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Alpha-particle spectroscopic strengths in'°F and ?°Ne
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We have measured angular distributions for tAg(5Li, d)*°F and **O(®Li, d)?°Ne 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 Me\aid 6 MeV
in 20
in “Ne.

PACS numbsgs): 25.70.Hi, 21.10.Jx, 27.2&n, 27.30+t

[. INTRODUCTION tain the alpha spectroscopic factors for all the low-lying
states.

Alpha transfer reactions are useful in studying the alpha The alpha decay width of an unbound state can also be
cluster structure of nuclei. At bombarding energies near 2®btained from the expressidn,=S,I' s, wherel'g, is the
MeV, investigations of {Li,d) experiments in the mass re- alpha single-particle width an&, is the alpha-stripping
gion of A=10-20 have demonstrated that a direct reactiorfPectroscopic factor of the state. The single-particle width of
mechanism dominatdd,2]. In the laboratory energy range @ resonance can be calculated using the owteus [6],

19.8 and 32 MeV, House and Kemg@] present excitation approximating thg alpha-nucleus pptential by a real V\/_oods-
functions for %0(® Li, d) for the ground state at an angle of Saxon well. Details of such calculations are given later in the

7.5°, for the 4.25-MeV 4 state at 17.5°, and for the 1.63- present paper.

MeV 2" state at both angles. They made additional back-

angles (155° and 165°) measurements at 20, 24, and 28 || EXPERIMENTAL PROCEDURES AND RESULTS
MeV. They report o(forward)/o(backward>5— 10, . ] )
5-10, and 3 for 0, 2*, and 4", respectively, prompting _ 1he experiment was performed with 22-MefLi
them to conclude “that statistical compound nuclear contri-°ONS frpm the University of Pennsylvania tandem a_ccelerato_r.
butions are small in this reaction(Of course, that conclu- Out?omg deuteronhs Wedredmomegtum analyzed in ? multi-
sion is limited to the three states mentionekt. a laboratory angle spectrograph and detected on 2% NTA nuclear

energy of 32 MeV Gunret al. [4] present data for the same emulsion plates. Absorbers 0.03 cm in thickness, placed di-

. : gy A rectly in front of the focal planes, prevented particles with
reaction, but leading to the low-lying negative-parity Ievels.Z>l from reaching the emulsions, THEN target was gas in
They performed compound-nucleudCN) and coupled-

. a closed cell containing isotopically enrichéeN (99.5%).
channels(CC) calculations. For the 2 state, calculated CN The gas cell had a 295g/cm? Mylar window. Indirect

gg?_ 509, Céﬁfscﬁegtg%'isn a\{;zreatc;)orpvsz:gbzgogo)ar;%:gs %onitoring of the cell pressure was achieved by observing
backward &110°) angles. Because CN cross sections de_elastlcally scattered’Li in a Si surface barrier detector

crease dramatically as bombarding energy is increasing ther.’rrwunteq at a lab angle of 30°. DeL_Jter_on spectra were re-
results imply that at our energy, population of the Qtaté Corded in 7.5° angular intervals, beginning at 7.5° and end-

. ; ' ing at 80.0°. A spectrum at 7.5° is presented in Fig. 1 for the
will be dominated by CN.

For direct fLi, d) reactions, one can obtain alpha spectro-
scopic factors through distorted-wave Born approximation
(DWBA) analysis. The alpha spectroscopic factors'die i
have attracted attention because the resonance at 504 keV 300 =
(E,=4033 keV,J"=3/2") above the® O+ « threshold of [
3529 keV in °®Ne is important for the breakout of the hot
CNO cycle in many astrophysical sites, such as nova and
x-ray bursts[5]. Because®®O is a radioactive nucleus, no
direct measurement of the spectroscopic factor has been per-
formed. However, the nuclet®r and **Ne are mirrors. In-
stead of measuring the alpha spectroscopic factorSié,
we could measure those for the mirror states% because os T —
they are the same. DISTANCE ALONG PLATE (mm)

To obtain experimental alpha-particle spectroscopic fac-
tors, we have measured the®N(°Li,d)"F and FIG. 1. Spectrum of thé>N(®Li, d)*°F reaction at a bombarding
%0(°Li, d)?®Ne reactions at a bombarding energy of 22energy of 22 MeV and a laboratory angle of 7.5°. Peaks are labeled
MeV. Distorted-wave Born approximation and Hauser-with their excitation energies from this work. Excitation energies
FeshbachHHF) calculations were performed in order to ob- and their standard deviations are listed in Table I.
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FIG. 2. Same as Fig. 1, but for tHEO(®Li, d)?*°Ne reaction. ~Z
o]
states below 4.7 MeV. o)
For the purpose of normalizing theoretical cross sections
as outlined below, thé®0(®Li, d) angular distributions were s e 32 v
. K " keV, +
also measured, using a natural oxygen gas target (99.8% of 520000
160), at the same bombarding energy. For the purpose of 3 <~ \"’oom‘
normalizing HF cross sections, we did the measurement up L S
to a laboratory angle 130°, which corresponds to a center- 1 N

of-mass angle of about 135°. Figure 2 contains a spectrum
for this reaction at 7.5°. Table | lists the present excitation
energies for these states, in botlF and °Ne, in compari-
son to the listed values ifv].

Absolute cross sections were calculated using known cell FIG- 3. Angular distributions of thé°N(°Li, d)** F reaction for
geometry, gas pressure and integrated beam current. Relatithe states below 4.1 M(_eV. Th_e curves are the theoretlca! results
uncertainties were taken to be the larger of 5% or the statidlom the DWBA calculation using alpha radius of 1.94 {solid)
tical uncertainty. The absolute scale of the cross sections f§'d 1-40 fm(dashed The theoreical cross sections were normal-
probably accurate to-3%. Experimental angular distribu- ized to the experimental cross sections for each state, respectively.
tions for states up t&,=4.1 MeV are presented in Fig. 3.

Figure 4 displays’®Ne angular distributions up to 6 MeV. lll. ANALYSES
TABLE I. Results from*®N(®Li, d) and *°0(®Li, d) in compari- We have assumed the states of interest in the present
son with previous information. study are populated through a pure one-step direct reaction
mechanism in the DWBA calculation. In order to test the
Compilation? Present work stability of the calculations, we have tried a few different
E, (keV) Jm E, (keV) O max (Mb/sp L optical potentials. FofLi, the 240-MeV potential used by
(] Watson[8], the 190-MeV potential used by Strohbosattal.
. [9] and Garrettet al. [10], the 159-MeV potential used by
0 172 2+3 0.055 1 Garrett et al. [10], the 35.5-MeV potentiakPL potentia)
110 172 1173 0.15 0 used by Fortunet al. [11], and for the deuteron, the 105.0-
197 5/2" 198+3 0.050 3 MeV potential (PL potentia) used by Fortuneet al. [11]
1346 512 1347+3 0.18 2 were chosen to test the DWBA calculations. The PL optical
1459 312 1458+ 3 0.12 2 potentials(also see Table )lof Ref. [11] produced smooth
1554 312 1558+ 3 0.13 1 behavior of the maximum differential cross sections when
2780 9/2" 2781*+3 0.040 5 we varied the radius parameter and principal quantum num-
3908 3/2 3906+ 3 0.016 1 bers of the transferred alpha, for both th&N(°Li,d) and
3999 712 (4024+10)° <0.20 4 160(5Li, d) reactions. The 1 state in?*Ne was used to ob-
4033 9/2 4024+ 10)° <0.20 4 tain theN value in Eq. 1(below).
[®°Ne] The relationship between experimental and DWBA cross
0 o* —-2%3 0.15 0 sections fora-stripping reactions is
1634 2" 1635t 3 0.23 2
4248 4t 4248+ 3 0.17 4 2341
4967 e 4971+ 3 0.015 1,3 _ f
5621 3 5618+ 3 0.050 3 oot NS 3 D)2l +1) oW W
5788 T 5790+ 3 0.31 1
aFrom[7]. where J; and J; are the spins of the target and residual nu-

bUnresolved. clei, respectivelyL is the angular momentum of the trans-
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populating the 5.788-MeV, 1 state in?°Ne and the 3.908-MeV,

® (deg) 3/2" state in%, with different @,r ,) pairs.
fm, respectively, were used. Values obtained wegg=110
eV forry=1.94 fm and 31.2 eV fory=1.40 fm. Comparing
to the experimental alpha decay width of28 eV [7], the
ferred alpha particleS, is the alpha spectroscopic factor, alpha spectroscopic factors for this state are 0.255 and 0.90,
N is a constant related to the structure of the incident parrespectively.
ticle, ando pyy is the cross section calculated using the code We have performed DWBA calculations for two different
pwuck4 [12]. For (BLi, d) reactions, the value df has to be values of the radius parameter of the alpha-particle potential
determined experimentally because it is unknown theoretiwell, viz., ro,=1.40 and 1.94 fm. We have used both
cally. From Eq.(1), the value ofN can be determined from ¢=7 and 9 for the total number of quanta of excitation. The
comparing the DWBA cross section to the experimentalatter is appropriate forgd)3(fp) transfer, the former for
cross section for a state if the alpha spectroscopic factor of tlp)(sd)®. The 1~ state in?°Ne is commonly thought to
is known. For this purpose, we calculated the alpha spectrdiaveq=29, and, in fact, to have a nearly pure SU3 configu-
scopic factor of the first 1 state €,=5788 keVj in ?Ne  ration (\ u) =(90). Curves of DWBA for these various pos-
from the comparison between its well-known alpha-particlesibilities are plotted in Fig. 5. We have also computed, with
width (I",) and the alpha single-particle widtf'{), calcu-  the codeaBAcus [6], the « single-particle widths for'Ne
lated by using the codeBAcus [6] (S,=T",/T'sp). Then, the (3/2") and ?°Ne (17) with the above values af,, andq.
value of N can be determined by requiring that tBg thus  Table 1l summarizes the variouswBA cross sections at
obtained causes thmwBA cross section to fit the experimen- 9° and single-particle widths.
tal angular distribution of the 1 state. Another advantage of ~ Using Eg.(1), the value ofN=1.06 was obtained when
choosing the'®O(6Li, d)?°Ne reaction is that'®N (or %F)  the SET1 parameters {,=1.94 fm) were used, and 1.18
and %0 (or ?°Ne) are similar in mass. This is important when the SET2 parameters,(,=1.40 fm) were used. The
because optical potential parameters can be mass dependerglue ofN is relatively insensitive to changesiig, because

In the calculation of the alpha single-particle width of the o\, andI’s, both change wheny,, is varied. Thuss, can be
5788 keV, 1 state in?°Ne, two alpha radii, 1.94 and 1.40 quite different, butN much less so.

FIG. 4. Same as Fig. 3, but for the states below 6 MeV in
20Ne from the®O(5Li, d) reaction.

TABLE Il. Potential parameters used in the DWBA and alpha single-particle width calculations.
(Strengths are in MeV, lengths in fin.

Channel \Y, W' =4Wp o a ro a’ Moc
BLi* 355 50.0 1.42 0.92 1.71 0.89 1.42
d? 105.0 98.0 1.02 0.86 1.42 0.65 1.02
a(SET) varied 1.94 0.60 1.94
a(SET2 varied 1.40 0.60 1.40

From[11].
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TABLE Ill. DWBA cross sections of the 3.908-MeV, 3/2state in °F and 5.788-MeV, I state in
20Ne from the fLi, d) reactions at 9°, and single-particle widths for the 4.033-MeV, 372n ®Ne and the
5.788-MeV, T state in?™Ne.

(9,7 0a) (do/d€))g-(*F) Iy (eV) (do/d€))g-(*Ne) gy (eV)
(9,1.40 fm 0.398 1.9%10* 0.319 31.2
(9,1.94 fm 2.71 1.0 103 1.88 110
(7,1.40 fm 0.223 1.3%10°4

(7,1.94 fm 1.49 7.3410°4

Shown in Fig. 4 are the DWBA angular distributions com- 20Ne (5788 keV, 1) reduces theéN previously determined
pared with the experimental ones ii°Ne from the by less than 4%; hence we use the abbivealues through-
160(5Li, d) reaction. The same parameters used in this caloyt.
culation were adopted for th&N(°Li, d) reaction. In the HF analysis of the’®N(6Li,d) reaction, for the

Because the one-step DWBA cross sections are smallgfame reason as for th#0O(PLi,d) reaction, six outgoing
than the experimental cross section at backward angles, ghannels were considered. They ateN+°©Li, °F+d,
two-step direct reaction mechanism or compound reactiod’Q+ o, 20F+ P, 20Ne+n, and *3C+8Be. The same nor-
mechanism could make contributions to the reaction, espenalization factor of 0.61 for compound reaction cross sec-
cially for weakly populated states. The experimental angulations was applied in the comparison with experimental data.
distribution (Fig. 4) of the first 2~ state of e at an exci- The experimental angular distributions for the ten ob-
tation energy of 4967 keV, populated in the served states i are shown in Fig. 3 along with DWBA
1°0(°Li, d)*°Ne reaction, is observed to be approximatelycurves obtained with the PL optical potential parameters
symmetric about 90°, thus indicating that thiS 3tate is  (Table Il). Solid curves in Fig. 3 were calculated using SET1
probably populated via a compound reaction mechanisnmparameters for the alpha parti¢fgable 11), where the poten-
The compound reaction cross section for the &tate is tial radius for the transferred alpha particle is 1.94 fm. The
about 102 mb/sr, which is about the same as those at largeingular distributions calculated with this radius parameter
angles for most of the states 1F. Therefore, for §Li, d) equals to 1.40 fnr{SET2 parameters in Table)/lare dashed
reactions, a compound reaction mechanism is probably mori@ Fig. 3. In each fit, the normalizations of the theoretical
likely than two-step processes. The cafris [13] calcu-  curves were adjusted to fit the absolute experimental cross
lates compound reaction cross sections by adopting theections, resulting in alpha-particle spectroscopic factors
Hauser-Feshbach method. Because of the selection rule fdisted in Table IV. Both sets of alpha parameters give reason-
bidding one-step direct reaction, and weak two-step processble fits to the angular distributions at forward angles. At
mechanisms in alpha transfer reaction, we analyzed the datsackward angles, the DWBA cross sections are smaller than
for this 2~ state by assuming a pure compound reactiorthe experimental data, a fact which may hint that other reac-
mechanism. Shown in Fig. 6 is the theoretical HF angulation mechanisms contribute to the reaction when the cross
distribution in comparison with the experimental data. In ad-section is small.
dition to the incident®Li and exitd channels, the HF calcu- Figure 7 displays the angular distributions of the same 10
lations included the four other channels which have the largstates, together with compound reaction cross sections from
est total compound reaction cross sections. Thesé®e  the HF calculation, direct reaction cross sections from the
@, 'Ne+p, ?’Na+n, and °F+3He. A normalization fac- DWBA calculations, and their sum, using,,=1.94 fm.
tor of 0.61 was obtained from fitting the angular distribution Shown in Fig. 8 are the same as those in Fig. 7, but with
of the 2~ state in®Ne. Inclusion of the HF contribution to r,,=1.40 fm. Incoherent sums of the DWBA and HF cross

TABLE IV. Alpha spectroscopic factors of the statesfi.

E,? Jra S,(DWBA) ° S,(DWBA+HF) °
(keV) 1.94 (fm) 1.40 (fm) 1.94(fm) 1.40 (fm)
0 1/2* 0.13 0.74 0.11 0.66
110 112 0.15 1.1 0.13 1.1
197 5/2° 0.031 0.34 0.025 0.28
1346 5/2 0.10 0.71 0.086 0.64
1459 3/ 0.091 0.55 0.085 0.53
1554 3/2 0.21 0.83 0.20 0.79
2780 9/2 0.015 0.17 0.010 0.12
3908 3/2 0.022 0.090 0.017 0.076
3999+4033 712 +9/2° 0.028 0.21 0.026 0.19

3 rom Ref.[7].
bThe 5788-keV, I state in?°Ne was used as a normalization.
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sections were used because the direct reaction and compoufattor 4 larger for ,=1.40 fm than those for,=1.94 fm.
reaction have very different interaction time scale. A better The low-lying negative-parity states if°F, 1/2° at
agreement between the sum cross sections and the expeiz=110 keV, 5/2 and 3/2 at 1346 and 1459 keV, respec-
mental data has been obtained at backward angles for thively; and 7/2°, 9/2~ doublet at 4024 keV, are thought to be
relatively weakly populated statgédo/d€2)=<0.01 mb/sr at described reasonably well as @, proton hole coupled
backward anglds For the 3/2 state at 3908 keV, the sum (weakly or strongly to the first three states ¢ Ne, 0" g.s.,
cross section fits the data very well. However, the improve2* at 1634 keV, and % at 4248 keV. Then, to the extent that
ment is negligible for most of the strongly populated statesthese ?°Ne states can be thought &s=0, 2, and 4 alpha
The HF cross sections are much smaller than the experimeparticles coupled to af®O (g.s) core, thel%F states should
tal cross sections at forward angles, indicating that the reage theL =0, 2, and 4 alpha particles coupled to thdl (g.s)
tion was dominated by a direct reaction for the strong statesore.

The comparison between the theoretical results and the |n 1°F we have
experimental data fof’Ne states are shown in Figs. 6 and 9.
For the DWBA curves in Fig. 6, the alpha radius used is 1.94 2Ji+1
fm, but it is 1.40 fm in the calculation of Fig. 9. The com- Uexp1(19Jf)=NSa(19Jf)m
pound contribution to the cross section of the &tate in
20Ne can be ignored, even at backward angles. din 2N

Four different sets of alpha spectroscopic factors are obdnd In—Ne
tained and listed from columns 3-6 in Tables IV and V for
1%F and ?%Ne, respectively. The uncertainties for the alpha
spectroscopic factors were obtained from the fitting of the
angular distributions. Therefore, they are relative. The absos® that
lute uncertainties might be larger. The differencesS)fs
between the DWBA alone and DWBA with HF are about Sa(19J1) _ 2(2L+1) Texp(194r) opw(20L) 4)

opw(19L) (2

Texp 20L) =NS,(20L ) o (20LL ), 3)

20% or less. However, thg/,’s for all the states are about a Sa(20L)  (2J4+1) oexp(20L) opw(19L)°
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FIG. 6. Comparison of theoretical and experimental angular dis- FIG. 7. Comparison of theoretical and experimental angular dis-
tributions of %0(°Li, d)®°Ne reaction. The dot-dashed curves are tributions of the'>N(6Li, d)*°F reaction. The dot-dashed curves are
HF cross sections with normalization factor of 0.61, the dashedF cross sections with normalization factor of 0.61, the dashed
curves are the DWBA cross sections, and the solid curves are theurves are the DWBA cross sections, and the solid curves are the
sum of the above two. A value of 1.94 fm for the alpha radius wassum of the above two. A value of 1.94 fm for the alpha radius was
used in the DWBA calculation. The normalization factors for the used in the DWBA calculation. The normalization factors for the
sum cross sections and the DWBA cross sections are the same asdm cross sections and the DWBA cross sections are the same and
were obtained from the fitting of the sum cross sections to thevere obtained from the fitting of the sum cross sections to the
experimental cross sections. experimental cross sections.
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FIG. 8. Same as Fig. 7, but a value of 1.40 fm for the alpha FIG. 9. Same as Fig. 6, but a value of 1.40 fm for the alpha
radius was used. radius was used.

whereopyy is to be calculated for the appropriade L, and

excitation energy. Int°F, if we define(for L=2 and 4 fm) or 80% (o, =1.40 fm of those in*Ne. Another con-
sequence of the above argument is that the 582" cross
Texpl 19L) = 0eyp 193¢ =L — 3) + 0o 19Js=L + 3), sections should be in the ratio 6:4. This is borne out by the

(5  data, as also displayed in Fig. Ufottom righj.
The lowest 1/2, 3/2", 5/2", and 9/2 states of'% form

a rotational band that is dominantlgd)® in character. These

states ideally have identical three-nucleon spectroscopic fac-
Sa(19L) _ 0exp(19L) opw(20L) _ () torsin O+t [e.g., **O(°Li,*He)*F] [10]. Coupling to the
Sa(20L)  Texp(20L) opw(19L) 1/2~ ground state of**N should produce equal alpha spec-
troscopic factors. We note from Table IV that this is approxi-
mately true, but only at about the 50% level.

we have

We display in Fig. 10, ax’s, the 1/2 (upper-lef}, summed
3/27, 5/2° (bottom-lef), and summed 7/2, 9/2~ (upper-
right) angular distributions in'%F, compared with normal-
ized 0", 2%, and 4" 2°Ne angular distributions as circles.
Normalization factors are all 1.0. The corresponding,y
ratiosopw(20)/opw(19) are 1.1, 1.0, 0.9, respectively, when  We have obtained experimental alpha spectroscopic fac-
r o= 1.94 fm. Whiler,,= 1.40 fm, they are 0.8, 0.8, and 0.7. tors for the first ten states if°F, from the *>N(°Li, d)*°F

We thus see tha,’s in 1°F are about the same{,=1.94 reaction at 22 MeV. In order to extract the information, the

IV. DISCUSSION

TABLE V. Alpha spectroscopic factors of the states?fiNe.

E, 2 Jra S,(DWBA) S, (DWBA +HF)

0 o+ 0.14 0.97 0.13 0.95
1634 2 0.094 0.81 0.083 0.73
4248 4 0.038 0.34 0.029 0.26
4967 va 0 0 0 0
5621 3 0.0083 0.060 0.0034 0.026
5788 1 0.26° 0.90° 0.25° 0.90°

3 rom Ref.[7].
bRatios of the alpha decay width to the alpha single-particle width calculated asiays [6].
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very sensitive to the value of the potential well. This sen-
sitivity results in quite different values of the alpha spectro-
scopic factorS, for different values of,, but nearly iden-
tical values of alpha widti",=S,I's,. We have used the
alpha width and the alpha single-particle width, calculated
from the codeABacus [6], of the 5788-keV, I state in
20Ne to obtain the DWBA normalization factors in our cal-
culations. These gave us very different alpha spectroscopic
factors. The spectroscopic factor computed from the experi-
mental alpha width of?Ne (1) and the single-particle
width using the 1.94 fm alpha radius is 0.26, while it is 0.90
from the 1.40 fm alpha radius. The alpha spectroscopic fac-
tor is from about 0.5 to 0.9 from the previous measurements
of %0(Li,d) [2,14] and ®O(’Li,t) [18,15,16. Further-
more, as noted above, according to the weak-coupling
model, the K™=1/2" band in °F has &d)* structure
coupled to g, hole[17]. In the ('Li, t) reaction on*>N and
160, an enhancement of the cross section in the
I5N(7Li, t)19F transitions by a factor of about 2 over that in
the %0(’Li, t)*°Ne transitions was observdds8]. It indi-
cates that the negative-parity states iF could perhaps
have larger alpha spectroscopic factors. In the present mea-
surement of ®N(°Li,d), the reaction populated negative-
parity states more strongly than than positive-parity states
(for details, see Table).l

We calculated the alpha-particle width for the 4033-keV,

FIG. 10. Comparison of experimental angular distributions. Dis-3/2" state in ®Ne, and obtained values of 1ieV with
played inX's are the real experimental data. The circles present the, ,.=1.40 fm and 12ueV with ry,=1.94 fm. These values
experimental data after renormalization. are only about 10% larger than those the authors obtained in

. . . an almost parameter free methd®]. Uncertainties for each

reacuon “*O(°Li,d) has been uged_ as a calibrator. In theof those vzglues contain contrirt::utig)ns of 10% from the mea-
calculation, we assumed the principal quanta are seven f

i ity stat d eight f " itv stat 'Qured direct component of the cross section, an estimated 4%
positive-parily stales and eignt for negative-parity States 14, e ratios ofopw, and 11% from the experimental

19 i NVaonAri :

F, and nine for neogatlve parity states, and eight for, ;o of I, for 2®Ne (17). There is about 30% difference
positive-parity states if° Ne. This assumption is reasonable between the values foro,=1.40 and 1.94 fm. With

5 . . a . . .

because'the1L Nl%roqnd state consists of mainly @shell fou=1.40 fm, T, is 8.8 eV for q=9 and 11.0ueV for
hole, while the *°O is a closed shell nucleus. Compound =7. The average is 9:91.5 ueV. With o, =1.94 fm, the
reactions contributed somewhat to the experimental cros reéd inT . is only slig.htI)éL Iar.ger an(()ja thé aver:stge is
sections. Therefore, the spectroscopic factors obtained fro “ . i
DWBA with HF analysis are more reliable. Uncertainties of 2=2.0 peV. Therefore, though only relative spectro

) scopic factors can be obtained from DWBA, absolute par-
the spectroscopic factors are smaller than 20% for the Sta.t?ﬁ:lepwidths can be extracted from the analysis. Using tr?ese

ﬁ]):ar\?;g:cdhatgevvtgﬁoﬁg\x:j/:rngf]grla;[\gésezt”s?;tt:aosn?o?mii r?f[(ﬁ:cr)'r' alpha widths, we obtained about the same reaction rates for
' : he °0(a, y)°Ne at the temperatures of astrophysical inter-

cannot reproduce .th? experimental angular diStribUtiorEst. The new rates are about 50% to 100% larger than that
shapes, the uncertainties are larger. For example, the uncefzaqg by Langanket al. [20] and Magnust al. [21]

tainties in theL =4 transfer(to the final states of 7/2 and
9/2” in ¥F and 4" in ?Ne) are about 50%. The authors thank D. Koltenuk for assistance with the

We have noted that both the alpha single-particle widthcalculations. This work was supported by the National Sci-
and the DWBA cross section fax transfer feeding it are ence Foundation.
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