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Indirect study of the astrophysically important °O(a, y)°Ne reaction through 2H(*®Ne,**Ne)*H
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The **0(«a, y)**Ne reaction is generally considered as a potential breakout reaction from the hot CNO cycle.
Under nova conditions, the reaction rate is dominated by a single sub-Coulomb resongpge=di04 keV
which corresponds to &Ne excitation energy dEg=4.033 MeV. Results from d(*®Ne,*Ne)p experiment
show that states of astrophysical interest are populated in this reaction. An upper limit d&ebthaching ratio
of the 4.033 MeV state was identified and branching ratios for other statéslenwere found to be in good
agreement with stable beam based results.
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At temperatures found in cataclysmic variable stellar enwidths and of the reduced alpha widths'itr and **Ne have
vironments the hot CNO cycle provides the main route forpeen questionefb].
conversion of hydrogen to helium: the rate of energy genera- an ajternative indirect approach to deduce #8(a, y)
tion is limited by theg lifetime of *°0 and ™0 is the waiting  (ate can be based on the fact that the partiglecay width
point of hot-CNO cycles starting fron’C and *°O seed - I, is small compared with the total resonance wiith7]
nuclei[1]. Further rises in temperature and pressure can ig,. the 504 keV resonance. Then from knowledge of
nite a thermonuclea( runaway in which c_:harged particle in'the resonance energig, the spins involved laaye= I,
duced capture reactions bepqme more 'I|kely tkiiagjecays +l1s5+¢) [12], the branching ratid’,/I" andI’, the reac-
and conversion of the remaining nuclei into heavier proton-. .y )
rich isotopes sets in rapidf2]. The °0(a, y)**Ne reaction tion rate coefﬂmen(av). as a function of temperaturfecan
is generally considered to be a potential breakout reactioRe deduced as follows:
from the hot CNO cycld3]. The **Ne nuclei produced can
be converted further via subsequent proton radiative capture

reactions into®Na and heavier proton-rich elements. The 2m |32 29, t1 T,
radiative @ capture on'®0 is the least well known of these <O-U>OC(,LL|(T) (21 1+ 1)(2le +1) ?)Fv
reactions[4]. The ®O(«,y) reaction rate depends domi- @ 150

nantly on the properties of a single sub-Coulomb resonance E

at E¢ =504 keV, which corresponds to¥ level in °Ne Xexp{ - —R)_ (1)
at 4.033 MeV excitation energy. kT

No direct measurements of this reaction have been re-

ported up to now. An indirect method, i.e., antransfer ) )

reaction in mirror nuclei, has been used to estimate the par- A study of the *F(*Het)'*Ne* («)*°0 reaction, using

tial a-decay widthI',, for the level of interest in'®Ne [5].  this approach, gave some useful information concerning the

However, this approach is affected by uncertainties related t¢-branching ratios for states i?Ne above 4.3 MeV excita-

the direct character of the transfer reaction and the need téon energy{8]. However, no information on the-decay of

infer an identical shell model configuration of thENe  states below 4.3 MeV was obtaingth].

4.033 MeV level to that of its mirror level if°F. Interest- In this paper we report a measurement that has been per-

ingly, approximations such as the equality of the gammdormed in order to populate the states of astrophysical inter-
est in ®Ne via a *®Ne induced neutron stripping reaction on
deuterated polyethylene targets. The experiment was under-
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FIG. 1. Sketch of the experimental set(gee text
0
frequency were recorded for each strip to enable identifica- . .U . . . . . .
tion of the light reaction products. 36 38 4 42 44 46 48 5

The detector arrays were positioned around the target to
measure the protons produced in thg®Ne,'®Ne*)p reac-
tlig’” and subsequent-particle decays of the excited states in  iG_ 3. 19Ne excitation energy spectrum in the region of astro-
19Ne' The protons that tag the formation of excited states irphysical interest obtained from protons produced in the scattering

Ne were detected in a detector arrdnereafter the back- of 18Ne by a deuterated polythene target performed at 54.3 MeV
ward detector covering a laboratory angular range from incident energy and detected @,,=120°-146°. Thedashed
120° to 146° in~1.6° stepdcf. Fig. 1. An a-particle and lines show individual Gaussian contributions by the three states in
heavy residue detector array were positioned to cover 14° tthis region and the solid line shows the total fit.
32° and 4° to 10°, respectively, in steps of1.1° and
~0.75°, respectively. Special care was taken in focusing thef '®Ne on carbon in addition to the triple line source,
cyclotron beam in order to measure at such small forwardaking into account the angle dependent energy losses in both
angles. the target and the detector dead layer.

The backward detector was energy calibrated using a The upper panel of Fig. 2 shows tHé&Ne excitation en-
triple line  source. The angular dependence of the energgrgy spectrum obtained from protons measured in the back-
loss in the detector dead layer was taken into account. Theard detector. The major background component in this
two forward detectors were calibrated using elastic scatteringpectrum arises from fusion dfNe with carbon target nu-
clei and so data on (C}i, were taken to evaluate the extent
of this component. The equivalent spectrum obtained for the
(CH,), target was featureless and linearly increasing with
energy. This spectrum was then normalized to the spectrum
in Fig. 2 to account for differences in running time, beam
intensity, and target thickness. The normalized g;Hlata
reproduce the regions between peaks for the J)g@arget
below 3 MeV. However, for higher excitation energies there
is an excess of counts in the (G, which is assumed to

Excitation Energy (MeV)

Counts

2500 £ Excitation Energy (MeV) arise from fusion on deuterons and thus not present in the
(CH,), data. A polynomial fit was then made to regions of
2000 the excitation spectrum where there are no known states.
£ 1500 This fit, shown in the upper panel of Fig. 2, was then sub-
5 1000 - tracted from the data to give the lower panel. The errors in
the calculated population of each state take into account the
500 J)-llL o %ﬂ differences between the linear (g} and the polynomial fit.
00- B s 'é'"'““;" S S Figure 3 shows a magnified excitation energy spectrum in

the region of astrophysical interest. A prominent peak cen-
tered around 4.65 MeV corresponds to four states®ie:

FIG. 2. ®Ne excitation energy spectrum obtained from protons4-549 MeV(3/2,1/27), 4.600 MeV(5/2), 4.635
produced in the scattering dfNe by a deuterated polythene target MeV(13/2"), and 4.712 (5/2) MeV. No attempt was made
performed at 54.3 MeV incident energy and detected®qf, o fit separate components in this peak. At lower excitation
=120°-146°(kinematically corrected The upper panel shows the €nergies, a peak contains proton events to three levels in
original spectrum and the lower panel shows the spectrum obtainetNe: 4.033 MeV(3/2), 4.140 MeV(9/2), and 4.197
after background subtraction. MeV(7/27), with a clear contribution from the 4.033 MeV
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TABLE I. Branching ratios and upper limits dn, /T"; from the
1600 _ presen'F and pr_evious experimental studtbs value in brackets is a
r theoretical estimate by Langanke al. [7]).
1400 - %Ne E, (MeV) B, (present work B, (previous work{8])
1200 4.033 <0.01 (1042
L 4.140 <0.01
1000 - 4.197 <0.01
L 4.549 0.070.03
800 _ 4.600 0.32:0.03 0.25-0.04
600 [ «100 4.712 0.82:0.15
[ 5.092 1.8:0.9 0.9G+0.09
400 [ 5.351/5.424/5.463 1:80.3
[ arthresheld 6.013/6.092 0.960.20
200 | ’ &Theoretical value taken from Langank&.
o LALLMl sy
3 3.5 4 4.5 5 55 6 6.5

error takes into account both statistical and systematic errors.
In this energy range, three decaying states have been ob-
FIG. 4. °Ne excitation energy spectrum obtained from protonsserved|[8] at 4.549 MeV (B.R=0.07+0.03), 4.600 MeV
produced in the scattering dfNe by a deuterated polythene target (B.R.=0.25+0.04), and 4.712 MeV (B.R:0.82£0.15).
performed at 54.3 MeV incident energy, detected @f, However, when comparing the angular distribution for this
=120°-146°. Events have been filtered by the conditions that thpeak in Fig. 3 with distorted-wave Born approximation
event multiplicity is 3 and the summed energy is consistent with thg DWBA) calculations performed for different angular mo-
event beingd(**Ne,p)'*Ne* («)*°O (see text The vertical scale mentum transfers, it appears thatlan2 transfer reproduces
below 4.3 MeV has been expanded by a factor of 100. perfectly the data, indicating the dominance of the 4.600
MeV level [11]. For the 5.09 MeV level J"=5/2+), which
is well separated in this work, a B.R. of 8.9 is obtained,

. N : in agreement with Ref.8], within the error range. The next
astrophysical level. A three-Gaussian fit to this peak was PelScak at 5.5 MeV in Figs. 2 and 4 contains three levels; one of

formed; free parameters were the peak heights and the pe em at 5.351 MeV was used in Ré8] to calibrate their

ggelr(glss,wwhlliama con&m_?_zism\g/mla e?uallto thte dtﬁta gén’k"\e/detection efficiency. As this level has an expected B.R. of
ev, was Imposed. This value Is close to the e 1.0, our determination of 1:80.3 for the B.R. of this triplet

calculate_:d energy resolution resulting from the quadraths consistent with this. The most prominent peak in Fig. 2

summation of all source&etector, electronics, targeti- nd 4 contains two Ie.vels at 6.013 MeV(3/2L/2—) and '

nally, a slight increase in the number of counts around 4.3% i .
. .092 MeM1/2+); our DWBA calculations favot=0, sug-
MeV could correspond to the formation of the 4.379 gesting the dominance of 6.092 MeV. The B.R. obtained in

MeV(7/2") level. . : . :
The spectrum in Fig. 4 was obtained by the condition thaﬁ?é%siﬁgz’r;?% S;?SIEObneisgé)sisrfqraeglréelrlnﬁ&hand derived

the reaction event multiplicity is three, which is consistent In conciusion. despite the low beam intensity associated
with the d(**Ne,p)**Ne* —a+ %0 reaction path. However, with the '®Ne radioaf:)tive beam, the large det)e/ction solid
an addmo_nal total energ_y_ﬂlter had to be applied to dISCI’ImI-angle as well as the high granularity of the detectors used
Cv?ttﬁ tigealir:(tanes\(/ae%tzagI%Q:;LIE* f{ggk r?ggr?g] I\(;l(z)ipecci;\j/zrrlcegllow ,this experiment to obtain useful data. Further for an,
further background rejection was ach%eved By demano,linIncrease in beam intensity by three orders of magnitude,
: . S g Which is expected to become available with the next genera-
that the relative angles at which coincidantparticles and tion of RNB facilities, it is clear this reaction could be used

heavy residues were detected were kinematically allowed. o 19
Alpha branching ratioB.R.'s) can be determined by for the determination oF , for the 4.033 MeV level in*Ne.

comparing intensities in the triples and singles spectra, both This work presents the results of the Belgian Program on
being corrected by the appropriate detection efficienciesihteruniversity Poles of Attraction initiated by the Belgian
which were obtained by Monte Carlo simulatiofisl]. No  State, Federal Services of Scientific, Technical and Cultural
decay events were detected for the 4.033 MeV state, whicAffairs; scientific responsibility is assumed by the authors.
allows us to give an upper limit of 0.01 to the B.R. of this The authors would like to acknowledge the support of the
level. This upper limit does not contradict the theoreticalU.K. Engineering and Physical Sciences Research Council.
estimate of 10* [7]. The same upper limit of 0.01 was ob- A.M.L. would like to thank DERA for financial support. The
tained for the B.R. of the 4.140 and the 4.197 MeV levels.authors would also like to thank the staff at the Cyclotron
The spectrum in Fig. 4 shows an accumulation of countfResearch Centre and the workshop staff for their support.
below 5 MeV which corresponds to the most prominent pealP.L. is a research director of the National Fund for Scientific
in Fig. 3. AB.R. of 0.32-0.03 is obtained for this peak. The ResearciFNRS), Brussels.
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