleosynthesis in Red Giants, AGB stars 
(0.03-0.1 T9)

✤ Help constrain stellar and galactic evolution 
models through 17O/16O, 18O/16O.

✤ 18F production in Classical Novae. (0.1-0.4 T9)

✤ A good R-Matrix case.
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Previous Measurements
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Fig. 11. Yield curve for the 0.94 - ~- 0 MeV F-ray transition in ~SF for the ~70(p,  ~,)18 F reaction at/L¢ 55 ° and Ep =: 0 .3-1 .9  MeV. The observed 
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Previous Measurements

Newton et al.



Direct Capture Contribution

A. CHAFA et al. PHYSICAL REVIEW C 75, 035810 (2007)
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FIG. 11. (Color online) Ratios of individual reaction rate contri-
butions to the total modal rate for the 17O(p, ! )18F reaction.

Ratios of present to previous [10,11] total reaction rates for
17O(p, ! )18F are shown in Fig. 12. The modal rates are given
as well as the lower and upper limits. The comparison with the
NACRE compilation [10] shows [Fig. 12(a)] that the modal
rates are in agreement above T9 = 0.4, whereas the present
upper limit is significantly lower because of the corrected value
used for the strength of the resonance at ER = 501.5 keV.
Between T9 = 0.1 and T9 = 0.4, the present rates are smaller
than the NACRE values by up to a factor of !5, but still
within the previous very large error bars mainly caused by
the unmeasured resonance at 183.3 keV. It can be seen from
Fig. 12(a) that the fractional uncertainty in the rates (about
±30% in the present study) has been reduced by more than
two orders of magnitude in this temperature range. Below
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FIG. 12. (Color online) Comparison of present and previous
reaction rates for the 17O(p, ! )18F reaction. Ratios of the present
rates to the rates evaluated in (a) Ref. [10] and (b) Ref. [11]. Hatched
areas give the present uncertainties in the reaction rates. Upper and
lower limits for the rates of Refs. [10,11] are given as dashed lines.

T9 = 0.1, a smaller reduction of the rate values is observed,
which is mainly due to our analysis of the DC contribution.

The comparison with the recent work of Ref. [11] shown
in Fig. 12(b) indicates moderate differences which are to be
ascribed to a different estimation of the DC cross section and
to the somewhat divergent values obtained for the strength of
the resonance at 183.3 keV.

IV. SUMMARY AND CONCLUSIONS

We reported on the observation of a previously undiscov-
ered resonance at Ec.m. = 183.3±0.6 keV in the 17O(p,")14N
reaction, with a measured resonance strength #!p" = (1.6 ±
0.2) " 10#3 eV. The strength of the 17O(p, ! )18F resonance at
the same energy was measured to be #!p! = (2.2 ± 0.4) "
10#6 eV by an activation method. From these values
combined with the known strength of the 14N(", ! )18F
resonance feeding the same level, we calculated the
partial and total widths of the 18F level at Ex =
5.7898 MeV. The lifetime of this level was also measured
by DSAM, and the observed limit was found to be consistent
with the total width calculated from partial widths, contrary to
a previous DSAM measurement [12]. A precise value of the
excitation energy of the resonant level was also obtained in the
lifetime measurement.

We calculated the 17O + p thermonuclear rates using
the presently measured properties of the 18F level at Ex =
5.7898 MeV and clarifying the situation for the subthreshold
state at 5.6034 MeV and for the level at 5.6716 MeV. In
the analysis of the 17O(p, ! )18F rate, the contribution of the
DC process was revisited, with the conclusion that new data
would be helpful in further reducing the potential systematic
uncertainties in this reaction rate. The previous uncertainties in
the 17O + p rates are finally reduced by orders of magnitude at
temperatures in the range 0.1–0.4 GK. The rate uncertainties
are now reasonably small, especially for the 17O(p,")14N
rate, which can be considered to be firmly established below
1.5 GK.

As shown in Ref. [14] from hydrodynamic simulations
of classical nova outbursts, the results of the experiments
described in this paper have important consequences for 17O
and 18F nucleosynthesis in classical novae. Besides the 17O
+ p rates, the final abundance of 18F in nova ejecta is also
strongly dependent on the rate of the reaction 18F(p,")15O,
which is presently the subject of major experimental efforts
(e.g., Refs. [40–42]). A significant reduction of the uncertainty
in this reaction rate should soon allow accurate predictions for
the synthesis of 17O and 18F in nova outbursts.
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Goals of the New Experiment

✤ Measure at high energies 

✤ Angular Distributions

✤ “Eliminate” summing corrections.

✤ Compare measurements.

} Extrapolate Direct 
Capture



Experimental procedure
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a) b)

Clover

Det #1
0

Det #2
90

Det #3
45

Det #4
135

Det #5
150

✤ 2 Ge detector set-ups

✤ Implanted Targets

✤ Anodized Ta2O5 targets (90% 17O)

✤ Proton Energies 400-1800 keV



Results-Strengths

Resonance Present ωγ (eV) Rolfs* ωγ (eV) Newton ωγ (eV)

517 (1.23±0.14)e-02 (1.30±0.25)e-02 (1.37±0.22)e-02

590 (3.50±0.40)e-01 (3.47±0.09)e-01 -

714 (5.54±0.70)e-01 (4.7±1.2)e-01 -

826 (3.05±0.24)e-02 (3.1±0.9)e-02 -

926 (1.83±0.17)e-02 (1.86±0.74)e-02 -

1098 (2.81±0.31)e-01 (2.2±0.6)e-01 -



Pr→937

Results- R Matrix Fits
Pr→4964

17O(p,α)14N
Kieser et al.

(p,γ) → 12 Primary 
Transitions + (p,α)
Simultaneous Fit
R Matrix code AZURE 

R. Azuma, E. Uberseder et al.
PHYSICAL REVIEW C 81, 045805 (2010)



S-Factor Comparisons

SDC(0) (keV b)

Newton et al. (4.6±1.1)e-3

Chafa et al. (6.2±3.1)e-3

Fox et al. (3.7±1.3)e-3

Rolfs (9.4±1.9)e-3

Present (6.1±1.3)e-3



S-Factor Comparisons

SDC(0) (keV b)

Newton et al. (4.6±1.1)e-3

Chafa et al. (6.2±3.1)e-3

Fox et al. (3.7±1.3)e-3

Rolfs (9.4±1.9)e-3

Present (4.2±1.5)e-3
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A. CHAFA et al. PHYSICAL REVIEW C 75, 035810 (2007)

resonance at ER = 183.3 keV. The slight difference observed
between T9 = 0.02 and T9 = 0.1 (!30%) originates in the
revaluation of the excitation energy of the level at 5.6716 MeV.

Besides the very large differences with previous studies
found in the range of temperatures attained during nova
outbursts, the second important point shown in Fig. 9 is the
drastic improvement in accuracy observed for T9 = 0.1–0.4.
For example, at T9 = 0.2, the uncertainty in the reaction
rate is reduced from more than two orders of magnitude to
!15% thanks to the precise measurement of the strength of
the resonance at ER = 183.3 keV, whereas estimating the
latter strength previously was a tricky guessing game. The two
very recent measurements of the strength of this resonance at
Oak Ridge National Laboratory [30] and Triangle Universities
Nuclear Laboratory [31] will probably allow further reduction
of the uncertainty of the 17O(p,!)14N reaction rate in the range
T9 = 0.1–0.4, as it appears that the results obtained in these
experiments are fully compatible with those from the present
work.

C. 17O( p, ! )18F reaction rate

In the calculation of the 17O(p, " )18F rate, we considered
the levels at 5.6033, 5.6716, and 5.7898 MeV in the same way
as for the 17O(p,!)14N reaction (see Table I for the adopted
level parameters) and 16 levels above ER = 183.3 keV. For the
latter contributions, we followed the study of Ref. [10] (see
page 89 of that reference for the resonance strength values)
except for the resonance at ER = 489.9 keV, for which we
used a new measurement [11] of the resonance strength, and
for the resonance at ER = 501.5 keV, for which the wrong
limit (#"p" < 0.33) quoted in Ref. [10] was corrected to the
value of #"p" < 0.33 " 10#3 given in Ref. [12].

As already pointed out [10,11,39], the direct capture process
strongly affects the total reaction rates for T9 < 0.8. In Refs.
[10,34,39], the DC contribution was extrapolated from high-
energy experimental cross sections of Ref. [39]. Recently, Fox
et al. [11] employed an alternative method based on theoretical
calculations. A Woods-Saxon single-particle potential served
to generate the radial wave functions of the 21 final bound
states in 18F to which E1 DC transitions are allowed. The
spectroscopic factors of the 21 considered levels were taken
from the literature. The total SDC(E) values were finally
obtained as an incoherent sum of the calculated individual
contributions. We have reexamined the evaluation of the cross
sections for the DC process in the 17O(p, " )18F reaction in
view of its strong influence on the total reaction rate.

1. Analysis of the direct capture contribution

We show in Fig. 10 the existing experimental measurements
of the DC cross sections in 17O(p, " )18F (Ref. [39] and the
present low-energy measurement described in Sec. II C2). In
his study [39], Rolfs assumed a pure DC process in the energy
ranges Ec.m. = 0.27–0.44 MeV and Ec.m. = 0.88–1.78 MeV
(see Fig. 11 of Ref. [39]). On the contrary, Fox et al. [11]
argue that the data points in the low-energy range should be
“influenced by the tails of higher lying broad resonances,” as
indicated by their calculation of the incoherent sum of the cross
sections from the broad resonances at ER = 556.7 and ER =
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FIG. 10. Previous [11,39] and present estimates of the direct
capture S factor in the 17O(p, " )18F reaction for Ec.m. = 0–1.8 MeV.
Data points are from Ref. [39] and the present work (triangles, at
Ec.m. = 180.2 keV). The four squares at low energy (<0.45 MeV)
are original data from Ref. [39] and circles are corrected low-energy
values (see text). The 19 data points above Ec.m. = 0.88 MeV
are representative of the larger number of measured values, which
cannot be accurately extracted from Fig. 17 of Ref. [39]. They were
generated from a draw in a band around the best estimated value [39]
of the DC S factor (dot-dashed line) with a distribution (and error
bars) in accordance with the data spread appreciated from Fig. 17 of
Ref. [39]. Solid line shows the present calculations of the DC S factor,
whereas dot-dashed and dotted lines are the previous calculations
from Refs. [39] and [11], respectively (see text). Note that the upturn
of the S factor at energies below 0.1 MeV visible in Fig. 17 of Ref. [39]
has no influence on the fit and was not considered.

676.7 keV. Then, because the energy dependence obtained
in Ref. [39] using a square-well potential is quite different
from the one they calculate using more realistic Woods-Saxon
potentials, they find it surprising that the extrapolated S factor
of Ref. [39] agrees with the four low-energy data points given
in the same study in the energy range Ec.m. = 0.27–0.44 MeV.
In view of this argument, they finally disregard all the data
points of Ref. [39] (including those above Ec.m. = 0.88 MeV)
and rely on calculations based on measured spectroscopic
factors to estimate the absolute scale of the DC cross section.
The calculations are described in detail in Ref. [11], and the
obtained results are displayed in Fig. 10. The disagreement
with the experimental values (Ref. [39] and this work) is
evident for the low- and high-energy data points.

We reinvestigated the DC process S factor by correcting the
low-energy data points of Ref. [39] from the contribution of
the broad resonances at ER = 556.7 and ER = 676.7 keV
according to the statement of Ref. [11]. The corrections
were calculated from the Breit-Wigner formula with energy-
dependent partial widths (see Table I for the values at
the resonance energies). The DC cross sections were then
calculated in the same way that was used in Ref. [11] (i.e., with
a Woods-Saxon potential) except for the specific computer
code used (code RACAP obtained from P. Descouvemont,
private communication). We obtained very similar results
for the shape of the S factor energy dependence and for its
magnitude as well. In an attempt to fit the quadratic function
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