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l. INTRODUCTION 

PreviQus work in the heavy ion physics devoted to particle
 
emission, was coY{centrated on two extreme cases:' light par­
t í.c l e emission Cp , d, a-particles/ 1, 21 and heavy parteÍ.cle
 
emission (close to' the mass of the projectÍ:le ar fission frag­

ments). A special case represents the emission of a ~art~cle~,
 

as i t was shown in t he pioneer work of Bri t t and Quinton 131
 

In recent time an increased interest was manifested for the
 
.s 17 / 4 11 1 emíss on oi intermediate mas s particles with 2 ~ Z ­í 

l
The existing experimental data show that even par~icles with
 
,Z > 2 have quite large emission cross sections and strongly
 
peáked fo.rward angular 'di s t r i.but i.ons . On the other s í.de , t he:
 
energy distributions are continuous and have an evaporation­

like shaçe with an angle-dependent temperàture. We remark that
 
the highest ener gy in the part i.c l.e spectra is c Lose to the one
 
given by the k i nema t c s of a two-ibody proces s I~/ .. The rnaxima
 í 

in the energy distributions are 'around the energy corresponding 
to the projectile velocity,and ~heir vidths are larger than ex­
pected .for an evapo r a t i on spec t rum. Anothe.r feature of rhe in­
t ermed i at;e Z particle emission is· the strong dependence of the 
crosS section,on the particle typ~: the ~-dependertte of the 
cross sections is nat monotonous'but has an oscillatory beha­
viour which follows the valu~s of the separation energy of the 
projectile into two fragments 14/.We also n~tice that in many 
cases the energy distributions present two cornponent~: the ex­
perirnentally de'c r eas i.ng evaporation component .and a f l a t , mo no-: 
tonous one, suggesting a direct process as the projectile 
breakup.., for example.lt wa~ recently shoWIÍ that projectile 
breakup expected to occur at h i gher than 10 UeV/nucleon ener­
gies was alsà present in the reactions at lower en~rgies/9,l2-t7/. 
The aim of this work is to determine the contributiort of the 
breakup pro cess to the emission of interrnediate rnass part í.c l.e s . 
Of course , .the reaction mechanism is more complicated and o ther 
processes, as statistical or preequilibrium emission, are not 
excl uded 1 18~ But in case of par t i cl cs more complex than a-par­
.ticles, their ernission at low energies by compound nucleus eva­
po r atrion is questionable unless t he i r existence (pre forma t.i.on) 
in the nucléus is accepted. From this point of view, the break­

"up of the pr o j ec t i.Le. is a process favoring the emission of comp­
l~x particles~ We cQncentrated 0A thé me~sure!!lents perform~d 

in Dubna!5-81 for sma~emi~9i9.u-anfJ~particularlyfor 0°. 
Ot;l1:. t lJ. ••ht j~l,W:l ,., :t:DryT 1"" 1 
fII"'f.i~7~1V-. -,',." ";"'!4.H.r.r~[ ~~\"'Çif''''~Jf'''~'' ....f ... ~,'v ..]dQ,l.K4~ . 

""..~.}.,...",:.\, '-<"~'~~'."" 
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Such experimental data are the only ones which existo so far 
and provide the best experimental information to put into evi­
dence the breakup p~ocess. 

11.	 STATISTICAL EMISSION OF CLUSTERS
 
FROM THE,COMPOUND NUCLEUS
 

In the first stage of this work we estimated the emission 
cross sections predicted by the statistical model and compared 
them witp the experimental oqes. A simpÍe, and of course ap- . 
proximative variant of the statistical model was used which de­
termines the total emission cross section. Then the -emission of 
a particle v with the ener.gy E E + dE is written.as/ 19 / : 

V' V v 

a d e	 _ (28 + 1)1l a :e p(E* -·E (J) -: B -'E )dE (I)V V V V V v rot v v v • 
li 

where Il ' 8 v ,Bv are the rnass, spin and binding energy of thev 
particle v, and a ,is the inverse reaction cross section. Asv 
usually in the statistical model, p represents the leveI den-

I sity of the residual nucleus, having an excitation energy equal 
tc!_ E and a rotational energy E rot corresponding to the J an­
gular momentum: 

~l? -',
P (E. J) - (2 J + 1)E exp2 v' a E .	 (2) 

The É* excitation energy or the compound nucleus was expressed 
by the relation E *= E ?m.+ Q -' <E ró t >, where E~~m. is the bom­
barding energy in the,lg .tn, and Q - the forrnation energy of the 
compd'uria nucleus. The average rotational energy of the compound 
nucleus <E > corresponds to the average value of its angularro t 
momentum obtained by using the t~ansmission coefficients (TE) 
as weighting factors. The transmission coefficients were calcu­
lated in the parabolic model of Thornas/20~For the sake of sim­
plicity, the ratios av/aa as obtained from eq.(I) were calcu­
lated.for a particlev and the a~particle, for the energy cor­
responding to the maximum of the evaporation distribution: 
E
V 

= Vv + T. The Coulomb barrier is given b~ the expression 

I' (Z-:Zv)Zv '	 ./ 

V ---.........-....-..... ,	 (3)
v 
R 

I 

where Z and Zv are the atomic numbers o f the compound nucleus 
and the pa~ticle v, respectively. The interaction radius a was 
defiried as R = 1.5[(A 

CN 
_.v)1/3+ A1~3] for a l l particles, ex­

<;ept t he proton in cas~...2f which R = 1.5(A CN _ 1) 1/3. The nuc­
lear temperature T = v' Ela was obtained by a method o f iteration; 
the LeveL density parameter a = (ACN -: v)1 8. .' 

2.' 

The inver~e reaction cross sections were calculated in the 
sharp cut-off classical approximation: 

a (E ) = 17 R A 
2 

(1 - Vv I E ).	 (4 ) v v	 VCN -:1/ 

We remar~ that the ratio of the cross sections obtained by 
this procedure represents upper limies because it was assumed 
that alI the emitted clusters do exist in the nucleus, there~ 
fore have been performed. 

", We considered so far that alI involved nuclei are spher'ical. 
It is well known that 'due to the high angular momenta brought 
into the compound nucleus by the projectile, the compound nuc­
leus i? strongly deformed what leads to a lowering of the"'bar­
riers for particJe emissionó Then an amplified emission of the 
heavier particles ~ike U, Be , C is expected as it was shown 
by Blann and Komoto/21~We took this fact into account by using 
in calculations lower values of the barriers. The lowering 

/ 211 factors for t he barriers were est'imated from Biann'" s paper·
as shown in the Taole. 

This method for ~stimating the statistical emission cross 
sections was checked for the experimental data of Xenoulis 
e t al , /22/. ­

A typical result is represented by the continuous lines in 
Fig.1 for the case of the 181'J;'a + 2~Ne (178 MeV) sYstem / 5/.The 

·Q.otted lines represent another variant of thé statistical mo­
deI, in which the fact that various particles are emitted from 

l ,	 different regions of the E * - J plane is taken into account 1231 

For estimating the influence of this effect on the cross sec­
tions, we consider that the emission of particles with 
2 ~'Z S 4 occurs irom a region of high excitation ~nergy and 
lower angular momenta of the compound nucleus. Therefore the 
corresponding rotational energy of the cotnpound ,nucleus is 
smaller than th~ 'average rota~ional energy determined by the 
above-mentioned method. This leads to latger values of the 
cross ~ectíons as one can see in Fig. f. Acomparison of the . 
ratios av!aa with the experimental values 'shows that in case 
o f the '1:1 isotopes the theoretical predictions are close to 
the experimen~ showing that the contribution of the stktistical 
emission is importante The experimental data of the other iso­
topes are lying higher than the theoretical ones siggesting 
that their emission proceeds by other meshanisms (direct mecha­
nism). We r emark that the experimental values of the a / aav 
ratíos could be lowered in an artificial- rnanner, because a­
párticle emission is strongly amplified in heavy ion reactions 
due to the, contribution of various processes. Turning back to 
Fig.l we noticea dramatic increase of the difference betwE?en 
theory and experiment in t he case of SrJe. It i.s obv í.ous that 
the statistical emission of exotic, ne~tron rich, ~sotope~ like 

3 



Fig.l. The experimental value8 of<r 
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 Table. 

s: 9:° 
\'-7 • e: 20°10 I , e:: '1.C o 

Particle type
o e = 0°,l' 

\ 

(isotope) 
-9
 

'Q
 ! 

-'()
10 H 0.97
 
--n
 He 0.8410 

Li 0.86-12
'o 

., Be 0.85 
1C" 

B '0.82 
.-)\ A' ." ~ 8! 1"__ ' 

'Be~e 

~e. and l~e"occurs ~ith negligibly srnall cross sections, while 
in ca se of ~e and 6He the star í.s t c.al, contribution s notí	 í 

excluded. Similar results we~e ogtained for other systems pre­
sente§ in papers /5-?/ 

. 111. PROJECTILE FRAGMENTATION AND CLUSTER EMISS!0N 

r: 
The angular and energy d í s t r i.buti.óris of the particles emi t t ed
 

Iby the ptojectile breakup were calculated in the frame of the
 
model elaborated earlier hy Serber /24/and r~cently deveíoped by
 
o ther autho'r a /13.25,26/. 

We	 cons í.der the proces'~ ffi p + fi T ~ .fi F1 + fi F -t; fi rr where P, 
2 

T ,t1 'and F2 mean the projectile, t arge t and respectively the
 
fragments simultaneously emitted after the projectile- broke up
 
in the tíeld of the target'nucleus. Then.a two-body or a three­

body proc~ss is possible. In case of a two-body process, the
 
unobserved fragmen~ fuses wrth the target nucleus; such reac­

4 

tions are called incomplete fusion'reactions /27(In the t4~ee­
body process the ob servad fragment as- wel.1 as the unobse rved>­
fragment and the target nucleus are assumed in th~ final state. 

S~arting from_the momentum distribution of the observed frag­
ments, determined by th~ coupling of the momentum due to the 
incidentmotion of the projectile t'o its. intrinsic momentum re­
lative to the other fragment in the projectile 

ffiF ­= 1.. P
PF 
1 ffi , + P (5)
 

p 

one obtains the sq~are of the transition rnatrix element: 

(21lE s) 1/2,2 1.
jTI .... 2" ,--- (6 ) 

17 fi F -, - 2 2 
[21l E + (--!.p - p ) ] 

s fi P Fi­p 

Here 11 represents the reduced mass; and E ' the separation energys
of -the projectile into two fragments. 

Then the c ro ss section in the three-body case is wr i t t en 
2

d-_-2..._. 1 1/2 
dn dE

F
· ".7 ffi F1(2Il Es) P F

1
· SF 

1 
x 

1 1 
- - õ(P F +P~ ·+PT-·-Pp)Õ(EF1+EF2+·ET+Es-·Ep) (7) 

.. 
(dP

F
dP 1. --2-___ __..._ 

2/ T ffi F -' _ 2 2 / 

(21l E + (_lp _.p )] 
S ffi P ­p F1 

The cro s s s ec't í on for the two-body process is given by '€he 
fol~owing expression: 

2	 á S (2 E ) 1/2
d a 4	 F F' 11 ,8 

~-;;;...-- - -·ffiF ffi F PF PF	 (8)
dn1dE F1 TT, 1 2 1 2 mF - _ 2, 2 

[21lE + (--.:.:..J.,Pp -'P.
F

) j
 
S \ fi 1
 

~ . p
 
where the fus~on cross section a is determined by the fu~ion

F
barrier between the unobserved fragmento and the tprget nucleus 
according to an expression .s í.mí Lar to \(4). 

The spectroscopic factor SF/28~xpresses the probability to 
find togetlier the Z F protons and NF neutrons which have téi' 

. 2 2 
be removed trom the projectile to, produce the observed frag­
mente According to Friedman/28/the spectroscopic factor is' gi ­
ven by the following relation: I 

SF = S'F(ZF2' NF2 ) :I 2 S F(ZF ' NF ), (9)
 
N F + ZF =AF 2 2
 

2 2 2
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where AF . is equal to the number of par t í.c l.es extracted from 
the proj~ctile. The function SF(ZF ' NF ) is defined as follows: 

2 2 
Zp! N p ! 

SF (ZF ' N F ) = -.:----- ,---- (9a) 
2 2 Z F .1' NF I Z F t N F ! 

_ 1 1 2 2 

We_have introduced the sp~ctroscoPIC factor in the existing 
formulation of the Serber model/ 13,25,26/ in order to get the 
absolute values of the production cross sections for various ­
isotopes. In this way a unique normalizatión factor is ob­

,	 tained by comparing the theoretical to the experimental cross 
section for one of the most stable observed fragmertts. I 

The cQrrections due to the projectile 'deceleration and frag­
ment accel~ration in the Coulomb field were introduced in the 
local momentum approximation. The asymp t o t í c .momenta were' re­
placed with thfi 'effective "iócal" ones at the point where the 
fragmentation accurs: 
-L 1/2_ 
P p =:; (1 - Ec IEp) Pp, ( 10a)

1 

-'L	 1/2 ­
PF (1 - Ec Ii E F) P

F (10b)
1 2 1 1 

Here EC and E C represent the Coulomb energy of the projec­
1. 2 

tiIe and the observed fragment respectiveIy, calculated at the 
touching ràpius, where the breakup is supposed ~o occur 'due to 
both the nuclear and Coulomb interactions. 

Both variants of the breakup madel were empIoyed by using 
the code SERBR/29/.The reaction energies and the separation 
energies of the particle~ from the projecti1e were determined 
with the existing tables,30~Before comparing the theory'wíth 
t he experiment, the energy distribu·tions were mu l t-fp l i ed by 
the Fermi function F (E, E o) = li I exp l (E - E o) I õE.] + 1 I which 
takes into account the cut of the spec t ra in the regi--oh of low 
energies determined by the t h í cknes s of the ;\E detec t or , E o.	 '. ./ 
~ the cutoff-energYiand õE. the energy resolut10n. 

,The analysis of some systems studied in Dubna/ 5- 8/was per­
formed with the above described prQcedure. The most'complete ex­

-,	 perimental information was obtained f~r the 181Ta + 22Ne sys­
tem: energy distributions of the H-, Hé-,. Li- and Be-iso­
to,pes)were measured at 8 1a b = 20 0 and 141 and 1~8 MeV inci­
dent energies. For the last eQergy measurements have been also 
Pe r f or med for.the angles of O, 10, and 90 0 The energy distri ­

..... r ~	 181 
• 

2-"
butions of He -isotopes emi tted by the Ta + 2Ne system 
(178 MeV, = 0 0 and 10 0 

) are r ep r e s ent ed in ·FiE.2. The y81a b 

6 

lÕ'la".	 161TQ.22Nel17eMeV~ Fig.2. Expertmental and theare­
e tical energy distr-ibutions of the.. ftHe • lHe• He 

\ 8 =0· Slab=10· He -isotopes emi t ted in iiheelab~O·1ab 
~4 

18 1Ta + 22 Ne (l78 MeV) reaction. 
~ 

~2 
g 

~ 
lÕ2

~10-1 -wer e cal.culated wí th the two­
~8 

body variant of the Seib~r model 
in the assumption of a two-step 
(sequential) process: in a first 

....~.--,..., 

s~age of the re~ctibn the pro­
jectile is excited and subsequent­

I -2 ,õl
lÕl

lO ly decays in the field of the 
e . target nucleus. The hypothesis 

of the two~step mechanism.of the 
breakup process is suppor~ed by..
 the exi'sting correlation measu....

!: rements in~ended to identify the 
J lõ)1 

," .. 
I _x._ ...... '\, I .n 40 50 bO mech' f t he ..I e b r'e ak,n .n	 n.n n.·	 an1sm q p roj ec t i. ­

f1a b i1i" ("eVi up in reactions at energies lower 
than 10 MeV/nucleon/ 31/.For describing the two-step character of'i 

I.' 1	 the breakup process, an ~ffective bombarding energy was calc}l­
lated by subtr-acting from the kinetic energy 'ó f the ·projectile,

.' the exci tation energy of an exci t ed state of. 2~e lying above 
the separation energy of the a partic~e (E = 10.62 MeV). It is 1­
• • • •1.	 •
1nterest1ng to ment10n that 1t was not necessary to change the 
valu~ of the -excítation energy' according to the different se­
paration energies of various isotopes. This shows that when the 
interactibn between the projectile and the target takes place,'" I a fraction of í.t s kinetic erie r gy is transformed into excita­

'I' tion energy., producing its deformatibn and subsequent fragmen­
tation. We remark that in the case of the He -isotopes, as well1 
as of the other isotopes (Li. Belthe three-rbody variant of the 
Serber model leads to a wider.than experimental energy,distripu­
tion. The distance where the breaknp occurs is considered to 

"I'	 be equal to the touching radius. As the syste~ of the unobserved 
fragment and target nu~l~us is expected to be strongly deformed, 
the fusion barrier is lowered. This fact was accounted for in 
caIcuIations py using a large parameter for the barrier radius 

,	 /»"o = I.A5 fm. 
As one sees in Fig.2, ~he twO-b0dy variant Df the Serber 

mod e I describes well the spectra of the He -isoto·pes. A good 
íagreement of the theory with the expe r i.ment sraLso obtained 

for the Li and Be-isotopes (Figs.3 and 4). We stress again the 
, faot that a single normalization factor was used for a given 
~, projectile~target system, what prove? the consistence of'the 

;heoretical analysis; 

'1 

,/ 
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The angular distribution for 7Li is shown in Fig.4 along 
with the theoretical one (the continuous lines) 'which describe 
well the width and maximum of the energy distributions for the 
three angles of detection (0°, 10°, and 20°) with a single nor­
malfzation factor. In the. case of the spectrum at 0'0 a tenta­
tive separation of the three-body breakup was done (dotted line 
in Fig.4.). However, as obtaiiled for the other fragments, the 
two-body breakup has the main contribution in the emission cross 
section. ~ spec i a l -si tuat í.on is ob served in case of 7Li spec t-: 
tum at 90°, the shap~ and narrow width of which are rather eva­
poration like. Moreover, its amplitude is smaller than expected 
from the Serber model, what indicates that the evaporation coffi­
ponent is more important at large angles. 

'0· 
"l Ta .22 N• '(178 HeVI - 8 

to~ 6t .9a• • a.B1!!b e 20· 8 l ab' 20' 

r 
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E. 
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Fig.3. Expe~imental and theo- Fig.4. The angula~ and e~e~gy 

~etical ene~gy dist~ibutions dist~butions of the 7Li 
of the ,Be-isotopes emitted isotope emitted in the ~eactibn 
in the 181Ta+22Ne {]?8 MeVJ 181Ta + 22Ne (178 MeVJ. 
~eaction: , 

Thé situation is different for the same system at the low 
energy of 141 'MeV as shown 'in Fig.S. The two-body breakup (in­
~complete fusion) is no more possible because the e~ergy of the 
unobserved fragment is lower than the~ fusion barrier between 
it aucl the target nucleus. The measured ~pectra are satisfacto­
rily explained by the three-body,process, as shown in Fig.S 
for	 6H~ 7Li, ànd 93e. THis time again, the two-step character 
of the reaction was taken into account. -The continuous and dot­
ted line~ (FigwS) shoi~h~ ~esults for projec~le excitations at 
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The angular distribution for 7Li is shown in Fig.4 along 
with the theoretical one (the continuous lines) 'which describe 
well the width and maximum of the energy distributions for the 
three angles of detection (0°, 10°, and 20°) with a single nor­
malization factor. In the case of the spectrum at 0'0 a tenta­
tive separation of the three~body breakup was done (dotted line 
in Fig.4·). However , as ob t a i.ned for the other fragments, the 
two-body breakup has the main contribution in the emission cross 
section. A special situation is ob served in case of 7Li spec t;-: 

tu~' at 90°, the shap~ and narrow width of which are rather eva­
poration like. l1oreover, its amplitude is smaller than expected 
from the Serber model, what indicates that the evapQration com­
ponent is more important at large angles. 

181Ta . 22M, 1178HeVI 
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Fig.3r Experimental and theo- Fig.4. The angular and e~ergy 

retical energy distributions distributions of the 7Li 
of the ,Be-isotopes emitted isotope emitted in the ~eaction 
in the 181Ta + 22Ne (l?8 MeV) 181T a' + 22Ne (l?8 Me V) . 
reaction.,. 

The situation is different for the same system at the low 
energy of 141 MeVas shown 'in 'Fig.S. The two-body breakup (in­
~complete fusion) is no more possible because the e~ergy of the 
unobserved fragment is lower than the fusion barrier between 
it and the target nucleus. The measured spectra are satisfacto­
rily explained by the three-body .process, as shown in Fig.S 
for 6H~ 7Li, ând 9Be. This time again, the two-step character 
of the reaction was taken into account. The continuous and dot­
ted Lí.ne s' (Eí.g s S) show\ -thé 'results for projectile excitations a t 
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Fig.5. Experimental and theore­ Pig.6. Experimental and theo­
tical energy dist~ibutions for retical energy dietn-ibubione­

. bhe 6tJe., 7Li,a~ 9lle i s ot opes o f tihe 6He and 8Li isotopes 
emitted in the 181T a + 22 Ne emitted in the 232 Th + 22 Ne 

(141 MeV) reaction. (]?8 MeVJ redction. 
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10.62 and 15 MeV, respectively, in the first stage of the reqC­
tion. 

The., breakup process must be more dependent on the projectile 
than on the target nucleus. A comparison of both the studied 
systems 181 Ta +' 22Ne and. 232Th + 22 Ne reveals interesting in t h í s 
contexto Spectra obtained for some isotopes emitted in the 
,232Th + 22Ne reaction are shown in Fig.6". As mentioned above, 
a unique value of the normaliz:.Ltion factor was used. The inter­
action barrier being higher for this system, ihe two-body break­
up has no contribution to the emission cross section which is 
entirely due to ~ three-body processo 

We a I so vanaLys ed the data obtained for the 232Th + 1113 which 
was	 ÍjJtended to lead to the ·produetion of rare isotopes like 
lOHe 6,71. The measured spectrum of '6He is well explained by t he' 
Serber model (Fig.7). The model doesn~t work in the case of ~e 

- 11 8 ' because the formation of a many-body final state: B -~ He + 3 p. 
The phase-space factors in the present Serber calculations cor­
respond only to the two- and three-body final state. On the 
other' side, if the mechanism of the complex particle emission 
is the breakup of the projectile, it is not surprising that the 
lOHe iso.tope could not be obtained by the 232Th + 11 8 reaction, 

because the projectile has not enough neutrons to produce such 
a neutrQn-rich fragmento "I 

In the context of exotic nuclei production it would he use­
fuI to predict the cross séctions for l~e production in case 
of various systems ~tudied in Dubna. We showed' in the'analysis 
of experimental data that a unique normalization factor was 
determined for alI the isotopes allowing to esti~ate the abso­
lute yalue~ of the cross sections. Figures 8-10 show the expe­
rimental values of the cross sections at t he -maximum of the mea­

-sured energy distribution (black points)'and the theoretical 
predictions 'of the breakup model (open points). The agreement 
between th~ory and experiment is quite good, within a factor 
of two or three. However, a systematic tendency of averevalua­
tion seems to manifest, presumably due to a second fragmenta­
tkon of the weakly bounded particles, as for ex. 6He , 8He, 
ll}Ié, 6Li. and 8Li. Then the c rris s sec t í ons estimated for un­
stable parti~les hav~ to be taken ~s'upper limits. ,. 

breakup at these energies and to estimate the absolllte vàlues 
of the cross sections. The analysis of the experi~ental data 
shows that- the breakup occurs in two steps and that the contri ­
bution o f the two-bC?dy breakup ({ncomplete fusion) increases 
with the bombarding energy. It ls interesting to remark that 
even from the only inclusive data abailable one can extract 
some information concérning the reaction mechanism by means of 
a detaileq analysis. 

We consider that projectile breakup occurring in these reac­
tións is analogous to cluster (C, Ne)emission from the ground 
state of nucle~ following their cold f~agmentation/32~A study 
of the potentiàl en~rgy of the system would give an insight on 
the forçes determining its evolution as a three-bo~y process 

,and also tne fusion of the unobserved fragment with the target 
nucleus. 
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IV. CONCLUDING REMARKS	 the 181Ta + 22Ne react.ion, 3

lõ l .0' • • • . 

The present analysis of the experimental information ob­ 1 
tained in Dubna on the emission of clusters with 2 f Z ~ 4 

The estimation of the production cross se~tions of variousat lower than 10 MeV/nucleon energies shows that the breakup 
~sotopes for some reactions which have been used ;to produce_9f the proj~ctile is the. main mechanism of their production.	 0He
1 explains the negative result obtained so far by the small

the exper i.ment.a I data have been analysed wi t h __the Serber modeL cross sections of such unstable nuclei. 
which was modified to describe the two-step character of the 

10	 11t""'" 
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MarAa M.T., llon A., C3HAynecKy A. E7-85- 64 
PagBan HOHa-cHapHAa H 3MHCCHH KnacTepoB C 2 < Z < 4 

= = B peaK~HHX C TH~enhlMH HOHaMH npH HH3KHX 3HeprHHX 

3KcnepHMeHTanbHbie AaHHbie, nonytieHHble B ~y6He AnH 3MHC­
CHH 'laCTHU C 2 ~ Z ~ 4, npoaHanH3HPOBaHbl B PaMKax MOAenH 
Cep6epa, H3MeHeHHoii AnH Toro, 'IT06bi onHCaTb AByxcTyneHtiaTblfi 
xapaKTep peaKUHH pa3Bana H oueHH'l'b a6coniOTHble BenH'IHHbi ceqe­
HHH o6pa3oBaHHH pa3HbiX H3oTonoB. Bb!no noKa3aHo, 'ITo pa3Ban 
HOHa-cHapHAa HBnHeTCH rnaBHb~ MeXaHH3MOM 3MHCCHH KnaCTepoB 
npoMe~TO'IHOH Macchi. OueHeHHbie cetieHHH o6pa3oBaHHH 1<\Ie o6-
cy~aiOTCH B KOHTeKCTe ero HeCTa6HnbHOCTH. 

Pa6oTa BbiUOnHeHa B na6opaTOPHH HAePHb~ peaK~H OHHH. 

OpenpHHT O&b~HeHHoro HHCTHTYT& RAePHWX HCCn8AOB8HHA, ~y6Ha 1985 

Magda M.T., Pop A., SAndulescu A. 
Projectile Breakup and Cluster Emission 
in Heavy Ion Reactions 

E7-85-64 

Experimental data obtained in Dubna f or the emission of 
particles with 2~ Z ~ 4 were analysed in the frame of the 
Serber model modified to describe the two-step feature of 
the breakup reaction and to estimate absolute values of the 
formation cross sections for various isotopes. It was shown 
that the projectile breakup is the main mechanism respon­
sible for the emission of intermediate mass clusters . The 
estimated cross sections for 10Heproduction are discussed 
in the context of its stability. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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