PHYSICAL REVIEW C VOLUME 54, NUMBER 3 SEPTEMBER 1996

Five-nucleon simultaneous and sequential transfer in the”’C(!B, 6Li) 'O
and *2C(d, Li) ‘Be reactions

L. Jarczyk, B. Kamys, M. Kistryn, A. Magiera, Z. Rudy, A. Strzatkowski
M. Smoluchowski Institute of Physics, Jagellonian University, PL-30059 Cracow, Poland

R. Barna V. D'Amico, D. De Pasquale, A. Italiano, and M. Licandro
Dipartimento di Fisica, Universitali Messina and Istituto Nazionale di Fisica Nucleare, Sezione di Catania,
Gruppo collegato di Messina, 1-98166 Messina, Italy
(Received 7 June 1995; revised manuscript received 26 March) 1996

Measurements of the angular distributions of #@(*'B,°Li) 'O reaction were performed at three energies
of a 1B beam: 28, 35, and 40 MeV. The results were analyzed in the frame of the exact finite range distorted
wave Born approximation of the first and the second order assuming the simultaneous and sequential transfer
of the neutron and thex particle. Such an analysis was also performed for previously measured angular
distributions of the*?C(d,”Li) "Be reaction aE,,, = 78 MeV. In both reactions under investigation dominance
was found of the simultaneous transfer of tagarticle and the nucleon correlated to thée (°Li) cluster in
the ground or the first excited staf&0556-281®6)01507-5

PACS numbgs): 24.50+g, 24.10.Eq, 25.70.Hi, 21.60.Gx

I. INTRODUCTION The results of the study of five-nucleon elastic transfer in

Convincing evidence for direct five-nucleon transfer ro—the B+ 10 system 23] performed according to the above
g P .described model showed that simultaneoasp) transfer is

cesses has been presented in ”;a”y publlizccations concernlﬂ% dominant process. Furthermore, it was found that the
reactions induc rot Li) on 1- n ) : ' .
cacto duced by protorf{p,°Li) o [1-5] and largest cross section corresponds to correlated transfer with

13 T 7 10, 1

[7? [113% ‘[jge]“t‘iég”%é]d ' 1"73 ?%/?é]@'ar? 5)182 [881%%]’ azri:al the five transferred nucleons forming a cluster with quantum
heélvy ions [ﬂB(lzb 7Li516o [il] 118(“!\] gBé) 165  Numbers of°Li in the ground or the first excited state. Thus
[12],  2C(Li,p) Y0 ' [13] 12C(’7Li 12C)7Li [14] ©ne could infer the presence of thki clusterization of the

16 ;
lzC(QBe,4He) 170 [15], 12C(13C,BBB) 170 [16], O nuclei.

3¢ (5L, p) 80 [17,18 13c(°Be,“C) ®Be [19] The present study was undertaken with the aim to inves-
15N(12C5,7Li)20Ne [2,0]’1160(118,160) 11 [21], and tigate in detail the mechanism of five-nucleon transfer for
17012, 10) 12C [22]]. other nuclear systems, checking, in particular, whether the

Quantitative analysis of these reactions has been usualfjtuation described above is generally typical for five-
performed under the assumption of the single-step transfer dfucleon transfer. For this purpose two nuclear reactions were
inert ®He or 5Li clusters[1-8,10,16,19,2R The success of Selected, namely,**C(*'B,°Li)0O and **C(d,’Li) Be.
such an analysis was treated as proof of the presence dhese reactions enable us to study situations in which the
SHe or/and®Li clusterization in light nuclei. It is, however, same nuclei play different roles, i.e., of a donor or an accep-
possible that the five nucleons are transferred, being noncoter of five nucleons. Thus they put more stringent require-
related to®He or/and®Li, most likely via transfer of thex ~ ments for the theoretical model of the reaction mechanism.
particle and the nucleon. Such a mechanism can be quité the first one the'!B nucleus plays the role of a donor
important because transfers of nucleons as well as ofrthe for the neutron and thea particle while in the
particles are known to proceed with large cross sections''B(*%0,'B) !0 reaction the''B is the core of the acceptor
These particles can be transferred simultaneously in a ongcleus. Thet’C nucleus, which in thé*C(*'B,°Li) O re-
step reaction or sequentially in two-step processes. It is imaction is a core of!’O acceptor, becomes a donor in the
portant to note that simultaneous transfer is a more generdfC(d,’Li) 'Be reaction. The last reaction allows for obser-
mechanism than transfer of a single five-nucleon cluster bevation of the contributions of(neutron-e-particle and
cause thex particle and the nucleon can change the state ofproton—a-particle transfers to the same angular distribu-
their relative motion during the reaction. Such a mechanisntion. This is becauséLi ejectiles emerging at forward scat-
will be called in the present paper “uncorrelated transfer.” tering angles(in the c.m. systemoriginate mainly fromd
Only specific simultaneous transfer of the nucleon and therojectiles which picked up five nucleorfeeutron anda
a particle, i.e., “correlated transfer,” in which transferred particle from the '“C target nucleus, whiléLi emerging at
nucleons form a cluster with quantum numbers®6fe or  backward angles originates mainly from the target being
SLi, is equivalent to single five-nucleon cluster transfer.  cores of *°C target nuclei. Thugneutron-a-particle and

The sequential transfer of the nucleon and #hparticle  (proton-a-particle transfers can be studied under the same
(or vice versawas investigated quantitatively only in Refs. conditions.

[7,16,23 and the simultaneous transfer of these particles In the present work measurements of the angular distribu-
only in Ref.[23]. tions of Y2C(*!B,°Li)1’O reaction were performed at three
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energies of a''B beam: 28, 35, and 40 MeV. The experi- both outgoing®Li and ‘Li appear together in the spectra.
mental procedure and results are discussed in the next sethe peaks corresponding to outgoifigi are seen for the
tion. In the analysis the results of measurements of angulat’O ground state and 0.87 and 3.84 MeV excited states. The
distributions of *C(d,’Li) "Be reaction at a laboratory en- higher excited states cannot be identified since they overlap
ergy of deuterons, 78 MeY7], were also included. A theo- with %0 levels excited in the reactiotfC(*'B, ’Li) *°0. Be-
retical analysis of five-nucleon transfers is presented in thsides these peaks the transitions with outgofhgare ob-
third section of this work and results are summarized anderved for!®0O in the ground state and 6.13, 6.92 MeV and
discussed in the last section. some higher excited states. The obtained experimental angu-
In heavy ion reactions the compound nucleus contributiodar distributions are presented in Fig. 2 for thé& ground
corresponding to evaporation of heavy fragments could nostate transition only. The error bars correspond to the statis-
be a priori ruled out. In fact, the emission dLi fragments tical uncertainties of individual experimental points only.
in some heavy ion reactions, e.g., started wftB + €0 or
12C + %N entrance channel85], was treated as evapora- . THEORETICAL ANALYSIS

tion from a compound nucleus. Thus in the present work pe formalism used in the present analysis is based on the

such possible admixtures from compound nucleus Processesiorted wave Born approximatigWBA) of the first or-
were checked in statistical model calculations based on the

results of a separate experiment.

1 7 ELag = 28 MeV
Il. EXPERIMENTAL PROCEDURE E -

The measurements were performed at the Laboratorio Na-
zionale del SudLNS) in Catania using the 13 MV SMP
Tandem Van de Graaff accelerator. A beam't8 was fo-
cused on &°C target of about 10@cg/cm? thickness, placed
in the center of a scattering chamber of a diameter of 75 cm.

The measurements were done at laboratory energies of
28, 35, 40 MeV. ThAE-E counter telescopes were applied
for particle identification. The ionization chamber was used
as theAE counter and the silicon position-sensitive detectors
were used ak counters. The range of laboratory angles was
from 7° to 27° divided in 2° steps. The energy resolution of
the AE counter allowed a good charge identification of the
detected reaction products. The overall energy resolution of
the telescopes was about 500 keV. The details of the mea-
surements are described elsewH&4). The energy calibra-
tion of the detector system allowed the determination of the
excitation energies corresponding to the observed peaks with
an accuracy of about 300 keV. The absolute values of the
cross sections were determined from the measured counting
rates, the target thickness, the solid angles of the detecting rjg, 2. Experimental angular distributions of the
system, and the integrated beam charge. The uncertainty ofc(11g 6.i)270 reaction a€,, (1!8) = 28, 35, and 40 MeV and
the absolute normalization was estimated to be 7%. results of the calculations of simultaneous transfer of a neutron and

In Fig. 1 an example of the experimental energy spectrunan « particle. The dashed line corresponds to correlated simulta-
of an outgoing Li for a beam energy of 40 MeV is presentedneous transfer, the dotted line represents uncorrelated simultaneous
Since the detection system does not allow mass separatiomansfer, and the solid line shows their coherent sum.
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TABLE I. One-cluster spectroscopic amplitudes “SA” used TABLE Il. Two-cluster spectroscopic amplitudes “SA” used in
for the calculation of two-step contributions for the reactionthe calculations of simultaneous alpha-nucleon transfer for
2c(1B,8Li) 0. The isospin Clebsch-Gordan coefficents are in-*2C(*'B,°Li)’0 and '2C(d,’Li)’Be reactions. The two-particle

cluded in the listed values. spectroscopic amplitudes are given in the following coupling

scheme: nucleus: {[core + a(ny,l1,j1)] + N(n,,l,,j,)} where
Nucleus Core Cluster n | 2] SA Ref. ji=li+s;, i=1,2, andJ=j,+j, (S;, S, denote spins of the: par-
15G 127G . 0 1 1 078 a ticle ar_ld nucleonj,, j, total angu_lar momenta of orbitals of the
1 10 : a particle and nucleonn, n, radial quantum numbers, arig,

B B n 6 3 1 -105 a |, orbital angular momenta of orbitalsThe isospin Clebsch-

B %Bo72 n 0 1 1 -0437 a Gordan coefficients are included in the listed values.

] 108, ., n 0 1 3 -0.267 a

] 108, 1s n 0 1 1 +0.263 a Nucleus Coren; I, 2s; 2j; n, I, 2s, 2j, 2J  SA  Ref.
B ™as om0 13 0679 a  yyTur 5 5.0 0 02 1 5 5-046 a

B L « 0 4 8 40060 b g5 ey 30 6 011 1 5-028 a
10, 6y ; '

B L « 12 4 -0002 b ug i 12 0 4 01 1 1 340307 b
Borz L e 2.0 0 40762 b ug G 12 0 4 01 1 1 5-0167 b
1280-72 2"' « 12 4 ~0270 b g i 12 0 4 01 1 3 1-0251 b
082-15 6"' “ 2 0 0 +0l63 b g °®i 1 2 0 4 01 1 3 3-0148 b
1782-15 1;" * 12 4 40559 b g i 12 0 4 01 1 3 5+0322 b
168 122 * ; g g +8'igg g 1 6i 2 0 0 0 01 1 1 1+0268 b
" , * s g i 2 0 0 0 01 1 3 3+0344 b
o L @« 200 ~0509 b nvge 12 0 4 0101 1 3-0522 b
1% 16L(') « é ; g 1%%%9 b e 7Be 12 0 4 01 1 3 340876 b
, o n ; © 1t 7Be 200 0 01 1 3 3-1057 b
L L no 0 110557 A e 912 0 04 01 1 1 34052 b
i L n 01 3 0618 @ e %5120 4 01 1 3 3-0876 b
aRef.[27] shell model value. ¢ i 200 0 01 1 3 3+1057 b
bRef. [28] shell model value. L 2011 0 2 00 1 1 1-0433 b
°Ref.[25] experimental value. Li 2011 0 2 00 1 1 3-0484 b

74 2

der (for simultaneous transfer of a nucleon andaaparticle 7::: 23 2 g 8 g 8 1 1 1 i+8'223 E
and of the second orddfor sequential transferslt is de- 70 24 02 0 4 01 1 3 1 +O.624 b
scribed in detail in Ref[23]. 70 24 02 0 4 01 1 3 3 +0.493 b

Exact finite range computer codes were used for compus " 24 100 0 01 1 3 3 +O.780 b
tation of the reaction amplitudes. TheT computer program 5 '
of Rudy[25], which is capable of evaluating both correlated 7Be 2d 110 2001 1 1-0433 b
and uncorrelated transfers, was applied for the simultaneou;oBe 2d 110 2 00 1 1 3-0484 b
transfer of both particles. Sequential transfers were calcu;Be 2d 020 401 1 1 3-0493 b
lated as two-step processes using dbeITER-5program of 7:‘3 23 é (2) 8 2 8 i i ; i +8-2ng E
Udagawa and Tamur6]. e +0.

The reaction amplitudes were weighted by correspondingBe d 02 0 4 01 1 3 3+0493 b
spectroscopic amplitudes from the literature, and were addetBe d 10 0 0 01 1 3 3+0780 b

coherently to obtain resulting cross sections to be compareé,’r"E . - . .
with the experimental data. Values of the spectroscopic am- St'm_awd on the pas's O.f S'nglgf;part'dmufégon and/or
plitudes are listed in Tables | and Il for one-cluster and two-fggarzt'?de) spectroscopic amplitudes ofO [25], [28], and
cluster spectroscopic amplitudes, respectively. b [27]
Transition potentials were chosen according to standarde" (29
prescription of the DWBA as those which are responsible for
binding the clusters to the corresponding core nuclei. Thand 'O nuclei, where the influence of the nex$12l shell
prior representation of transition potentials was used folbecomes significant the radius parameter was chosen as
single-step transfer and theior-postrepresentation was ac- R=1.25AY2 +AL3. ) fm for the a-particle and neutron
cepted for two-step reactions. The latter choice of represerpair. The same parametrization was used in R23]. The
tation assures the cancellation of the so-called “nonorthogoeepths of the transition potentials were adjusted to reproduce
nality terms” which are present in the two-step DWBA the binding energies of clusters in the corresponding nuclei.
when using other representatidrg]. The Coulomb terms of the transition potentials were as-
The transition potentials were taken for both simultaneousumed to be in the form of potentials of uniformly charged
and sequential reactions in a Woods-Saxon form with geospheres with radii equal to those of the nuclear binding po-
metrical parameters fixed foplshell nuclei at the following tentials.
valuesR=0.85AX3 + AL3_ ) fm, a= 0.65 fm. Suchvalues  The distorted waves were generated using optical model
of the geometrical parameters were successfully {ikith a  potentials found from analysis of the elastic scattering and
DWBA analysis of multinucleon transfer reactions. B0  their parameters are listed in the Table Ill. The analysis was
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TABLE lll. Optical model parameters used for the generation of E
distorted waves in a DWBA analysis. Real parts of all potentials E2C (VB L 8L Y0 E ap= 40 MeV
have the Woods-Saxon form with the following parametrization of I
radii: R=r% (Al + Amaricd - The imaginary potentials frof81]
have the volume shape of the Woods-Saxon form while those from

[32] use the surface shape of derivative of the Woods-Saxon form.

-

- simultaneous « — n transfer -

simultaneous correlated transfer  ..__..

simultaneous uncorrelated transfer ............

System U ru ay W rw aw rc Ref.
[MeV] [fm] [fm] [MeV] [fm] [fm] [fm]

2c+1B 505 1.094 0.609 36.04 1.182 0.487 1.731] 10 ¢
Y0+ 195 0.739 0.74 55 0.739 0.74 0.7382]  nma e
%0+7Li 195 0.739 074 55 0.739 0.74 0.7382] PR el
Bc+1%B 505 1.094 0.609 36.04 1.182 0.487 1.2331] )

do/dQ  [mb/sr]

., P
. .

_4> e,
performed without free parameters. In such a case it is, how- 105 5 5 60
ever, worthwhile to test the stability of the results of calcu- @ [deg]
lations to the changes of values of parameters accepted ac-
cording to some other sources, e.g., parameters of the optical
model and geometrical parameters of binding potentials. It
was proved in additional calculations that the results aren ular distributions of simultaneous and sequential transfer of a
practically independent of the optical model parameters a 9 : : q
. . eutron and am particle. The dashed line corresponds to correlated

long as they lead to a good reproduction of the elastic scat-. ; )

- . simultaneous transfer, the dotted line represents uncorrelated simul-
tering data. As usual in the case of heavy fragment transf

h itude of th lculated ion d d Shneous transfer, and the solid line shows their coherent sum. Solid
the magnitude of the calculated cross section depends MOGicles present the two-step contribution of sequentigbarticle

strongly on the Qeo_me”y of bound St.ates. Howeﬂver, the _pera'md neutron transfer while the dot-dashed line corresponds to se-

formed checks indicated that changing the radii of bindingyential transfer of a neutron followed by that of amparticle. The

potentials does not influence the relative contribution of dif-sequential contributions presented here were calculated taking into

ferent direct process mechanisms. account only the ground state 61C and®0 nuclei in the interme-
diate channel¢see text

FIG. 3. Experimental angular distribution of the
2C(*'B,5Li) Y0 reaction atE(*'B) = 40 MeV and theoretical

A. FC(1B,°Li) MO reaction biguously ascertained for transitions via these states. As can

The results of calculations of the simultaneous transfebe seen in Fig. 3 this sequential contribution to the cross
of five nucleons as anv particle and a neutron in the section is almost two orders of magnitude smaller than the
12c(*1B,5Li) 'O reaction are presented in Fig. 3 fotB  experimental data.
laboratory energy 40 MeV. The results obtained for 28 and While an unambiguous determination of the sequential
35 MeV energies are practically the same. The solid lineransfer contribution vidLi + %0 and°B + °C interme-
representing the coherent sum of correld@ashed linpand  diate channels with excited states '8€ and *°0 is not con-
uncorrelateddotted ling simultaneous transfers reproducesceivable, it is possible to do a realistic estimation of the
well the experimental angular distribution. The contributionupper limit of this effect. This was achieved in the following
of correlated transfer of a neutron and amparticle is by a  way: The excited states dfO which are important for the
factor of 3—4 larger than that of the uncorrelated one. Fursequential reaction*’C(*'B,"Li)*®0("Li, 5Li) 'O must be
thermore, it was checked that the dominating contributiorstrongly populated in the single-step-particle transfer
originates from the transfer of a correlated pair of the neutror?C(*'B, ’Li) *%0 reaction. There are 6.13 Mel8 ), 6.92
and the« particle with quantum numbers ofHe in the MeV (27), 10.36 MeV(4 "), and 11.10 MeM4 ) states of
ground or in the first excited state. Other correlated transferd®0 (see spectra of'Li in Fig. 1 of the present papgr
are completely negligible due to very small spectroscopicSimilarly, using experimental information on the
amplitudes. 2c(*B,1%B)13C neutron transfer reaction[24], the

In the present analysis sequential transfers of a neutroexcited states of'*C, 3.09 MeV ¢*), 3.68 MeV ¢"),
and ana particle were also considered taking into accountand 3.85 MeV g*), were selected as likely giving
both possible sequences, i.€°C(*'B,’Li)*®O("Li,®Li)’O a large contribution to the sequential reaction
and '2C(*B,1%B)13C(*%B,°Li)’O reactions. The solid *2C(*B,'%B)*C(1B,5Li)*’0. The calculations of two-step
circles in Fig. 3 show the contribution of the first sequence otransfers were performed assuming a unit value of the un-
transfers(i.e., a particle followed by neutron transfewhile  known neutron andv particle spectroscopic amplitudes of
the dot-dashed line represents the inversed sequence. The¥® for the above-mentioned excited core nuclei.
contributions were calculated for ground states’bf, *3C, It turned out that the contribution from sequential trans-
and °0 nuclei while the ground state the firf€.72 Me\)  fers proceeding via these states of intermediate partitions is
and the second excitg@.15 Me\) states of!°B were taken several times smaller than the experimental data of the five-
into consideration with the spectroscopic amplitudes knowmucleon transfer reactiol*C(*'B, éLi)*’O. Taking into con-
from the literature. Thus the magnitude of two-step transfersideration the fact that the neutron and tharticle spec-
of an « particle and a neutrofor vice versacan be unam- troscopic amplitudes of thé’O nucleus with the excited
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cores 10 or 3C are certainly smaller than unity, one can ;5"
state that the sequential contribution is at least an order of ;
magnitude smaller than the experimental data. Thus it can be

treated as a small correction to the angular distribution of & | %C( d,Li) Be
leading-simultaneous transfer of five nucleons. -g i E = 78 MeV
The results of the calculations of the simultaneous transfer — [-~._ Y AR eV &

of five nucleons in the reactiot*C(*'B,°Li) 'O are pre-
sented in Fig. 2 for three laboratory energia8, 35, and 40
MeV). The cross sections resulting from simultaneous trans-
fer of the neutron and the particle (solid line) reproduce
well the experimental angular distributions. The same rela-
tionship between magnitudes of correlatddshed lingand
uncorrelateddotted ling transfers is preserved for all ener- 10
gies. Thus, the dominance of single-cluster trans?Heg_s_ g
and ®°He in the first excited statesseems to be established in L
this five-nucleon transfer reaction. It is, however, not al- 3
lowed to neglect uncorrelated simultaneous transfer of the
neutron and thex particle because its destructive interfer-

ence with correlated transfer leads to a strong modification of 10 ;5 75 20 T35 T80
the cross section@nore than a factor of)2 The shape of the
angular distributions remains, however, practically not (")c m [deg]

changed by the interference.
As was mentioned above the possible contribution from

the compound nucleus mechanism should be checked in ECFIG% )

model calculation. In our case of'&C + !B entrance chan- (d,’Li)

nel system such calculations can be done in a very reliabl

way, since in a separate wofB3] the compound nucleus

4. Experimental angular distribution of the
"Be reaction aE, = 78 MeV and results of the calcu-
tion of simultaneous transfer of a neutron and anparticle
present work and sequential transfer of these particJés The

dashed line corresponds to correlated simultaneous transfer, the dot-

;g:g?ggsc\évaer:ﬁesl;uqu g?r:efualllgomsc?;?:&;y rﬁtw]irgs o;.gg?}éd line represents uncorrelated simultaneous transfer, and the solid
II fi d | | u cli g H = ;]gb h V):j I] II fine shows their coherent sum. The dot-dashed line presents the
correlations, and analyzed In Hauser-reshbach model calc vo-step contribution of sequentiat-particle and neutron transfer.

lations. Thus the parameters of the compound model coul
be easily transferred from this study to the Li case under
consideration. The calculations were performed using th(—f«n
CASCADE code[34] with the Gilbert-Cameron parametriza-

202 OII the :E\r’fl td?n?ti(/ d,lsftr:'itg;]'o%?nd Sp'? C:thffnanld Cljetvel the isospin is present in the entrance channel and, further, the
ensity parameters lake - Ihese caiculalions 1ed 10 - o channel nuclei {Li and "Be) form an isospin doublet

22mes§|r23tfndgf St?gagtng:]egén:gg.riﬁggsZ%T{.':#“th%;heﬁ:1/2); thus they are identical from the point of view of
pou ucieu : ! 1on, Wi the strong interaction. Therefore, the model DWBA ampli-

%0 residual nucleus in the ground state equal o2 Com- tudes of proton + «-particle transfer and neutron-

paring this value with the one measured in the present ex- " rticle transfer should have th me val it from
periment equal to 5@b, in the angular range covered in the a-particle transfer should have the same valtgsart fro

experiment, it is evident that the direct reaction mechanisthE)hyetrr]n elr;%r_ g’g&ggg;r:;_n%g‘?n;Iﬁ;fé%glgggﬁlgi?
is prevalently dominating in our case. served in the present calculations; thus it may be concluded

1 77 _ that Coulomb effects, which break the symmetry, are very
B. 1%C(d,Li) "Be reaction small in five-nucleon transfer.

Calculations of the five-nucleon transfer reaction The present analysis shows that the experimental angular
12¢(d,"Li) "Be were performed along the same lines as thosélistributions of **C(d,Li) "Be can be well reproduced by
for ’C(*B,°Li)*04s. The results of the calculations are correlated transfer of five nucleons corresponding to the
shown in Fig. 4. In this case the difference between crossHe cluster at forward scattering angles and the cluster
sections of the transfer of the proton-neutron correlated paiat backward angles. It should be noted that the very good
and thea particle is much larger than in the previous reac-agreement in the neighborhood of 0° and 180° deteriorates
tion. Namely, the cross sections for correlated transfer aréor angles closer to 90°. This is not accidental but reflects
more than order of magnitude larger than those for the unthe contribution of another mechanism, namely, sequential
correlated one. The interference of transition amplitudes fotransfer of the nucleon and theparticle. Calculation of this
both transfer mechanisms does not practically change thiavo-step contribution to the reaction under consideration was
cross section of the leading process, i.e., the correlated spublished in Ref[7]. The sequential processes result in an-
multaneous transfer. This is visible in Fig. 4 where the solidgular distributions which are less steep than the simultaneous
line shows the cross section obtained by summing all simul¢single-cluster transfer angular distributions and therefore
taneous transfer amplitudes while the dashed line represeriisey are only a small correction to the one-step transfer for
the dominating contribution of correlated simultaneous transangles in the neighborhood of 0° and 180° but start to domi-
fer. nate for angles closer to 90°. As was shown in Reéf.the

The experimental angular distributions as well as the
eoretical curves exhibit symmetry around 90° in the c.m.
system. This is due to the fact that only one vallie=Q) of
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interference of simultaneous and sequential contributiontions of the sequential mechanism surpass those of simulta-
does not influence significantly the angular distributions.  neous transfer.
It is interesting to compare the results of the present study
IV. SUMMARY AND DISCUSSION with the conclusions of the investigation of tlproton—
. _ a-particle transfer reaction **0(*!B,%0)'*B published
In the present work the mechanism of five-nucleonj, Ref. [23]. It seems that five-nucleon transfer in the
transfer was studied for two nuclear reactionsiig 160 system exhibits the same features as theq
lzC(llBgGLi)ﬂog-s-a”d *%C(d,"Li) "Be. Since the performed 12c('B,°Li) 1’0 . reaction, i.e., the dominance of corre-
calculation of the compound nucleus contribution to thejaieq simultaneous transfer of the nucleon anddhgarticle
(B, 5Li) reaction indicated the prevailing dominance of the (forming °He/5Li in the ground or the first excited state
direct reaction mechanism, the basic assumption was agith a smaller but significant contribution of uncorrelated

cepted in the theoretical analysis that five nucleons are trang;myitaneous transfer while the sequenti@lo-step mecha-
ferred between target and projectile. Such a process wa§gm may be neglected.

treated as a correlated or uncorrelated transfer of a nucleon |, summary, five-nucleon transfer in all discussed the

and ana particle. , ~_ above reactions can be well described by a model treating the
It was found th_at the experimental angular d|str|but|'ons roup of five nucleons as consisting of two structureless
can be well described by the present model and that simubyarts e, nucleon and-particle cluster. Simultaneous cor-
taneous transfer of the particle and the nucleon dominates (gjated transfer dominates in all cases, implying that transfer
in these both reactions. Moreover, the largest contributionys ihe entire fHe and/orSLi) cluster in the ground and/or in
corresponds to the transfer of theparticle and the nucleon e first excited state is the leading process. The contribu-

correlated to the’He or °Li in the ground state or the first tjons of other possible mechanisms, i.e., uncorrelated simul-
excited state. The contribution of other processes to the Croggneous transfer or sequential transfer of two clusters, are
section is several times smaller; however, due to interferseyeral times smaller. They are, however, non-negligible
ence, it cannot be nlelgI%ct.e(iI% . since they car(due to the interferengesignificantly influ-

In the case of “C(*'B, °Li) 'O, s the cross section for the - gnce the resulting cross section. The interference seems to be

simultaneous transfer of the uncorrelated pair of the protospecially pronounceéand destructivefor correlated and
and thea particle is 3—4 times smaller than the leading yncorrelated simultaneous transfer.

correlated transfer process. Sequenttalo-step processes It should be emphasized that a good description of all
have a very small cross section, almost two orders of Magreactions investigated in the present work was achieved
nitude smaller than that of simultaneous transfer. without introducing free parameters. This strongly supports

i i ¢ H 7 i\7 . . . . .
_ A different situation appears in th€C(d, 'Li) 'Be reac-  the obtained implication of the presence de/SLi cluster-
tion. In this case simultaneous transfer of the uncorrelategation in the light nuclei.

pair of the @ particle and the neutrofor proton is two
orders of magnitude smaller than the leading process of cor-
related PHe or °Li) transfer. Thus the uncorrelated simulta-
neous transfer may be completely neglected. It turned out, We acknowledge the help of A. Lamberto in the evalua-
however, that in this case sequential transfer of both particleson of the experimental data. This work has been partly
is quite importan{7], especially at scattering angles in the supported by the Polish Committee of Scientific Research
neighborhood of 901in the c.m. system where cross sec- under Grant No. 2 P302 104 06.
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