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Two mode, finite range distorted wave Born approximation analysis of the’Be(p, a)®Li reaction
at 45 and 50 MeV

Y. Yamashita and Y. Kudo
Department of Physics, Osaka City University, Sumiyoshi-ku, Osaka 558, Japan
(Received 3 June 1996

The °Be(p,a)®Li reaction at 45 and 50 MeV has been analyzed in the finite-range distorted-wave Born
approximation(FR-DWBA) formalism including both the direct and the exchange modes, in which all one-
step DWBA terms have been treated coherently. The spectroscopic factors are obtained theoretically by
making use of the cluster-coupling shell-model wave functions. Numerical calculations show that the inclusion
of the coherent contribution of the direct and the exchange modes is of considerable importance to give a
reasonable agreement with the experimental d&@556-28186)03610-2

PACS numbeps): 24.10.Eq, 24.50:g, 25.40.Hs, 25.55.Hp

Recently several authors have reported the results of athe FR-DWBA including both the direct and the exchange
experimental study of thep(«) reactions in the nuclefBe ~ modes, in which all one-step DWBA terms involving trans-
at a proton bombarding energies of [452] and 50 MeV[3].  fers of single particles or bound clusters may be treated co-
While this reaction for proton bombarding energies belowherently. Moreover the spectroscopic factors for each mode
the Coulomb barrier is of interest in studying the mechanisnare obtained theoretically by making use of the cluster-
of primordial nucleosynthesi$4,5], our main interest at coupling shell-model wave function$,7].
present will be to obtain the useful information concerning  Now we briefly explain our FR-DWBA formalism for the
the reaction mechanism itself. At high bombarding energies?Be(p,«)Li(g.s) reaction. The details of the formalism
(p, @) reactions can be generally described by a direct reagoresented here are discussed more completely in [Rgf.
tion mechanism. The distorted wave Born approximationThe differential cross section is given by
(DWBA) is a very successful tool in analysis of direct

nuclear reactions. d_ff_ HpHa Q 1 D M2
On the basis of the pictures of the cluster model of the dQ  (27#%)? Kk, (21,+1)(2l ge+ 1) M m Mgy, IMI%
nuclear structure, a finite-range DWB/&R-DWBA) analy- " @

sis of the reaction’Be(p,)®Li(g.s) at 45 MeV has been
given by DeVrieset al. [1], suggesting that both the light- whereM is the total transition amplitude which is the sum of
particle pickup(LPPU) for forward angles and the heavy- the direct transition amplitudMP and the exchange one
particle pickup(HPPU) for backward angles should be con- ME as follows:
sidered in describing the behavior of the experimental
angular distributions. Their calculations generally yield ac-
ceptable fits to the experiments, while have a tendency to. -
overestimate the absolute values of the experiments for bac%‘-{'th the stgtlstlcal g,aCtorND qnd Ne [9]. The_ DWBA tran-
ward angles by three or four times of magnitude, but gives't'on amgphtudeS\/IG for ‘Qe.d'red mode, which is described
rough estimates for the relation between spectroscopic fa S pt Be(=t+ L')._) L'+.a(:p+t)’ with  muiti-
tors of LPPU and HPPU processes. For the same reaction ijteractions in the prior form is
18—45 MeV, Hauseret al. [2] have shown that the inte- D_,.D o D
grated cross sections of the forwae{0°—90°) and the MZ=(Xr Vet Vosi = Upadxi') @
backward o(90°~180°) are proportional to the spectro- similarly, M for the exchange mode, which is described as
scopic strengths for the LPPU and the HPPU processes, g1 98e(= o+ 5He)— 5Li( = p+ 5He)+ a, is
spectively. Based on the measurements of the strong rise In
forward and backward directions of the ar_lgular_distributi_ons, ME= <XfE|Vp—a+Vp—He_ Up—Be|XiE>i (4)
they have shown the HPPU process, in which the light-
particle knockout(LPKO) is consequently contained, to be where the term¥ .. andV_; in Eq. (3) [V,., andV_e in
an important contribution in describing the experimental datéEq. (4)] are responsible for the usual light-particle pickup
reasonably. Moreover, Gurevidh al. [3] have investigated (LPPU) and heavy-particle knockoyHPKO) [light-particle
the same reaction at 50 MeV and compared the experiment&hockout (LPKO), and heavy-particle pickupHPPU)].
angular distributions with theoretical ones calculated by thelhese interaction potentials for both modes are taken as the
FR-DWBA with the LPPU(triton pickup in the direct mode real Woods-Saxon form without the Coulomb interaction.
and the HPPU YHe pickup in the exchange mode incoher- Parameters for the transition interactions except\grs,e
ently. The experimental angular distributions cannot be repgiven in Table I(middle) were taken to be the same ones as
resented by the resulting calculated ones at whole angles. used by several authof40,11. Here, as for the interaction

In this paper we investigate the reaction V., we derived from the interpolation of the interactions
°Be(p,a)®Li(g.s) at 45 and 50 MeV in the framework of V.epe andV spe [12].

M=NpXMP+NgxME )
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TABLE I. The potential parameters f¢iop) the bound statémiddle) transition interaction, antbottom)
distorting potential used in the calculation.

Bound stat@

System State r (fm) a (fm) V (MeV) Eg (MeV)

t+5Li 2p 2.20 0.90 —57.34 17.69

t+p 1s 1.18 0.80 —76.14 19.82

a+5He K3 1.20 0.40 —126.79 2.53

p+5He 1p 2.30 0.90 —-28.19 4.65

Interaction r (fm) a (fm) V (MeV)

Vo 1.39 0.40 -61.40

Vo 1.25 0.60 —59.00

Voo 1.40 0.44 —45.00

Ve 1.40 0.30 —-59.05

Distortion

System E, MeV) V (MeV) W, (MeV) Ws(MeV) r (fm) a (fm) r, fm) a, (fm)

p+gBee 45 —-51.6 —7.50 —-8.28 1.11 0.57 1.11 0.50
50 —-50.3 —-7.50 —-8.01 1.11 0.57 1.11 0.50

a+OLif 45 —-95.0 —3.00 —-4.70 0.97 0.70 2.69 0.45
50 —93.6 —3.56 —-4.79 0.97 0.73 2.69 0.48

8Referencd3].

bReferencd10].

‘Referencd 11].

dreferencd 12].

®Referencd 13].

'Referencd1].

The)(iD andX? are entrance- and exit-channel wave func- The cluster expansion for the target nucl@s-t+R) is
tions in the direct mode, respectively, given by

X0 =Y g (€l Ta) Y (€p) @y (Kp Tpge), (5) ‘I’PTM#&’%RMR):[; Ore,R) (1 MMy [j )
€ T

- IBe
X (1l rutMell M)W Py (£)

©) X WPy (ERUR 1 (1R)Yim, (TR),  (7)

nly

XP=WP% (&p &rp) Wi (E0)eh " (Kol ari)-

Similarly, the entrance- and the exit-channel wave functiongvhere the expansion coefficiefit g, is fractional parent-
xF and xE in the exchange mode are given. The functions9€ coefficient(cfp), whose value is calculated in the

WP (€ £ andq’Pj\/lQ(fpafhrpt) are, respectively, L-S coupling scheme according to the Appendix of

lgMge Ref. [6]. Similarly, the functions WP r
the bound state wave functions f8Be anda in the direct L6] 4 £ 1Mo E0Tou),
|

E

mode. Both of the bound states of the clusters in the targe\{'ITMT(fa’gc'raC)’ and Wy v (ép.éc,rpc)—the second
(the residugl nuclei for each mode, which are, respectively, and the third term qf which represent the bound states of the
assumed to be@state in direct and Sstate(1p stat¢ in  targetT and the residual nuclét in the exchange mode—are
exchange mode for simplicity, have been obtained in term§xpanded in terms of the corresponding fractional parentage
of a real Woods-Saxon type to give the proper separatio§O€fficients 0,5, br(a,c), and Orpc), respectively.
energy. The distorted waves (Pgﬂ(kp oz and Therefore the speDctroscoEplc amplltudes_ for the direct and the

(—)* . . exchange mod&-~ and S- are, respectively, expressed by
@, 7 (Ky.rqui) are generated by the optical model potentlalN .9 0 and Ne.- 6 9 Our results for

: 1 Np- Ort,r)" Gu(p y) £ 07(ac)" ORp.C) -

Up.e and U,..;, respectively. f‘s regards the potential ye gpectroscopic amplitude®®=0.245 andSE=—0.406
Up.ge in the entrance channg@l+“Be, we used the energy gre consistent with the values of Ref§4—16, respectively.
depéan_dent Woods-Saxon tydd3]. In the exit channel We calculated the differential cross sections for the
a+°Li, we used the same potentials as DeVrasal. [1]  9Be(p,a)®Li(g.s) reaction at 45 and 50 MeV in terms of our
did, whereas parameters at 50 MeV were modified somewhaR-DWBA. In Figs. 1 and 2, the calculated angular distribu-
so as to fit the experimental angular distributions. These paions are shown together with the experimental data at both
rameters are shown in Table I. Hereafter we use the symbolsnergies. The solid line is the calculated result with the total
T, R, and C instead of the targetBe, the residual nuclei amplitudeM in Eq. (2) with S® and SF as mentioned just
®Li, and the core®He, respectively. above. Also, the dotted line and the dashed line are the cal-



backward angles foE,=45 MeV and to the whole angles
for E,=50 MeV.
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FIG. 1. Angular distribution for the reactio?Be(p, a)®Li(g.s) 2_(b)exéhange mode ' I |
at 45 MeV. The solid, dotted, and dashed curves are the calculated 10% 9Be(p a)Li(g 5) Ey=45 MeV E
results for the total, direct, and exchange modes, respectively. The II ’ o .
experimental data are taken from RdfE,2]. f{!"__

. e 1 <
culated results of the direct mode and the exchange mode, £ 10 E ]
which are characterized by the amplitudé$ in Eq. (3) and 3
ME in Eq. (4), respectively. In these figures, the contribution =
of the exchange mode to the angular distributions at back- S 100k N
ward angles is found to be remarkable. In particular, com- © : ]
paring with the results by DeVriest al. [1], Hauseret al.

[2], at 45 MeV and Gurevichkt al.[3] at 50 MeV, our results !

of including the two knockout processes denoted by HPKO 101k & i
and LPKO, namely’Li knockout in the direct mode and E Ly, L, Levins ]
knockout in the exchange mode, and the interference be- 0 30 60 90 1200 150 180
tween the each mode considerably improved the fit to the 0 . m.(deg)
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FIG. 3. Decomposition of the calculated differential cross sec-

The predicted differential cross sections at 45 MeV assOggn, for the reaction’Be(p,a)®Li(g.s) at 45 MeV into the direct

ciated with each term, ie.Vp: (Vp.a), Vpiui—Upge
(Vp-ne—Up-ge) and all of the terms for the dire¢éxchangg

and exchange mode contributior®) the triton pickup termV.
(dotted curvgand the other terv/ . ;— U g (dashed curvein the

mode, respectively, are illustrated in Fig. 3. As mentioneddirect mode, andb) the o knockout termV,,_, (dotted curvg and
above in Figs. 1 and 2, the interference effect denoted by thgie other termV,, .,.— U, g, (dashed curvein the exchange mode,
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FIG. 2. Same as Fig. 1 but f&,=50 MeV. The experimental

data are taken from Reff3].

respectively.

solid line in this figure has been found to be large for these
energies. We cannot reproduce the experimental data without
any one ternV,_, in MP andME. In conclusion from these
figures, we see that the inclusion of the coherent contribution
of the direct and the exchange-mode with all one-step
DWBA terms is of considerable importance to give a reason-
able agreement with the experimental data.

In summary, we have investigated the reaction
%Be(p,a)bLi(g.s) at 45 and 50 MeV in the framework of
the FR-DWBA including both the direct and the exchange
modes, in which all one-step DWBA terms have been treated
coherently. The spectroscopic factors for each mode are ob-
tained theoretically by making use of the cluster-coupling
shell-model wave functions. Numerical calculations show
that the inclusion of the coherent contribution of the direct
and the exchange mode, in which all one-step DWBA terms
are included, is of considerable importance to give a reason-
able agreement with the experimental data.
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