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Bor.KOB B.B. H AP· E7- 12411 
HeKOTop~e 3aKOHOMepHOCTH pacnaAa ABOHHOH RAePHOH 
CHCTeM~ B peaK~HH 285 M38 40 Ar + Ag 

Hay4anHCb rny6oKoHeynpyrHe nepeAa4H s cHcTeMe 107 ·109Ag-!0Ar/285 MaB/. 
HaMepeH~ 3HepreTH4eCKHe cneKTP~ H ce4eHHR o6paaosaHHR 87 H30TOnos 
c 2 S Z ~ 17 AnR yrnos s~eTa 40°. noKa3aHo, 4TO AnR H30Tonos nerKHX 
3neMeHTOB (He- 0) Qgg -cHCTeMaTHKa B~nonHReTCR YAOBr.eTBOPHTenb
HO. ~R 6or.ee TR*en~X 3r.eMeHTOB Qgg -CHCTeMaTHKa HapywaeTCR H3-3a 
BnHRHHR BTOPH4H~x RAePH~x npo~eccoa. CAenaH~ o~eHKH 3HeprHH Tennoso
ro B036Y*AeHHR nerKHX ~parMeHTOB no OTKnOHeHH~ Ce4eHHH 06pa30BaHHR 
nerKHX ~parMeHTOB OT Qgg-cHcTeMaTHKH. YcTaHosneHo CHr.bHOe ar.HRHHe 
RAepHOH CTPYKTyp~ nerKOro ~parMeHTa Ha BenH4HHY Ce4eHHR era o6paao
BaHHR, B~RBneHO CHnbHOe AOMHHHPOBaHHe KaHana peaK~HH nepeAa4H C 
B~eTOM a -4C:CTH~~ HaA OCTanbH~MH KaHar.aMH MHOrOHYKnOHH~X nepeAa4. 
CAenaH~ o~eHKH AHHaMH4eCKOH Ae~opMa~HH TR*en~x ~parMeHTOB a rny6oKo
HeynpyrHx nepeAa4ax. 

Pa6oTa B~nonHeHa B na6opaTOPHH RAepH~X peaK~HH, OHRH. 

npenpHHT 061o91lHH9HHOro HHCTHTyTa Slll9pHblX HCCn91lOB8HHll, Lly6Ha 1979 

Volkov V.V. et al. E7 • 12411 
Some Regularities of the Disintegration of the Double 
Nu c lear System in the Reaction 285 MeV 4P ~Ar+ Ag 

Deep inelastic transfer . reactions have been studied in the 
system 107,109Ag+40Arat 285 MeV. The energy spectra and production 
cross sections for 87 isotopes of 2s Z$ 17 have been measured at an 
emission angle of 40°. It is shown that the Qgg-systematics are 
satisfied for the isotopes of l ight elements from He to 0. For the 
heavier elements the Qgg-systematics are violated because of se
quential nuclear processes. The excitation energy of light fragment 
is estimated from the deviation of production cross sections for 
light fragments from the Qgg-systematics. It has been found that 
the nuclear structure of the light fragment strongly influences its 
production cross section. It has been established that the reaction 
channel involving a-particle emission strongly dominates over all 
the rest multinucleon transfer reaction channels. The dynamical de
formation of heavy fragments in deep inelastic transfer reactions 
has been estimated. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

1. INTRODUCTION 

Studies of the interactions between heavy ions and 
nuclei have led to the discovery of a new type of nuclear 
reaction - deep inelastic transfers (DIT) * . The dynamical 
and statistical regularities characteristic of direct re
actions and the decay of an excited compound nucleus are 
interwoven in the DIT mechanism. The twofold nature of 
DIT reactions is conditioned by the formation of a speci
fic nuclear complex - a double nuclear system (DNS) • The 
nuclei incorporated in the DNS interact intensively with 
each other by exchanging energy and nucleons, but they 
retain their identity to some extent. In DIT reactions, 
the Coulomb and centrifugal forces exceed the attractive 
forces acting between the nuclei, and this leads to the 
disintegration of the DNS. However, its disintegration 
proceeds rather slowly for lo-21 - 1o-20sec, owing to high 
nuclear viscosity. This period of time is long enough for 
the system to establish partial statistical equilibrium 
with respect to such degrees of freedom as thermal exci
tation energy and the neutron to proton ratio. However, 
the DNS does not reach full statistical equilibrium. A cha
racteristic feature of the DNS is its evolution, which 
manifests itself in the redistribution of nucleons, angular 
momentum and excitation energy between the nuclei, as well 
as in the dynamical deformation of the system. 

In the present paper, on the basis of the experimental 
data obtained for the system l07,109Ag+40Ar (285 MeV) we con
sider some regularities of the evolution and disintegra
tion of the DNS, i.e., 

(i) the validity of the Qgg -systematics for DIT reac
tions induced by argon ions; 

• Experimental and theoretical data on DIT reactions are 
reviewed in refs. / l·? / , 

3 



(ii ) the distribution of thermal excitation energy bet
ween the DNS fragments; 

(iii) the effect of the nuclear structure of light frag
ments on the characteristics of DIT reactions; 

(iv) the predominant role of the a-particle emission 
channel in the DNS disintegration; and 

(v) the deformation of the heavy fragment at the scis
sion point. 

2. EXPERIMENTAL TECHNIQUE 

The experiments were carried out at an external beam 
of the U-300 cyclotron of the JINR Laboratory of Nuclear 
Reactions. The 40 Ar ion energy was equal to 300 MeV, the 
average ion flux incident on the target was equal to 1o12 
particles per sec. The target was prepared from a natural 
silver foil 4.1 mg/cm2 thick and placed in the entrance 
focus of a magnetic analyzer. The 40Ar ion energy in the 
middle layer of the target was equal to 285 MeV. We re
corded light transfer reaction products emitted at an angle 
of 40° in the angle interval of ±2° and in the solid angle 
of 3 x 10-3 ster. The grazing angle was equal to 27°. The 
z and A of the products were identified using magnetic 
analysis in combination with the ~E-E technique :8 / • The 
~E-E telescope was installed in the focal plane of the 
magnetic analyzer. A grid ionization chamber l'il / was used 
as the ~E detector. The product flight-path in the ioni
zation chamber was equal to 100 rnrn, and the operating pres
sure was 100 torr. A gas mixture of 95% argon a nd 5 % me
thane was used. The energy resolutio n of the ionization 
chamber for the elastically scattered 40 Ar ions (a gold 
target 0.3 mg/cm2 thick) was about 3%. The surface-barrier 
full-absorption silicon detector E was placed into the 
ionization chamber and was not separated from the gas 
volume. 

The pulses issued by the ~E and E detectors were am
plified and encoded to be fed to a MINSK-32 computer ope
rated in the on-line mode. Coincidence in the ~E and E 
detectors pulses were recorded on magnetic tape in 24-bit 
code. After each cycle of measurement, determined by the 
set of a certain number of pulses on the monitor, the re
sults were fed to a digital printer in the form of two
dimensional spectra 128(~E) to 64(E) channels. The bom
bardment intensity was monitored by elastically scattered 
ions using a semiconductor detector placed at an angle 
of 30°. 

4 

The energy spectra of the isotopes were found by measu
ring the yield of reaction products at different values of 
the magnetic field of the spectrometer. The magnetic field 
was measured using the nuclear magnetic resonance method. 
The yields of isotopes in different charge states were 
summarized. The absolute values of the different cross sec-
tions (da/ d{l) 40o were found by normalizing the relative 
product yield to the cross section of the 40Ar ions scat
tered elastically at small angles. A comparison of the 
obtained data with those of ref. 1101 , in which the same 
reaction was studied at 288 MeV, has shown a satisfactory 
agreement. 

The visual examination of the targets after the bombard
ments showed the absence of carbonic films. Nevertheless 
we carried out a special bombardment of a carbon target 
1 mg/cm2 thick to detect different isotopes. This bombard
ment allowed one to conclude that the contribution to the 
products yield from the carbon 'film on the target was 
negligibly small. 

3. EXPERIMENTAL RESULTS ' 

3.1. Energy spectra 

The energy spectra (d 2a/dE · dil) 40o of the isotopes of ele
ments from Cl to He are shown in figs. 1, 2 and 3. The 
abscissa shows the total kinetic energy (TKE) of the con
jugate pairs of fragments in the c.m. system. In conver
ting the data from the laboratory 8ystem it was assumed 
that the products detected were produced by two-body reac
tions: 1 + 2 ... 3 + 4. In the TKE calculations the 40Ar ion 
energy (Elab = 285 MeV) and the kinetic energy of the pro
ducts were referred to the middle of the target. The. mass 
number of the target was assumed to be equal to 108 (the 
silver is composed of 51.4% 107Ag and 48.6% 109 Ag ) • Errors 
in the positions of experimental points represent the 
counting statistics. The arrow show the exit Coulomb bar
rier, Be , calculated for spherical nuclei with an inter
action radius R34 defined by the following relation: 

R
34 

= 1.225 x 10- 13cm (A~ + A 1: ) + 2.x 10- 13cm . (1) 

The thickness of the arrow characterizes the De variation 
with variation of mass number A3 of the detected isotope 
of a given element z3 . 
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One can see in figs. 1-3 that the energy spectra of 
all the isotopes have the form of nearly symmetric curves 
with a maximum in the vicinity of the exit Coulomb bar
rier. This shape is characteristic of DIT reactions. 

3.2. Differential cross sections for isotopic 
production 

The Q gg -systematics 

Differential cross sections for the production of iso-
topes, (da / dn) 40o were obtained by integrating the 
energy spectra (d a/ dE · dn) 40o over energy. The data ob
tained are presented in the Table. 

The application of a statistical hypothesis to the DNS 
disintegration results in the following expression for 
isotopic production cross sections 111 

Qgg+~Ec +~Erot -O(p)-o(n) 
da/ dO - exp --- -------T--------------- , ( 2) 

where Qgg = (M 1 + M2)-(M3 + M4 ) is the energy consumed to 
reconstruct the nuclei, assuming that the final nuclei 
appear to be in their ground states; ~Ec is a change in 
the DNS Coulomb energy, due to the redistribution of pro
tons between the nuclei; ~Erot is a change in the DNS 
rotational energy owing to nucleon transfer, due to a 
variation of the DNS moment of inertia; o(p) and o(n) are 
the so-called non-pairing corrections, which help take 
account of the fact that the nucleons transferred from the 
donor nucleus pass to the excited levels of the acceptor 
nucleus; T is a parameter equivalent to the DNS tempera
ture. If the quantity Qg - o(p)-o(n) is plotted along 
the abscissa, and lg(da I ~2) is plotted along the ordi-
nate, the cross sections for the production of the iso
topes of a given element will lie on straight lines whose 
slope characterizes the DNS temperature. Fig.4 shows the 
Qgg -systematics of cross sections for the production 
of isotopes of elements ranging from He to Ne • The two-
isotopic composition of the silver target is taken into 
account by Qgg • The production cross sections for iso
topes of elements from Nato Cl are given in the same re
presentation in fig.S. In fig. 6 the cross section (da/dn)40o 

is given as a function of the neutron number N and proton 
number Z of the isotope; The data for BBe are obtained by 
extrapolation according to the Qgg -systematics. Our at
tention has been drawn by the fact that the reaction chan-
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fO?,IO!iAg + 40Ar. elab:ltQO. Elab =285 MeV 

s Si Mg Ne 31. 

~~ 10° ~ 
35 

~25 •J 31 • •28 
21~21 27 24 

32. 20 • 23 ui' ~ 
., '\ 0 26 

o29 \ o23 

o24 

'-
«il ~ •36 '\ o19 (./') 

:a 
o31 

•27 E 

..0 

Na -" ~ Cl P AI oc 
26 -c 37 •36 \ 032 

\ 
~23 

d 0 33o o31 

2 
-c () •35 . ~ 39• 34• 

25 

29. 

.26 
'\ •22 0 10-t ~ 350 o3o 

26. 40. o34 
• 31 

036 

\ 27° ~21 102 ~ .25 

'(' 

-'-

-10 -20 -30 -40 -50 -60 
Q99 -li(p)-1i(n) MeV 

Fig. 5. Same as in fig. 4, for isotopes of ll:S Z 'S_ l7. 

nel involving the a-particle emission strongly dominates 
over the rest of the multinucleon transfer channels. 

4. DISCUSSION OF RESULTS 

4.1. The Qgg-systematics 

The Qgg -systematics of the cross sections for the pro
duction of isotopes in transfer reactions induced by heavy 
ions has first been established in ref. / 11 / • The Q gg -sys
tematics were interpreted using the concept of partial 
statistical equilibrium 1121 which was naturallt Ju~tified 
by the D!lS concept 1131 • In a number of papers 1 4 9• it was 
shown that the Qgg -systematics hold for target nuclei 
from 12C to 232 Th and projectiles from 11 B to 22Ne. How
ever, the first experiment with the heavier ions has 
failed ~O/ . At Orsay, 232Th was bombarded with the 
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295 MeV 40 Ar ions. The cross sections for the production 
of isotopes of elements from Mg to Ti have been measured, 
which did not obey the characteristic exponential depend
ence of da/ da on the quantity Qgg • At the same time, 
the applicability of the Q gg -systematics for the descrip
tion of the isotopic production cross sections in transfer 
reactions with the heaviest ions is of special interest. 
For very heavy ions,the contribution of DIT reactions to 
the reaction cross sections aR increases, and these reac
tions become a predominant nuclear proces~ 161• 

Our experiments using 40 Ar ions differed from those 
carried out in ref.~O/ in two respects. First, we detected 
the isotopes of lighter elements. This allowed us to re
duce the effect of sequential nuclear processes such as 
nucleon and a -particle evaporation. Second, the range 
of the measured values of cross sections was one order 
of magnitude wider. From the data obtained (Fig. 4) one 
can see that the Qgg-systematics are satisfied for the 
isotopes of light elements inclusive of oxygen, whereas the 
Qgg -systematics are violated for the isotopes of the 

heavier elements. It should be noted that the production 
cross section for helium isotopes also obeys the Qgg-sys
tematics. This fact can be regarded to be indicative of 
the main contribution of multinucleon transfer reactions 
to the production of helium isotopes. The regular charac
ter of deviations of the isotopic production cross sections 
from the Qgg-systematics (fig.S) indicates the effects 
of s equential nuclear processes and, mainly, neutron eva
poration from excited light fragments. Neutron evaporation 
from a neutron-rich isotope is responsible for the dis
placement of the corresponding point on the Qgg-systema
t i cs toward the smaller values of I Q I . In neutron-de
ficient isotopes the strong binding J8ergy of neutrons 
prevents their evaporation from the nucleus. However, 
neutron evaporation from the adjacent isotopes of N lar
ger by 1 or 2 units contributes to the yield of neutron
deficient isotopes. This contribution displaces the points 
of the Qgg - systematics , corresponding to neutron-defi
cient isotopes , upwards, toward the larger values of dat dn . 
For the isotopes lying in the valley of ~-stability, Qgg 
depends on N weakly. Therefore the neutron evaporation 
process will lead only to a redistribution of the yields 
of the isotopes without changing noticeably their positions 
with respect to the abscissa axis. 
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The experimental data obtained in the present paper 
allow one to conclude that in the reactions induced by 
40Ar ions the Qgg -systematics are fulfilled for the cross 
sections of the BIT primary products. Our calculation ~ 11 

taking neutron evaporation into account, based on the ex
perimental data described in ref. ~21 ,has shown that in 
the case of Kr and Xe ions the Qgg -systematics also 
describe the relative yield of multinucleon transfer reac
tion products. Thus, the Qgg -systematics represent one 
of the most general regularities of the DNS disintegration 
and reflect the statistical aspect of the DIT mechanism. 

4.2. The excitation energy of the light fragment 

We have tried to use the deviation of the isotopic pro
duction cross section from the Qgg -systematics to esti
mate the thermal excitation energy of the light fragment 
and, consequently, of the distribution of thermal energy 
between the DNS fragments. 

In such calculations it was assumed that the primary 
distribution of the isotopic production cross sections 
obeyed the Qgg -systematics. Then the probability of eva
poration of one to four neutrons, a proton, and a-par
ticle as a function of the excitation energy of the iso
tope was calculated using a Monte-Carlo method in the 
fermi-gas approximation ~3.24 / . The results of the calcu-
lation are presented in fig. 7. The isotope excitation 
energy was chosen to be such that the primary distribu
tion of isotopic cross sections be transformed to the 
experimentally observed one. The slope of the lines of the 
elements treated in the calculation was taken to be the 
same as that of the light elements that obeyed theQgg-sys
tematics. To determine the position of the primary line of 
an element on a plane with axes lg(da/ dn) and Qgg -
- o(p)- o(n) we assumed the equality of the sums of the pro
duction cross section of isotopes of a given element, cal
culated according to the Qgg -systematics and those measu
red experimentally . The calculations have shown that neut
rons played a predominant role in removing the excitation 
energy . As to the probability of the emission of different 
particles from excited light fragments, our data are in 
satisfactory agreement with the results of ref. ~51 i n 
which DIT reactions were studied in the system Ag + 

40
Ar 

(340 HeV) by the correlation method. 
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excited Si isotopes as a function 

The results of the calculation of thermal excitation 
energy for isotopes of elements from F to Cl are presen
ted in fig. 8. The value of the thermal energy of the 
light fragment, calculated assuming its proportiona lity 
to the fragment mass is also shown in fig. 8 . In c alcula
ting the thermal excitation energy of the DNS the rotatio
nal energy of the system and the Qgg value were taken 
into account. 

From fig. 8 it is seen that there is a substantial dif
ference in the estimates of the excitation energy of the 
light fragment by two different methods. In our view, this 
difference can be explaihed in the following way. In the 
DNS, the carriers of thermal excitation energy are the 
excited nucleons ~elonging to the exchange zone I l l . These 
nucleons can easily pass from one nucleus to the other, 
and their wave function is common for both nuclei. In the 
stripping reactions detected by us, the nucleons of the 
light fragment gradually pass to the target nucleus, in 
which they leave part of their kinetic energy, and settle 
on the lower excited levels. Together with nucleons, the 
light nucleus looses part of its thermal energy and be
comes cooled. This may be an explanation of the decrease 
in the thermal excitation energy of the light fragment 
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Fig. 8. The results of calculation for the thermal exci
tation energy of light fragments from the DNS disintegra
tion in the reaction 107,109Ag ~40Af(285 MeV), Blab =40°.The 
closed triangles indicate the data obtained from the devia
tions of the isotopic production cross sections from the 
Q -systematics. The open circles are the data obtained 
fr~~ the distribution of thermal energy proportionally to 
the fragment mass. 

in the case of neutron transfer to the target nucleus. The 
decrease of excitation energy in very neutron-rich iso~ 

topes seems to have another reason. The production of these 
isotopes is connected with the transfer of neutrons from 
the target nucleus to the projectile, or with the keeping 
of most of the neutrons in the projectile. It is knownA/ 
that the large angular momentum of the DNS favours such a 
direction of neutron transfer. One can think that the 
ma in contribution to the production of these isotopes 
comes from collisions with the higher angular momenta. An 
increase in the angular momentum of the DNS leads to an 
increase in the rotational energy and a decrease in the 
thermal energy of the system. Correspondingly the thermal 
energy of the light fragment also decreases. 
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4.3. The nuclear structure effects on the yield of DIT 
products. The predominant role of the reaction 
channel involving 4He emission 

In fig. 6 one can notice the following characteristic 
features of the dependence of the differential cross sec
tion (da/ dn) 40o on Z and N of the isotope. Initially the 
cross section for the production of isotopes with maximum 
yields up to fluorine decreases as Z decreases. Such a 
tendency corresponds to the predictions of the theoreti
cal models in which nucleon exchange between the nuclei· is 
considered as a diffusion process ~.5/ • The farther Z of 
the fragments from Z of the initial nucleus, the longer 
time is required for the DNS to achieve the corresponding 
configuration, and the smaller cross section is expected. 
In the first diffusion models the shell structure of nuclei 
was neglected. 

On the contrary, following fluorine the cross sections 
increase as Z decreases. This increase is especially pro
nounced for nuclei with closed shells and subshells, such 
as 16 0 , 15 N , 12 C , 4He as well as for 8Be • The cross 
section reaches its maximum value, 220 mb, for 4 He . The 
production cross section for 4He is two orders of magni
tude as large as the cross section for the production of 
any of the isotopes detected. The isotopic yield also 
shows the Z and N partly effects. The even- Z isotopes 
show larger cross sections as compared with the adjacent 
odd- Z isotopes. All the even- Z isotopes have maxipmm 
yields for the even values of N . For most of odd- Z iso
topes the maximum also corresponds to an even value of N . 

The unusually sharp increase of the 4 He production 
cross section was also observed in our previous works .'14,15.', 

where a large number of isotopes including the heavy he
lium isotopes 6He and 8 He were detected as multinucleon 
transfer reaction products. By using the yield of these 
isotopes and the Q -systematics one could make reliable 
estimates for the 4ffe yield due to.multinucleon transfer 
reactions. We ·thought it appropriate to present these 
data here, fig. 9. 

One can indicate two factors associated with nuclear 
structure, which influence the yield of multinucleon 
transfer reactions. These are the magnitude of the DNS 
potential energy and an enhanced stability of nuclei with 
closed shells. In Fig. 10, the DNS potential energy is 
shown as a function of the Z and A of the light fragment. 
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In the calculation the shape of the DNS was approximated 
by two spheres. The nuclear masses were taken from the 
tables of ref. 1261 • The angular momentum of collision was 
taken to be equal to llOh. "Sticking" limit was used. 

From fig. 10 one can see that each Z value of the 
light fragment corresponds to the mass number A for which 
the DNS potential energy has a minimum value. This mini
mum in turn corresponds to the maximum cross section for 
the isotopes of a given element. The deepest minimum stands 
f or the a -cluster configuration of the DNS. Therefore, 
in the course of its evolution the DNS will tend to assume 
this configuration. 

Another aspect of the shell structure on the DNS evolu
tion is illustrated in fig. 11. In 40 Ar nucleons fill the 
ls, lp, 2s, ld, and lf shells. It may be expected that at 
the moment of nuclear collision the nucleons of the upper 
shells get excited in the first place. The binding energy 
of the nucleons of these shells is lower, and their wave 
functions are concentrated closer to the nuclear surface. 
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Fig. 11. Illustration of the successive excitation and 
transfer of nucleons from different shells of the 40 Ar 
nucleus. 
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The excited nucleons pass to the exchange zone, where they 
can easily travel from one nucleus to the other. In the 
stripping reactions, the excited nucleons are gradually 
concentrated in the target nucleus, settling on the l ower 
excited levels. This denudes the p-shell of the light 
nucleus, and, as a result, a configuration consisting of 
the unexcited 160 nucleus and the conjugate e xcited lan
thanum nucleus is formed. In order that the DNS might evolve 
further, it is necessary to break the pair and transfer _ 
the proton from the pl /2 subshell to the exchange zone. 
The coupling energy in the 160 nucleus exceeds 6 MeV, and 
apparently some time is required for this nucleus to 
obtain sufficient excitation. The evolution of the DNS 
will be delayed, and this in turn will lead to an en-
hanced yield of the 160 nuclei. A similar situation occurs 
when the light fragments appear to be the 12 C , 8se and 
4He nuclei. The masses of these nuclei are smaller than 
that of 160 • Correspondingly, their fraction of thermal 
energy is also smaller than in the case of 160 • On the 
contrary, the energy required to break the pair increases 
to 9.6, 16.6 and 19.8 MeV, respectively. 

4.4. Dynamical deformation of the double nuclear 
system 

It is generally accepted that DIT reactions occur in 
collisions at angular momenta in the range of fer' fer +~f. 
For the system Ag + 40Ar , the critical angular momentum 
fer was measured experimentally in ref •1271 • It was equal 
to 108± 8 at an energy of 228 MeV. However, in ref./27 / 
the contribution of "direct" a -particles to the incomplete 
fusion cross section was not taken into account. In our 
measurements the production cross section for "direct" a
particles is equal to 300 mb, which leads to a decrease of 
fer to 96. The ~f value was estimated from the total cross 
section of all DIT channels including the cross section 
for the production of "direct" a-particles, ~f =30. Thus, 
the average angula~momentum in the entrance channel in 
DIT was equal to fi =111. The DNS with such a large angu
lar momentum should experience a considerable dynamical 
deformation, which can be estimated from the energy spectra 
(fig. 1-3). 

Under the "sticking" conditions, which occur in our 
case, the total kinetic energy of the fragments is de
termined by the sum of the exit Coulomb and centrifugal 
barriers for a deformed DNS, i.e., 
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TKE = Bdef + B def 
e rot (3) 

The excitation energy of the DNS in the reaction investi
gated is about 80 MeV. Therefore the moment of inertia of 
the system can be assumed to be a rigid-body one. The ini
tial angular momentum is distributed between the spins of 
the fragments and the orbital angular momentum proportio
nally to the corresponding moments of inertia. 

The rapidity rotating DNS takes on a rather complicated 
shape. For the sake of simplicity of calculations, the 
shape of the light fragment was assumed to be spherical, 
while that of the heavy one to be a prolate rotational 
ellipsoid. This assumption is rather realistic since most 
of the initial angular momentum is converted to the spin 
of the heavy fragments, which reaches many tens of ~ • 

The deformation calculations were performed for the 
isotopes with maximum yields and for TKE in the maxima 
of the energy spectra. The results of the calculation for 
the deformation of the heavy fragment at the moment of 
the DNS disintegration are shown in fig. 12. The atomic 
numbers Of the light fragment, z3 1 and Of the heavy frag
ment, Z 4 , are plotted along the abscissa; the spins of 
the fragments 13 ,1 4 are indicated. The large-to-small 
semiaxis ratio is plotted along the ordinate. For the 
purpose of comparison with other works in which deforma
tion is expressed in terms of parameter r

0 
for the radius 

of the interaction of the spherical final nuclei, the 
data on this parameter are also presented. As one can see 
from the data obtained, the dynamical deformation of heavy 
fragments in DIT reactions may reach rather large values. 
The large-to-small semiaxis ratio approaches three. The 
deformation increases with the number of the nucleons 
transferred to the target nucleus, which see~s to be asso
ciated with an increase in the spin of the heavy fragment. 

Quite recently it has been believed that a large defor
mation at the scission point is a "privilege" of the 
heaviest ions such as Kr and Xe. This formed a basis for 
introducing the term "quasifission" for the new type of 
reactions between complex nuclei. The analysis of the DNS 
deformation taking into account the rotational energy of 
the system has shown that in this respect there is no 
difference between quasifission and DIT reactions either. 

To conclude this section we would like to draw one's 
attention to the fact the DIT reactions may be used to 
study the dynamical deformation of fast rotating nuclei. 
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Fig. 12. Estimated dynamical deformation of heavy frag
ments during the DNS disintegration in the reaction l07,109Ag + 

40 . 
+ Ar (285 MeV), 8lab =40°. Z 3 and Z 4 are the atomic 
numbers of the light and heavy fragments, respectively, and 
I 3 and 14 are their spins. The corresponding values of 
the effective parameter r

0 
are shown in the lower part. 

If one records a rigid nucleus, say 
16

0 or 
light fragment, it is possible to estimate 
tion on the heavier conjugate nucleus from 
TU. 

5. CONCLUSION 

4 
He, as a 

the deforma
the value of 

Dee~ inelastic transfers have been studied in the sys
tem 10 •109 Ag+ 40 Ar (285 MeV). The energy spectra and diffe
rential cross sections of 87 isotopes of elements ranging 
from He to Cl were measured at an emission angle of 40°. 
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It has been established that the Qgg-systematics are 
satisfied in deep inelastic transfer reactions induced by 
4

0Ar ions. Their violation is connected with the effect 
of sequential nuclear processes such as the evaporation 
of nucleons and a -particles from the excited fragments. 

It has been revealed that the dependence of the excita
tion energy of the light fragment on its mass number is 
different from that based on the distribution of thermal 
energy between fragments proportional to their masses. It 
has been established that the nuclear structure of the 
light fragment influences the magnitude of its production 
cross section, under the conditions of the high excitation 
energy of the DNS. It has been established that the reac
tion channel involving the emission of a-particles 
strongly dominates over the other channels of multinucleon 
transfer reactions. This is indicative of the important 
role of the a -cluster configuration in the evolution and 
disintegration of the DNS. The data obtained permit a new 
insight into the process of the DNS evolution and the 
fusion of two complex nuclei, and reveal one of the most 
important mechanisms of the formation of "direct" a -par
ticles in heavy ion reactions . 

It is shown that in DIT reactions the heavy fragment 
may experience a considerable dynamical deformation. In 
the rotational ellipsoid representation the ratio of the 
large axis to the small · axis can amount to three. A possi
bility of using DIT reactions for investigating the de
formation of fast rotating nuclei is under discussion. 
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