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Slope anomaly in neutron transfer reactions
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We study one- and two-neutron transfer probabilities in heavy-ion reactions within a semiclassical model.
As in the case of the already studied proton transfer reactions, the interplay between absorption and tunneling
effects qualitatively reproduces the overall properties of these probabilities and in particular the so-called slope
anomaly observed in these reactioff30556-28138)07006-X]

PACS numbsg(s): 25.70.Hi, 24.10.Ht

The study of nucleon transfer reactions at large internuhave been reported in two-neutron transfer reactions, which
clear distances is usually done assuming that the influence @f the literature are referred to as “slope anomali¢8].
the nuclear potential is very smdkee, for example, Refs. Recently we have proposed a model to analyze one- and
[1-3]). The standard theoretical interpretat{di considers a two-proton transfer probabilitief9,10]. In this model we
classical Rutherford trajectory and the transfer probability ishave assumed that the relative motion of the colliding heavy
determined by the tunneling of the transferred particleions is governed by the real part of the total Coulomb plus
through an effective potential barrier created by the dononuclear optical potential. We have also taken into account
and acceptor core nuclei at the distance of closest approactie absorption due to the imaginary part of the optical poten-
Within this semiclassical model the transfer probability istial and considered that the transfer process occurs via tun-
given by neling at the point of closest approach. Two-nucleon transfer

reactions are assumed to proceed by simultaneous transfer of
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where . and B.¢; are the reduced mass and the effective
barrier height to be traversed by the transferred particle and
Druth is the distance of closest approach for a Rutherford
trajectory at the given scattering angleThe decay constant
« is energy independent and it can be seen from(Bqthat
its value of for two-nucleon transfer is approximately twice '
than that for one-nucleon transfer. 0.001 :
The experimentally observed transfer probabilities are
usually plotted as a function @g,;,. When this is done, the 10 12 12 16 18
plot presents an exponential falloff at large distar|des§,6].
In the case of one-neutron transfer, these slopes are well D
approximated by Eql) in most of the measured cadds7]. Ruth
However, deviations from the expected values of the slopes g\ 1. Transfer probability divided by sif( ,/2), as a func-
tion of Dgy, for the °Mo(%2S,34S) reaction atE,,,=180 MeV.
Filled circles are the experimental data of Rgf], solid lines are
*On leave of absence from the Escuela de Ciencia y Teci@logl the theoretical results of this work normalized to the data, and the
Universidad Nacional de San MartiAlem 3901, 1651 San Andse  dashed line is an exponential with the decay constant of H@nd
Buenos Aires, Argentina. arbitrary normalization.
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TABLE I. Experimental and theoretical values of the decay con-the transferred nucleons, except that we have used a diffuse-

stantx. nessa=0.65 fm in the nuclear optical potential. For the
imaginary part of the optical potential we considered the
- Bip ~ « [EQ. (2]« (Expt)  « (Theon) samge ggorrr:etrical parar‘;etersp as for the real part and a
Reaction (MeV) (fm ™) (fm ™) (fm™7) strengthW, =30 MeV
100\ (32 33 0 :
10%82322'342 igg (1)'6132 8'22 8-;’8 As an example of our calculations we take the
%Mo( 225 ) 180 067 0.48 0.50 %Mo (%%s,*%s) **Mo reaction at 180 MeV of laboratory en-
%Mo (32S,349) 180 1.27 0.30 0.38 ergy measured by Herrickt al. [7]. The experimental data
208pp 285, 30g)) 152 1.16 1.34 1.16 are indicated by the filled circles with the error bars quoted
sgSPb(iSi;’OSi) 225 1.16 0.41 0.41 by the authors in Fig. 1. The solid line is the calculation
Mo(*°S,*'s) 180 1.27 0.23 0.29 described above normalized to the data and the dashed line is

an exponential with the decay constant of E2).with arbi-
trary normalization. It may be seen that our calculation pre-
the two nucleon$10]. We have shown that the competition dicts a significantly smaller slope, in qualitative agreement
between tunneling and absorption explains the apparentlyith the data.
anomalous energy dependence of the slopes of the proton In Table | we present a comparison of the measured and
transfer probabilities. calculated values of the decay constanfor a variety of

For energies above the Coulomb barrier several trajectoieutron transfer reactions. The first column indicates the re-
ries can contribute to the same scattering angle, but only thaction considered, the second is the laboratory energy, and in
two corresponding to the largest impact parameters surviveolumn 4 are the experimental slopes taken from the compi-
the absorption process. Of these, one is essentially a Ruthdation of Rehmet al. [1]. In columns 3 and 5 we write the
ford trajectory and the other “feels” more strongly the theoretical values as calculated by E2). and the model of
nuclear field. Since the Rutherford trajectory dominates beRefs.[9,10], respectively. The theoretical values were ob-
cause it feels no absorption, the slopes of the one-prototained by means of an exponential fit to the calculated results
transfer probabilities are approximately given by the stanin the range oDy, between 15 and 18 fm. The discrep-
dard formula, Eq(2). On the other hand, in the two-proton ancy between experiment and E®) in the case of two-
transfer case, the tunnneling probability in the Rutherfordneutron transfer is the slope anomaly. There is satisfactory
trajectory is hindered due to the larger mass of the clusteagreement between our theory and the experimental data,
and the fact that the barrier is wider. In this case the secondspecially taking into account that no attempt at parameter
trajectory, even taking into account absorption, contributeditting was made. One should remark, however, that our cal-
significantly to the transfer probability because for it the ac-culations indicate only the general trend of the transfer data,
tual distance of closest approach is smaller. The dependengéiich may be distorted by specific structure effects, such as
of the transfer probability oD gy, Now only a parametri- deformation of one or both collision partners.
zation of the scattering angle, is very different in this trajec- In conclusion, we have shown that the semiclassical
tory [9] and it follows that the addition of the two contribu- model of heavy-ion transfer reactions is capable to explain
tions explains the slope anomaly and the energy dependentee slope anomaly in neutron transfer if we consider the in-
of the slopes. fluence of the optical nuclear potential in the trajectory and

It is the purpose of this work to show that the model of in the absorption process.
Refs.[9] and[10] also qualitatively reproduces the behavior The authors acknowledge financial support from
known as slope anomaly in neutron transfer reactions. In theEDECIBA and the Programa Ciéfito-Tecnolmico
calculations presented here, we have taken the prescriptio@ONICYT-BID (Uruguay (H.D.M. and R.D), the Conselho
of Broglia and Winther{11] for both the real part of the Nacional de Desenvolvimento Ciéfito e Tecnolgico
nuclear optical potential and the potential to be traversed byCNPg, FAPERJ, and ICTRR.D.).
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