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The “He(a,®He)®He(g.s) reaction was studied at incident laboratory energies of 158 and 200 MeV for c.m.
scattering angles ranging from16° to 100°. The shape of thtHe(g.s) peak in the measuretHe energy
spectra is well reproduced by distorted-wave Born approximation calculations. Whereas calculations utilizing
six-parameter optical potentials yield good qualitative agreement with the measured angular distributions,
unacceptably poor agreement is found when nine-parameter potentials are utilized. Absolute normalization
with D% strengths extracted from corresponding zero-range and finite-range calculations overpredicts the
measurements by factors 6f2 to 3.[S0556-28186)06210-3

PACS numbeps): 24.10.Eq, 25.55.Hp, 27.16h

[. INTRODUCTION potentials[4] from the new elastic scattering data, using
Woods-Saxon wells, are therefore also presented in this
Recently, the distorted-wave Born approximationstudy. The energy dependence of the real and imaginary vol-
(DWBA) was employed with reasonable successume integrals was also investigated to provide guidance in
in predicting the angular distribution of the assessing the accuracy of the new elastic scattering data.
“He(a,3He)°He(g.s) reaction at 118 Me\[1]. Also, when In Sec. Il the experimental setup is described, followed by
effects leading to the broadening of thele(g.s) peak were & description in Sec. Il of the data analysis. The details of

taken into account, excellent agreement in shape was fourld® DWBA calculations are described in Sec. IV. In Sec. V
between calculations and the relevant regions in the medl® €xperimental and theoretical results are compared and

sured ®He energy spectra corresponding tes8<5 MeV, discussed. Finally, a summary and conclusions are presented

where € is the relativea-n energy in the®He system. The in Sec. V1.
above-mentioned peak is due to single-nucleon transfer to a
resonant neutron state tHe with a width of'=0.60 MeV, Il. EXPERIMENTAL PROCEDURE
for which §=O.89 MeV[Z]: The absolgte magnitude of the  The experiment was performed by utilizing the 1.5-m-
cross sections, however, is overpredicted by a factor 8f  giameter scattering chamber at the cyclotron facility of the
at 118 MeV. National Accelerator Centre, Faure. An account of the facil-
The DWBA is generally considered to be more reliablejty has been presented in R¢7] and references therein.
when the bombarding energy is high compared to the bind- A 100-mm-diameter gas cell, filled with helium
ing energy of the transferred nucle@8]. Since the trans- (>99.995% purity to a nominal absolute pressure of 1.5 bar
ferred neutron is bound by 20.58 MeV fiHe, an investiga- at room temperature, was bombarded withparticles of
tion at higher incident energies should be useful to explord58.5 and 200.5 MeV, respectively. The uncertainty in the
the findings and conclusions of the 118 MeV experimentquoted beam energies is not greater than 0.5 MeV. The pres-
further. Our present work is such an investigation at 158 angure and temperature of the target gas were monitored con-
200 MeV. tinuously by means of calibrated transmitters, to a precision
Elastic scattering differential cross sections for the reacof better than 1%. The beam-spot size was less than 3 mm in
tion *He(a,a) *He were measured at the same time for com-diameter and remained centered on target to better than 0.5
parison with existing data and in order to extract optical-mm. The scattering angle was determined to better than
model parameters needed for the DWBA calculations. While).05°.
a single set of consistent elastic scattering data existed at 158 The effective target length and solid angle were defined
MeV [4], the two available data sets at 200 MES/6] appear by means of a double-aperture collimator system with 3 mm
to differ by more than the expected uncertainty. Consethick tantalum front and rear slits. The slits were placed 186
quently, the discrepancies in the existing 200 MeV data preand 526 mm, respectively, from the center of the target. The
cluded optical-model fits of sufficient accuracy for the ex-rather large distance from the gas cell and large separation
traction of reliable optical-model parameters. Valuesbetween slits ensured that measurements could be performed
extracted for six- as well as nine-parameter optical-modetiown to very forward angle€3° in the laboratory system
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with small effective target lengths and good angular resolue and the c.m. scattering ange The inverse solution for
tion, albeit at the cost of a reduction in count rate. Two setsr(e,0) from Eq. (1) cannot be readily obtained, therefore
of equal-width, rectangular front and rear slits were used. Asome further simplifying assumptions have to be made.
forward angles smaller than 2@faboratory, 2.8 mm wide First, we assumed thai(e, #) in the integrand of Eq(l)
slits were used, while 4.5 mm wide slits were employed ais separable, i.e.

larger angles in order to increase the count rate. The 2.8 mm

slits defined a solid angle of 0.12 msr and an angular reso- o(€,0)=¢(0)o'(€). ()
lution of 0.5°, while the corresponding values for the 4.5 mm

slits are 0.2 msr and 0.8°, respectively. The effective targetl®xt, we assumed that the shape of the angular distribution,
length varied between 8 and 28 mm, i.e., well distant from®(6), could be estimated sufficiently from the measured
the 6 um thick Havar entrance and exit windows of the gasSPectra and, |f'necessary, be refined iteratively as the analysis
cell. developed. If it could then be shown that DWBA calcula-
Different detector telescopes were used in the 158 an§ons can reproduce the shapes of ftide(g.s) peaks and

200 MeV measurements. For the 158 MeV runs the teletherefore predicto’(e), calculated DWBA cross sections
scope consisted of a 15@m thick Si surface-barrienE  could be substituted into Eql) to obtain(e) and(6). [The
detector, followed by two Si-Li detectors of 5 mm nominal Méan relative energy is found by multiplying the integrand in
thickness each, followedyba 1 mmthick Si surface-barrier EQ- (1) by € and by dividing the resulting integral by the
veto detector. For the 200 MeV runs the frakE element Original integral. The mean scattering angle is found simi-
was replaced wit a 2 mmthick Si surface-barrier detector. larly.] It shogld be noted that any good empirical fits to the
Energy calibrations were based on collimatedparticles ~ relevant regions of théHe energy spectra could have been
from a 228Th source as well as on the kinematics of Utilized for this purpose, but DWBA calculations were used

“He(a,a) *He elastic scattering. The standasE-E tech- in this case since they were required in the eventual interpre-
nique was used for particle identification. tation of the measured angular distributions. Following Ref.

Conventional electronics were used to process signal%l]v an energy-integrated differential cross section can be de-
from the detectors and event-by-event data were written t§n€d by
tape by the on-line computer for subsequent off-line analysis. )
Due to the rather small solid angles, count rates were gener- o (0)= je a(e, 0)de. (3)
ally low and dead times never exceeded the 1% level. Mea- 0
surements were performed at 1° intervals, covering the labo- ) o
ratory angular region 8°—50°. Based on the variousEquation(l) can then be simplified to
experimental uncertainties, the cross sections are estimated .
to be accurate to within a systematic error of 5%. Y= VNO<J>0-6*(0)f ma‘J dtdQ. (4
0 Q

IIl. DATA ANALYSIS ! . .
The measured differential cross sections can therefore be ob-

Center-of-mass differential cross sections for thetained from
“He(a,3He)°He(g.s) reaction were extracted from the mea-
sured®He energy spectra. This analysis consisted principally (6) o Yexp
of two procedures. Firstly, the relevant part of eatie TertWexp »N <J>ftma><f dtdQ
. 0 0 Q
energy spectrum corresponding te<e<5 MeV had to be

determined in order to obtain the experimental The values obtained fofe) mostly varied between 1.3
°He(g.s) yield (denoted byY,,;). Secondly, for each labo- and 1.9 MeV with averages of 1.75 and 1.51 MeV at incident
ratory scattering angle, the mearn relative energy(e),  energies of 158 and 200 MeV, respectively. The mean

and the mean c.m. scattering ang{#), had to be deter- relative energies are therefore shifted from the values corre-
mined. Mean c.m.-to-laboratory conversion facttelativ- sponding to the®He(g.s)-peak maxima, which all lie at or
istic Jacobians(J)=J((€).(#)) could then also be obtained close toe=0.89 MeV. The differences between values cal-

©)

from kinematics. . ~ culated for(#) and the angles defined by the central rays
In general, the yieldr and the c.m. double-differential were found to be insignificant, being only a few hundredths
cross sectionr(e, 0) are related by1] of a degree at all relevant angles.

. . A first set of experimental cross sections were obtained by
Y=VNof maxdtJ dQJG J(e, 0)a(e, 0)de, (1) using Jacobians calculz;ted _\Nlth:0.89 Mgv for qentrlall
0 Q 0 rays, and by roughly estimating the lower integration limits
for the 3He energy in extracting values fofeyp. A New
wherev is the number of incident particleN, is the number refined set of cross sections were then obtained after deter-
of target nuclei per unit volume, argf is an upper integra- mining values foK €) and(J), fiting DWBA calculations to
tion limit for the a-n relative energy, which was taken to be the measured®He spectra, and redeterminintHe-energy
5 MeV in accordance with Refl1]. The integration is over integration limits corresponding te = 5 MeV. In the same
the total target lengtht, the laboratory solid angle of the way one further iteration was performed, yielding no signifi-
detection system(), and thea-n relative energy,e. The cantimprovement to the previous values. Final cross-section
integrand consists of the Jacobiad, and the double- values for the*He(a,3He) °He(g.s) reaction were therefore
differential cross sectiony, both of which are functions of obtained after two iterations.



54 SINGLE-NUCLEON TRANSFER TO UNBOUND STATES ... 2487

TABLE I. Summary of optical-model parameters used in this study. The optical potential is defined as
follows: Vo= =V f(r,ry,a;) —Vof(r,ry,a) —iwf(r,ry,ay)+Ve, where f(r,r;,a)=[1+exp(r
—r;AY9/a)]7t; A is the target mas$/, is the Coulomb potential of a uniform sphere of charge of rédius
r.AY% andE, is the incident laboratory kinetic energy.

E, Vy ry a; Vs, ro, a, W 'y ay
(MeV) Pot.set (MeV) (fm) (fm) (MeV) (m) (fm) (MeV) (fm) (fm) Ref.

118 WAR118 4855 1.792 0.596 64.50 0.632 0.243 8.580 2.202 0.287[1]

158 NAD158a 53.75 1.628 0.613 43.97 0.545 0.142 9.623 2.094 0.467[4]

NAD158b 273.2 0.151 1.059 12.86 2.169 0.362 [4]
NAC158a 57.34 1588 0.635 46.98 0.548 0.127 10.75 2.052 O.f#8is work]
NAC158b 95.33 1.113 0.769 9.48 2.123 0.50Fhis work]

200 WO0198 59.2 1.505 0.694 558 0.808 0.407 30.1 1.654 0.472[5]
NAC200a 53.51 1.599 0.589 30.46 0.531 0.152 9.65 2.107 O0.§/86is work]

NAC200b 84.6 1.113 0.769 9.30 2.123 0.503his work]
Pot. set  V; r a; AP re Ref.
(MeV) (fm)  (fm) (fm)
a-n 4671 125 065 380 1.415 [1,10]

@Coulomb radius parameteg=1.3 fm except for thex-n system.
b\ factor for an additional spin-orbit term.

In the analysis of thex-a elastic scattering data, the en- Ref.[1], the energy separation to the first excitq} 4 state
ergy dependence in El) disappears and the triple integral in °He is found to be satisfactorily reproduced. A summary
reduces to a double integral. The Jacobian is now only a&f all the potentials used is presented in Table I.
function of the mean scattering angle and the differential Center-of-mass double-differential cross sections for the

cross sections are given directly by E§). transition to the®He final state are given by
IV. CALCULATIONS il( 0)= ’“_k 21_+1 D2gl! (6)
' e\ Ta2 )\ 211 ) P 070w

The DWBA theory was employed to interpret the mea-
sured energy spectra and angular distributions for thavhereu is the reduced mask,is the relative wave number,
“He(a,®He)°He(g.s) reaction. The DWBA calculations ande is the relative energy of the-n system;j andl are the
were similar to those of Ref1], therefore only a brief sum- total and orbital angular momentum quantum numbers of the
mary is presented here. Since thide final state is unbound, transferred nucleon respectivelyl,, is the Dwuck4 cross
the calculations were performed in zero range with the comsection and3 is a strength factor to correct for finite-range
puter codedbwuck4 [8]. The version of the code used was effects. Contributions from both thei,, and Ip,, states in
symmetrized to account for an entrance channel with two°He were calculated for values af ranging from 0 to 5
identical particles. Nonlocality parameters were set to zeroMeV and added incoherently to obtain the double-

Various sets of optical potentials were employed to gendifferential cross sections, which were subsequently inte-
erate distorted waves for both the entrance and exit channelgrated according to Eq3) to obtain the energy-integrated
Optical-model potentials with six and also with nine param-differential cross sections. At the energies of the present
eters were extracted by fitting cross sections calculated witlvork the Ip,;, state contributes of the order of 1% to the
the computer codeNooPY8 [9] to the measured-« elastic  cross section, which is in agreement with findings of Warner
scattering cross sections obtained from this study. Converet al. [1].
tional real and imaginary Woods-Saxon wells comprised the Theoretical values for thé®3 strengths were obtained
optical potentials of the six-parameter fits, while the real pofrom ratios of the calculated total cross section given by
tential component of the nine-parameter fits consisted of th@orresponding finite-range and zero-range DWBA calcula-
sum of two real Woods-Saxon wells. The latter potential wasjons, assuming th8He final state to be bound by 0.1 MeV.
suggested in Ref4] to obtain more flexibility in the shape The computer codewuck5 [11], which was also symme-
of the real potential, resulting in an improved fit to their trized for an entrance channel with two identical particles,
elastic scattering data at 158 MeV. A real Woods-Saxon wellyas used for these finite-range calculations.
with spin-orbit coupling[10], which fits the energy depen-
dence_ of thep-a _phase shifts, was adopted for then in- V. RESULTS AND DISCUSSION
teraction. Following Ref{1], the real central well depth was
changed from 45.96 to 46.71 MeV to correctly locate the Before presenting the DWBA analysis of the transfer re-
He ground-state peak. With these bound-state parameters ation data, the optical potentials extracted from elastic scat-
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FIG. 1. Elastic scattering cross sections fort+“*He at FIG. 2. Elastic scattering cross sections far+‘He at

E,= 158 MeV. The measurements obtained in this work are comE«=200 MeV. The measurements obtained in this work are com-

pared with measurements by Nadassnal. [4]. The curves are Pared with measurements by Weo al. [S] and our earlier work
optical-model fits, the parameters of which are presented in Table [6]- The curves are optical-model fits, the parameters of which are
presented in Table I.

tering data, which were needed for the DWBA calculations, )
are discussed. sets NAC158dthis study and NAD158aRef.[4]) are very

similar, which is to be expected as they were extracted from
measured data sets which are in good agreement. At 200
MeV, however, the agreement with the potential set of Ref.
The a-a elastic scattering cross sections measured at afb] is poor. This could be largely due to the absence of mea-
incident energy of 158 MeV are shown in Fig. 1, along with surements at larger angles in the data set from which the
the measured data of Nadassral. [4]. Good overall agree- last-mentioned potential S&VO0198—see Tablg was ex-
ment is evident and the present results therefore confirm thiacted.
previous data. At both incident energies of this study, six-parameter
In Fig. 2 the measurements of the elastic angular distribueptical-model fits which describe the measured elastic
tion at an incident energy of 200 MeV are compared with ourangular distributions to the same accuracy as the nine-
previous measurements at 197 Mg/, as well as with the parameter sets could not be found. The sensitivity to the
measurements of Woet al. at 198.4 MeV[5]. In Ref.[6] specific choice of parameters of conventional Woods-Saxon
the symmetry of the angular distribution around 9@°m) potentials near 90fc.m) is well known[12]. We therefore
was exploited by presenting measurements performed in tHeased our search for six-parameter potentials on the require-
backward c.m. hemisphere at forward angles. The agreementents that the average slope from forward scattering angles
of our previous results with the results of the present study islown to about 60°(c.m.) should be reproduced, that the
satisfactory. However, Ref6] presents only a partial data magnitudes of the real and imaginary volume integrals of the
set since the experimental setup used did not allow crossorresponding nine-parameter potentials should be retained,
sections to be measured at angles smaller th40° (c.m,). that the geometrical parameters should be physically realistic
The measurements of Waai al.,, on the other hand, do not and that the predicted total cross sections should be in agree-
extend to the larger angles, covering only the angular regioment with calculations utilizing the nine-parameter poten-
from ~10°-65°(c.m). At these angles the present measure-ials. Differences encountered in the angular region around
ments display a somewhat steeper slope and the overdD°(c.m) were ignored. The resulting potentidiSAC158b
agreement is clearly not satisfactory. and NAC200b are presented in Table | and the correspond-
Optical-model fits for potentials extracted in this as welling predictions for thex-« elastic scattering cross sections
as previous studiefNadaseret al. [4] and Wooet al. [5]) are also shown in Figs. 1 and 2.
are shown in Figs. 1 and 2. The nine-parameter optical po- The energy dependence of the real and imaginary poten-
tentials(NAC158a and NAC200a—see Tabledescribe the tial volume integrals was investigated by comparing our re-
measured elastic scattering data of the present study vesults at 200 MeV with the data analyzed by means of two-
well, producing optical-model fits witty?/N values of 1.5 component real potentials by Nadasetral. [4] at incident
and 0.6 at 158 and 200 MeV, respectively, assuming a 5%nergies of 53.4, 77.6, 99.6, 119.9, 140, and 158.2 N&xé
systematic experimental uncertainty. The 158 MeV potentiaFig. 3). Values obtained by Woet al. [5] for both the real

A. Elastic scattering and optical potentials
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spective values of-1.3+0.3 fm® and 1.0- 0.3 fm? of Ref.

500+ [4].
& 4504 _ 5
< E ] B. Single-nucleon transfer to the”He ground state
% = 4007 Measured ®He energy spectra and results from corre-
> § sponding DWBA calculations in the region of the
= 3507 He(g.s) peak are shown in Figs. 4 and 5 for incident ener-
, , , , gies of 158 and 200 MeV, respectively. Calculations ob-
] ' ' ' I : tained from the nine-parameter optical-model fits of this
—~ 1501 L study (NAC158a and NAC200a—see Tablg dre shown,
< E ] ° but the six-parameter potentials yield similar results. Each
< 7 100 * . calculated cross section was folded with an experimental un-
<% r certainty, the width of which was taken to be equal to the
2 50 4 o - measured width of the correspondiaga elastic peak. By
] normalizing the calculations arbitrarily to the measured
0 ' SHe(g.s) peaks, generally good agreement is obtained.

O 20 40 60 80 100 120 ea
Some deviations are found at forward angles towards lower
E, . (MeV) 3He energiegfor values ofe = 2.5 MeV), but these become
o less pronounced towards larger angles.
The good qualitative agreement between DWBA calcula-
FIG. 3. Energy dependence of the real and imaginary volumdions and the experimental data in the region of the
integrals from optical-model analyses @fa elastic scattering data 5He(g_s) peak provides confidence in the procedure of ex-
as displayed by the straight linesee text The open circles are the tracting cross sections by integrating owerin the region
results published by Nadase al. [4], the closed circles are the o< <5 MeV. It therefore also seems reasonable to assume
results of this study at 200 MeV, and the open triangles are thenat mechanisms not treated by the DWBA, such as knock-
results of Wooet al. [5]. out and multistep processes, do not contribute significantly in
this energy region.
and imaginary volume integrals are also shown in Fig. 3. The angular distributions of the energy-integrated differ-
Despite the scatter, it seems as if the values of Fdfare  ential cross sections are shown in Figs. 6 and 7 for incident
anomalously high for botldg/4A and J,/4A. In fact, based energies of 158 and 200 MeV, respectively. The experimen-
on their results, these authors questioned the energy depetal cross sections are compared with DWBA calculations
dence of the real volume integral claimed in Rgf]. Our  performed with the potentials listed in Table I.
results seem to support the energy dependences found by At 158 MeV, zero-range DWBA calculations with the
Nadaseret al. for both the real and imaginary volume inte- nine-parameter optical potential set extracted in this study
grals. If the results of Woet al. at 198 MeV are excluded, (NAC1589 yield a prediction that deviates significantly in
linear least-squares fits yield energy coefficiefslopes of  shape from the measuremefgse Fig. 6. This is in contrast
—1.4+0.16 fm® for Jg/4A and 1.0:0.25 fm® for J,/4A,  to the results at 118 MeV1], where a sharp minimum at
which are found to be in excellent agreement with the re90° (c.m,) characterized the calculated angular distribution,

800 : s L . 400 e
<6,,> = 1BE <6, > = 29.2°
600+ o 300 L
st #
T 400 i - zoo—ﬁilfi i
:;‘ !Ii ii ﬁ%
2001 u“;!,;!;; $ L 1001 iy, i;;’ii FIG. 4. Laboratory energy spectra GHe
1 & from the *He(a,®He)°He reaction atE, =158
0 , : ; : , 0 — et MeV. Selected mean c.m. scattering angles
105 110 15 120 125 130 135 95 100 105 110 115 120 125 130 <0 ) correspond to Iaboratory angleﬁb as fol-
c.m
lows: 6a((Ocm)); 8.0°(15.6°); 15.0129.2°);
. L 500 o . AN S
8004 <8, > = 523" I <6, > =733 27.0°(52.3 )., .38.0‘(73.3 ). The curves are
i L 4004 o L DWBA predictions for Gse<5 MeV (see texk,
600 L normalized arbitrarily to the measuredHe
< - 3007 i ground-state peaks.
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and the slopéon a logarithmic sca)e although being some- ably well. In the present study at 158 MeV, however, the
what steeper than that of the measurements, nevertheless BWBA calculations with the nine-parameter potential set
produced the shape of the measured cross sections reasg@fioduce a broad global minimum, extending from about
70° to 110°(c.m.), while the average slope between about
30° and 70°(c.m) is significantly steeper than revealed by
' ' the measurements. To investigate this strange behavior, we
also performed calculations with the nine-parameter optical
ARTTN potentials of Ref[1] (WAR118 at both 118 and 158 MeV.
4 While the 118 MeV results of Refl] could be reproduced
exactly, the above-mentioned qualitative discrepancy at 158
MeV (see Fig.  remains. It is interesting to note that dif-
ferent nine-parameter optical potentials yield similar anoma-
lous results. One possible explanation for this is that repre-
senting the real component as the sum of two attractive real
Woods-Saxon wells, although reproducing elastier scat-
tering data very well, may lack a sound physical basis. Con-
sequently, these potentials may yield an unphysical descrip-
tion of the 3He and®He distorted waves in the exit channel.
Absolute normalization of the calculated DWBA cross sec-
- WAR118 tions was achieved by using theoretid‘é\ﬁ strengths ob-
-2 .* tained in the manner described before, the values of which
are presented in Table II.
The DWBA calculations for an incident energy of 158
I l l I T e . . .
0 20 40 60 80 100 120 MeV utilizing the six-parameter optical potentials extracted
in this study (NAC158bh predict theoretical cross sections
Qc.m. (deg) which are in much better agreement with the experimental
data(see Fig. 6 Normalization to the measured cross sec-
tions yields an experimentaDS strength of 1.%x10*
MeV?2 fm?3, which is a factor of~2.6 smaller than the cor-
responding theoretical valugsee Table ). An additional
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FIG. 6. Center-of-mass differential cross sections for the
“He(a,®He)°He(g.s) reaction atE,=158 MeV. Both measured
and theoretical predictions are integrated over the energy re-

gion corresponding to € e<5 MeV for central rays. The optical- . . . . . .
model parameters used in the DWBA calculatiofshown as calculation shown in Fig. 6 was obtained by using the six

curves are presented in Table I. The six- and nine-parameter poparameter optl(_:al potential set of Rpt] (NAD158b), Wh.ICh
tential sets of this study at 158 MeV are denoted by NAC158b andqas an unphysically narrow and vgry strongly attractlvg real
NAC158a, respectively. NAD158b is the six-parameter potential se oodS.-Saxozn well. Although predicting a somewhat higher
of Ref. [4] and WAR118 the nine-parameter potential set of Ref.theoreticalDg strength, satisfactory agreement in shape is
[1]. Statistical error bars are shown only where these exceed th®und with the previous six-parameter calculation and with
symbol size. Normalizations for the results of all potential sets ardhe measurements. This result is significant, considering the
as given by the theoretical values @2, except for the set very different characteristics of the two six-parameter optical
NAC158b, the results of which are normalized to the experimentapotential set§NAC158b and NAD158pused.

data(see Table ). The measured cross sections at an incident energy of 200
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| | reasonably well reproduced in the forward c.m. hemisphere
- by the phenomenological expression

04 = ( do

""""""" NAC200 do _ B
’ qq) —aexd—(b+c(Eaem) o], @)

c.m.

"'\ ———— NAC200b
\ where(E,).m. is the incident c.m. energy at the meam
relative energy(e), 6 is the c.m. scattering angle, and
the coefficients are a=68.1, b=2.05x102, and
¢=1.19x10 3. The single normalization factos, indicates
that the three sets of measurements converge to values of
similar magnitude at small angles. The slopes of the angular
distributions(on a logarithmic sca)eare, however, found to
reveal an energy dependence, characterized by increasing
steepness with increasing incident energy.
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VI. SUMMARY AND CONCLUSIONS

10 l T T T T .
0 20 40 60 80 100 120 The present measurements are found to be in agreement

) (d ) with previous results okv-a elastic scattering at 158 MeV,
cm. \9€8 while significant differences at 200 MeV are found with re-
spect to one of the earlier measurements. Real and imaginary

FIG. 7. Center-of-mass differential cross sections for thevolume integrals of the optical potentials extra(_:ted In th'.s
study support the energy dependences found in an earlier

“He(w,®He)°He(g.s) reaction atE,=200 MeV. The six- and . :
nine-parameter potential sets of this study at 200 MeV are denoteﬁtUdy at 158 MeV, in contrast to a previous result at 200

by NAC200b and NAC200a, respectively. The results for the po-Me,V- This is a st.rong indication that the present ela§tlc scat-
tential set NAC200a are normalized by the theoretical value of€MiNg cross-section values at 200 MeV are also reliable.
D2, while the results for the set NAC200b are normalized to the  This Study has shown that the shapes of thie energy
experimental datdsee Table . For more details, see caption to SPectra in the region of théHe ground-state peak are well
Fig. 6. reproduced by appropriate DWBA calculations at incident
energies of 158 and 200 MeV, which is consistent with pre-

MeV, together with the corresponding DWBA calculations Vi0US results at 118 MeV. However, nine-parameter optical
utilizing both the six- and nine-parameter optical potentialsPotentials comprising two attractive real Woods-Saxon
of this study at 200 MeM(NAC200b and NAC200a—see Wells, which describe elastic scattering accurately, are found
Table |), are shown in Fig. 7. Similarity to the corresponding to yield unsatisfactory results for the angular distributions of
results at 158 MeV is evident. While calculations performedthe “He(a, 3He) °He(g.s) reaction at both these incident en-
with the six-parameter potenual set predict the measur_emengsrgies_ This problem could be resolved to a large extent by
well, calculations utilizing the nine-parameter potential setsilizing six-parameter optical potentials. The ratios of finite-
seem o be inappropriate. An experimen strength of  1ange to zero-range calculations yield theoretidaf
2.9<10* MeV? fm?® is found by normalizing the six- strengths that generally overpredict the energy-integrated
parameter potentifNAC200b calculation to the measured (jfferential cross sections, by factors 6f2.6 and~1.7 for
data. This value is a factor of 1.7 smaller than the theoreti- these potential sets at 158 and 200 MeV, respectively. This is

cal prediction. consistent with the previous study at 118 MeV which re-

The measured angular distributions at 158 and 200 M\, teq an overprediction by a factor of2 at forward angles.
and of Ref[1] at 118 MeV are characterized by a predom|-A|SO’ the theoreticaDg strengths of this study are in agree-
nantly exponential form. All three sets of measurements arQ. ant with the value found at a lower incident energy

Consequently, the theoretical overprediction of the
TABLE Il. Experimental and theoretical predictions Dﬁ for 4He(a,3He)5He(g.s) cross section persists at higher inci-

the reaction*He(a,°He)°He (g.s). dent energies. At these energies the DWBA should be even
5 . 3 more reliable than at the lower incident energy investigated
E, Dy/10° (MeV? fm?) previously. Clearly, the reason for the observed discrepancy
(MeV) Pot. set Theoretical Experimental ~ N€eds to be investigated further.
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