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Alpha-particle spectroscopic strengths in19F and 20Ne

Z. Q. Mao, H. T. Fortune, and A. G. Lacaze
Department of Physics and Astronomy, University of Pennsylvania, Philadelphia, Pennsylvania 19104

~Received 7 August 1995!

We have measured angular distributions for the15N(6Li,d)19F and16O(6Li,d)20Ne reactions at a bombard-
ing energy of 22 MeV. Distorted-wave Born approximation and Hauser-Feshbach calculations were used to
analyze the data. Alpha spectroscopic factors were obtained for all the states up to 4.1 MeV in19F and 6 MeV
in 20Ne.

PACS number~s!: 25.70.Hi, 21.10.Jx, 27.20.1n, 27.30.1t
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I. INTRODUCTION

Alpha transfer reactions are useful in studying the alp
cluster structure of nuclei. At bombarding energies near
MeV, investigations of (6Li,d) experiments in the mass re
gion of A510–20 have demonstrated that a direct react
mechanism dominates@1,2#. In the laboratory energy rang
19.8 and 32 MeV, House and Kemper@3# present excitation
functions for 16O(6 Li,d) for the ground state at an angle
7.5°, for the 4.25-MeV 41 state at 17.5°, and for the 1.63
MeV 21 state at both angles. They made additional ba
angles (155° and 165°) measurements at 20, 24, and
MeV. They report s(forward)/s(backward);5210,
5210, and 3 for 01, 21, and 41, respectively, prompting
them to conclude ‘‘that statistical compound nuclear con
butions are small in this reaction.’’~Of course, that conclu-
sion is limited to the three states mentioned.! At a laboratory
energy of 32 MeV Gunnet al. @4# present data for the sam
reaction, but leading to the low-lying negative-parity leve
They performed compound-nucleus~CN! and coupled-
channels~CC! calculations. For the 22 state, calculated CN
and CC cross sections were comparable at angles
30°270°, but CN dominated at forward (0°220°) and
backward (>110°) angles. Because CN cross sections
crease dramatically as bombarding energy is increasing,
results imply that at our energy, population of the 22 state
will be dominated by CN.

For direct (6Li,d) reactions, one can obtain alpha spect
scopic factors through distorted-wave Born approximat
~DWBA! analysis. The alpha spectroscopic factors of19Ne
have attracted attention because the resonance at 504
(Ex54033 keV,Jp53/21) above the15O1a threshold of
3529 keV in 19Ne is important for the breakout of the ho
CNO cycle in many astrophysical sites, such as nova
x-ray bursts@5#. Because15O is a radioactive nucleus, n
direct measurement of the spectroscopic factor has been
formed. However, the nuclei19F and 19Ne are mirrors. In-
stead of measuring the alpha spectroscopic factors of19Ne,
we could measure those for the mirror states in19F because
they are the same.

To obtain experimental alpha-particle spectroscopic f
tors, we have measured the15N(6Li,d)19F and
16O(6Li,d)20Ne reactions at a bombarding energy of
MeV. Distorted-wave Born approximation and Haus
Feshbach~HF! calculations were performed in order to o
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a
2

n

-
28

-

.

of

-
eir

-
n

eV

d

er-

-

-

tain the alpha spectroscopic factors for all the low-lyi
states.

The alpha decay width of an unbound state can also
obtained from the expressionGa5SaG sp, whereGsp is the
alpha single-particle width andSa is the alpha-stripping
spectroscopic factor of the state. The single-particle width
a resonance can be calculated using the codeABACUS @6#,
approximating the alpha-nucleus potential by a real Woo
Saxon well. Details of such calculations are given later in
present paper.

II. EXPERIMENTAL PROCEDURES AND RESULTS

The experiment was performed with 22-MeV6Li 111

ions from the University of Pennsylvania tandem accelera
Outgoing deuterons were momentum analyzed in a mu
angle spectrograph and detected on 25mm NTA nuclear
emulsion plates. Absorbers 0.03 cm in thickness, placed
rectly in front of the focal planes, prevented particles w
Z.1 from reaching the emulsions. The15N target was gas in
a closed cell containing isotopically enriched15N (99.5%).
The gas cell had a 295mg/cm2 Mylar window. Indirect
monitoring of the cell pressure was achieved by observ
elastically scattered6Li in a Si surface barrier detecto
mounted at a lab angle of 30°. Deuteron spectra were
corded in 7.5° angular intervals, beginning at 7.5° and e
ing at 80.0°. A spectrum at 7.5° is presented in Fig. 1 for

FIG. 1. Spectrum of the15N(6Li,d)19F reaction at a bombarding
energy of 22 MeV and a laboratory angle of 7.5°. Peaks are lab
with their excitation energies from this work. Excitation energi
and their standard deviations are listed in Table I.
1197 © 1996 The American Physical Society
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states below 4.7 MeV.
For the purpose of normalizing theoretical cross secti

as outlined below, the16O(6Li,d) angular distributions were
also measured, using a natural oxygen gas target (99.8%
16O!, at the same bombarding energy. For the purpose
normalizing HF cross sections, we did the measuremen
to a laboratory angle 130°, which corresponds to a cen
of-mass angle of about 135°. Figure 2 contains a spect
for this reaction at 7.5°. Table I lists the present excitat
energies for these states, in both19F and 20Ne, in compari-
son to the listed values in@7#.

Absolute cross sections were calculated using known
geometry, gas pressure and integrated beam current. Re
uncertainties were taken to be the larger of 5% or the sta
tical uncertainty. The absolute scale of the cross section
probably accurate to63%. Experimental angular distribu
tions for states up toEx54.1 MeV are presented in Fig. 3
Figure 4 displays20Ne angular distributions up to 6 MeV.

FIG. 2. Same as Fig. 1, but for the16O(6Li,d)20Ne reaction.

TABLE I. Results from15N(6Li,d) and 16O(6Li,d) in compari-
son with previous information.

Compilationa Present work
Ex ~keV! Jp Ex ~keV! smax ~mb/sr! L

@19F‡
0 1/21 263 0.055 1
110 1/22 11763 0.15 0
197 5/21 19863 0.050 3
1346 5/22 134763 0.18 2
1459 3/22 145863 0.12 2
1554 3/21 155863 0.13 1
2780 9/21 278163 0.040 5
3908 3/21 390663 0.016 1
3999 7/22 (4024610)b ,0.20 4
4033 9/22 (4024610)b ,0.20 4
@20Ne‡
0 01 2263 0.15 0
1634 21 163563 0.23 2
4248 41 424863 0.17 4
4967 22 497163 0.015 1,3
5621 32 561863 0.050 3
5788 12 579063 0.31 1

aFrom @7#.
bUnresolved.
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III. ANALYSES

We have assumed the states of interest in the pre
study are populated through a pure one-step direct reac
mechanism in the DWBA calculation. In order to test t
stability of the calculations, we have tried a few differe
optical potentials. For6Li, the 240-MeV potential used by
Watson@8#, the 190-MeV potential used by Strohboschet al.
@9# and Garrettet al. @10#, the 159-MeV potential used by
Garrett et al. @10#, the 35.5-MeV potential~PL potential!
used by Fortuneet al. @11#, and for the deuteron, the 105.0
MeV potential ~PL potential! used by Fortuneet al. @11#
were chosen to test the DWBA calculations. The PL opti
potentials~also see Table II! of Ref. @11# produced smooth
behavior of the maximum differential cross sections wh
we varied the radius parameter and principal quantum n
bers of the transferred alpha, for both the15N(6Li,d) and
16O(6Li,d) reactions. The 12 state in20Ne was used to ob-
tain theN value in Eq. 1~below!.

The relationship between experimental and DWBA cro
sections fora-stripping reactions is

sexpt5NSa

2Jf11

~2Ji11!~2L11!
sDW , ~1!

whereJi andJf are the spins of the target and residual n
clei, respectively,L is the angular momentum of the tran

FIG. 3. Angular distributions of the15N(6Li,d)19 F reaction for
the states below 4.1 MeV. The curves are the theoretical res
from the DWBA calculation using alpha radius of 1.94 fm~solid!
and 1.40 fm~dashed!. The theoretical cross sections were norm
ized to the experimental cross sections for each state, respecti
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53 1199ALPHA-PARTICLE SPECTROSCOPIC STRENGTHS IN19F AND 20Ne
ferred alpha particle,Sa is the alpha spectroscopic facto
N is a constant related to the structure of the incident p
ticle, ands DW is the cross section calculated using the co
DWUCK4 @12#. For (6Li,d) reactions, the value ofN has to be
determined experimentally because it is unknown theor
cally. From Eq.~1!, the value ofN can be determined from
comparing the DWBA cross section to the experimen
cross section for a state if the alpha spectroscopic factor
is known. For this purpose, we calculated the alpha spec
scopic factor of the first 12 state (Ex55788 keV! in 20Ne
from the comparison between its well-known alpha-parti
width (Ga) and the alpha single-particle width (Gsp), calcu-
lated by using the codeABACUS @6# (Sa5Ga /Gsp). Then, the
value ofN can be determined by requiring that theSa thus
obtained causes theDWBA cross section to fit the experimen
tal angular distribution of the 12 state. Another advantage o
choosing the16O(6Li,d)20Ne reaction is that15N ~or 19F!
and 16O ~or 20Ne! are similar in mass. This is importan
because optical potential parameters can be mass depen

In the calculation of the alpha single-particle width of t
5788 keV, 12 state in 20Ne, two alpha radii, 1.94 and 1.4

FIG. 4. Same as Fig. 3, but for the states below 6 MeV
20Ne from the16O(6Li,d) reaction.
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fm, respectively, were used. Values obtained wereGsp5110
eV for r 051.94 fm and 31.2 eV forr 051.40 fm. Comparing
to the experimental alpha decay width of 2863 eV @7#, the
alpha spectroscopic factors for this state are 0.255 and 0
respectively.

We have performed DWBA calculations for two differe
values of the radius parameter of the alpha-particle poten
well, viz., r 0a51.40 and 1.94 fm. We have used bo
q57 and 9 for the total number of quanta of excitation. T
latter is appropriate for (sd)3( f p) transfer, the former for
(1p)(sd)3. The 12 state in 20Ne is commonly thought to
haveq59, and, in fact, to have a nearly pure SU3 config
ration (lm)5(90). Curves of DWBA for these various pos
sibilities are plotted in Fig. 5. We have also computed, w
the codeABACUS @6#, thea single-particle widths for19Ne
(3/21) and 20Ne (12) with the above values ofr 0a andq.
Table III summarizes the variousDWBA cross sections a
9° and single-particle widths.

Using Eq.~1!, the value ofN51.06 was obtained when
the SET1 parameters (r 0a51.94 fm! were used, and 1.18
when the SET2 parameters (r 0a51.40 fm! were used. The
value ofN is relatively insensitive to changes inr 0a because
sDW andGspboth change whenr 0a is varied. ThusSa can be
quite different, butN much less so.

FIG. 5. Curves of DWBA cross sections of (6Li,d) reactions for
populating the 5.788-MeV, 12 state in 20Ne and the 3.908-MeV,
3/21 state in19F, with different (q,r 0a) pairs.
ions.
TABLE II. Potential parameters used in the DWBA and alpha single-particle width calculat
~Strengths are in MeV, lengths in fm.!

Channel V W854WD r 0 a r 08 a8 r 0c

6Li* 35.5 50.0 1.42 0.92 1.71 0.89 1.42
da 105.0 98.0 1.02 0.86 1.42 0.65 1.02
a~SET1! varied . . . 1.94 0.60 . . . . . . 1.94
a~SET2! varied . . . 1.40 0.60 . . . . . . 1.40

aFrom @11#.
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TABLE III. DWBA cross sections of the 3.908-MeV, 3/21 state in 19F and 5.788-MeV, 12 state in
20Ne from the (6Li,d) reactions at 9°, anda single-particle widths for the 4.033-MeV, 3/21 in 19Ne and the
5.788-MeV, 12 state in20Ne.

(q,r 0a) (ds/dV)9°(
19F) Gsp ~eV! (ds/dV)9°(

20Ne) Gsp ~eV!

~9,1.40 fm! 0.398 1.9931024 0.319 31.2
~9,1.94 fm! 2.71 1.0931023 1.88 110
~7,1.40 fm! 0.223 1.3931024

~7,1.94 fm! 1.49 7.3431024
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Shown in Fig. 4 are the DWBA angular distributions com
pared with the experimental ones in20Ne from the
16O(6Li,d) reaction. The same parameters used in this
culation were adopted for the15N(6Li,d) reaction.

Because the one-step DWBA cross sections are sm
than the experimental cross section at backward angle
two-step direct reaction mechanism or compound reac
mechanism could make contributions to the reaction, es
cially for weakly populated states. The experimental angu
distribution ~Fig. 4! of the first 22 state of 20Ne at an exci-
tation energy of 4967 keV, populated in th
16O(6Li,d)20Ne reaction, is observed to be approximate
symmetric about 90°, thus indicating that this 22 state is
probably populated via a compound reaction mechani
The compound reaction cross section for the 22 state is
about 1022 mb/sr, which is about the same as those at la
angles for most of the states in19F. Therefore, for (6Li,d)
reactions, a compound reaction mechanism is probably m
likely than two-step processes. The codeSTATIS @13# calcu-
lates compound reaction cross sections by adopting
Hauser-Feshbach method. Because of the selection rule
bidding one-step direct reaction, and weak two-step proc
mechanisms in alpha transfer reaction, we analyzed the
for this 22 state by assuming a pure compound react
mechanism. Shown in Fig. 6 is the theoretical HF angu
distribution in comparison with the experimental data. In a
dition to the incident6Li and exitd channels, the HF calcu
lations included the four other channels which have the la
est total compound reaction cross sections. These are18F1
a, 21 Ne1p, 21Na1n, and 19F1 3He. A normalization fac-
tor of 0.61 was obtained from fitting the angular distributi
of the 22 state in 20Ne. Inclusion of the HF contribution to
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20Ne ~5788 keV, 12) reduces theN previously determined
by less than 4%; hence we use the aboveN values through-
out.

In the HF analysis of the15N(6Li,d) reaction, for the
same reason as for the16O(6Li,d) reaction, six outgoing
channels were considered. They are15N16 Li, 19F1d,
17O1a, 20F1p, 20Ne1n, and 13C18Be. The same nor-
malization factor of 0.61 for compound reaction cross s
tions was applied in the comparison with experimental da

The experimental angular distributions for the ten o
served states in19F are shown in Fig. 3 along with DWBA
curves obtained with the PL optical potential paramet
~Table II!. Solid curves in Fig. 3 were calculated using SE
parameters for the alpha particle~Table II!, where the poten-
tial radius for the transferred alpha particle is 1.94 fm. T
angular distributions calculated with this radius parame
equals to 1.40 fm~SET2 parameters in Table II!, are dashed
in Fig. 3. In each fit, the normalizations of the theoretic
curves were adjusted to fit the absolute experimental c
sections, resulting in alpha-particle spectroscopic fact
listed in Table IV. Both sets of alpha parameters give reas
able fits to the angular distributions at forward angles.
backward angles, the DWBA cross sections are smaller t
the experimental data, a fact which may hint that other re
tion mechanisms contribute to the reaction when the cr
section is small.

Figure 7 displays the angular distributions of the same
states, together with compound reaction cross sections f
the HF calculation, direct reaction cross sections from
DWBA calculations, and their sum, usingr 0a51.94 fm.
Shown in Fig. 8 are the same as those in Fig. 7, but w
r 0a51.40 fm. Incoherent sums of the DWBA and HF cro
TABLE IV. Alpha spectroscopic factors of the states in19F.

Ex
a Jp a Sa~DWBA! b Sa~DWBA1HF! b

~keV! 1.94 ~fm! 1.40 ~fm! 1.94 ~fm! 1.40 ~fm!

0 1/21 0.13 0.74 0.11 0.66
110 1/22 0.15 1.1 0.13 1.1
197 5/21 0.031 0.34 0.025 0.28
1346 5/22 0.10 0.71 0.086 0.64
1459 3/22 0.091 0.55 0.085 0.53
1554 3/21 0.21 0.83 0.20 0.79
2780 9/21 0.015 0.17 0.010 0.12
3908 3/21 0.022 0.090 0.017 0.076
399914033 7/2219/22 0.028 0.21 0.026 0.19

aFrom Ref.@7#.
bThe 5788-keV, 12 state in20Ne was used as a normalization.
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53 1201ALPHA-PARTICLE SPECTROSCOPIC STRENGTHS IN19F AND 20Ne
sections were used because the direct reaction and comp
reaction have very different interaction time scale. A bet
agreement between the sum cross sections and the ex
mental data has been obtained at backward angles for
relatively weakly populated states@(ds/dV)<0.01 mb/sr at
backward angles#. For the 3/21 state at 3908 keV, the sum
cross section fits the data very well. However, the impro
ment is negligible for most of the strongly populated stat
The HF cross sections are much smaller than the experim
tal cross sections at forward angles, indicating that the re
tion was dominated by a direct reaction for the strong sta

The comparison between the theoretical results and
experimental data for20Ne states are shown in Figs. 6 and
For the DWBA curves in Fig. 6, the alpha radius used is 1
fm, but it is 1.40 fm in the calculation of Fig. 9. The com
pound contribution to the cross section of the 12 state in
20Ne can be ignored, even at backward angles.
Four different sets of alpha spectroscopic factors are

tained and listed from columns 3–6 in Tables IV and V f
19F and 20Ne, respectively. The uncertainties for the alp
spectroscopic factors were obtained from the fitting of
angular distributions. Therefore, they are relative. The ab
lute uncertainties might be larger. The differences ofSa8 ’s
between the DWBA alone and DWBA with HF are abo
20% or less. However, theSa8 ’s for all the states are about

FIG. 6. Comparison of theoretical and experimental angular
tributions of 16O(6Li,d)20Ne reaction. The dot-dashed curves a
HF cross sections with normalization factor of 0.61, the das
curves are the DWBA cross sections, and the solid curves are
sum of the above two. A value of 1.94 fm for the alpha radius w
used in the DWBA calculation. The normalization factors for t
sum cross sections and the DWBA cross sections are the sam
were obtained from the fitting of the sum cross sections to
experimental cross sections.
und
r
eri-
he

-
.
n-
c-
s.
e
.
4

b-

e
o-

factor 4 larger forr a51.40 fm than those forr a51.94 fm.
The low-lying negative-parity states in19F, 1/22 at

Ex5110 keV; 5/22 and 3/22 at 1346 and 1459 keV, respec
tively; and 7/22, 9/22 doublet at 4024 keV, are thought to b
described reasonably well as ap1/2 proton hole coupled
~weakly or strongly! to the first three states of20 Ne, 01 g.s.,
21 at 1634 keV, and 41 at 4248 keV. Then, to the extent tha
these 20Ne states can be thought asL50, 2, and 4 alpha
particles coupled to an16O ~g.s.! core, the19F states should
be theL50, 2, and 4 alpha particles coupled to the15N ~g.s.!
core.

In 19F, we have

sexpt~19,Jf !5NSa~19,Jf !
2Jf11

2~2L11!
sDW~19,L ! ~2!

and in 20Ne

sexpt~20,L !5NSa~20,L !sDW~20,L !, ~3!

so that

Sa~19,Jf !

Sa~20,L !
5
2~2L11!

~2Jf11!

sexpt~19,Jf !

sexpt~20,L !

sDW~20,L !

sDW~19,L !
, ~4!

-

d
he
s

and
e

FIG. 7. Comparison of theoretical and experimental angular d
tributions of the15N(6Li,d)19F reaction. The dot-dashed curves a
HF cross sections with normalization factor of 0.61, the dash
curves are the DWBA cross sections, and the solid curves are
sum of the above two. A value of 1.94 fm for the alpha radius w
used in the DWBA calculation. The normalization factors for th
sum cross sections and the DWBA cross sections are the same
were obtained from the fitting of the sum cross sections to
experimental cross sections.
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wheresDW is to be calculated for the appropriateA, L, and
excitation energy. In19F, if we define~for L52 and 4!

sexpt~19,L !5sexpt~19,Jf5L2 1
2 !1sexpt~19,Jf5L1 1

2 !,
~5!

we have

Sa~19,L !

Sa~20,L !
5

sexpt~19,L !

sexpt~20,L !

sDW~20,L !

sDW~19,L !
. ~6!

We display in Fig. 10, as38s, the 1/22 ~upper-left!, summed
3/22, 5/22 ~bottom-left!, and summed 7/22, 9/22 ~upper-
right! angular distributions in19F, compared with normal-
ized 01, 21, and 41 20Ne angular distributions as circles
Normalization factors are all 1.0. The correspondingsDW
ratiossDW(20)/sDW(19) are 1.1, 1.0, 0.9, respectively, whe
r 0a51.94 fm. Whiler 0a51.40 fm, they are 0.8, 0.8, and 0.
We thus see thatSa’s in

19F are about the same (r 0a51.94

FIG. 8. Same as Fig. 7, but a value of 1.40 fm for the alp
radius was used.
fm! or 80% (r 0a51.40 fm! of those in 20Ne. Another con-
sequence of the above argument is that the 5/22, 3/22 cross
sections should be in the ratio 6:4. This is borne out by
data, as also displayed in Fig. 10~bottom right!.

The lowest 1/21, 3/21, 5/21, and 9/21 states of19F form
a rotational band that is dominantly (sd)3 in character. These
states ideally have identical three-nucleon spectroscopic
tors in 16O1t @e.g., 16O(6Li, 3He)19F# @10#. Coupling to the
1/22 ground state of15N should produce equal alpha spe
troscopic factors. We note from Table IV that this is appro
mately true, but only at about the 50% level.

IV. DISCUSSION

We have obtained experimental alpha spectroscopic
tors for the first ten states in19F, from the 15N(6Li,d)19 F
reaction at 22 MeV. In order to extract the information, t

FIG. 9. Same as Fig. 6, but a value of 1.40 fm for the alp
radius was used.
a

TABLE V. Alpha spectroscopic factors of the states in20Ne.

Ex
a Jp a Sa~DWBA! Sa~DWBA1HF!

0 01 0.14 0.97 0.13 0.95
1634 21 0.094 0.81 0.083 0.73
4248 41 0.038 0.34 0.029 0.26
4967 22 0 0 0 0
5621 32 0.0083 0.060 0.0034 0.026
5788 12 0.26b 0.90b 0.25b 0.90b

aFrom Ref.@7#.
bRatios of the alpha decay width to the alpha single-particle width calculated usingABACUS @6#.
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53 1203ALPHA-PARTICLE SPECTROSCOPIC STRENGTHS IN19F AND 20Ne
reaction 16O(6Li,d) has been used as a calibrator. In t
calculation, we assumed the principal quanta are seven
positive-parity states and eight for negative-parity states
19F, and nine for negative-parity states, and eight
positive-parity states in20 Ne. This assumption is reasonab
because the15N ground state consists of mainly ap-shell
hole, while the 16O is a closed shell nucleus. Compoun
reactions contributed somewhat to the experimental c
sections. Therefore, the spectroscopic factors obtained f
DWBA with HF analysis are more reliable. Uncertainties
the spectroscopic factors are smaller than 20% for the st
for which the theoretical angular distributions fit the expe
mental data well. However, for those states for which the
cannot reproduce the experimental angular distribut
shapes, the uncertainties are larger. For example, the u
tainties in theL54 transfer~to the final states of 7/22 and
9/22 in 19F and 41 in 20Ne) are about 50%.

We have noted that both the alpha single-particle wi
and the DWBA cross section fora transfer feeding it are

FIG. 10. Comparison of experimental angular distributions. D
played in38s are the real experimental data. The circles presen
experimental data after renormalization.
uc
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very sensitive to the value of thea potential well. This sen-
sitivity results in quite different values of the alpha spect
scopic factorSa for different values ofr 0a, but nearly iden-
tical values of alpha widthGa5SaGsp. We have used the
alpha width and the alpha single-particle width, calcula
from the codeABACUS @6#, of the 5788-keV, 12 state in
20Ne to obtain the DWBA normalization factors in our ca
culations. These gave us very different alpha spectrosc
factors. The spectroscopic factor computed from the exp
mental alpha width of20Ne (12) and the single-particle
width using the 1.94 fm alpha radius is 0.26, while it is 0.
from the 1.40 fm alpha radius. The alpha spectroscopic
tor is from about 0.5 to 0.9 from the previous measureme
of 16O(6Li,d) @2,14# and 16O(7Li, t) @18,15,16#. Further-
more, as noted above, according to the weak-coup
model, the Kp51/22 band in 19F has (sd)4 structure
coupled to ap1/2 hole@17#. In the (7Li, t) reaction on15N and
16O, an enhancement of the cross section in
15N(7Li, t)19F transitions by a factor of about 2 over that
the 16O(7Li, t)20Ne transitions was observed@18#. It indi-
cates that the negative-parity states in19F could perhaps
have larger alpha spectroscopic factors. In the present m
surement of 15N(6Li,d), the reaction populated negative
parity states more strongly than than positive-parity sta
~for details, see Table I!.

We calculated the alpha-particle width for the 4033-ke
3/21 state in 19Ne, and obtained values of 11meV with
r 0a51.40 fm and 12meV with r 0a51.94 fm. These values
are only about 10% larger than those the authors obtaine
an almost parameter free method@19#. Uncertainties for each
of those values contain contributions of 10% from the m
sured direct component of the cross section, an estimated
from the ratios ofsDW , and 11% from the experimenta
value ofGa for 20Ne (12). There is about 30% differenc
between the values forr 0a51.40 and 1.94 fm. With
r 0a51.40 fm, Ga is 8.8 meV for q59 and 11.0meV for
q57. The average is 9.961.5 meV. With r 0a51.94 fm, the
spread inGa is only slightly larger and the average
13.262.0 meV. Therefore, though only relative spectr
scopic factors can be obtained from DWBA, absolute p
ticle widths can be extracted from the analysis. Using th
alpha widths, we obtained about the same reaction rates
the 15O(a,g)19Ne at the temperatures of astrophysical int
est. The new rates are about 50% to 100% larger than
used by Langankeet al. @20# and Magnuset al. @21#.
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