





1. Introduction

The experimental investigations and theoretical analysis show
that in the grazing collision of a heavy ion with a nucleus direct
reactions with a single or few-nucleon transfer occurx). The study
of these reactions may give valuable information on the nucleus
surface structure, in particular, on the possible formation of alpha-

f9,10/ . The experi-

particle clusters on the heavy nuclei surface
ments on light nuclei with a strong alpha—clustering observed have
indicated that the cross section of the *He pick-up by heavy ions
is of significant value, exceeding that of the proton and neutron
pick—uplll—lsl. The V‘He pick-up experiments on heavy ions have
ﬁot been performed.

The main task of the present work has been the investiga-
tion of the ‘He pick-up reactions on heavy nuclei. The experi-
mens have been performed with the external beam of the 150 cm

Heavy Ion Cyclotron of the Nuclear Reactions Laboratory. The

x)

See experimental and theoretical reviews in rets./ 1_8/.






indicated that the cross section of the ‘He pit¢

nuclei was very small. The pulses from the ion

the semiconductor detector after amplification went to the 4096 chan-
nel analyser which worked in the two-dimensional regime, The spe-
cific jonization axis dE/dX and the energy axis E had scann-
ing on 64 channels, Each °~ otope and, consequently, each reaction
channel has a corresponding hyperbola on the plane with axes
dE/dX and E . The main difficulty an experimentator encounters
working by dE/dx«E method is a high intensity of elasticaliy scat-
terred ions, especially at small angles. The difficulty increases

with Z of the nucleus target, Due to this reason we limited our
measurements to the minimal angle of 300. It should be noted, ho-
wever, that this limit turned out to be insufficient (in our experi -
ments,

The data obtained were treated with a computer according
to the programme developed by o of the authors {G.N.Zorin) and
then were plotted as hyperbolas on the plane with axes dFE /dx;E.
Isotopes were identified by comparing the theoretical and experi-
mental hyperbolas. Elastic and inelastic scattering ions and ? Be
were used as reference marks., Scattered ions were easily iden-
tified by their high intensity, % Be identification was simplified by
the ? Be non-stability (it decayed on its way to the detector). In the
case of necessity the additional analysis of the shape of a hyper-
bola, the specific ionization distribution in hyperbola and the Q
reaction was performed. The absolute values of the differential
cross sections were determined by normalizing to the elastic scat-

-2
tering cross section/17 1/.
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3. F—erimental Re~--t~_

iarements for the following target-particl

med : |07Au+ 12C ;282,1.].+12C ""Au+

R LEYE

ergies in the laboratory system were ¢

110 MeV for!*N and 98.5 MeV for'® N

performed within the angular range 30-

OO. The 1.5 mg/cm2 and 2.7 mg/cm2 targew 1ur
'cm2 one for thorium were used,

a of direct reaction products displayed on the
yser oscilloscope screen during the measure-
dE/dE plane after the treatment of the results
indicated that direct nuclear reactions with the
ons towards the nucleus target as well as to-
iing nucleus fr- all target-particle combinations

nat follows the reactions of the first type arc cal-
ctions and of the second one are called the pick-
>rding to the therminology used for lighter projecti-
nucleus-donor" and "nucleus-receptor" are used
giving or capturing nucleons in the reactions.
seneral conclusion one could draw from the review
lata is that the variety of reactions and the
sections in stripping reactions turned out to be

> in the pick-up reactions, In the stripping reacti-
ible vield of elements lighter than the impinging

3 ‘He , has been observed. On the contrary,

: neighbouring the impinging nucleus could be re-
in the pick-up reactions. The second general con-

>d to the stripping reaction cross sections, which



decrease with Zand A of reaction products, excluding *He , for

which a sharp increase of the cross section was observed.

4
3.1, He Pick-Up

On the dE/dx,E plane in the region where the hyperbolas
corresponding to the ‘He pick-up were assumed to be only a
few pulses were detected. Due to a small yield no information
about the angular distribution and the energy spectrum of the re-
action were obtained. Only the upper limit of the total cross sec-

tion was determined (see Table 1.)

3.2. Single Nucleon Transfer
a) Transfer of One Proton

The transfer of one proton has been estimated in the stripp-
ing reactions 197 ,, d3¢, ilp) '"Hs , B2pp (13, 11288 p,
and in the pick-up reaction 232Th(!%N,160)3315., Fig.2 shows the
angular distributions for the former two reactions. The !'B energy
spectra measured at the angles corresponding to differential cross
section maxima are shown in fig.5. The arrows above the scale
indicate the ''B energy for the final nuclei in ground states, In the
BA1p (!N, ' 0) reaction the proton pick-up occurs mainly into the
ground state., The pick-up of the proton in the ( ¢, N) and
(** ~,'0) reactions were not detected due to the small cross
section., The total cross sections of the reactions are seen in
Table 1. They have been calculated by integration differential
cross sections, The values of do/df for the angles less than
30° is assumed to vanish gradually to zero. This conclusion fol-

lows from refs./15'16’ 26/.



b) Transfer of One Neutron

The identification of one neutron transfer at small angles
lifficult task due to a high intensity of elastic scattering pa
, therefore we have measured the differential cross sections
energy spectra only for the angles corresponding to the cr
stion maxima. Fig.4 represents energy spectra for the neutro
k-up reactions: 22 Thp(13c 13 cy; 233 4NI0N) 19T 4 (M4 N 18 )
Th (** N,'®* N) and for the one neutron stripping reacticn3*Th('*N;*N)
2 schemes of the final nuclei-receptor levels are placed above
spectra for the pick-up.

We considered it useful to estimate in some cases also the
il cross sections of the one neutron transfer. For this purpose
ratio of the full cross section to the differential cross section

the maximum based on the data of refs. 116,23/

was found. These
a were used to calculate the cross sections of the one neutron

nsfer in our case (see Table 1),

3.3 Transfer of a Few Nucleons
a) The Deuteron Transfer

The deuteron transfer was identified in the pick—-up reactions
u(“N. 16 0); 197 A‘(n'a c. 4. ) 283 Th{ 13 c,u N) as well as
the stripping one '*TAa(*N,'C) | The angular distributions
1 energy spectra were measured for ("N,"O) and ("N, c)
wictions, The data are shown in figs.3,6. As for the reaction
'c,"* N) the yield was so small that the detailed characteris-
5 were not obtained; Table 1 presents only the total cross sec-

1s. Due to the same reason we have not detected the deuteron

k-up in the reaction ("N,'.r 0) .



Above the energy :
there is the level scheme
ficient apparatus resoluiion does not allow to identify the transition
to separate levels, nevertheless, the spectrum shape indicates that
the deuteron pick-up occurs chiefly on the excited levels of the
final nucleus '%p , The deiteron stripping reaction (14N, '3 ¢) is
accompanied by the high excitation of the final nuclei; the spectrum
maximum corresponds to the 21 MeV excitation energy.

8

b) He, *He Transfers

The *He and *He transfers were observed only in the

ing reactions: TAa('?c,? Ba; 232Th(!2C PBe); ¥TAc(*¢N, 1).
The angular distributions of the reactions are seen in figs. 2 arnd 3,
the energy spectra are presented in figs. 5 and 6.,

® Be) has no

The final nucleus °Be from the reaction ('? c,
bound excited levels, therefore its energy spectrum reflects directly
the spectrum excitations of the nucleus-receptor . The arrows show
the °Be energy corresponding to the e transfer to the ground
state of the nucleus-~target, The transfer of *He to the states of
high excitation energy is notewortnhy (14 MeV for %7 ¢ and 13 MeV
for'”sTh Y . At the ¢ Re transfer the excitation energy reaches 28
MeV, though the ® B nucleus might be excited in this case. The
total cross sections of the ®He and * He stripping are given in
Table 1.

The inaccuracy in determining the peak position in angular
distributions is of 2—30. The dead time of the analyser causes the
main error in measuring the effective cross sections (the average
rate being about 2000 pulses per sec.). However, we managed to

exclude this factor by normalizing the vield to the elastic scatter-

ing cross section. According to our estimates, the error in measur-



3 the absolute cross section in the case of the reliable isotope
lentification does not exceed 20-25%, In the case of the neutron
nsfer reaction it increases to 30%. In energy spectra the error
estimating the excitation energy does not exceed 1 MeV, while
» energy distribution widths being obtained with a 0.5 MeV accur:

4, Discussion of Results

4,1 *He Pick-Up

The main experimental result obtained by the ‘He pick-up
restigations is the small value of the reaction cross section. As
seen from Table 1, the cross section of the reaction °7Aa ¢4N,!8F)
2s not exceed 8# b, that of the reaction (c,'0) on®®**th  and
TAu being smaller than 1 ¢ b, At the same time the cross secti~

of the alpha pick~-up on light nuclei reaches tens of milli -
rn/ll—la/, despite the less favourable Q of the reaction,

In order to explain the small value of the a pick-up cross
ction on heavy nuclei two assumptions might be made, It is pos-
le, that the reduced a -particle widhts . in heavy nuclei are
all since the neutrons and protons populate different nuclear
2lls. In this case the assumption about the significant @ -cluster-

i on the heavy nuclei surface/ 9,10/

must be rejected, The a -
k-up cross section decreases sharply if the ‘He pick-up occurs
the unbound excited states of the final nucleus~receptor, Such

al nuclei will decay on their way to the detector and our

2ampts to detect the a -particle pick-up will be a failure, As is
an from the energy spectra in fig.,5 and 6 the !He and %‘He trans-

in the stripping reactions occurs to the levels with the excitati-

10



on considerably exceeding the binding ener
and in”O nuclei, It should be noted that by bombarding **!Ta  with

% Ne ions with .an energy 8 MeV per nucleon the cross section

. -2 2/2

of the *He stripping from 18174 nucleus reached 10 7cm / 4/. Both
factors mentioned seem to have an effect on the value of the & -
pick-up cross section and some more experiments are needed to

clarify the role of each one,

4,2, Transfer of One Nucleon
a) Neutron Transfer

In the one neutron transfer reaction the energy spectra are
of particular interest since they permit to obtain additional informa-
tion on the reaction mechanism, As is seen from fig.,4, in the neut-
ron pick-up a certain accordance of the energy spectrum to the
bound levels positions of the nucleus-receptor can be observed.
Three bound levels with an energy equal to 3.09, 3.68 and 3.85
MeV are in the '*C nucleus besides the ground state. There are
two maxima in the energy spectrum of the reaction 23 rn (M ¢ )P i
the first corresponds to the neutron pick-up into the ground state
and the second one to the group of the bound excited levels, The
similar situation can be seen in the reaction 23?Th('*N 1® N)*®!Th,

18 n has three bound levels located wvery close

The final nucleus
to the ground state; the excitation energy of the highest level being
332 keV. The energy spectrum of the reaction shows the transfer
of one neutron to this »:vel group. U Hriunately, the insufficie re-
solution does not permit to identify in both cases transfers to se-

parate levels of the group. Nevertheless, by basing on the mutual

position of the energy spectra and level schemes of receptor nuclei









ollision vith the Am nucleus has velocity equ

C ion in our case, It is seen from Table 2 th:

oth reactions is practically the same. That means

id neutron stripping occurs most probably at tt

1@ closest approach of interacting nuclei, Howe
reaction regions are notably different, that for

eing narrower., This difference is due to the I

3 energy in the '? ¢ (16 MeV) as compared to |

the ''N(10.6 MeV). Since the one nucleon tra..o.c.

» peripheral collisions, the radial parts of the nucleon
s of the initial and the final states may be presented
f exponentials. The higher binding energy of a nucle-
ds to the shorter exponential "tail" and more narrow

m/26/.

ite conclusion about the mechanism of the reaction

g energy spectra, The g

can be drawn from the
iced, in principal, in two ways: due to the transfer of
the nucleus-target or as a result of dissociation of
'2¢ nucleus to !''B and a proton with the latter emit-~
particle, It follows from the energy spectrum of the
, " B) that the overwhelming majority of "Brhuclei is
he proton transfer reaction, since there is an energy
proton emission.
wrgy spectra in the proton stripping reaction ("cMp
be very similar to those of the neutron stripping re-
N | Since the '* N nucleus has no bound excited
ergy spectrum shows the excitation of the 9% A4 nuc-
The similarity of the proton and neutron stripping
a allows to make two assumptions concerning the

the transfer of one nucleon:

14



a) the majority of neutrons in the stripping reaction l"Au(“N,
"N ) is also captured by the nucleus-target. One cannot make

this conclusion directly from the 18

N energy spectrum, since ur-
like a free proton the neutron does not "carries away" the energy
equal to the Coulomb barrier height.

b) the ''B  spectrum flects, mainly, the excitation spectrum
of the final nucleus-receptor,

The comparison of the protom and neutron stripping cross sec-
tions is of particular interest for the reactions with 'ﬁnal nuclei of

Mc, B ), (*c, e ) |, Unfortuna~

similar lewvel structure
tely, the elastic scattering makes it extremely difficult to detect ¢
for all angles. We managed to compare the cross sections of both
reactions only for the angle corresponding to the maximum of the
angular distribution of the reaction (12 c, “C) . The cross section
of the proton stripping turned out to be by a factor of 20 larger
than that of neutron stripping. The result obtained seems to be
surprising, since the binding energies of the proton and the neutron
ar'e similar: 15,9 MeV and 18,7 MeV, respectively,

The stripping reactions with the transfer of one proton or
one neutron from the light to heavy nucleus were discussed above,
Let us consider the reactions where the transfer occurs inthe op-
posite direction, i.e. the pick-up reactions. A sharp asymmetry ta-
kes place in (mC, N and (12 c, ' c) reactions: the cross
section of the proton pick-up appeared to be some orders of mag-
nitude smaller than that of the neutron pick-up, despite the similar level
structure of the final nuclei'®* N and'® ¢ . We could not discrimi-
nate between the proton and deuteron pick-up. But even in the com-

parison of the neutron pick-up cross section with the summed one

proton and deuteron pick-up the difference exceeds 3 orders of

15
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Table 1

Total cross section of the Transfer Reactions

Target and

(MeV)

Ion energy

Cross section in mb,

3 4

projectile 4+ He +d -d -"He - He +n -P
197 f s 1N 110 8x107> 2.6 100 26 25
232 12¢ 82 < :Lxlo’3 5x10'3 31 37 37
- -3
197 pus 2 82 <1x10"3 <5x10 27 a1

The sign + corresponds to the pick-up reactions, the sign - corresponds to the
stripping reaction,
Table 2
The analysis of the prot3n transfer reaction (> C, ''B) in the framework of Frahn-
Venter?2) and Strutinski 26) models
Frahn-Venter Classical vlf/):”e. fT rans—l
model parameters parameters v er nucle-
cm - numb. on binding
Reaction , in react. energy
’ ’ R
(MeV) T A T /44 o d region (MeV)
1 11,198
197 aut?c, 1)1 %%ug 77 45 1,77 254 0,36 12,5 1.55 0,23 5.0 15,96
.
232pn(*2c, 1g) 23%pa 78 42 1,89 2,45 0,33 13,0 155 0.23 4.6 15,96
1 1
197AU(14N, 3N) 98Au 87 51 2,95 1.63 0,14 12,9 1.57 0.32 8,0 10,55
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