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Microscopic and macroscopic distorted wave Born approximation calculations have been performed using
molecular, Michel and normal optical potentials to analyze the angular distributions of cross sections for 12
transitions populating the 0.0, 0.709, 1.454, 1.974, 2.538, 2.72, 2.84, 3.02, 3.93. 4.62, 5.42, and 7.20 MeV
states of*’P via the ,d) reaction. Only the molecular potential is able to produce satisfactory fits to the data,
but the normal optical potential is found to be inadequate in accounting for the large-angle data and the Michel
potential is just unsatisfactory. The spectroscopic factors fodtbkister transfer are deduced from the full
finite-range distorted-wave Born approximation and compared to the shell-model predictions for the even-
parity states.The spin-parity assignment of the 3.93 MeV state is confirmed. The best-fit value for the finite-
range parameter for the zero-range DWBA calculations is also deduced.

PACS numbdss): 24.50+4g, 21.10.Jx

[. INTRODUCTION cause of the large negativ@-value involved, the reaction
favors the transitions to states coupled to the maximum al-
Since the early observation of an unusual enhancement ééwed spin. Moreover, unlike the one-nucleon transfer reac-
cross section at large angles, commonly known as anomaloti®n, the (@,d) reactions involving two-nucleon transfer are
large angle scatteringALAS), by Corelliet al.[1] in « elas- ~ dependent on the coherence property, e.g., the relative signs
tic scattering by'®0 and®2S nuclei, it has also been noted in of the different components of the wave functions. The
other elasti¢2—8] as well as the nonelastig—13] processes («,d) reactions enjoy another advantage in that these can be
involving a particles. The normal optical potentials are analyzed in terms of both the macroscofituster transfer
found to be consistently inadequate in reproducing ALAS inand the microscopic approaches in the form-factor calcula-
the similar phenomena induced byparticles[13—17. Two  tions. Another important feature of thex(d) reactions lies
simple local potential§18], with a minimum number of in populating states with th€=0 transfer. Moreover, if the
varying parameters, have been proposed to explain ALASelative angular momentum of the two transferred nucleons
The first one with a squared Woods-SaxadS) geometry, is 0 and remains so in the reaction process onlyttfr@ansfer
advocated by Michel and his collaborat¢t®—-22, is a spe- L=J is allowed for the natural parity states, but two
cial type of optical potential, which is referred to as Michel L-transfersL=J=1 are permitted for exciting the unnatural
potential[18]. The second one is a molecular type of com-parity states, the spin transf€=1 being unique.
plex potential[18,23,24 having a repulsive core in its real The present study is undertaken to examine the influences
part. Both the potentials have been successful in reproducingf the normal optical, molecular and Michel potentials in
ALAS in the elastic scattering of particles[18—24 by  analyzing the two-nucleon transfer reactiéisi(a,d)3P at
somesd-shell nuclei. Nonelastic processes have so far beer26 MeV incident energy, with the target and energy chosen
in most cases, treated within the framework of direct-for the substantial ALAS effedtl8]. The latter two poten-
reaction theory using the normal optical potentials in thetials have not been tested for a two-nucleon transfer reaction.
distorted channels, except a recent study by Blaal. [25] The work is a part of a series of investigations on other
who have examined the effects of the molecular and Michehonelastic processes including the,{) on 2’Al [25], the
potentials in one-nucleon transfer reaction to the states dfa,p) on 22Si[33] and the @, ') on ?*Mg and 28Si [34] to
283, find the nature of thex-nucleus interaction which can ex-
ALAS, observed in &,d) and (a,p) reactions on?®Si  plain all the collision processes involvingparticles. In Sec.
[17] and (a,d) on ?’Al [26] have, so far, been analyzed in |l, the forms of the threax-nucleus potentials used in the
terms of an incoherent sum of the distorted-wave Born appresent work are presented. The DWBA formalism and
proximation (DWBA) contribution calculated with normal analyses are dicussed in Secs. Ill and IV, respectively. Sec-
optical potentials and the compound nucleus contributiortion V deals with the discussion on the results of the analy-
predicted on the basis of the Hauser-Feshbach mi@¥#! ses. The conclusion is given in Sec. VI.
The method has, however, enjoyed a limited success. In par-
ticular, the elastic and t_ransfer data could not be fitted with Il a-NUCLEUS POTENTIALS
the same optical potential.
The («,d) reaction has been shown to be a valuable spec- The squared WS Michel potentig20,21] including the
troscopic tool for locating two-particle stat8—32. Be-  Coulomb termV(r) comprises of the following forms
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[18,2Q of the realV)(r) and imaginaryW(r) parts: and outgoing channels, respectiveps=[n;l1j,1] and p,
5 o =[n,l,j,] denote the orbital quantum numbers for the trans-
Vu(r)=—Vol1+aexp{—(r/p)}] ferred nucleons in the final nucleugq p,p,;J0] are the

X[1+expl(r —Re)/2apt] 2+ Vo(r), 1 spectroscopic amplitudes in thj¢-coupling for an angular
[ A R)/2ag}] c(r) @ momentum transfel and an isospin transf@r=0. The large

Wiy (r)=—W[1+expl{(r —R))/2a,}] "2, (2)  square bracket in E¢) refers to the normalized Psymbol,
with LS-jj transformation factof36]. By, describes the ki-
with nematical aspects of the reaction. In E8). the light particle
spectroscopic factoc?s=1.0 for (a,d) reactions has been
Z,2,€? r2 used.
Vc(r)={ 2Rc 3- Q for r<Rc 3 In the macroscopic DWBA calculations, no information
¢ on the structure of the cluster is required except the quantum
2,2,€° numbers N,L) is defined by
= for r>Rc. (4)
r 2(nj+ny)+1,+1,=2N+L, 9

_ 1/3 : H—
In Egs. (D—(4) Ri=riAr™ with i=R, |, andC, has been  hore the quantum numbers=0 and\ =0 are assumed for
defined in terms of the usual radius parameter. the relative @-state internal motion of the transferred clus-

bog;]ethrggflcﬁtlﬁ‘irzﬁw(getﬂiagrgr]:gcyhcii?e g;?yeﬁtneg[iggg amglﬁgﬁ'ter. The expression for cross section in terms of the cluster
. uantum numbersN,L) is given by[36
[23,24], has the following formg18,24,23 for the real, q NiL)is g yI36]

Vi(r), and imaginaryW,(r), parts: do mime K
iMf f

Vin(F) == Vo[ 1+exp((r —Ro)/ag}] 1 dQ (24122 k
+Vy exp{— (r/RH)}+V(r), (5)

(2J+ 1)% |G Reb 2. (10

In Eqg. (10), only oneN value is considered to contribute, the
two nucleons in the cluster being in the relativedate. The
structure amplitudé€s, ;, as defined by Glendennif86] is

Thus, the real part is nonmonotonic with a short-range repul‘—3Xpressed as

sion. The Coulomb and nuclear radii are scdl&8,24] ac-

Win(r)=—W, exp{— (r?/R3,)}. (6)

I, I, L
cording toR,=R,;+roA¥® with i=0,1C,W andry,=1.35 11 12
fm. _ _ 12 1/ . I
The normal optical potential for the alpha-nucleus system GLJ_E‘Z (2= 85,p,) "B Tp1p2:30] 2 2
including the Coulomb term is given B27] i1 i J
X Qo OONL:L|nyl 1, N5l 5:L). (12)

d

o y In Eqg. (11), Qy, denotes the overlap of the spatial wave
where f(x;)=(1+e%) "' with x;=(r—r;AY®)/a; and the function of relative motion of the two particles in the trans-

subscripti=0,W andD. ferred cluster with the corresponding part in the incident
particle. (|) represents the Brody-Moshinsky brack&6—
IIl. THEORY OF DWBA FORMALISM 37].

| b £ spi bit i . he diff - Denoting the macroscopic cross sections calculated for

n absence of Spin-or it _|nteract|on§, the di er_entla the L-transfer with the FFR codebwucks [38] by
cross-section for an_c(,d) reaction on a spin-0 target ek (do/dQ)fys and taking advantage of the incoherent sum
particularJ-transfer in the DWBA theory35] is given by over theL-transfets) as in Eqs.(8) and (10), one can write

the experimental cross sections for this reaction as

do wpipr ki
—= —(2J+1
dQ (27422 k! ) ( U) (23+1)| A (da N +A dU>L2
90 = L1l g0 L2l 9o .
l, I, L 2 dQ/ dQ/ ps dQ/ oy
(12)
1/ . I L
X% plzpz B p1p2130] 2 2 Bl On the other hand, the experimental cross sections are related
i, J to the microscopic cross sectiondaf/dQ)g, calculated
Lol © with the ZR codepwucka4 [38] by
8
i do do
whereu’s andk’s are, respectively, the reduced masses and ATo) =N ATO) . (13
wave numbers. The subscript@and f refer to the incident d expt d DW4
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TABLE I. Potential parameters for DWBA calculations. The potential déptlor the bound states is
adjusted to give the separation energy.

Channel a+ 28sj d+p d+d d+ 28si
Potential Molecular? Michel 2 Optical® Optical® Bound staté
type
V, (MeV) 26.0 21.0 50.42 102.7 \% \
Ry (fm) 5.35 5.00
ro (fm) 1.699 1.07 1.05 0.935
ag (fm) 0.34 0.60 0.505 0.852 0.50 0.997
V; (MeV) 42.0
R, (fm) 2.80
o 5.82
p (fm) 6.25
W, (MeV) 15.0 28.9 10.34
Ry (fm) 4.0 3.85
r, (fm) 1.699
a, (fm) 0.65 0.505
Wp (MeV) 16.10
rp (fm) 1.53
ap (fm) 0.574
Vso (MeV) 6.0
rso (fm) 1.07
ago (fm) 0.852
re (fm) 1.30 1.30 1.15 1.25 1.3
Re (fm) 9.35
%Referencd18].
PReferenced 17].
‘Referencd40].
N in Eq. (13) is the normalization constant for thex/d) A. Macroscopic DWBA calculations
reactions. The form of Eq12) shows thatA ; andA, are The macroscopic analyses have been performed using the

the spectroscopic factof26,32 for theL1 andL 2 transfers, | finite-range DWBA codeowucks [38]. The bound-state
respectively. The spectroscopic facfab] A, in Eq.(12) for geometries for tha-d and d-28Si Woods-SaxorfWs) po-
each of thel. transfers and the normalization constanin  (antials, shown in Table I, are taken frofb7]. The bound
Eq. (13) can be extracted from fitting the experimental crossqiate \ave functions for the transferred deuteron in alpha as
sections. well as the final nucleus have been generated by adjusting
the deuteron separation energies. At the start of calculations,
IV. DWBA ANALYSIS the accuracy parameters used in the codecks have been
assigned appropriate values, to define effective width of
wave numberg38,41 in the expansion of the distorted
owaves in terms of plane waves for making the zero-range

DWUCK4 and DwuUcks [38], respectively. Both the codes are cal_culations identical to those from the co_dwucm [38].
modified to include the Michel potential. Corrections due to NS €nsures the necessagvergencéor the integral for the

nonlocality [38,39 of potentials in the conventional form Zero-range form factor, defined in EQ.9) of Charlton[41].
have been applied using the nonlocality paramefg(s) The cluster configurations of the transferred deuteron for
=0.2 andB(p)=0.85 fm. In both the microscopic ZR and the different states of excitation are shown in Table Il. For

macroscopic FFR calculations, the molecular, Michel, andhe final states with natural parity, populated by dnteans-
normal optica| types O&'ZSSi potentia| and the Optica’_3OP fer, the DWBA predictions are normalized to the data to
potential have been employed. The parameters of the madeld the relevant spectroscopic factdy as defined in Eq.
lecular and Michel potentials are taken from the work of(12). On the other hand, for the transitions involving tio
Tariq et al. [18], and those of the normal optical potentials transfers, leading to the final states with unnatural parity, the
for the incident channel are from Jankowskial.[17]. Sev-  Spectroscopic factors are obtained by minimizing the value
eral sets of thel-3% optical potentials including that from of x* defined by

Ref.[17] have been tried, but the one from the work of Fitz
et al. [40] produces the best fit. All the potential parameters
employed in the present analyses are displayed in Table I.

The microscopic zero-range and macroscopic full finite-

(14)

2= E Texpl 0i) — opw( 6) 2

A Uexp{ 0;) ’
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TABLE IlI. Cluster specstroscopic factors are compaared to the theoretical shell-model factors for the
FPSDI, CW, and MSDI interactions. FPSDI and CW spectroscopic factors are taken frof3BeMSDI
factors are calculated from the spectroscopic amplitygi&of Ref.[17] by the method outlined in Ref32].
S, values are normalized to the value|@&Z?9? for the 7.20 MeV state.

E, J Cluster Cluster spectroscopic factor Shell model spectroscopic factor
configuration S =|G_,|%|G{A9?
(MeV) N,L AL? AP ALC FPSDI CW MSDI
0.0 1t 2,0 0.23:0.07 1.76:0.20 0.28 0.448 0.043 0.168
1,2 0.23-0.07 d 056  0.237 0.121 0.031
0.709 1 2,0 0.16:0.07 1.45-0.20 0.029 0.030 0.020
1,2 0.24+0.08 d 0.85 0.617 0.274 0.038
1.454 2F 1,2 0.25-0.05 0.26:0.04 0.32 0.372 0.081 7.&10¢
1.974 3 1,2 0.11-0.04 0.72£0.13 0.041 0.078 0.004
04 0.09:0.03  0.47-0.20 6.1x10* 0.134 15103
2538 3 1,2 0.16+0.04 0.670.14 0.015 0.165
0,4 0.07:0.03 <0.25 0.426 0.076
2.72 2 1,2 0.28:0.05 0.12:0.02 0.34 0.058 0.045
2.84 3 1,2 0.08:0.02 0.16-0.07 0.007 0.007
04 0.09:0.02 0.33:0.11 0334 0.254
3.02 1 2,0 0.03:0.02 0.540.15 0.27 9.¥10°* 0.319
1,2 0.32:0.05 0.06-0.10 0.35 1.410°% 0.021
3.93 2 2,1 0.11-0.04 0.32
1,3 0.18£0.04
(39 1,2 (0.06+0.05) (0.14-0.05)

0,9 (0.08+0.05)  (0.05-0.06)

4.62 3 2,1 0.15-0.04 0.170.02 0.30
5.42 e 2,1 0.54t0.09
1,3 0.06-0.03 0.86
3Present work.
bReferencd32].
‘Referencd 17].

%Too small a value to quote.

where oo, ) = (da/dQ) e, 0;) and Ao, 6;) are, re- molecular potential produces the best fits to data for all the
spectively, the experimental cross section, as defined in Eqransitions. Furthermore, the Michel potential generates cross
(12), and its error at the scattering andgle opw(6;) is the  sections, which are lower by 1 to 2 orders of magnitude than
cross section predicted by the DWBA theory. those predicted by either the normal optical or the molecular
The DWBA predictions with the molecul&solid curveg,  potential. Table Il gives the comparison of the total spectro-
normal optical(broken curves and Michel(dotted curves  scopic factors for the cluster transfer for the three types of
potentials are compared to the data of the ground)(1 potentials.
0.709 (1), 1.454 (2"), 2.72 (2), and 3.02 MeV (2) The compiled work of Endt and van der Le(#¥] sug-
states in Fig. 1; to the data of the 1.9747()3 2.538 (3"),  gests alternative spin parity for the 3.93 MeV stateJds
and 2.84 MeV (3) in Fig. 2; and to the data of the 3.93 =1", 27, or 3". While de Meijeret al. [32] assigned]™
(27),4.63(3"), and 5.42 MeV (2) states of*°P in Fig. 3.  =3" for the state, Jankowskit al. [17] suggested 2. The
It is amply clear from Figs. 1-3 that the calculations with theDWBA calculations with the molecular potential for both
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data are fron{17].

J7™=2" and 3" are compared to the experimental cross sec-
tions in Fig. 4. TheJ™=2" assignment is clearly favored,

confirming the observation of Jankowsi al.

B. Microscopic DWBA calculations

The microscopic calculations have been performed using
the zero-range codewuck4 for the positive parity states
with the transferred particles stripped to thd-shell. The

do/d) (mb/sr)

PHYSICAL REVIEW C 62 054605
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FIG. 2. Same as in Fig. 1 for the transition to the Sates of

30
FIG. 1. Comparison of the full finite-range macroscopic DWBA
calculations for the?®Si(«,d)3°P reaction at 26 MeV leading to the
1% and 2" states of*% to the differential cross section data. The
solid, broken, and dotted curves are the predictions using the mo-
lecular, normal optical, Michek-28Si potential, respectively. The

present analyses make use of three sets of spectroscopic am-

plitudes B2, two sets based on the FPSDI and MSDI Ham-
iltonians as defined in Wildentha&t al. [42] and the shell-
model wave functions of thé®Si and 3P nuclei given by
Wildenthal et al. [42,43 and the third one, labeled by CW
[32], derived from the wave functions of Chung and Wil-
denthal referred to if32]. The FPSDI and CW amplitudes
are taken from de Meijeet al.[32], while the MSDI ampli-
tudes are from Jankowsldt al. [17]. All the three sets of
spectroscopic amplitudes are calculated in the model space
of 0dsj>-154/o-0d5),. Since the codepwuck4 and DWUCKS5
assume that the spherical harmonics carry a time reversal
phase ofi', a factor not used in the phase conventions
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FIG. 3. Same as in Fig. 1 for the transition to the &nd 3
adopted in the calculations of the spectroscopic amplitudestates of*°P.
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TABLE Ill. Comparison of deduced total specstroscopic factors from the macroscopic and normalization
factors for the microscopic FPSDI calculations using the molecular, normal optical, and Michel potentials.
Total spectroscopic factor is the sum of the spectroscopic factors for thé tnamsfers for the unnatural
parity states.

Total spectroscopic factors Normalization constant
E, Macroscopic calculations Microscopic calculations
(MeV) J7 L Molecular Optical Michel Molecular Optical Michel
0.0 1" 0+2 0.46 0.74 23.4 280 480 7000
0.709 1 0+2 0.40 1.33 30.0 70 85 8000
1.454 2 2 0.25 0.50 11.0 270 950 1800
1.974 3 2+4 0.20 0.57 20.0 1500 2000 35000

[32], the amplitudes have been multiplied by an extra phas@ev (3%) states of*°%P. As in the case of the macroscopic
of i'+*12"" before feeding these to the codes. analyses, the molecular potential provides the best descrip-
The bound state wave functions for each of the transferredlon of the data and the Michel gives the worst. Moreover,
nucleons have been generated by assuming a real Woodgre predicted cross sections with the Michel potential are so

Saxon well with the geometry parametegs=1.25 fm and  small that they need normalization factgi@ble II), larger
a,=0.65 fm and the depth adjusted to produce the bindindy orders of magnitude, compared to those for the molecular
energy equal to half the separation energy of the transferregind normal optical potentials.

deuteron. A Thomas-Fermi spin-orbit term with=25 has Figures 7 and 8 display the comparison of the micro-
also been used for the bound state wave functions. scopic DWBA calculations with the finite-range parameter
A Gaussian form of finite range correction in the local 100

TT T T T T T I T [ T T T T T T T T T T T T T [ T T T T T T T T Ty T T T T 7T
I I ] T I T T I

energy approximatiofi38] has been investigated. Figure 5

T T 1T

compares the microscopic DWBA calculations for the mo- “Si(c.d)**P Microscopic(FPSDI) ]
lecular type ofa-?°Si potential using the range parameter | ——— (fre=00)
R=0.0 fm (broken curveg 0.7 fm (solid curve$ and 0.85 E (fre=0.7)
fm (dotted curvekto the experimental data for the transfer to TN gs At (frc=.85) ]
the ground (1), 2.53 (3"), 2.84 (3"), and 3.02 MeV (2) NG 1

states. The finite-range correction wig=0.7 fm improves
the fits to the data.

The effect of the three types of the 22Si potential on the
microscopic DWBA calculations has also been examined us
ing the spectroscopic amplitudes calculated from the FPSD
interaction. Figure 6 displays the DWBA predictions for the
molecular(solid curve$, normal opticallbroken curvesand
Michel (dotted curveppotentials, which are compared to the
data for the ground (1), 0.71 (1), 1.45 (2"), and 1.97
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FIG. 5. Comparison of the zero-range microscopic DWBA cal-
culations using the FPSDI spectroscopic amplitudes and the molec-
ualr potential in thex channel for the?®Si(a,d)3°P reaction at 26

Angle ©_, (deg) MeV leading to the groundl™), 2.538(3"), 2.84 (3*), and 3.02
MeV (27) states of3°P to the differential cross section data. The

FIG. 4. Full finite-range macroscopic DWBA calculations using solid curves are the predictions using the finite-raffgi@) correc-
the molecular-28Si potential for the 3.93 MeV state assuming the tion with FR parameteR=0.7 fm. The broken and dotted curves
spin-parity J”=2" (solid curveé and 3" (dotted curvg are com-  are the predictions witR=0.0 and 0.85 fm, respectively. The data
pared to the data. The data are froh7]. are from[17].

10.3 IIII|II|I|l|II|l|ll||lll||III|II[I|[II.I|IIII

0 20 40 60 80 100 120 140 160 180

054605-6



EFFECT OFa-NUCLEUS POTENTIAL ON THE ... PHYSICAL REVIEW C 62 054605

101 E‘I TT | TTTT I TTTT I TT 1T TrTT | TTTT | TrrrT | L I TTTT 101 El TT T ]‘I TTF I TTTT I TrrrT ] TTTT I TTTT I TTTT I LI I TTIT IE
; B5j(0,d°P Microscopic (FPSDI) 3 E 2gj(,d)°P Microscopic 3
100 . ———  molecular - 100 3 — epsDi E
F. gs.1 ————  optical 3 E ———= oW 3
[~ . ] S. ]
R Michel b e S A MSDI .

AN /\ 10+

0.709 MeV,1"
x10™

T T
bl

102

sl

IREAALL|
fo
fooe
o

1.454 MeV,2" eee

% = o0l X102 ¢ 8 ¢ -

g g 10 ° Y E

a é - 7

k=l - -

3 S C =
s 3

.8 10"'5— —§

F 272 MeV, 17 ]

108 x10* =

: P ooy e

- 3.02Mev,2" R AR

e § x10° =~

= R LIS 3

107 . tts =

. E t + + ¢ LA t 3

10-7|III§|III|1]II|II!I|KIII|IlIl R e N : :

0 20 40 60 80 100 120 140 160 180 I T

10»3 1111 I 1111 | L1 | 1111 I | l 111 | | L1111 | | [ 11119

Angle @ (deg) 0 20 40 60 80 100 120 140 160 180

Angle O . (deg)
FIG. 6. Comparison of zero-range microscopic DWBA calcula-

tions with FR correction for thé®Si(a,d)3°P reaction at 26 MeV FIG. 7. Comparison of zero-range microscopic DWBA calcula-
leading to the ground(1®), 0.709 (1*), 1.454 (2*), 1.97 tions with Fr correction and the molecular potential for the
(3"), and 7.20 MeV(7*) states of*°P to the differential cross 28Sj(a,d)3°P reaction at 26 MeV leading to thé hnd 2" states of

section data. The solid, broken, and dotted curves are the predi€®p to the differential cross section data. The solid, broken, and

tions using the molecular, normal optical, and MiclkeF®Si po-  dotted curves are the predictions using the FPSDI, CW, and MSDI
tential, respectively. The data are frdai7]. spectroscopic amplitudes. The data are fid].

R=0.7 fm and the moleculaz-2%Si potential, for the FPSDI  which compares closely witk =870+ 20 and 656 20 ob-
(solid curvey, CW (broken curves and MSDI (dotted tained, following two methods for calculating the form fac-
curves interactions. The calculations with the three interac-tors, by de Meijeret al.[32]. But only a few of the extracted
tions produce more or less the same quality of fits to thexX values for other states given in Table IV are close to the
transfer data to the ground (), 0.709 (1"), 1.454 MeV  model independent value, deduced from the reaction data for
(2*) stateqFig. 7). The FPSDI and CW amplitudes produce the 7.20 MeV state. None of the FPSDI, CW, and MSDI
identical predictions for the 2.72 MeV (3 state(Fig. 7) interactions produce a consistent set of values for the nor-
and 2.84 MeV (3) state(Fig. 8) and the same quality of fits malization constant.

to the 1.97 (3) and 2.538 (3) MeV stategFig. 8). For the

3.02 MeV state, FPSDI gives a better description at large C. Spectroscopic factors

scattering angles than CW doésig. 7). Nonetheless, the The model dependent spectroscopic factors are calculated

spectroscopic amplitudes from the three interactions produc&om the FPSDI, CW, and MSDI spectroscopic amplitudes
completely different spectroscopic facto®, as listed in 12 by the meth,od ou’tlined ifi32]. Since the spectroscopic

Table Il. Moreover, the experimental cross sections for th actor for the 7.20 MeV state is unity, the spectroscopic fac
. . + . ) -
reaction leading to the ground (3, 0.709 (1), 1.454 tors for other transitions are obtained by

(2%), 1.974 (3"), 2.538 (3"), 2.72 (2), 2.84 (3"), and
3.02 MeV (1") states of*%P, need normalization constants 1G,,2
as listed in Table IV, which are widely different and incon- g=— 2
sistent. |Ge7.20
The 7.20 MeV (7") state is considered to have a pure

stretched (®,,)? configuration leading to the spectroscopic where the structure fact@, ; is expressed through E¢L1)
amplitude for the &,d) reaction as3¥?=1.0[30,32. This  and Gg/(7.20)=0.581, denotes the value of the structure
model independent value @2 has been used to deduce the factor for the 7.20 MeV state. TH& values, which are listed
normalization constant for the reaction &=722+25, in Table I, are taken from de Meijeet al. [32] for the

(19
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both in terms of the FFR DWBA with the cluster form factor
and the ZR DWBA with the microscopic form factors. In the
latter calculations, the FPSDI and C\82] as well as MSDI
[17] spectroscopic amplitudes derived from the wave func-
tions of Wildenthal and his collaboratofd2,43 and Ref.
[20] cited in the work of de Meijeet al.[32]. The data of the
odd-parity states are analyzed only in terms of the macro-
scopic FFR calculations.

In both microscopic and macroscopic DWBA calcula-
tions, the molecular potenti@Figs. 1-3 and 7 )8produces
the best description of the data for all the transitions studied.
The Michel potential, which has been shown to describe sat-
isfactorily the elastiax+2%Si data[18], is found inadequate
not only in accounting for the pattern of the angular distri-
butions(Figs. 1-3, 6, but also in reproducing the right order
of magnitude for the cross section data. The normal optical
potential, on the other hand, which can fit the angular distri-
bution at forward scattering angles and predicts the same
order of cross sections as the molecular one does, is found
inadequate in describing the data at large scattering angles
(Figs. 1-3, 6.

The finite-range correction to the ZR microscopic calcu-
lations produces substantial effects on the pattern of the an-
gular distributions and improves substantially the fits to the
data as can be seen in Fig. 5. This confirms the observation
made by Bencze and Ziman5]. The best fit value for the
finite-range parameter found iB=0.70 fm for the reaction.

In the literature, an ambiguity in the spin-parity assign-
ment for the 3.93 MeV state is noted. The comparison of the

FPSDI and CW spectroscopic amplitudes. For the MSDI in-macroscopic DWBA predictions fod”=2" (solid curve

teraction, theS; values are calculated using E@.5 from
the MSDI spectroscopic amplitudes from Jankowskil.
[17]. The theoretical spectroscopic fact@s are compared
to the experimental spectroscopic factdys, deduced from

the macroscopic analysis in Table II.

V. DISCUSSION

and 3" (dotted curvg in Fig. 4 to the experimental data
favors the former, confirming the assignment of Jankowski
et al.[17] and contradicting that of de Meijat al. [32].

The spectroscopic factord, for the transitions to the
final states up td&,=5.42 MeV are deduced by comparing
the macroscopic DWBA calculations to the data. Table II
compares the deduced spectroscopic facdgrso those ob-
tained at 50 MeV incident energy by de Meijet al. [32]

In the present work, both the molecular and Michel typesand those extracted using the same data as of the present
of a-nucleus potential have been used, for the first time, fowork by Jankowskiet al. [17]. The results of Jankowski
the analyses of two-nucleon transfer data. The data for thet al. are not reliable as they included the compound nucleus
even-parity states up tB,=3.02 MeV, have been analyzed contributions in their analyses. The results of de Mesdjeal.

TABLE IV. Normalization constant for the microscopic zero-range calculations for different shell-
model interactionsX, is the value relative to the model independsrt 722 for the 7.20 MeV state.

E, J7 L Normalization constan¥ Relative normalization constatyt,

(MeV) Interaction Interaction
FPSDI Cw MSDI FPSDI Ccw MSDI

0.0 1t 0+2 280 4000 800 0.388 5.540 1.108
0.709 1 0+2 70 180 1500 0.096 0.249 2.08
1.454 2 2 270 850 5500 0.374 1.177 7.618
1.974 3 2+4 1500 500 7000 2.077 0.692 9.965
2.538 3 2+4 220 900 0.304 1.246

2.72 2 2 550 4500 0.762 6.233

2.84 3 2+4 350 450 0.484 0.623

3.02 1 0+2 14000 450 19.39 0.623
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are based on the zero-range calculations. Nevertheless, theaproduced over the entire angular range without the addition
A, values for the transitions involving onetransfer leading of compound nucleus contributions, which are unlikely to
to, particularly, the 1.454 (2) and 4.62 MeV (3) states happen at the incident energy considered herein.
are remarkably close to those of the present work. The present work in conjunction with the previous studies
The A, values for the even-parity states and the modebf the a-elastic scattering 0A*Mg and ?83%i by Tariget al.
dependent theoretical spectroscopic factsrs defined in  [18], of the (a,t) reaction on?’Al [25] and the ¢,p) reac-
Eq. (15), are compared in Table II. It can be noticed thattion on 28Si [33] by Daset al, and of thea-inelastic scat-
apart from the ground state (), 1.454 (2°), and 2.72 MeV  tering on®*Mg and ?Si by Rahmaret al.[34] confirms that
(2*) transitions, the total spectroscopic fact®#, agree the molecular potential is the best of the three types of
with =S, for the CW interactions. On the other hand, the @-nucleus interactions including the Michel and the normal
FPSDI predictions fo2 S, values are closer to the experi- optical potentials, in describing the elastic, inelastic and re-
mental=A_ for the ground and 1.45 MeV states. Neither of arrangement collision processes on #ieshell nuclei. This
the FPSDI and CW interactions reproduces the experimentaishers in hopes for finding a globatnucleus potential, as
A for the 2.72 MeV state. It can also be noticed from Tableobserved by Hodgson46]. It remains to be examined
IIl that FPSDI vyields larger spectroscopic strengths comiwhether the molecular type of potentials are capable of ac-
pared to CW. This is also reflected in the deduced values ofounting for collision processes involving particle and
relative normalization constants,. in Table IV, where other light and medium-light nuclei. For this purpose, it
FPSDI needs in general small®rvalues to get to the data. would be extremely helpful to have complete angular distri-
None of the three interactions, viz. FPSDI, CW, and MSDI,butions for different processes involving a particular nucleus.
is able to yield consistent values to account for the even-

parity states. However, the model-independert 722+ 25 ACKNOWLEDGMENTS
is obtained from the data of the 7.20 MeV(\V state, where _
the spectroscopic amplitude is believed to be unity. This work was partly supported by Grant No. INT-
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grant from the Ministry of Science and Technology, Govern-
ment of Bangladesh, which are thankfully acknowledged.

Both the macroscopic and microscopic DWBA analysesOne of the authors, S.K.D., is thankful to Shahjalal Univer-
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