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1, Introduction

Interaction bet\}veen_ complex nuclei can be divided into three

different: groups

1) long range interactions (Coulomb scattermg, Coulomb - ex~ 3
citation,. tunnelmg neutron transfers) : , . > '

2) d1rect mteract10ns in surface collisions (nuclear elastic
and mdastlc scattermg, nucleon transfer reactlons) -
3) :compound nucleus processes,
Surface colhslons of complex nuclei may be treated in the
‘ qua51-e1ast1c approx:matlon, because the excitation energy and the .
angular momentum transferred in such processes .amount to- only.

»

a small fractlon of the total kmetlc energy and the total angular
,momentum of the colhdmg nuclel 6/ L
The second well known mechannsm of the 1nteract10n between

‘complex nucle1 is. the formatlon of a compound nucleus,

Rl
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For low energies of incident ions the two abbve mentioned.
mechanisms are sufficient: to explain the total reaction cross sec—~ -

tlon. However when the incident particle energy increases the
cross sectlon for the compound nucleus formation decreases/ /,
and the decrease can " not be compensated by 'a rathér’ slow in-
crease of the reaction cross section for the " quasi;elastic" proces-

/ 8 4/. One can, therefore,. expect that at sufficiently high energles
an " intermediate interaction mechanlsm .Wthh has not been stu-
died so far, will play an important role, It seems to ‘be obwous
that this intermediate interaction mechanism should appear mainly
in the reactions proceeding y\}ith high excitation energies,

In the present work the reactions: (®0,F) , ('0,Ne) and

("°0,Na) on the Al %'V and > Nb target nuclei were stu-~
‘died, The energy of the '°0 jons beam was 137, 126 and 131 I\/TeV'
respectively for the reactlons on the three above mentioned target:
nuclel. Therefore, the reactions proceeded at approx1mate1y the
same value of E gy - B, =67.5 MeV ‘where E, is the initial

kmetlc energy and BCM is the helght of the Coulomb barrler at
R -r, (A‘/3 l/‘“), rg=15 fm .

Experiments were - performed on the U-SbO cyclotron of the :
Laboratory of Nuclear Reactions, JINR. |
The identification of the reaction’ products was carried out
by measurmg the par'l:lcle stopping power AE and the total energy
E with the help of two semiconductor detectors, The width of .the k
‘thin AE detector was equal to 10 pm. The AE and E pulsesl

were analyzed by two-dimensional 4096-channel analyzer.



C 2, Experlmental results and dlscuss1on

» The energy spectra of the plck—up ( 160 F) . , (%0, Ne) ” and
( 0 Na) react1on products on 27Al Sty and”Nb target nucle1'
were measured for several angles, In the case of the’ reaction on,
' alum1n1um the Mg nuclei were also detected. The different .isotopes
- of F D }Ne , .Na and Mg were not separated Th1s, however,
-is not essentlal for our conclus10ns. ‘ v
) E‘1gures 1, 2 and 3 show the energy spectra of the 1nvest1ga—
: ted reactlon products. The arrows on these flgures denote the
energy values correspondmg to the transfer reactions in which .
. the fmal reactlon products are ‘left in the ground states. One sees
that only m the ﬂuorme spectra the peak characterlstlc for quas1-
elastic" transfers occurs, On the contrary, the multinucleon reac-
tion - products are not observed in_the energy reglon correspondmg
to the. ty'plcal d1rect interaction processes, v
Another characterlstlc feature is the occlrence of a well
pronounced max1mum in- the energy spectra in the energy region .
correspondmg to hlgh exc1tatlons of the order. of a few tens of
‘MeV, Th1s maximum is best pronounced in the reactlons on the
heav1est of all 1rrad1ated targets, namely on Nb . W1th the
- exception of small angles, this max1mum is predommant In the ener-
ey spectra. It should be pomted out that this maximum ° mamfests
1tself equally well in the pick-up and in the str1pp1ng reactlons.
Nevertheless, we’ mvestlgated in detail only the pick-up reactlons, . '
because an unamblguous mterpretatlon of the str1pp1ng reactlons s
difficult (the products of the dissociation and the strlppmg—type tran—
sfer reactlons would not d1ffer when the contmuous .Spectrum .is mea-’
_ sured ). : . ‘. : . ’
Below we glve the quahtatlve mterpretatlon of the observed

energy spectra.



It is’ known that the compound nucleus ‘can not be- formed for
[o-11, 7/

“crit..

It is also known that typical transfer reactxons are surface inte--

the angular momentum higher than some cr1t1cal Value L.

ractlon processes, whxch proceed at a very narrow 1nterval of the '

angular momentum values egrazt Af /8, 4/. So, for sufﬁc1ently

hlg,h energies there exists a comparatively w1de reg,lon £ <I<

crit.
< s In which the formation of the . compound nucleusus not

posi,::lze and at the same time the classical 1mpact parameter is
smaller than the sum of 1nteract1ng, nucle1 radii leadlng, to exc1tat1-
on of many degrees of freedom. One can therefore expect that the
1nteractxon in the intermediate reglon ¢ crit < £ <. ¢t graz will .
proceed w1th high excxtatlons. The essential part of the excitation
:energ,y ev1dent1y appears as the exc1tatxon of the collectwe degre-
es  of freedom, malnly the rotatlonal ones, '

In the 1nteractlon process the colliding nuclei can 1nterchange
nucleons .and then the 1nteract1ng, system decays 1nto two or more
fragments s = . o _ .

If we con51der the two-body decay of the 1nteract1ng, system
the decrease of the klnetlc energy of the outgomg, particle for a '
‘ given angle’ corresponds to the increase of the: exc1tatlon energy.
F‘lg.4 shows that high excxtatlon energies should appear. for small
impact parameter, for whtch strong interaction between nucleons
of the two collldlng, nucle1 takes place, In thls case the transfer of
a gwen g,roup of nucleons is more probable. One should therefore
expect a monoton1c decrease 1n the energy spectra of the reactlon
Vproducts with 1ncreasmg energ,y (flg,.4) I—Iowever, 1n the case of the ‘
two-body decay of the 1nteract1ng, system there ex1sts a. limit on the

spectra from the low energ,y side, caused by the ex1stence of the

Coulomb barrxer for this decay. If the decay into two fragments



(Z,A;) and (Z37,) takes place, 'then the energy of the, detected
product (Z, A,) in the centre of mass system should be higher than
the threshold value } : '
A, - - Z,Z,e?
Apedy To (AT Ay

ECM(Z'A'I)=

‘In-the _kspectrum of the reaction products a peak.shodld there-
- fore appear, sjituated ‘a little bit higher than thé threshold energy -
(fig.l}).v It should  be pointed once more that this shape- of the spec-
'trum should be expected only for tWO-body interaction in the mter—‘
<0 <

crlt graz’
In the energy spectra measured by us, except for the Iowest

‘medlate reglon ¢

outgomgangles, we ‘indeed observe maxima, which are situated™ ’
some MeV"“higherthan the calculated \threshold»energies‘.(in figs.1,
2, 3 the threshold energies, transformed to the laboratory \systemv
are marked as a dashed, vertical - lines).
v For low angles the energy spectra extend much lower than
the threshold energies. Evidently, in this region of angles the decay
into more than two fragments plays an important role. The, compa“-“ ’
rison of the reactlon products spectra obtamed on different. targets
1shows that the process with the production of three (ot more)
fragments_ls,stronger in the reaction on the A target than on the
heaviest targets. : Pérticularly, the magnesium and sodium spectra .

B from the l60 + 27'Al reactlon for small angles can, not be explained

; 1n the frame of’ the two-body mechamsm

The number of reaction products w1th the  energies below the.

threshold energy. decreases with the mcrease of the outgomg
angle. The appearance of the maxima situated above the threshold

) e.vnergyrglves evidence - for - the  intermediate 1nteractlon mechanism -

“ outlined above. This two-body mechanism, together with the .proces-

ses of decay into three or more particles plays evidently an impor-.



‘tant role in the’ interactions between complex nuc1e1 in the mter-‘

: medlate reglon of the angular momentum" ¢ crit <E v< E : ’gravz .
The authors are much’ indebted to Professor G. NF‘lerov,
Member of the USSR Academy. of Sc1ences for hlS permanent in-
terestin our work and for very useful dlscussmns We. w15h also -
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