
OtibBAMHBHHbll 
MHCTMTYT 
RABPHbiX 

MCCJ18AOB8HMI 

AYtiHa 

E15-91-411 

A.N.Andreyev, D.D.Bogdanov, V.I.Chepigin, 
Ye.A.Cherepanov, A.P.Kabachenko, O.N.Malyshev, 
K. V. Mikchajlov, Yu. A. Muzychka, G. S. Popeko, 

·s.I.Pustylnik, R.N.Sagaidak, G.M. Ter-Akopian, 
A. V. Yeremin 

STUDIES OF FORMATION OF FUSION EVAPORATION 

RESIDUES WITH Z ~ 83 IN HEAVY ION REACTIONS 

Submitted to 11 lnternational Symposium Nikko 91, 
11 Toward a Unified Pucture of Nuclear Dynamics .. , 
Japan, 6-8 June, 1991 

1991 



_._.;, 

l.INTRODUCTJ _ 

j ~ . · Anq:reyey A.N.a.o. 
!Studies of ~ormation 

decade. the con~ of Fusion."-· 
of entrance chann1E15-91-411. 
lliding nucl~' -·. ~1i · 

. 1-. 
lear forces J< . · ·! 
strongly s_ui __ \ · .•._.· ~ 
the results: ;\..:'J 

led us to 
ng even he 

11, it is wi 
nuclei is :! 
entrance cha 

s (' 
the i 
stud!' 

Coulon 
idlng nucle 

which occ ~ 
to be' 

' elements· 
cold f 
work o: 

111ty of t 
nuclei an 

heavy nu· 
and bis 

tC:, he 
icult and 

·-. .... __ 

'· 

. ~-

' 

1 

measured pr-oduction cross:..sections to· the element 110 nuclei ·gives 
' . . . 208 62 

for one of the most favourable reactions . -Pb( Ni, 1n) the value 
. -.: . ' . 13-1519 19 20 

close to~. the subpicobarn region • . ·Considerat
2
\ons ~ . based 

on. the conception· ·of the ·extra-extra push barrier also leaved 
almost no 'room for optimistic· evaluation of prospects of the new 

. elemimt. s:Ynthesis by the cold fusion' reactions. · 
·~The chances of the so:..called'hot fusion-reactions are estimated 

to .. be· even more· ·pessimistic19
• ·Unfortunately, studies . of ... such · 

reactrons utilizing :the target nuclei of actinide elements ..• and . 
bombarding _ions oi ·carbon, ·oxygen, neon etc. have been . ceased since. · 
seventies (see' reL 22

) The lack. of the experimentar results about.·. 
such asymmetric reactions is .. an obstacle to the' .more or less .. 
realistic e'valuatlons of the 'cross ;sections for reactions which 
could be used for synthesizing the new heavy nuclides including the' 
nuclei of new elements ... Both, fusion cross-sections for asymmetric 

. reactions and the_ survi;,al probabilities of- excited flssiie compound 
. nuclei are of inte'rest. Bearing. this .in mind we ini tlated systematic 
studies of evaporation residues formation-in the region of compound 
nuclei with atomic numbers•Zl!::83 .. We"give in this paper some results 
of this work .. " · · . · 

2. EXPERIMENTAL SET-UP 

,;. 

To carry .-out the'• experiments the U-:400 cyclotron .of the 
Laboratory. of ·Nuclear . Reactions~0 JINR, · Dubna . was: used. 

2
pte 

projectile beams were f
4
s -follows: -· Ne (120,, 140 ~,rd 190 MeV;), Ne 

( 11~0 and 130 t:feV_),· Mg (.141--~~Jd 172 MeV), .Mg( 136_and 164 
MeV), Ar' ( 217, 250 and 293·MeV); Ca (' 215,· 228 and 270 MeV). .The 
beam' intensities' passing through targets (12mm in diameter) were 
(0.3 ... 3.0)•1d2s-1 at an energy 'spread of (1-1.5)Y. . The beam energy 
was changed in·3-6 MeV steps using Aland Ti· degraders. The:energy 
of the beam was controlled by measuring the energy of ions scattered 
in a thin· (ZOO Jlg/cm2 ) gold foil at 30°. · · · · ; . . 

· To separate' the evaporation residues of heavy-ion ·fusion 
reaction· froin -the projectile beams and background products the 
kinematic separator VASSILISSA23

'
24 was used. A schematic view of 

the separator is shown in fig. 1. The evaporation . residues knocked 
out from the target were separated by an achromatic system composed 
of three eiectrfc dipoles.· · Two triplets of electromagnetic 
quadrupole' lenses _provided the focusing on- a '•· detector system of 
recoil nuclei emerging from the target at zero angle w_lthin a solid 
angle of 10 msr. The distance from t_he target· to the focal plane was 
about' 12 m; The 'detector system' consisted of two time'-of-ffight 
.detectors and silicon .detectors. Thin plastic · foils emitting 

..--__ __ -- -.-·- ---~ ..... 
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·secondary electrons and microchannel plat~s for detecting these __ -. 
electrons_were exploited in start and stop time-of-flight detectors. 
The typical time resolution about 2 .ns was obtained for .slow_ (full 
energy 10-20 ·MeV) recoil nuclei· having. mass numbers . of about 200. 

'The value 99. 9S~ was achieved for _the probability of detection of 
such recoil nuclei by a single timing detector. After pass_ing the. 
time;_of-flight system, recoil. nuclei were implanted.- in ., silicon 
detectors which we took in the form of either an array of seven 
separate detectors or a single crystal divided into eight 
independent strips. The measurement. of the time-of~flight and the 
energy of recoil nuclei provided their mass determination with an 
accuracy of about S~. The • who~e system, provided the uniform 
detection probability of recoil nuclei within an circular area of 
70 mm in diameter. ·:)·· 
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Fig.1 Schematic view of the experimental set-~p~ 

The ·heavy-ion · fusion . reaction products were unambiguously 
identified by the measured values of. their «-decay energy, _and the 
life-times;.; In many cases the identification was performed due to 
observation of. the time correlated «-decays of nuclides belonging to 
the known u-decay chains. This method. was applied in each' case' when 
the. identification of a previously .unknown nuclide or an «-decay 
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Fig.2. An example of a two-dimensional 
«-«· correlation plot obtained for ' 26 208 . 
re~,ption Mg+ Pb at - a beam energy .. 
E( Mg)=13S MeV for the time window 
.of 100-400 ms27. 
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line was considered. 
In fig. 2 we show an 
example of' two 
dimensio~al spectrum of 
«-« correlation. Such 
coxTelatlons as_ well as 
the recoll-alph~. time 
correlations were used 
for. life-time -
measurements ·of 
investigated nuclides. 
Table I gives the 
values of measured 
transporta,tion effici-
encies o:f different 
evaporation residues 
from the target to 

I, 
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the detector system. We performed the measurements of such values-. 
taking targets of different thickness for'a-set.of'projectile-target 
combinations and for evaporation 'residues produced:'in xn or pxn as 
well as in «Xn evaporation reactions. The transportation 
efficiencies of · the evaporation -residues for properly choosen 
control reactions were· measured in all experiments~ ,Therefore• , _the.· 
relative' accuracy. of cross>' section values,' deduced for: a given . 
target:..projectlle combination was about· ±25:'.. For. whole .set< of the 
data 'presented in~ this work the · relative ·.errors· -• ln-.· 'the 
ch:is~-sections 'are evalmited; to ·be about ±SOl'. .. The e~rors_ due. to. 
uncertainty and ·inhomogeneity of' the· targets used in: experiments 
constituted the negligible' part of these' errors:' Only: in few. cases 
the ·errors were larger ·due ·to the poor :'statistic .. :The'· absolute. 
values of-. the cross sections are probably accurate within factor 
of two'· due to 'ei-rors_'in measurements' of:the beam current;' 

'.f. . ~ '•! ': 

Table I. Experimental results for the separation efficiency 

-;-

Reaction 
Separation 
efficiency (:'.) 

target thickness 

- 0.22 mg/cm
2 0. S·mg/cm

2 
· .. 

197Au(160, 4-:-Sn)2os,2o~Fr _ 
, ! ~. 

3±1 2±1 
182W(22N 4_S )199m,199c,200P •' ,. 

e, n -:. "'' o S±1 3±1 

t66Er (31 p, 4n) t_93Bi'" 
., 

.I 14±2 
1640 (4oA 4_s )199m,199c,2oop 2S±3 .. 19±3 y r, n -· -- o 

We supposed • that the .detection efficiency . of the «-decay of 
implanted nuclei . , was SOl'. ., . for all reactions studied 'in this 
~~- ' 

One can evaluate .the':background· conditions of· the experiments 
taking .the values , of probabilities: of- paf!sage' throljgh .the separator 
to the detector, system measured ,for projectile-like' products and 
products of transfer reactions: These values 'are given in Table II. 

~ t, : .. _ .. :;· ··;~·',!, ·'·.- ~~~ ~· • 

. ; Table 'ir.''The' suppression factors 'for multi-nucleon 
' 'trapsfer rea~¥i~n products and for the scattered' ions 

Reaction' ·Target:· ':. Suppression. factors,,-· 

thickness, 
' . ' 

Scattered ·Transfer 
', 

, . ···2· .. " 

:reaci:.ion':p~~du~ts '' ·mg/cm-.: · ions; 

23su +4o Ar 
'! ··, 'i' . (' ' ~ , . ~ 

2•10
4 ,, ' 242; . ' 

.·.•',Q,'S ' 2•10
10 

' (for .. Cm) . ' 8•10
4 (for. 227Th) 

2oaPb~40 Ar 0.6 i•1o1o 7•103 (for 2.11 Bl) · 
248Cm+22Ne 0.33 3•1012 ~ 4•103 (for

254
Fm) 

'' -

5 



3 •. SOME FEATURES OF; ASYMMETRIC FuSION ,REAcTIONS LEADING 
TO THE.FORMATION OF FISSILE COMPOUND NUCLEI VITH Z~83 

The list .of heavy-ion f~sion reactl~~~, ~tudie~' in this work 'i~ 
given in· Table III. For .all of these. reactions- the. xn evaporation 
channel., was investigated in . the_; ,range of ··bombarding energies 
extending· from ... subbarrier values to ,the .region ·corresponding to 
excitation:.< energy of compound nuclei close to. 100 ,MeV, for the 
lighter (Z~91) ·. compound nuclei , and about . 50-60 MeV for heavier 
compound nuclei.· Several,new·nuclid:fi2~orne~ _a.,.: lines) were obtained 
in the course.• of these experiments. · (see Table IV). In addition 
to the xn. evaporation ·Channel,. ~Orne data were obtained also for 
cross-sections of pxn and a.xn rea~tlon channels (see Table ,I II). The 
row data were· obtained in the form ... of excitation curves ··of 
fusion-evaporation reaction channels. Same examples of excitation 
curves are given in figures 3 and 4. 
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Fig.3. Excitation functions of 
the xn.and pxn reaction 
channels in reaction 
40Ar+165Ho. · 
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Flg; 4. ".Excl ta ti~n functions 
. of'the xn, pxn and ocxn 
'reaction cham1els in ' ' ' . ' . . . 26 . 197 
reactJ.on Mg+ Au. 

In fig. 5 the systematics is given for ·the maximum· values of 
xn-reaction cross sectio~s obtained i~ this ~ork. Similar results. 

. . ' ' ' • ' ; ., ' . 5 30 
for compound nuclei of Ac and Th published by; other authors ' 
obtained with·· 

48
Ca and .40Ar bombarding; ions are added to the data 

given ,in this figure. For, cmnparison: we present in 'this figure .the 
data for compound nuclei in the range of . atomic ·numbers 98-104 
measured' by ·different authors who worked with bombarding ions of 
carbo¥:t nitrogen, oxygen and neon (see references in th~ review 
paper .. The points in fig. 5 represent the row experimental. results 
-for maximum values of measur~d cross-sections. We · only excluded. 
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( 
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') 
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'the data 'for .. those-·· reactions for which .. the maximum· :.values 
of· the . cross-sections are.. strongly <.affected by: the 

Table III. The list of heavy-ions. fusion reactions .. 
studied in this work 

Reaction ZCN ACN 
xn-channel 

X IX min ·max 

40Ar+159Tb 83 199 4 10 
40Ca+153Eu 83 193 3 6 
40Ca+tstEu 83 191 3 .4 
26Mg+tatTa .85 207 4 7 
40Ar+t65Ho 85 205 4 9 
24Mg+l81Ta 85 205 .4 9 
40Ca+t59Tb 85 199 .3 
22Ne 197Au .89 219 3 7 
20Ne+197Au 89 217 4 8 
22Ne+2osTl 91 227 3 6 
26Hg+197 Au 91 223 5 6 
24Mg+197 Au 91 221 3 6 
22Ne+2oaPb 92 230 4 5 
zoNe+zoaPb 92 228 4 5 
22Ne+2o9Bi 93 231 4 5 
26Hg+zoaPb '94 234 4 
22Ne+236u 102 258 4 6 
26Mg+znTh 102 258 4 6 

(J !Of ~b 10'~----:~:---------_i ____ __ 

104 

IOl 

1 ot 
101 

100 

ill" 
to-• 
1D-l 

10-l 
100 

... f/4; I!.{;!.' 
' . 1~ ·~ 130 uo 
120 . .. Number <Neutron 

Fig.5 Systematics· of the <maximum 
values of the xn-reaction cross­
sections. The circles and triangles 
alternate iri ~rder to facilitate 
the recognition of data obtained 
for evaporation residues having · 
different <atomic numbers .. Our 
results are presented by closed 
symbols. 
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pxn-channel a.xn-channel 

X min X X X ·· max min max 

3 5 
2 '4' 

4 9 
4 9 
2 5 2 4 
3 7 
4 9 4 9 
3 5 2 4 
5 6 3 6 
3 7 4 5 

2 4 
4 5 2 4 

2 4 
2 3 

Coulomb barrier. We note that 
for Z:!i,91 the points are shown 
in this figure which.represent, 
for given evaporation residues, 
the maximum cross-sections 
obtained with projectiles 
having rather differ.ent mass 

20 22 . 24 26 
numbers ( ' Ne, ' M~ on 
the one side and 40 Ar,' ,

4 
• 
48

Ca 
on the other). These point .are 
drawn in figure without 
correctlon taking into account 
the n:\ factor. ·· Some'. of 
evaporation residues were 

pro,du ced, by .'di~[erent 

J>:?mbardi~~ ion~ 02 ~. Ne and 
Ne .. or Mg and .Mg) as a 

result of : evaporation · of 
different numbers of. neutrons. 
.The points for · all such 
reactions are presented in 
fig.5 without any corrections. 
Irrespective of':. these 
reservation, the points · in 

fi'g. 5 are 'grouped around the 
straigllt .. lines corresponding_ 



'to atomic· numbers of:evaporation·residues. The slopes of. these lines 
show the exponential decrease. of xn reaction cross.,-sections with 
increasing deficit of neutrons in evaporation residues. This 
deficit aggravates the competition from the side of fission in the 
course of deexcitation of compound nuclei. Against the background of 
this steep exponential decrease the ·above-mentioned differences 
betwee~ some experimental points look to be of minor importance. 

The · analysis of experimental · data on xn, pxn and axn 
evaporation channels was based on the statistical model . of the 
deexcitation process of compound nuclei. Calculations. for compound 
nuclei from Bi to U were carried out using a.modified version of the 
code ALICE. To describe the nucJear level density we used the 
relations of the Fermi gas model with the phenomenol~~ical 
consideration of· shell effects in the level density. param~ter . We 
assumed for the fission barrier the form 

B (l)=C•B cps(l)+I'1B (Z,A), 
f f f 

(1) 

where Bcps(l) is the fission barrier in the model of the rotating 
f . 

charged liquid droplet
32

, C is the free ·parameter; 1'1B (Z, A) is 
. f 

Table IV. The alpha-decay characteristics of some,nuclei, 
investigated in our experiments 

VASSILISSA other. works 

Ea.(keV) I 
.. 

E (keY) I T112Cms) .. 
a. 

T
112

Cms) a. . ' a. 

' 

223u + . +0.01 
8780-40 100 0.018_0.005 

224u 8470±15 100 0 7+0.9 
. -0.2 . 

225u 7870±20 100 30+20 7880±20 90 80+40 [41) 
-10 7830±20 10 

-20 

226u 7570±20 85±5 200±50 7430±20 100 500±200 [43) 

7420±20 15±5 
225Np 8630±20 100 ••• - ~ ',I.-~ 

~26Np 8000±20 50±15 8044±20 ( 100 31±8 [42) 

8060±20 50±15 '' ,, 

227Np 7680±20 100 (EC<25X) 7650±20 510±60 [42) 
7677±20 ':. l_,. 

230Pu 7050±20 100 
,, ,, 

,., 

••• preliminary data 
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Comparlson.of the .experlment.;.l maximum val~es of the. 
evaporatio~ reaction cross...,.sectlons· with"calculatiol1s ' . ' ' ' ' . ' ' ' 29 '"· . . •' '· .. 

" (solid ·line) for Z=85 compound .nuclei.,. , , . . 
a};b):~ xn:-channels" c) -'pxn-c~annE_!l!;· ·: 

·the shell' 'correction 'for the 'fission barrier 'of'~· the' compound· 
nucleus. The nuclear'potentiaf and the' choice' of the critical value 
of the angular momentum Ocr) for the ·compoilnd ·nucleus· ·formation 

were considered earlier
33

• 
The.aim.of our.cal.culations was the optimum'description of, the 

maximum values of :cross-sections welL above the Coulomb barrier. 
Therefore, . there was no need for additional va'riation of pfevi~usly . 33 . . ' 
fitted. · parameters , ,_of . nuclear potential . ; ,More than .90:'. of· 
cross-section values in their maxima are achieved 'at l«lcr. · Fo.r this 
,, reason, the results· 'of 
G calculations w'ere. not .. much 

sensitive t~ the value :of 
0.9 

0.8 

0.7 . ..,. •:, 

0.6 

0.5 

Z=B4 

. Z=B3 

0 
14'11Ug+ Ta. Sn-8n 

• ArJ." Ho. Sn-9n , ·. 

b. • .a Co~ :,'Tb .. P3~-p~~ ." 
v · Ar+ Tb, 6n-1 On ' 

' AO 153 '· , , 
• Co+ [u, .(n-5n , 

0.4 .__.~~~"'-~~~_._~~~-'-~~~.__j 
' ' 1 00 1 05 11 0 . 11 5 ' 1 20 

Neutron Number 

Flg.7.Systematicsof th~·values of 
parameter C ( see, equation .(1)) 
deduced for the neutron . defic,ient 
isotopes of Bi,Po and)t>· • 

1 . · We found · tlia\ 
cr " · ·· 

calculations. ·could .. ' not 
reproduce . experimental 
results adequately 'only by 
variations · of :shell 
corrections to nuclear 
masses and fission barriers, 
as well as the' 'excitation. 
energy · dependence :or these 
values. At this stage 

. we. neglected' l the shell 
effects inour·calculatlons. 
We note that 

1

there was no 
need in using the' value 
of level density parameter 
(a )'for fission 'channel 

.f . ' . ' 

different to that for particle evaporation. cha~els · (a
11

). 

Thus; we came to the conclusl~n that' the . maximum· values of 
evaporation reaction cross-::'sections could be fitted rather weli by 

. varying only' one 'param~'ter' ''of the model, L e. the . facfor~ c :in . ' ;;"·" : . 

9 



equation (1). In other words, these''values_are rather sensitive to 
the heights of the' fission barriers. By fitting· 'the calculated 
maximum cross..;.sections 'to the ' experimental results one.. could 
eventually determine the fission barri~rs of the neutron deficient 
nuclides which participated in the evaporation chains 'of. the 
compound nuclei' studied in this work. Some examples of such' a fit 
are given in fig;6. In fig.7 we show the systematics of the values 
of the factor- C deduced for 2=83 - 85 nuclei. It follows from this 
figure that the theorl2 overprediCts the fission barrier heights 
for. the neutron deficient isotopes of bismuth, cpolonium and astatin 
with ne-utron, numbers N::sll2. .. · ' · · ·, 

Inspection 'of the data given in fig.S reveals relatively weak 
dependence_of, the maximum cross-section values for compound nuclei 
lying in two intervals. ·1. e. · 2=83_ - 90 and 2=92 - 102 whereas the 
steep decrease is observed' ·in transition' from· thorium • to uranium. 
This reature of the cross-sections is seen clearly-in fig;8 in which· 
the.data are shown for, the reactions giving evaporation residues equ­
ally displaced from: the ~.,-stability line. similar behaviour was, ob-

1 b ' tailled' also; for pxn arid 
r:: 
0 

u 
Ill ' ' 
Vll mb ... ... 
0 ... 
u 

: E lJLb 
;:::J .. E 
x 
•O' 
:::::!: 

. "'" o Sn Ne,Mg 
• 6n • 
.. axn 

A 5n 0 

0 

• 
0 

e e 11 
lnb~~~~~~~~~~~~~~~u 

82 90 9..C 98 102 106 86 

Atomic: Number ~~ :~ompo~nd Nucleus 

Flg.8.Maximum cross<section values 
for xii and axn channels of fusion 
reactions giving evaporation residues 
equally -displaced from the valley of 
~-stability,. ·. . 

'axri reactions:. However, the 
steep ·decrease obtained 

'·for: · axn · reactions is 
shifted in , fig. 8 to the 
transition from uranium to 
plutonium. This leads, .in 
particular, ·to the fact 

, that xn and axn reaction 
channels are similar in 
the values of their 
cross-sections ' ; for 
compound nuclei of Ac. and 
Th on one hand and for Pu 
on the other .• In contrast, 
in the case of · the 
reactions 22 Ne+

208
Pb and 

' 20 Ne+208Pb leading to the 
compound nuclei of uranium 
the cross-sections were 
detected in ,the microbarn 

region for. 4n and Sn reaction channels whereas for azri, a3n and a4n 
reactions. channels the obtained cross-section values were close to 

25 28' ' millibarns ' . ' 
. It is difficult for us to outline any ldea which could explain 

such cross-section behaviour as due to , any_ , limitation on the_ 
formation. of uranium .or plutonium compound nuclei. At the same time, 
the explailation of the obtained steep decrease of the evaporation 
reaction cross-sections on account of the high fissllity of .2>90 
nuclides appears to be quite natu~al. In fact, we could fit in our 
.calculations all' set of 'the results for A.c,· Th, ?a "and. u nuclei 
·presented lii fig.S as well as the data for 'pxn·:and axn reactions by 
taking the ··following values for factor C in equation (1) : C=l for 
Ac and Th; C=0.7 for Pa and C=0.65 for U nuclei. 
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4. HOT FUSION REACTIONS 22Ne+236U AND 26Hg+232Th 
LEADING TO THE COMPOUND NUCLEUS 258102. .. 

The aim of· the experiments was to obtain the new data about the 
formation of evaporation residues of· the compound nucleus 258102. 
Earlier, three reactions, i:e. 12C+246cm34 ,. 15N+243Am35 and 16o+242

Pu 
36 

have been studied. · Addition of two other reactions 
would complete this sequence of asYJ!!metric .hot fusion reactions 
leading to the same compound nucleus 258102. The variations of· the. . ' .. 21 ' 
mean arithmetical fissility parameter .... along this sequence >(see 
table 5) originates entirely.from the difference in entrance channel 
configurations. Therefore,· studies of these two reactions could shed 
some light on the problem of extra-extra push barrier for hot fusion 
reactions, which are of interest from point of view of. possible 
synthesis of nuclides in the region of the neutron number 162. In · · · n u 
fact, it is not excluded that bombarding ions of Ne and Mg could 
be used successfully in combinations with target;. nuclei of 248cm, 249 249 . ' ' . 

Bk and37 .Cf for synthesizing._nuclides wh1ch belong .to the 
predicted stabi 1 i ty ·island . centered around this neutron number. 

The experimental conditions· were .. essentially the same· as was 
described above. Three evaporation residues, · 1. e. isotopes of 
element 102 having the mass numbers 254,. 253 and252 were registered 
in .. focal plane of the separator. These isotopes, emerging from 4n, Sn 
and 6n. evaporation channels were identified through . their 
i::haracte'dstic · a..:decay lines .. The 25~ spontaneous fission' decay 
branch 'of '

252
102 as. well' as a.-decays of daughter nuclei 'or 252 i02 . 253 '' .... 248 .. '249 . ' ·. ' 

and 102, 1. e. Fm and Fm were detected. 
The . measured excitation· curves of the studied r'eac.tions are 

showri in fig. 9 .. We' 'calculated th~ xn reaction cross-sections using ' . ' ·. . . . . 34 38 39 . '. ' ' . . . . 
the method .d~scribe~ ln ,Ref: ' • · Dl!e to the ~act that fission 
and .neutron ev~poration competition is tr,r

0
a ted in this approach by 

exploiting the empirical r /f systematics , one could simplify the 
• ·• , n f · • , 

analysis ·as r .If values. were .essentially the .same for . all 
, , n f 

reactions .. Therefore; · by •· comparing the experimental data with 
calculated cross-sections one could count on extracting· some 
information about the fu'slon probabll ity for different· entrance 
channel .configurations. Such a comparison is·. given in Table ·s. We 
deduced.the following conclusions from this table. 

i'>· 

Table V. Maximum cross section values for neutron evaporation . ' 258 ' 
-channels of the. compound.nucleus 102 

.. 
. ·Reaction Xarl.th Ref.· , Cross section ( nanobarn ) 

mean Experiment.·· . .. Calculation 

. 4n .·, 
-~-. ' 

I·· Sn 6n 4n Sn 6n 
., 

lzc+246cm 0:680 [34) ·tooo 3oo ,:'• 227 107 22 ISN+243Am 0.694 [35] 80 116 85 20 t60+242Pu 0.698 [36] 34 55 111 78 15 
22Ne+236u 0. 721 This 

7 wor-k 25 15 '74 64 9.2 
26Mg+232Th 0. 735. .Thl s 

1.5 work 9 8 42 46 8.2 
-

11 



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

~ 10
1 

£ 

~ . .. 
V) 

~ llNe•l~' 

... 
. :w 

ltl~-~g,mTh 

'j ... 

1 

1 

·: ~ 1 
' ' I I I ' I L.l._.._:c_.__-'----~-'-'-~ 

t):J ' ,jo' t!O • no "" "" 
, . r Etob(MeV) 

Fig. 9. Excitation curves of neutr-on 'evaporation channels for · · zse -
_ the compound nucleus 102, 

The experimental maximum values of the . cross-sections for the 
4n and Sn evaporation channels are reproduced· by calculations quite 
reasonably for the case of the three most asymmetric 'reactions. Some· 
differences between experimental and calculated values not exce'eciing 
the factor of 4 ar:e within . the typical limits of the model 

38 39 . ' . ' - ' . ' 
accuracy ' . The .agreement. is much worse i~2 the' ·~ase· of the _ 4n 
ffannel obtained for heavier_ projectiles ( Ne _and, /-~Tpecially; 

Hg). One could explain this as an indication .of the onset of the 
· · . · · · · - · 16 · Z4Z · ·' 

extra:-extra:-push barr:ier at the 2~r~n~Jlion ~rom 23p+ ·.· Pu reaction 
to more symmetric ones,- i.e. to Ne+ U and Hg+ Th. Indeed, the 
agreement could be improved considet;;ably :.by. adding 5 MeV •to, the. 
height of the Coulomb barrier for ___ Mg. However, we· refrain from 
inferring any conclusion about thit extra-extra-push barrier as. 4n 
and Sn channels' are strongly subbarrier for 

22
Ne'+

236
U 'and 

26
Hg+

232
Th 

reactions, and we hardly can .. insist . that our accuracy in '-the 
calculation of the barrier penetration is high enough.· ·- - .· . 

At any rate, we regard th~ 'observation of an anomal~usly small' 
value of 4n reaction cross.:..section in the case of 

26
Mg (

22
Ne) as an 

indication that this reaction<'channel has a little chance to be 
. , helpful· in the synthesis of' new heavy nuclides. Contrary to 'this, 

the 6n reaction cross-section does not tend to the drastic decrease 
for the case of- heavy projectiles. Though with some res'ervati'ons, 
this is also true for Sn reaction .. Therefore,. we suppose that tnese 
two reactions will _be practical ill the work on the s~nthesis of new 
heavy isotopes of elements 106-110 with the beams of 

2
Ne'and'

26
Hg. 

' ' " ' 
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AH,o;peee A.H. H AP. 
Hay4eHHe npo4ecca o5paaoeaHHR R,o;ep OTAa4 
C Z ~ 83 B peaK4HRX C TRmefl~MH HOHaMH 

Ha nY4Kax TRmen~x HOHOB 20 ' 22Ne, 2 ' 

eM KHHeMaTH4ecKoro cenapaTopa BACHfiHCA · Bl 
peaK4HH nonHero CflHRHHR, npHBOAA~HX K 1 
ny4eH~ ,o;aHH~e o ce4eHHRX xn, pxn H axn-1 
rHH B035ym,o;eHHR KOMnayH,D;-R,o;ep BnflOTb' AO. 
TanbH~X ,o;aHH~X nOflY4eH~ eeOH4HH~ mH,!J;KOKal 
POHOAe~H4HTH~X AAep C 83 S Z S 92 H N = 
22

Ne +. 
236

U H 26Mg + 232Th", .nPHBOAA~He • 
aHaflH3 3KcnepHMeHTaflbH~X H pac4eTH~X ,D;aHI 
nos 2S2,2S:J!~sq 102 _ 

Pa5oTa B~nonHeHa B na5opaTOPHH R.o;ep~ 

fipenpiD!T 06J>e,zumeHHoro IDICTiiTyn n.o;e1 

Andreyev.A.N. et al. 
Studies of Formation of Fusion Evaporatio 
with Z ~.83 in Heavy Jon Reactions 

.· 'si emeloxing the kinematic separator 
20

'
22 Ne, 2 

'
2 Mg, q

0 Ar and 4 °Ca we studie 
tions leading to formation of compound nu 
and-obtained xn, pxn and axn evaporation 
jectile energy extending from the Coulomb 
ding, to the compound nucleus excitation o 
is presented of the maximum xn reaction c 
by the fissil ity of,the reaction products 
macroscopic fission barriers were extract 
lides in the range of Z = 83-92 and_N =I 
in terms of contrasting with predictions ' 
Three isotopes 252 ' 523 '~5q102, were obtai• 
the 258

102 compound nucleus formed by 22N· 

The investigatioh has beeh performed 
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Preprint of the Joint Institute for Nuc 


