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A disagreement between two determinations ofGa of the astrophysically relevant level atEx54.378 MeV
in 19F has been stated in two recent papers by Wilmeset al.and de Oliveiraet al. In this work the uncertainties
of both papers are discussed in detail, and we adopt the valueGa 5 (1.520.8

11.5)31029 eV for the 4.378 MeV
state. In addition, the validity and the uncertainties of the usual approximations for mirror nuclei
Gg(

19F)'Gg(
19Ne), ua

2(19F)'ua
2(19Ne) are discussed, together with the resulting uncertainties on the reso-

nance strengths in19Ne and on the15O(a,g)19Ne rate.@S0556-2813~97!00306-3#

PACS number~s!: 25.55.2e, 24.30.Gd, 26.30.1k, 95.30.Cq
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In a recent publication, Wilmeset al. @1# present experi-
mental and theoretical results on the15N(a,g)19F reaction
which is crucial for fluorine production in asymptotic gia
branch~AGB! stars@2#. In their experiment, Wilmeset al.
@1# used a windowless15N gas target and a high purity G
detector covering the angles between 60° and 120°. T
determined the strength of theEa, lab 5 687 keV resonance
(Ex54.556 MeV 19F level! relative to the strength
vg5(97620) meV @3# of theEa, lab 5 679 keV resonance
(Ex54.550 MeV level!. Their resultvg5(863) meV is in
good agreement with the previous upper limit of 10meV
given by Magnuset al. @3#.

de Oliveiraet al. @4# have also investigated thea capture
on 15N and extracted thea widths Ga of some levels
in 19F. This experiment used a confined15N gas target and a
27.3 MeV 7Li beam to study the15N(7Li, t)19F transfer
reaction. The resulting tritons were analyzed by a split-p
magnetic spectrometer and detected in the focal plane
multiwire drift chamber giving position and angle inform
tions. Finite range DWBA analysis was used to extract
Ga of levels. Great care was paid to the study of the infl
ence of the various parameters entering in the analysis.
thermore, experiments@4,5# using solid targets (15N en-
riched melamine! were carried out. In all these transfer e
periments it was shown that the reactions were essent
direct.
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Some discrepancies between the results presented in
papers have been stated@1#. In this work, the authors of both
series of papers analyze together the reasons for these
crepancies.

We start with the discussion of thea width Ga of the
Ex54.378 MeV level in19F which is of astrophysical inter
est. The corresponding resonance dominates the rea
rate at the typical temperatures of thermal pulses in A
stars @2# (T'23108 K!. The experimental valueGa

5(1.520.8
11.5)31029 eV, deduced from the transfer exper

ment@4#, is 60 times lower than the estimate used by Cau
lan and Fowler in their last compilation@6# where they as-
sumed a value equal to 10% of the Wigner limit (u2 5 0.1!.
Wilmes et al. @1# provided noexperimentalinformation on
the Ex54.378 MeV level. They assume the identity of th
alpha structure for theEx54.378 MeV andEx54.550 MeV
levels and hence the equality of the reduced alpha wid
ua
2 of both states. With this assumption, they derive the va

Ga 5 2.431028 eV, higher by more than 1 order of mag
nitude than the result of de Oliveiraet al. @4#.

The argument of Wilmeset al. @1# is that both levels be-
long to the sameKp53/21 band and have the same clust
structure: 12C^

7Li, quoting Descouvemont and Baye@7#
who also propose11B^

8Be while Wiescheret al. @8# favor
14N^

5He. However, everybody agrees that the15N^
4He

component contributes very little to the global wave fun
tion. In these conditions, it appears too simplistic to assu
equal alpha reduced widths. Furthermore, the hypothesi
equal reduced widths within theKp53/21 band agrees with
the results of Pringle and Vermeer@9# only to within a factor
of 10. They measured theGg /G ratio for various
19F levels, deduced theGa from the previously knownvg

x,
3149 © 1997 The American Physical Society



3150 55BRIEF REPORTS
TABLE I. Properties of some levels in19F corresponding to resonances in15N(a,g)19F.

Ex Jp Ga Gg /G
b Ga

b ua
2c,d Ga

c vge ua
2d Ga

e

~MeV! ~meV! ~meV! (31022 ) ~meV! ~meV! (31022 ) ~meV!

4.378 ~7/2!1 .60 .0.96 0.56 1.531026

4.550 ~5/2!1 101655 ~3267!31023 4.2 1631023 ~96612!31023 8.4 ~3264!31023

4.556 ~3/2!2 38219
123 ,331023 ~6.462.5!31023 0.84 ~3.261.3!31023

4.683 ~5/2!2 4368 .0.85 2.060.3 2.4 3.0 5.660.6 1.5–1.8 1.9–2.2
5.107 ~5/2!1 .22 0.9760.03 4.562.7 0.33 33 9.761.6 0.033 3.360.6

aFrom Ref.@17#, G(4.550) from Ref.@18#.
bFrom Ref.@9#.
cFrom Ref.@4#.

dUsingRN55.0 fm.
eFrom Refs.@15,16#.
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and calculated the corresponding reduced wid
Ga /Ga(s.p.). The values corresponding to four members
the Kp53/21 band: Ex(J

p)54.55(5/21), 6.50(11/21),
6.59(9/21), and 10.43~13/21) MeV they provide
are Ga /Ga(s.p.)5(1.160.2)31021, >8.231023, (1.8
60.4)31022, and (2.60.5)31022, respectively.

The (7Li, t) transfer reaction has been recognized a
powerful tool to analyze alpha structures@10–13# and ex-
perimental data show that the two levels have not the s
alpha strength. This can be seen directly in Fig. 4b of@4#
where the triton energy spectrum for both levels is display
~The peaks corresponding to theEx54.550 and 4.556 MeV
levels are not resolved but the second is known to be m
weaker than the first@3,1#.! Experiments using solid target
@4,5# also showed large differences in theEx54.378 MeV
andEx54.550 MeV formation through alpha transfer. Th
ratio between theEx54.550 and 4.378 MeV reduced width
obtained in transfer experiments is 7.5@4# and therefore
within the dispersion of values obtained by Pringle and V
meer@9# for the same19F band.

As result of this discussion we adopt the value
Ga5(1.520.8

11.5)31029 eV, obtained from thea-transfer ex-
periment, for the alpha width of the levelEx 5 4.378 MeV
of astrophysical interest. From the transfer study summar
in @4# and fully discussed in@14#, an uncertainty of a facto
of 2 on Ga(4.378) was estimated. Together wi
Gg /G.0.96 @9# a resonance strength is obtained:vg5623

16

meV.
In contrast to the Ex54.378 MeV level, for the

Ex54.550 MeV, 4.683 MeV, and 5.107 MeV levels a com
parison between experimental results of alpha transfer@4#
and alpha capture@1,15,16# is possible. The comparison i
made in Table I, columns 5, 7, and 10.

In column 3 we list the total widthsG of these states
extracted from the master table of Tilleyet al. @17#. The
value for the 4.550 MeV level is deduced from a lifetim
measurement by Kisset al. @18#. Additionally, in the work of
Endt @19# one can find a reduced transition strength for
ground state transition: S(g0)51.060.2 W.u., i.e.,
Gg0

54.861.0 meV. Together with the branching ratio

462% for this transition@16# one obtainsGg5120660
meV which agrees reasonably well with the result of Kisset
al. @18#.

In columns 4 and 5 the results of Pringle and Vermeer@9#
are given: They determined the alpha widthsGa from their
measured branchingsGg /G and the previously known reso
nance strengths.
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In columns 6 and 7 we list the reduced alpha widthsua
2

derived from the alpha transfer experiment@4# and the ex-
tracted alpha widthsGa .

Columns 8, 9, and 10 show the results of Wilmeset al.
@15,16#. The resonance strengthsvg of 14 resonances in
15N(a,g)19F have been measured directly; using t
branching ratiosGg /G from Ref. @9#, values forGa andua

2

have been deduced.~Note thatvg~4.556! differs slightly
from the value given in Ref.@1#: the previous value was
determined from an experiment by Magnuset al. @3#, the
new value is the result of the absolute determination.!

For both levelsEx54.550 MeV andEx54.683 MeV the
agreement between the alpha-transfer@4# and the alpha-
capture results@1,3,15,16# is good within a factor of 2. But in
the case of theEx55.107 MeV level the results disagree b
one order of magnitude. This level is the most weakly p
duced, has the highest compound nucleus contribution
the highest excitation energy of the levels studied by de
iveira et al. @4#. This last point is likely the source of th
discrepancy since the FR-DWBA analysis was performed
de Oliveiraet al.within the approximation that the relevan
levels are bounds. However, in the case of theEx55.107
MeV level, unbound by'1.1 MeV this approximation is
questionable. On the contrary, Table I shows a reason
agreement for the low lying levels when comparison is p
sible.

In addition, for the 4.378 MeV level, Wilmeset al. @1#
pointed out an apparent contradiction between the valueGa
deduced from the alpha-transfer experiment on15N and a
value deduced from the ratioGa /G obtained by Magnus
et al. @20# in the mirror nucleus19Ne. This estimate is base
on both the assumptions thatM1 transition strengths and
reduced alpha widths are equal for analog levels. The
hypothesis is known to be an useful approximation for mo
erately strongM1 transitions where the isovector spin co
tribution is expected to dominate. But for suchM1 transi-
tions, unlike in theE1 ones, thequasiruleis that transitions
in conjugate nuclei are expected to be of approximat
equal strengths only to within a factor of'2 @21#. Thisqua-
sirule is further broken in most cases when considering is
pin mixing ~see, for instance, a recent comparison of tran
tion strengths in15O and 15N by Ramanet al. @22#!. The
hypothesis of equality of alpha reduced widths in ana
levels is a quite common practice in the absence of dir
measurement. But it is clearly an approximation whose p
cision is hard to estimate but would become more and m
questionable when the alpha structure of the involved lev
is getting weaker.
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TABLE II. Properties of some mirror levels in19F and 19Ne corresponding to resonances
15N(a,g)19F and 15O(a,g)19Ne.

Ex(
19F) Ex(

19Ne) Jp Gg
a Ba(

19Ne)b Ga(
19Ne) ua

2(19Ne)c ua
2(19F)d

~MeV! ~MeV! ~meV! ~meV! (31022 ) (31022 )

4.378 4.379 ~7/2!1 . 60 0.0446 0.032 . 2.8 . 7.8 0.56
4.550 4.600 ~5/2!1 1016 55 0.256 0.04 336 18 3.2 4–8
4.556 4.549 ~3/2!2 38219

123 0.076 0.03 2.921.4
11.7 0.06 0.84

4.683 4.712 ~5/2!2 43 6 8 0.826 0.15 1956 36 0.67 1.5–2.4
5.107 5.092 ~5/2!1 . 22 0.906 0.09 . 200 . 0.19 0.033–0.33

aAssumingGg(
19Ne)5Gg(

19F)5G(19F) becauseGg /G(
19F)'1 ~Ref. @9#!.

bFrom Ref.@20#.
cUsingRN55.0 fm.
dFrom Table I, columns 6 and 10.
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The alpha strength of the levels under consideration
weak. One can combine the experimentally available data
19F with theGa /G data from Magnuset al. @20# in 19Ne to
test the hypothesis of equalua

2 values in the mirror nucle
19F and 19Ne assuming the equality ofGg values for the
mirror states~as mentioned above, this assumption is qu
tionable!. The results are listed in Table II. Columns 1–
giveEx , Jp, andGg , column 5 gives the experimental va
ues forBa5Ga /G in 19Ne @20#. In columns 6 and 7 we
calculateGa5Gg•Ba /(12Ba) in

19Ne andua
2(19Ne). The

reduced widthsua
2(19F) are given in column 8; the values a

taken from columns 6 and 10 of Table I. One can see that
disagreement exceeds one order of magnitude. Becaus
the missing experimental information on the resona
strengths in 19Ne the approximationsGg(

19F)'Gg(
19Ne)

and/orua
2(19F)'ua

2(19Ne) have been used in several pape
s.
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From the new experimental results one can estimate the
lidity of these approximations for the mirror nuclei19F and
19Ne: the resulting resonance strengths in19Ne are uncertain
by at least a factor of 10.

In conclusion, the resonance strengths in19F are well
established within an uncertainty of a factor of 2. Hen
the value Ga5(1.520.8

11.5)31029 eV is adopted for the
4.378 MeV state in 19F excluding the value used b
Caughlan and Fowler in their compilation@6#. However,
in the case of 19Ne the resonance strengths rema
very uncertain because the validity of the usual approxim
tions Gg(

19F)'Gg(
19Ne) and ua

2(19F)'ua
2(19Ne) is

questionable. Hence, it results that the15O(a,g)19Ne
rate, which relies ona-transfer data on the mirror nucleu
15N, is not known to a precision better than one ord
of magnitude.
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