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High-lying excitations were studied by means of 198b—2%Pb, 2°°Bi —21%Bi, and 5°Co—%Ni stripping
reactions and*Bi—2%%Pb and®*Cu—®Ni pickup reactions induced b$’Ne and*®Ar projectiles at 48 and 42
MeV/nucleon, respectively. In the stripping spectra, structures a few MeV wide are observed at excitation
energies of 10-15 MeV, embedded in a large continuum. The correspo@divejues suggest that these
structures are predominantly due to single-particle excitations rather than to the excitation of collective states
such as giant resonances. This interpretation is in agreement with a microscopic calculation showing that in the
one-nucleon transfer reactions only a small part of the cross section is due to the collective excitations. The
overall shape of the neutron stripping spectra is well reproduced by the semiclassical reaction model of
Bonaccorso and Brink, which treats on the same footing both the breakup of the projectile and the transfer to
single-particle resonancds$0556-28136)05308-3

PACS numbsg(s): 25.70.Hi, 24.30.Cz, 25.70.Ef

[. INTRODUCTION scopic structure of giant resonances and control the different
branching ratios extracted from decay studies. Furthermore,
In one-nucleon stripping reactions 8fzr and 2%Pb tar-  one may also hope that transfer reactions would be a good
gets, structures a few MeV wide have been observed at exeol to selectively excite different multipole resonances by
citation energies of about 15 and 11 MeV, respectivelymatching a certain angular momentum through the choice of
[1-3]. These giant-resonance-like structures are superiman appropriate target and projectile combination and bom-
posed on a much broader continuum which is commonlybarding energy. The excitation of collective low-lying' 2
interpreted as originating from fast processes, namely, thand 3~ states has already been reported in several one-
breakup of the projectile. Referendes3] suggest that these nucleon stripping reactions with light projectil¢s,6]. To
structures are due to the excitation of high-spin single-excite the giant resonance region in the spectrum, one needs
particle states. The width of these structufadew MeV) is  to bring more energy into the system and thus heavy projec-
explained by the coupling of these states to one- and twotiles are well suited for these studies.
phonon collective states. Moreover, in a recent experiment, In order to get more insight into collective effects in
one-nucleon stripping reactions were studied by comparingne-nucleon transfer processes the following reactions were
spectra taken with neighboring target nuclei such®®,  studied, 2°Pb—2%%b, 2°Bi—?2'Bj,  5°Co— *Ni,
90zr, and °1Zr, and 2°’Pb, 2°%b, and?*®Bi [4]. In all these  2°Bi — 2%%Pb, and®3Cu— ®Ni, by using >°Ne projectiles at
spectra, resonancelike structures were also observed. The4® MeV/nucleon and®®Ar projectiles at 42 MeV/nucleon
structures were located at the sa®evalue for different provided by the accelerator complex at the GANIL national
neighboring targets, while they were shifted in excitation enfacility, Caen, France. Targets with either one nucleon or one
ergy which suggested that they were due to the excitation dfiole outside a closed shell nucleus were chosen in order to
single-particle states. produce a closed shell nucleus by adding or removing one
However, the bumps observed in several transfer reaaucleon. In these cases, the transfer reactions lead to particle-
tions studied with target nuclei in the region of Zr and Pbhole excitations in the closed shell final nucleus. The experi-
have excitation energies and widths comparable to those ahental method and experimental results will be discussed in
giant resonances in these nuclei. Therefore, it is a distincgecs. Il and lll, respectively.
possibility that at least part of the strength observed in these To examine theoretically the possibility of exciting col-
structures could be due to the excitation of such collectivdective modes in transfer reactions, we have performed mi-
states. croscopic calculations for one-nucleon stripping reactions on
It would be interesting to study collective excitations in one-hole target nuclei. These are considered as one-step pro-
transfer reactions since nucleon transfer on a target nucleuwgsses where a particle is added to the core and then re-
can be considered as the inverse of the nucleon decay e@bupled via the residual interaction to the normal modes of
collective states such as giant resonances to the ground state target. In these calculations collective states are described
of the A—1 nucleus. Therefore, one could study the micro-within the random phase approximatiORPA) and the col-
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lectivity is defined according to the number of configura- Ill. EXPERIMENTAL RESULTS
tions, allowed by the transfer reaction, which contribute to a
given state. The particle transfer is treated within the
distorted-wave Born approximatiddWBA). The results of Figure Xa) shows the {°Ne,’®Ne) reaction spectra mea-
these microscopic calculations are discussed in Sec. IV. sured for the?®’Pb, 2°%Ph, and?°®Bi targets. The three spec-

In the case of stripping reactions, the energy spectrum iga are dominated by a large continuum. The contribution of
dominated by a large bell-shaped continuum. The generahe breakup of°Ne to this continuum will be discussed in
assumption about this background has been that it ariseSec. V.
from the breakup of the projectile leading to continuum In the 2°%Pb final nucleus, the first low-lying states corre-
states but no direct confirmation of this assumption in thespond to neutron transfer to theyg, (ground statg 1i,;,
case of heavy ion reactions is yet available. (E*=0.78 MeV), 1ji5, (E*=1.43 MeV), and 2y,

To explain the overall shape of the inclusive stripping (E* =2.49 MeV) orbitals above the closed= 126 core. Ex-
spectra, Bonaccorso and BrilRB) have proposed a model citation energies are from Ref®,10,11. In the present ex-
[7,8] which gives a description of the neutron transfer reacperiment the 1,,,, state could not be resolved from the
tion to the quasibound and unbound resonant target states ag, . , state.
well as an estimation of the contribution of the projectile  As expected from previous studi2,10,12—14, in high
breakup. Experimental stripping spectra are compared tenergy transfer reactions, the population of states is mainly
those calculated by using the Bonaccorso-Brink model angoverned by the angular momentum selectivity and the ini-
the relative importance of the two components in the inclu+ial configuration of the transferred nucleon. In the case of
sive spectrdtransfer to resonant states and breakuiil be  the 2°Ne projectiles, the outmost neutron orbitals ass,2
discussed in Sec. V. 1pys, and Ids, and the neutron transfer is supposed to take
place preferentially from these orbitals. Thus the transfer to
the first three excited states 6fNe gives a contribution to
the strength measured. The energy difference of these states

Transfer reactions induced ByNe and®Ar beams at 48 (less than 0.2 Me\[15]) is much smaller than the experi-
and 42 MeV/nucleon, respectively, delivered by the GANIL mental energy resolution; therefore, no splitting due to the
facility, were performed on the following self-supporting tar- final state of projectile can be experimentally observed. In
gets: 2°Pb (1 mglcn?),?°Bi (0.8 mglent), °Co (1.05 order to compare our experimental data with theory, it is
mg/cm?), and %3Cu (1.07 mg/cn?). The scattered fragments necessary to consider the contribution of the three mentioned
were analyzed by the energy loss magnetic spectrometdinal states 8/, 1py;,, and Ids;, of **Ne with respective
SPEG[9]. For the present experiment two position-sensitiveweights C'S given by the spectroscopic factors 0.56, 1.97,
drift chambers were used for the trajectory reconstructiorand 1.03, respectiveljl5]. The selection rules are included
which yielded the focal-plane position and scattering anglén the calculation of the transfer cross sections with an exact
of each event. finite-range distorted-wave Born approximatio(EFR

The identification of fragments was achieved by the si-DWBA) and were found to give generally a good account of
multaneous measurement of their energy loss in an ionizdhe population of low-lying levels observed in the experi-
tion chamber and their time-of-flight between the target andnental spectrg2,10,1%, namely, the dominance of the
a plastic scintillator located behind the ionization chamberl] 15/ state over the Gqp, liq1, and 3, levels.

The start signal for the time-of-flight measurement was pro- In the case of thé®Pb final nucleus, the ground state is
vided by the rf of the cyclotron. This detection system al-formed when a neutron is transferred to the; 3 hole state
lowed an unambiguous mass and charge identification of thim 2°Pb. This transition is very weak due to the angular
scattered fragments. momentum mismatch and is not observed in the spectrum.

In order to limit the counting rate, elastically scatteredBecause of the coupling of single-neutron states to the hole
projectiles were stopped by a sliding shield placed in front ofstate of 2°/Pb, the first excited statesyg,, liiiz, 1jis
the first drift chamber. To measure elastic scattering whickand 2y, in the 2°®Pb final nucleus are about 3 MeV higher
was used to obtain absolute normalizations as well as tthan in 2°Pb. The relative population of these low-lying
check energy and angular calibrations, several runs were pestates is very similar to that observed f&Pb.
formed without the shield with a reduced beam intensity. The 2°Bi target nucleus has ahl,, proton outside the

The spectrometer was set close to the grazing angles falosedZ=82 core. In the?'%Bi final nucleus, this proton is
each reaction, i.e., 3° for the Co target and 6° for the Pb andoupled to the neutron states3HBi. However, this does not
Bi targets. In the last case, an additional run was performedignificantly modify their excitation energies and the states
by setting the spectrometer at 3°. The horizontal openingorresponding to the transfer tayg,, 1ii1/2, 1j1s2, and
angle of the spectrometer was 4°. The vertical acceptanceg,,, neutron orbitals are observed at very similar excitation
was limited to about 0.2°. The momentum acceptance of thenergies as the corresponding single neutron staté$b
spectrometer is about 7%, which allowed us to measure seand with the same relative yield.
eral transfer channels as well as the inelastic channel simul- At higher excitation energies, a pronounced bump can be
taneously. seen in all spectra. In the case GPPb, it is located at about

The overall energy resolution was about 500 keV in thel3.5 MeV while in the case of°®Pb and?'%Bi it is at about
case of neon projectiles and about 800 keV in the case df0 MeV excitation energy. These structures are superim-
argon projectiles. The angular resolution was better thaposed on a large continuum partly due to transfer to unbound
0.2°. target states and also probably to projectile breakup pro-

A. One-neutron stripping reactions in the Pb mass region

Il. EXPERIMENTAL METHOD
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FIG. 1. (a) Energy spectra measured fé"Pb, 2°%Pb, and?°Bi target nuclei in {°Ne,'®Ne) stripping reactions. The spectrum for
20%pp target is from Refl1]. (b) Same spectra plotted as a function of evalue.

cesses. Figure(l) displays the same spectra inevalue  tion obtained is shown in Fig. 2. The experimental angular
scale calculated b@=Qqs—E*. The previously discussed distribution was fitted by a set of theoretical angular distri-
low-lying states are located at the sa@evalue for all three  butions calculated by the DWBA coderoLEMY [16]. The
reactions. Moreover, th€ value of the structure at high transfers to the three final states of th®e ejectile cited
excitation energy is about 23 MeV for all three reactions. above were considered with their respective spectroscopic
These observations suggest that the structure is due to tlii@ctors. The optical model parameters for the Woods-Saxon
neutron transfer to the same orbital in different target nucleipotential were obtained from the elastic scattering angular
Furthermore, the excitation energy of giant resonances is distribution of 2°Ne on 2°’Pb at 48 MeV/nucleon measured
smooth function of nuclear mass and depends only weaklguring the experimentV=63.3 MeV, r,=1.1 fm, and
on the nuclear structure. Thus only very small variations are&,=0.637 fm and W=62.4 MeV, r;=1.1 fm, and
expected for the neighboring nuclei, in contradiction with thea; =0.637 fm for the real and imaginary parts, respectively.
observations of Fig. (). Similar results were reported for The code was adapted to calculate transfer to quasibound
the same target nuclei in thél(, °Li) reaction at 30 MeV/ states by using wave functions obtained from the RPA cal-
nucleon[4]. culation for 2°Pb[17]. The result of the fit is indicated by a

In the case of the®Pb(*°Ne,®Ne) 2°%Pb reaction, an at- solid line in Fig. 2. The experimental angular distribution is
tempt was made to extract a spin and parity assignment fowell reproduced by a linear combination of angular distribu-
the structure at 13.5 MeV. An arbitrary, smooth backgroundions calculated for neutron transfers t&;3,, 2i43,, and
was subtracted from the bidimension&*(,6.,) spectrum. 1j,4, orbitals with relative weights of 1.8, 0.9, and 0.6, re-
This background, integrated ovég ,, is shown as a solid spectively. However, in the present analysis, an important
line in Fig. 1. The peak at 13.5 MeV was then fitted by auncertainty arises from the arbitrary background subtraction.
Gaussian function at different angles. The angular distribuTherefore, any firm conclusions about the spin and parity
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Solid line is the result of a fit with theoretical angular distributions [3p1,21 1j1sp2] state szoapb(at_ 4.6 Me\)) with the *°Ar beam

for transfer to various neutron orbitals calculated by the DwpaShows very well the matching difference between the two

codePTOLEMY. projectiles. The final states of projectiles need also to be
taken into account. In the case of tB&\e projectile, the
energy difference of the first excited states of ejectile was

smaller than the experimental resolution; thus, neither a split-

assignment of the observed structure would require a morg L .
- S ; ing of the low energy states nor a deterioration of resolution
precise determination of the background. This can be done

o~ . , . could be observed. In the case of tf®r projectile, the
by coincident experiments where measuring decay particles

at backward angles in coincidence with ejectiles allows theneutron transfer occurs preferentially frontsl, and 2,

elimination of the projectile breakup contribution from the orbitals, ]d3,2_correspond|ng to the ground state frAr an_d
spectra as shown by Beaurrtlal. in their recent study of 2sy, to the first excited stat€l.184 Me\j. The respective
the 2%Pb (e, *Hen) reaction[18] ' spectroscopic factors for these states are 2.92 anfi18}5

Figure 3 shows the one-neutron stipping spectrum meage.t 1018 TLEEREE T 8 B0 B O o e
sured for the?°’Pb target with an®*®Ar beam at 42 MeV/ g

nucleon. The widths of the first excited states measured Witﬁ’ea.ks in the spectrum. Moreo_ver, the background due_ to the
36Ar projectiles are larger than with th&Ne beam|[Fig. projectile breakup processes is expected to be very different

36 20, it ; i ;
1(a)], even if the poorer energy resolution is taken into ac-for Ar and ““Ne projectiles, as will be discussed in Sec. V,

count. At high excitation energies, only a small shoulder can:tr;gggerebirr?at‘ﬁgpcgggt$2302021¥ilzgear out the high energy
be seen at about 13 MeV while in the case of tide beam Proj :

a pronounced bump was observed. This can be partly ex-

B. One-proton stripping reaction on %°Co
2000

Figure 4 presents a spectrum measured for the proton
stripping reaction®*Co(**Ne,°F)°Ni at 48 MeV/nucleon.
As for the ®Ne case, the contribution of the first excited
states of the'®F ejectile cannot be resolved in this experi-
ment. The transfer to thepl,, state of 1 at 0.110 MeV
gives the dominant contribution to the spectrum, imposing a
strongj . selectivity.

The target nucleus®Co has a 1, hole in theN=28
208 proton core while neutron shells are filled up to thps2
Pb(""Ar,” Ar) ""Pb 42 MeV/nucl shell. The ground state dNi, which is formed by filling

1l e e  RRE the proton hole, is weakly excited in the studied reaction.
0 10 20 30 40 50 60 7 The first proton orbitals above thd=28 core are Bg»,
Ey MeV] 2py, and I,. At about 1.3 MeV a small peak corre-
sponding to thé p3,2,f7_,21] excitation is observed. Because of

FIG. 3. Energy spectrum measured for &b target nucleus the dominant _ selectivity of the projectile and the prefer-

in the G%Ar,3%Ar) neutron stripping reaction. ential to high angular momenta, thes,,f;5] state is

1000
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36, .35
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strongly excited and the twd@ . and T- components ac-
cessed in the present reaction can be clearly seen in the ex-
perimental spectrum at 4.7 and 6.2 MeV, respectively. The @®
[gg,z,f;,zl] state does not benefit from the dominant se-
lectivity of the projectile; thus, it is less excited than the
gy State in the similar reactio®Ni (**C,2B)°°Cu at 50
MeV/nucleon[20]. The T component is located around 6
MeV excitation energy and is mixed with tie. component
of the [f5,2,f7_,21] state. TheT. component is split in a few
states centered at around 10 MeV excitation energy. The
splitting of the strength of thg,, State was already observed
in Ref.[20] and it is probably increased in our case by the
coupling to thef, hole state. (b)
At higher excitation energies several small structures can
be seen in the spectrum but no pronounced bump is ob-
served. As in the case of the neutron stripping reactions, the
proton stripping spectrum is dominated by a large con-
tinuum.

209Bi (20N e,21Na) 208Pb

48 MeV/nucl

COUNTS

209Bi (36 Ar,37K) 208
42 MeV/nucl

Pb

1000

COUNTS

C. Pickup reactions

Figure 5 shows energy spectra measured?fdBi(*°Ne, 0 b JJI .
2INa)2%%Pb at 48 MeV/nucleon?9Bi(%°Ar, 3’K)2%pb, and '
53Cu(®®Ar, 3’/K)%2Ni at 42 MeV/nucleon. In the case of L ©
pickup reactions, the background at high excitation energy is
low compared to the stripping reactions due to the absence of 4000
the projectile breakup contribution. A characteristic feature
of all pickup spectra is also a rapid decrease of the cross
section as a function of excitation energy. This can be un- 2000
derstood since, as soon as the projectilelike nucleus is ex- J\)

1

63Cu (36 Ar,37K) 62Ni
42 MeV/nucl

COUNTS

cited above its particle emission threshold, it will decay by
particle emission and consequently will populate the inelastic
channel. Only reactions in which the projectilelike nucleus is 0
excited below its particle emission threshold will be ob-
served in the spectra.

In the case of the proton pickup reactions 8lBi, the
ground state, which is clearly visible in the spedfFags. FIG. 5. Energy spectra measured for ##€Bi target nucleus in
5(a) and §b)], corresponds to the pickup of the outmostthe C°Ne,*Na) (a) and (°Ar,*’K) (b) proton pickup reactions and
proton from the hg, orbital outside the closeZi=82 proton  for the *Cu target nucleus in the’{ar, °’K) reaction(c).
shell. The collective 3 state at 2.614 MeV, which has been
reported in the?*Bi(d,3He)2°%Pb reaction21], is not ob-
served in the present experiment. The spectra are dominatédieV, a third peak is observed. A similar peak was also evi-
by a large peak centered at 5.5 MeV. In the energy rangdenced in the?®Bi(*%C,**N)?°%b reaction[4]. This peak
between 4 and 6 MeV, particle-hole states corresponding toould be due to proton pickup from thedg, orbital. The
[1hg,3573], [1hgp,2d54], [1hgy,2d54], and [1hg,,  peak is much more pronounced with tA®Ar than with the
1h;},] excitations have been report2il,22, the two latter 2Ne and*C projectiles which can be well explained by the
giving the largest contribution to the cross section. Thej- Selectivity of *’Kr. According to the energy and the se-
present experimental resolution did not allow us to separattectivity, the 8 MeV state is likely to be dominated by
the high density of peaks identified in the citedi{He) ex-  [1hg2,297,,] excitation.
periments. In the PNe,2!Na) reaction, the contribution of ~ The measured proton pickup spectra leading to’fieb
the ejectile ground state €3,) is expected to be negligible final nucleus have no similarity with the neutron stripping
compared to the first excited state, i.e., the 0.338 Me\spectrum measured for the reactidfPb(°Ne,'Ne)**%b
2ds), state[23]. For the €°Ar, 3’Kr) experiment, mutual ex- leading to the same final nucleus. This suggests that no over-
citations with the first doublet state 8fKr (f-,) have to be lap exists betweeii(njl),(3py;)] particle-hole states ex-
added to the ground-state contribution. The energy differcited in the stripping reaction andLhg,,(njl)~1)] states
ence between this state and the ground sthi&7 Me\) is  excited in the pickup reaction. In particular, no structure is
comparable with the energy resolution. However, the highobserved at around 13 MeV in the pickup spectrum in con-
density of 2°%Pb states does not allow one to distinguishtrast to the corresponding stripping reaction.
between the different contributions of projectile states. The In the case of the proton pickup spectrum measured for
slight broadening of the 5.5 MeV peak in tA8Ar reaction is  the ®3Cu target[Fig. 5(c)], the ground state corresponds to
probably an effect of the mutual excitation. At around 8the pickup of the proton from thep,, orbital. Above the

0 0 20 30 40 50
Ey; MeV]
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ground state, a peak having a width of about 4 MeV and

centered at about 6 MeV excitation energy is observed in the @
spectrum. The width of this structure does not allow us to
identify the eventual excitation of the projectile. In this ex- % 03 |k
citation energy region, states corresponding to pickup from& Q?-_::
2s,, and 1f 5, proton orbitals have been reportg24], the 'E 8
latter being more favored by the projectile matching condi- m oz } *nv‘?
tions. As in the case of thé®®Bi target nucleus, no giant- % %
resonance-like structures are observed in the spectrum. ©
o1 |
5<68om. <9deg
IV. RPA-DWBA CALCULATION
0.0 L L
In order to estimate the cross section due to collective (b) g
particle-hole excitations in stripping reactions, microscopic _ 0s | = § %
calculations were performed for tH@Pb(*°Ne,®Ne)?°%Pb 3 ) a =N 1
and *°Co(*®Ne,'®F)®Ni reactions. Collective excitations § e & Sz
such as giant resonances are described in the random phagg %6 T E ? ?
approximation(RPA) as a coherent sum of particle-hole ex- &= Q
citations. When a particle is transferred to a target nucleusg o4 | L%
having a hole such a&’Pb or %°Co, a part of the particle- %
hole configurations contributing to the giant resonance oz L %
strength can be excited. The strength of the collective exci- @
tations depends on the number of particle-hole configurations
that can be excited in the transfer reaction and on the prob- 00 o 1 2'0 20
ability to transfer a nucleon to the corresponding particle E, [MeV]

states. In the case of th®Pb target, only two different

particle states can be coupled to thp;3 hole state for a

given total angular momentum which makes it an unfavor- FIG. 6. Differential transfer cross section for tR&Pb(Ne,

able candidate for collective excitations. The relatively high'°Ne)**Pb reaction. The upper paf) presents the experimental
spin of the ¥, hole state in®Co allows a wider range of and the lower par{b) the calculated transfer cross section. The
multipolarities and thus enhances the possibility of eXci»[ingc_ollective_strength is represented b_y the black area. The_ Cross sec-
collective strength. The transfer cross section including collions are integrated over the experimental angular domain.

lective excitations can be estimated by

2
o(E-E,),

do

In Fig. 6, the spectrum calculated for the neutron stripping
dQdE 2

reaction on?°’Pb is compared to the measured spectrum. It is
important to note that neither damping nor continuum are
where A, is the amplitude corresponding to the nucleonincluded in the calculation. Therefore we cannot hope to re-
transfer to a given particle state during a scattering to aproduce the details of the experimental spectrum by the cal-
angled with an energy los&. X, is the RPA amplitude of  culation. The low-lying states are rather well described al-
a given particle-hole configuratioph, in an excited state though a shift of 1-2 MeV towards higher excitation
v. All bound and quasibound particle states were included irenergies is observed, which is a well-known property of
the calculation and different transitions to electric multipolesRPA calculations. Moreover, the absolute cross section is
from L=0 to L=9 were considered. The transfer amplitude comparable to the experimental one. At higher excitation en-
Ap(E,0) was calculated by the codroLEMY by using the ergies, the calculation gives a strong concentration of the
RPA wave functions to describe final states in the quasitargefross section between 12 and 17 MeV corresponding to the
nucleus. The cross section corresponding to three final statg&imp in the experimental spectrum. This is due to the exci-
25152, 1Py, and I, of Ne and*°F was summed with tation of high multipolarities >6) corresponding to the

rReSFef;iV(?r \rllveighltls & _givefn by the speqtrc()jscopic _fagtofr_s 0(; following particle-hole configurationsfks7/,p2l, [i13s,
ef. [15]. The collectivity of a given excited state is defined o 17" 1) angrh, o 'oo1) This is in qualitative

aqcordlng to the number of partlcle-hole c_onflguratlons Inagreement with the spin and parity assignment obtained by
this state. In the case dP®Pb, a state is defined to be col- e ) .
the angular distribution analysis. An important amount of

lective if at least five particle-hole configurations contribute . .
to the state, each witE a relative Weighgtl less than 0.85. FO(",ollectlve strength, represented by the black shaded area, is

60Ni, the equivalent definition used is at least three configu—ObserVeOI aF about 14 MeV but the single-particle strength
rations with relative weight less than 0.9. These criteria weré'€arly dominates the spectrum. _
defined by requiring that the well-known giant resonances Figure 7 shows theg calculated and measured proton strip-
excited in inelastic scattering be collective states. A moré?ind spectrum for thé*Co target. The calculation predicts a
detailed description of the calculation can be found in RefsVery strong excitation of thefs,,f7;5] and[ggp,, f75] states

[17,25. while the ground state and th@g,,f;,3] state are not ex-

% Ap(E, 0)Xpp
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V. SEMICLASSICAL CALCULATIONS
FIG. 7. Same as Fig. 6 for th®Co(*’*Ne,'*F) *Ni reaction. In stripping reactions between heavy ions at incident en-

ergies per nucleon higher than the average binding energy, a

large part of the cross section is due to the nucleon transfer to
cited. This is in agreement with the experimental observalinbound target states giving rise to a continuous spectrum.
tions discussed in Sec. Ill, except that the splitting of theThe Bonaccorso-Brink modgY,8] gives a description of the

[ggxz,fﬁzl] peak observed experimentally is not reproduceoneutron transfer reactions to the _qua_sibound and u_nbo_und
by the calculation which does not include the coupling oftarget states. It also allows the estimation of the contribution

states to the continuum. of the projectile breakup processes to the inclusive stripping

pectra. In this section we will compare the spectra measured
Between 17 and 22 MeV two rather fragmented peaks ar or the 2'PhENe, *Ne) 2% and 20%Pb(PAr, *Ar) 20%ph

observed in the calculated spectrum. In this excitation eNergy. . wtions to the s :

: o : o pectra calculated by using the Bonaccorso-
region the Iargegt cross sect_ui)n 1S due_lto multipolarities iy model. Only the basic formalism and results are given,
L>5 corresponding tdhyy, f72] [f72,f72] and (972, since a more detailed description of the calculation can be
f-,5] configurations, but no concentration of cross section isqund in Refs[25,26].
observed experimentally in this region. As in the case of the According to Bonaccorso and Brink, the transfer probabil-
20%pp target, a small amount of collective strength is pre-ty from an initial bound state of energy and angular mo-
dicted by the calculation. In the case ¥Ni, the agreement mentumj; to a final continuum state af; andj; is given by
with the experimental spectrum is poorer than in the case di7]
208h . This can be explained partly by the fact that the damp- 4P
ing of states is not taken into account in the calculation. This %" . .= _ 2 _ 2 o
could also indicate that thé&°Ni spectrum cannot be com-  de (i) =2 [I=(SI+ A=KSPDIBG ),
pletely described without taking into account the coupling
with the neutrons above tHé= 28 core. where(S; ) is the optical modeB matrix which describes

As discussed in Ref.17], collective excitations are pre- the rescattering of the neutron on the target Bif;.j;) is
dicted for low multipole modes while particle-hole correla- an elementary transfer probability. The term proportional to
tions disappear for high multipolarities. The matching condi—|1—<ij>|2 gives the elastic breakup contribution while the
tions in the studied reactions favor the transfer to highsecond term proportional to—1|<S,-f>|2 gives the absorption
angular momentum orbitals. In the case’81Pb this leads to  spectrum. In the elastic breakup processes the transferred
favorable excitation of high multipole modes. In the case ofhycleon is rescattered elastically from the target. The absorp-
®Ni, also low multipole modes can be reached but with ation cross section corresponds to transfer to the quasibound
low cross section due to the spin factodg 1. For these and unbound states in the target nucleus and to inelastic
reasons, the cross section for collective states is weak fdireakup reactions where the transferred nucleon rescatters
both reactions. inelastically leaving the target nucleus in an excited state.
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fluctuations of the experimental spectrum. The discrepancy

207Dy, (38Ar,25Ar) 28pp, — s:-m“, ) betwggn the position of the bump in the experimentgl and the

10k o ,en: br:;u‘:’ theormc_:a! spectra can be expila|.ned by the fact that in the BB
- total breakup model it is the overall description of the neutran target

—— transter optical model which determines the energy of the single-

particle resonances.

The main purpose of this comparison was to ascertain if
this model can reproduce the overall shape of spectra and
give a reliable estimation of the breakup contribution. If the
very high energy part%¥50 MeV) of the spectrum is not
considered, because it is outside the SPEG acceptance, the
overall shape of the spectrum is well reproduced by the cal-
culation. In the case of thé’Pb®Ar, *°Ar) ?°%Pb reaction,
the calculation as well as the experimental spectrum shows
fewer structures than with thé&’Ne projectile. The overall
shape of the spectrum is again well reproduced.

The different contributions due to the transfer to the target
resonances states and the elastic and inelastic breakup pro-
cesses are also indicated in Figs. 8 and 9 The elastic breakup
) , o . spectrum is approximately centered at the incident energy
The inelastic breakup contribution can be estimated by calper nycleon while the major contribution from the inelastic
culating the absorption in the Born approximati@). breakup processes is at lower apparent excitation energies.

The contributions of the first three ejectile hole statesynen the incident energy increases, the maximum of the
were considered in the calculation weighted by the correygia) preakup spectrum moves towards higher apparent exci-
sponding spectroscopic factors. In the case of fie ejec-  tation energies, slightly changing the shape of the spectrum
tile the first hole states aresg,, 1py, and s, and in the  measured for neon projectiles at 48 MeV/nucleon compared
case of°Ar 1dg;,, 251/ and 2g;,. The spectroscopic fac- tg that measured with argon projectiles at 42 MeV/nucleon.
tors were taken from Ref$15] and[19], respectively. The |t is interesting to notice that for these two reactions, the
optical potential used in th&matrix calculation was that transfer to single-particle resonance states is still dominant,
proposed by Mahaux and Sarf@7] for nucleon?°®b. The  the cross section due to breakup processes being only about
influence of the different optical model parameters is studiegne-third of the total cross section. Experimentally the mea-
in Ref. [25]. surement of coincident neutrons would allow us to distin-

Figures 8 and 9 show the angle-integratedgyish between breakup and transfer to resonant states. Such

spectra measured for the?”PbC’Ne,”Ne)*®Pb and  an experiment has been performed recef2sj.
207 36 35 20 H H
PbEAr, *°Ar) ?%%Pb reactions, respectively. The dashed

line represents the calculated total transfer cross section. The

Bonaccorso-Brink model for the transfer to the continuum

treats only quasibound and unbound states of the target VI. CONCLUSION

nucleus and therefore the calculated spectra start only at the

excitation energy corresponding to the binding energy of the Several one-nucleon transfer reactions were studied in the
neutron in the residual nucleus. In order to fit the experimenfegion of Pb and Ni by using Ne and Ar beams at 48 and 42
tal spectrum, the calculation has been normalized by a factdvleV/nucleon, respectively. Pronounced bumps superim-
of 0.6 in the case of the the Ne projectile and by a factor ofposed on a large continuum are observed in several stripping
0.1 in the case of the Ar projectile. In the limits of the ex- spectra. In the Pb region, a bump is located § walue of
perimental error bars and the theoretical uncertainties, the 23 MeV while its excitation energy varies from 10 to 13
agreement between experimental and calculated transfédeV depending on the target. This suggests that the struc-
cross sections is relatively good in the case of Ne projectiléures are due to single-particle excitations. No structures
but for the Ar projectile the calculation largely overestimateswere observed at excitation energies above 10 MeV in the
the total cross section. measured pickup spectra.

The bumps that can be seen in the calculated spectra cor- The single-particle nature of the structures in the stripping
respond to the transfer to the target resonance states. In tBpectra of?°’Pb and®°Co is in agreement with a microscopic
case of the?®’Pb(®°Ne,'Ne) 2°%Pb reaction, the first structure calculation where collective excitations are treated in the
at about 10 MeV is mainly due to the excitation of the framework of the random phase approximation. In the stud-
1k;7, single-particle resonance state 3fPb. Even though ied reactions, the angular momentum matching condition fa-
this bump is located 3 MeV below the experimental one, itsvors the excitation of high multipole modes while collective
spin assignment corresponds to the bump seen in the expegffects are only seen in the case of low multipole modes.
mental spectrum at 13.5 MeV and in the spectrum resulting The overall shape of the measured stripping spectra are
from the microscopic calculation discussed in Sec. IV. Thisfairly well reproduced by the Bonaccorso-Brink calculation.
is in agreement with the interpretation of Refg,10]. At  This model also allows us to estimate the projectile breakup
higher excitation energies the calculation shows severatontribution to the inclusive transfer spectra which is pre-
weak structures which, however, remain inside the statisticalicted to be about one-third of the total cross section.

do /dE [mb/MeV]

FIG. 9. Same as Fig. 8 for tf@Pb(®Ar, 3°Ar) 2%%Ph reaction at
42 MeV/nucleon.
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