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I. 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 occur x). The study 

of these reactions may give valuable information on the nucleus 

surface structure, in particular, on the possible formation of alpha

particle clusters on the heavy nuclei surface/
9

, lO/. The experi

ments on light nuclei with a strong alpha-clustering observed have 

indicated that the cross section of the 4 
He pick-up by heavy ions 

is of significant value, exceeding that of the proton and neutron 
. /11-15/ . • 

ptck-up • The Be pick-up experiments on heavy ions have 

not been performed. 

The main task of the present work has been the investig a

tion of the 
4

Be pick-up reactions on heavy nuclei. The experi

mens have been performed with the external beam of the 150 em 

Heavy Ion Cyclotron of the Nuclear Reactions Laboratory. The 

x) See experimental and theoretical reviews in rers/1-
8

( 
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1182 lilT 111 U 16 • 
Th and Au targets were bombarded by C , N , N 1ons. The 

dE I d X • E method has been used to detect reaction products. Since 

this method permits to observe simultaneously . many direct reaction 

channels, the data on 8 
He , 'He stripping and on the one proton, 

one neutron, and deuteron transfer have been also obtained. 

2. Experimental Procedure 

The experimental sch eme is shown in fig.1. The collimated 

ion beam bombarded the thin metal target located in the centre of 

the scattering chamber. Light p r oducts of direct reactio ns having 

a long range, passed through the scattering chamber window pro

tected by a thin myla r foil and th e n were detected by the teles -

c ope c onsisting of a n ionization chambe r a nd a s emiconductor de

tector. T h e teles cope was placed on the gonio metrica l circle outside 

the scattering chambe r. One c a n fi n d the more d e taile d description 

of the scattering chamber in rer./
1 6

/. 

The two-plate ionization chamber w a s used in which detected 

particles passed through both electrodes (1.5 p. m AI foil). The elec

trodes were fixed on the metal discs at the interval of 15 mm bet

ween them. The inlet and outlet openings of the ionization chamber 

were 8 mm and 12 mm in diameter, respectively. T he chamber was fil-

led with the 90o/o argon a nd 10o/o methan mixture up to 1 atm. Tak

ing into account a considerable increase in a specific ionization 

in the case of 'He p ick- up w e c onfined ourselves to the resolution 

of the ionization chamb e r to about 8o/o. The construction of the ioni

zation chamber provided a hig h g eome try e fficiency of 4.3" 10-3 

steradian. This wa s very e ssential as the p reliminary expe rime nts 

on the 282 
Th ( 

14 N / 8 F ) rea ction with the radioactive 18 F d etectio n 
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indicated that the cross section of the • He pick-up on heavy 

nuclei was very small. The pulses from the ionization chamber and 

the semiconductor detector after amplification went to the 4096 chan

nel analyser which worked in the two-dimensional regime. The spe

cific ionization axis dE I dX and the energy axis E had scann

ing on 64 channels. E ach isotope 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 d E I dx • E method is a high intensity of elastically 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 30 °. 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 one of the authors (G.N.Zorin) and 

then were plotted as hyperbolas on the plane with axes dE I dx; E • 

Isotopes were identified by comparing the theoretical and experi

mental hyperbolas. Elastic and inelastic scattering ions and 9 Be 

were used as reference marks. Scattered ions were easily iden

tified by their high intensity, 11 
Be identification was simplified by 

the 8 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-

t . ti /17-21/ enng cross sec on • 
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3. Experimental Results 

The measurements for the following target-particle combina-

tions were performed: liT Au+ Ill C ; liU Th + Ill C ; liT Au + 14 N' , 
lllliTh + 14 N : liUTh + 111 N 

The ion energies in the laboratory system were equal to 

82 MeV for Ill C , 110 MeV for" N and 98.5 MeV for
15 

N • The mea

surements were performed within the angular 
o 

range 30-130 , on 

th . o I 2 e average 1n 10 • The 1.5 mg em and 2. 7 
2 

mg/cm targets for 

gold and 1.5 mg/cm 
2 

one for thorium were used. 

The spectra of direct reaction products displayed on the 

multi-channel analyser oscilloscope screen during the measure-

ments or on the dE/ dx; E plane after the treatment of the results 

with a computer indicated that direct nuclear reactions with the 

transfer of nucleons towards the nucleus target as well as to

wards the impinging nucleus for all target-particle combinations 

take place. In what follows the reactions of the first type are' cal

led stripping reactions and of the second one are called the pick

up reactions, according to the therminology used for lighter projecti

les. The terms "nucleus-donor" and "nucleus-receptor" are used 

to design nuclei giving or capturing nucleons in the reactions. 

The first general conclusion one could draw from the review 

of experimental data is that the variety of reactions and the 

values of cross sections in stripping reactions turned out to be 

larger than those in the pick-up reactions. In the stripping reacti

ons, a considerable yield of elements lighter than the impinging 

nucleus including 4 He , has been observed. On the contrary, 

only the element neighbouring the impinging nucleus could be re

liably identified in the pick-up reactions. The second general con

clusion is related to the stripping reaction cross sections, which 
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decrease with Z and A of reac tion products , exclud ing 4 He , for 

whic h a sharp increa se of the c r oss section w as observed. · 

On the dE I d x, E 

corres pending to the 

• 3.1. He Pick- Up 

plane i n the r egion where the hyperbola s 

4 He p ick-up were assume d to be only a 

few pulses were detected. Due t o a sma ll yie ld n o information 

about the ang ular distribution a nd the energy spectrum of the re

action were obtained. Only the upper limit of the total cross. sec

tion >Nas determined (see Table 1.). 

3.2. S ingle N ucleon Tran sfer 

a ) Transfer of One P roton 

T he tra nsfer of one proton h a s been estima ted in the stripp-

ing rea ctions 197 An (1ll C, 11 B) I98Hg li82Th ( Ill C, II B) 288 Pa 

and in the pick-up reaction 23 l1Th( 15 N, 16 0l 281 Ac. Fig.2 shows the 

ang ula r distributions for the former two reactions . The 11 B energy 

spectra measured at the angles corresponding to differential cross 

section ma xima are shown in fig. 5 . The a rrows above the scale 

indicate the 
11 

B energy for the final nuclei in g round states. In the 

282
Th ( 

16 
N, 

18 
0) reaction the proton pick-up occurs mainly into the 

ground state . The pick-up of the proton in the ( Ill C , 18 N l and 

(H N, 
16

0 l r eactions were not detec ted d u e to the s mall cross 

sec ti o n. T h e to tal c ross sec tions o f the r eactions are s een in 

T a ble 1. T h ey h a ve been calculate d by integra tion differential 

c r oss secti ons, T he values of d u I d 0 .for the a n g les l ess than 

30° i s assu med to vanish gradually to z ero. This conclusion fol-
{1 5 1 6 26/ 

l ows from r e fs . ' ' • 
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b) Transfer of One Neutron 

The identification of one neutron transfer at small angles is 

a difficult task due to a high intensity of elastic scattering partic

les, therefore we have measured the differential cross sections and 

the energy spectra only for the angles corresponding to the cross 

section maxima. Fig.4 represents energy spectra for the neutron 

pick-up reactions: :JU Th ( 12 C, 11 C )j :Ja:JTh(14 N ! 0 N); lilT Au ( U N , 10 N) 

:JB:J Th ( 10 N , 18 N) and for the one neutron stripping reactionlll2fh(1 ~!4N) 

The schemes of the final nuclei-receptor levels are placed above 

the spectra for the pick-up. 

We considered it useful to estimate in some cases also the 

total cross sections of the one neutron transfer. For this purpose 

the ratio of the full cross section to the differential cross section 

in the maximum based on the data of r;efs. 
116• 23

/ was found. These 

data were used to calculate the cross sections of the one neutron 

transfer 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 
197Aa( 14

N,
11 0); 11'Ad(i2

C,
14

N); :Ja:JTh(
12

C, 14 N) as well as 

in the stripping one 
11

' A a (
14 

N, Ill C) • The angular distributions 

and energy spectra were measured for ( 14 N • 11 0) and ( 14 N , Ill c) 

reactions. The data are shown in figs. 3,6. As for the reaction 

(Ill C, 14 N) the yield was so small that the detailed characteris-

tics were not obtained; Table 1 presents only the total cross sec

tions. Due to the same reason we have not detected the deuteron 

pkk-up in the reaction ( 111
N, lT 0) 
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Above the energy spectrum 18 0 from the reaction tOT Au(14 N,18 0) 

there is the level scheme for the final nucleus-receptor. 'The insuf

ficient apparatus resolution 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 10 o • 'The deuteron stripping reaction ( u N, 12 C) is 

accompanied by the high excitation of the final nuclei; the spectrum 

maximum corresponds to the 21 MeV excitation energy. 

b) 8 He, 4 He 'Transfers 

'The 8 
He and 4 He transfers were observed only in the 

stripping reactions: 19
TAu( 12 C, 9 Bd; 282 Th( 12 C,11 Be·); lllTAu( 14 N, 10B). 

'The a ngular distributions of the reactions are seen in figs. 2 and 3, 

the energy spectra are presented in figs. 5 and 6. 

'The final nucleus 
9 

Be from the reaction ( 12 C, 9 
Bel has no 

bound excited levels, therefore its energy spectrum reflects directly 

the spectrum excitations of the nucleus-receptor • 'The arrows show 

the 9 
Be energy corresponding to the &ae transfer to the ground 

s tate of the nucleus-target. 'The transfer of 8 He to the states of 

high excitation energy is noteworthy (14 MeV for lilT Au and 13 MeV 
282 4 

for Th ) • At the He transfer the excitation energy reaches 28 

MeV, though the 
10 

B nucleus might be excited in this case. 'The 

total cross sections of the 
8 

He and 
4 

He stripping are given in 

'Table 1. 

'The inaccuracy in determining the peak position in angular 

distributions is of 2-3 °. '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 yield to the elastic scatter

ing cross section. According to our estimates, the error in measur-
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ing the absolute cross section in the case of the reliable isotope 

identification does not exceed 20-25%. In the case of the neutron 

transfer reaction it increases to 30%. In energy spectra the error 

by estimating the excitation energy does not exceed 1 MeV, while 

the energy distribution widths being obtained with a 0.5 MeV accura-

cy. 

4. Discussion of Results 

4.1 • He Pick-Up 

The main experimental result obtained by the • He pick-up 

investigations is the small value of the reaction cross section. As 

is seen from Table 1, the cross section of the reaction 187Au(HN,18 F) 

does not exceed Bll b, that of the reaction ( 12 
C, 18 0) on23 2-rh and 

t9TAu being smaller than 1 ll b. At the same time the cross secti

on of the alpha pick-up on light nuclei reaches tens of milli -

barn/
11

-
13

/, despite the less favourable Q of the reaction. 

In order to explain the small value of the a pick-up cross 

section on heavy nuclei two assumptions might be made. It is pos

sible, that the reduced a -particle widhts in heavy nuclei are 

small since the neutrons and protons populate different nuclear 

shells. In this case the assumption about the significant a -cluster

ing on the heavy nuclei surface/
9

, 
10

/ must be rejected. The a -

pick-up cross section decreases sharply if the • He pick-up occurs 

to the unbound excited states of the final nucleus-receptor. Such 

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

attempts to detect the a -particle pick-up will be a failure. As is 

seen from the energy spectra in fig.5 and 6 the 8 
He and • He trans

fer in the stripping reactions occurs to the levels with the excitati-
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on considerably exceeding the binding energy of •ae in the 
18 

F 

and in 
16 

0 nuclei. It should be noted that by bombarding 
181

Ta with 
20 

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

of the 4 He stripping from 181 Ta nucleus reached l0-
27 

em 
2

/
24

/. Both 

factors mentioned seem to have an effect on the value of the a -

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 18 C nucleus besides the ground state. There are 
. • ll82 12 18 :181.. 

two maxima 1n the energy spectrum of the reaction Th ( C, C1 Th: 

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 2821-h ( 
16 

N ,
15 

N )
281 Th. 

The final nucleus 
18 

N has three bound levels located very close 

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 level group. Unfortunately, the insufficient 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 s pectra and leve l schemes of receptor nuclel 
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one can draw a significant conclusion that the neutron transfer from· the 

heavy nucleus is not accompanied by the noticeable excitation of 

the donor nucleus, that means that the most weakly bound neutrons 

are transferred. This conclusion is confirmed when comparing the 

• 19 T 14 I G 198 :18:1 " energy s pectra of the reactions: Au( N, N) Au and Th( N, 
1 

GN ~ 8 'Th • The nuclei-targets in these reaction differ strongly in the 

shape ( 
197

Au is an almost spherical 23:1 
nucleus and Th -a strong-

ly deformed one) as well as in the level density and their position. 

However, the spectra in the both reactions are practically similar 

and correspond to the transfer of the neutron to the bound exci

ted levels of the final nucleus-receptor 1 
G N 

When comparing the energy spectra obtained in the neutron 

stripping reaction, one can see their considerable difference from 

those of the neutron pick-up/
23

/. There is practically no transfer 

to the ground state in stripping , the distribution width reaches 

5 MeV, and transfers are observed with a 20 MeV excitation ener-· 

gy of the final nucleus. This difference might be explained in the 

following way. In the pick-up reaction the most weakly bound nuc

leons are transferred from the nucleus-target to the impinging nuc

leus. Only the transfers, when the nucleon i s captured to the 

bound levels of the final nucleus _,are detected in the experiment. 

If there are only a few levels, as it is in the case of 18 C and 18 N, 

the energy spectrum shape corresponds, to the bound level po-

sition. 

In the stripping reactions the transfer not only to the bound 

states of the nucleus-target, but also to the unbound states ( in

cluding states belonging to the continuous spectrum) are detected. 

In this case the spectrum shape i s determined by tiE two factors 

competition. The level density increasing with the excitation energy 
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and the length of the exponential "tails" of the wave functions 

will promote the nucleon transfer to the high excited levels of the 

nucleus- receptor. On the contrary, Q of the reaction decreasing 

with the increase of the excitation energy will act in the opposite 

direction. 

b) Proton Transfer 

At present, comparatively few works on the proton transfer 

are known. One concludes from them that the mechanisms of the pro

ton and neutron transfers are s i milar in general and might be with 

good approximation described as quasielastic scattering with one 

nucleon transfer. In ref/
25

/ the evidence of the charge independen

ce of transfer reactions on light nuclei has been obtained. Simul

taneously, a great effect of the Coulomb field of the nucleus-target 

on the cross section of the proton pick-up reac tion ( 1 ~ C , 
18 

N ) 

has been observed/
15

/. Therefore a more detailed comparison o f 

the proton and neutron transfer reactions on heavy nuclei is o f 

interest. 

The angular distributions of the proton transfer reaction 

( 
12 C ! 1 B ) obtained in our experiment have a maximum typical for 

the one nucleon transfer. The maxima position corresponds to the 

grazing collision of two nuclei. Making use of the theoretical mo

dels, the characteristic of the reaction region may be obtained in 

the form of the distribution of amplitudes and phases of partial wa

ves or with the use of classical parameters: the radius of interacti-

on R and the reaction region width d • The results of our da-

ta analysis within the framework of Frahn-Wente)
22

/ and Strutin

s~26/ models are giVen in Table 2. including Maclntire et al.'s 

data on the neutron stripping reaction 18 'Aa( 14N, 18 N) 1118 Au 28> 

The data are given for the energy, when the 14 N ion at the mo-

13 



ment of its collision with the Aa nucleus has velocity equal to 

that of the t:a C ion in our case. It is seen from Table 2 that the 

value r 0 for both reactions is practically the same. That means that 

the proton and neutron stripping occurs most probably at the same 

distance of the closest approach of interacting nuclei. However, the 

widths of the reaction regions are notably different, that for the pro

ton pick-up being narrower. This difference is due to the large 

proton binding energy in the t:a C (16 Mev) as compared to that of 

a neutron in the 
14 

N (10.6 Mev). Since the one nucleon transfer 

occurs at the peripheral collisions, the radial parts of the nucleon 

wave functions of the initial and the final states may be presented 

in the form of exponentials. The higher binding energy of a n'.lcle

on corresponds to the shorter exponential "tail" and more narrow 

ct
. . /26/ rea ton reg ton • 

A definite conclusion about the mechanism of the reaction 
lll 11 11 11 

( C, B) can be drawn from the B energy spectra. The B 

may be produced, in principal, in two ways: due to the transfer of 

one proton to the nucleus-target or as a result of dissociation of 

the impinging 12 C nucleus to 11 B and a proton with the latter emit

ted as a free particle. It follows from the energy spectrum of the 

reaction (
12

C, 
11 

B) that the overwhelming majority of 1'Bnuclei is 

produced in the proton transfer reaction, since there is an energy 

lack for free proton emission. 

The energy spectra in the proton stripping reaction ( 12 C,11 B) 

turned out to be very similar to those of the neutron stripping re

action (14 N , 13 N) lla). Since the 13 N nucleus has no bound excited 

states, its energy spectrum shows the excitation of the 
103 

Aa nuc

leus-receptor. The similarity of the proton and neutron stripping 

energy spectra allows to make two assumptions concerning the 

mechanism of the transfer of one nucleon: 
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a) the majority of neutrons in the stripping reaction lOT Au("N, 
18 

N ) is also captured by the nucleus-target. One cannot make 

this conclusion directly from the 
18 

N energy spectrum, since un-

like a free proton the neutron does not "carries away" the energy 

equal to the Coulomb barrier height. 

b) the 11 B spectrum reflects, mainly, the excitation spectrum 

of the final nucleus-receptor. 

The comparison of the proton and neutron stripping cross sec

tions is of particular interest fo r the r eactions with final nuclei of 

similar level structure ( 
12 

C , 
11 

B ) ; ( 
12 

C , 
11 

C • Unfortuna

tely, the elastic scattering makes it e xtremely difficult to detect 11 C 

for all angles. We managed to compare the cross sections of both 

reactions only for the angle corresponding to the maximum of the 
Ul It 

angular distribution of the reaction ( 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 
I 

are similar: 15.9 MeV and 18.7 MeV, respectively. 

The stripping reactions with the transfer of one prot<;m or 

one neutron from the light to heavy nucleus were discussed above. 

Let us consider the reactions where the transfer occurs in the op

posite direction, i.e. the pick-up reactions. A sharp asymmetry ta-

kes place in ( 
12 

C, 
18 

N) and (
12 

C, 
18 

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 
18 

N and 
18 

C • 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 
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magnitude. For the first time the effect of cross s~ction decreasing 

in the reaction ( l:lc, 
11 

N) with the increase ofZ of the nucleus-target 

has been observed in ref .'
15

/. The authors assumed that it was 

due to the influence of the Coulomb field of the nucleus-target de

forming the wave function of the weakly bound proton in the 11 N 

nucleus (the binding energy is 1. 9 Mev}. Ret./
15

/ deals with the 

proton transfer reaction only, whereas the present paper contains 

the information concerning both channels of the reaction. Following 

the assumption in ret./
15

/ one can expect that the deformation of the 

proton wave function and, subsequently, the decrease of the cross 

section in the proton pick-up, would depend upon the proton bind

ing energy in the final nucleus. Indeed, in the reaction
21

:1Th(
111

N, 
18 

0) 

at the proton pick -up to the ground state 
18

0 with the 12.1 MeV 

binding energy the cross section increases to 3. 9 mb. 

4.3. Transfer of Nucleon Groups 

The transfers of some nucleons are specific to heavy ion di

rect reactions. When considering the mechanism of such reactions, 

the question usually arises, whether the nucleons are transferred in

dependently from each other or as a bound group. Unfortunately, 

up to now there has Peen no appropriate theoretical model which 

wo_uld allow to obtain the unambigwous answer on the basis of the 

quantitative analysis of the experimental data. Therefore, we have 

to be limited only with the qualitative arguments based, mainly, on 

the comparison of the cross sections of the one nucleon and nuc

leon group transfer and on the energy spectrum shape • 

The size of the reaction region at the neutron and proton transfer 

region might be estimated from the angular distribution. For heavy 
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nuclei it - is equal to 1 barn approximately. The total cross section 

of the one nuclepn transfer does not exceed some tens of millibarn. 
' 

Thus, the probability of the one nucleon transfer by the heavy ion 

flight through the reaction region does not exceed some per cent. 

Tt is seen from figs. 2 and 3 that the angular distributions of the 

transfer of some nucleons have, in general, the shape similar to 

that in the case of the one nucleon transfer. This means, that the 

regions of both reactions are similar. At the independent transfer 
1:11 II ..t• 

of three ( C , Be) or four \ N, 10 B ) nucleons one might expect 

the decrease of the cross section by a factor of thousands in com

parison with the cross section of the one nucleon transfer. However, 

the experiment indicates that the cross sections differ insufficiently. 

Let us turn to the energy spectra (see · fig,s. 5 and 6). In the 

reaction ( 
1

:11 C, 
11 

Be) the 1
Be energy spectrum sh~ws the excitations 

of the final nuclei :~ooTI and UIIU , since the 1 Be itself has no bound 

excited states. On the basis of the peak position one can conclude 

• that the majority of the Be nuclei is produced in the transfer of 

1 Be to the nucleus-target but not in the dissociation of I:IIC into 
11 

Be and 
1 

Be • The small peak half-widths are remarkable; they 

turned out to be smaller than these in the proton transfer reaction, 

though it was possible to expect the inverse ratio at the independent 

transfer of a few nucleons. There are similar peculiarities in the 

spectrum of the ( 
1
"N , 

10 
B) reaction. The only difference is that the 

accurate estimation of the excitation energy of the final nucleus-.re

ceptor is complicated due to the presence of bound excited states 

of 10 B 

Thus, the cross section and the energy spectra in the inves

tigated reactions of a few -nucleon transfer may serve as arguments 

in favour of such a reaction mechanism, when nucleons are transfer

red as a bound group. 
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'I'he narrow half width of the energy spectra indicates that 

the excitation of one or a few neighbouring levels occurs in the 

reaction. As is seen from figs. 5 and 6, these levels are placed 

rather high; the excitation energy at the 
8 

He transfer being equal 

. ' to 14-13 MeV, at . the He transfer not smaller than 23 MeV. 

In ref/27/ when investigating the deuteron tra nsfer reaction 

( u
8 

a ) . . . , Be on lig ht nucle1 1t has been found that states are pre-

dominantly excited with configuration ( d :;:~) G • This means, that 

there occurs the captur e of a neutron and a proton by the nucle

us-targ et to t h e near nucleon orbits with the orbital momentum close to 

the averag e one in the impinging n u cleus at the tangent c ollision. It is 

possible to assume the excitation of such a type "cluster" levels 

with the 3 or 4 n ucleon transfer· in o ur cas e in the reactions (
1
:1C , 

9 14 10 
Be)and ( N, B) • "C luster " levels are a new type of the nucleus 

collective excitatio ns obtaine d in direct reactions with heavy ions. 

The investigation of these levels may be useful for the nucleus 

model development, in particular, for those o n es which claim to the 

cor rect description o f the nuclear surface properties. 

T he n u cleon g roup transfer to the hig h excited levels p ermits 

to u n d erstand why the spectrum of the stripping reaction appeare d 

to be richer and the cross sections larger than those in the pick

up. In the s tripping reactions all the reaction channels are detec

ted including transfers to the bound and unbound states of the 

final nuclus-receptor. As for the pick-up reactions, by means of 

dE/ d x • E method the nucleon transfers only to the bound states 

a re . detecte d. In particular, one of the possible reasons for the 

s mall 'He pick-up cross section might be the 'He transfer to the 

levels with the excitation considerably higher than th e binding ener

gy of a n alpha-pa rticle in the final nuclei- receptors. 
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Target and 
projectile 

1 97Au+ 14N 

232'I'h+ 12c 

1 97 Au+ 12c 

'I' able 1 

Total cross section of the Transfer Reactions 

Cross section in mb. 
Ion energy 

3 4 (Mev) 4
+He +d -d -He - He 

110 8xl0-3 
2.6 100 26 

-3 5xl0- 3 31 82 < l xlO 

82 <lxl0-3 <5x10- 3 27 

+n -P 

25 

37 37 

41 

'I'he sign + corresponds to the pick-up reactions, the sign - corresponds to the 

s tripping reaction. 

Table 2 

'I'he analysis of . e2 11 . the prot~n transfer reaction C , fl ) tn the framework of F'rahn-
Venter22 and Strutinski 26) models 

Frahn-Venter Classical · Part, Trans-

model parameters parameters wave fer nucle-
E numb. on binding 

Reaction 
em 

in react. energy 
(Mev) 'I'' 6.' T T /4/:l ' R r d 

region (Mev) 0 

197 Au(12C,11B)198Hg 77 45 1.77 2. 54 0 .36 12.5 1 ,55 0 , 23 5 , 0 15,96 

232'I'h(12c
1
11B) 233Pa 78 44 1,89 2,45 0 ,33 13.0 1.55 0 . 23 4 , 6 15, 96 

197 Au(14N
1
13N) 198 Au 87 5 1 2,95 1.6 3 0 .14 12.9 1,57 0 .3 2 8,0 10, 55 
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Fig.2. The differential cross sections of the proton a nd 3
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