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An overview of all the avenues of research with heavy ion beams
currently underway at Dubna is hardly possible and not the goal of
this talk. Moreover, an attempt to confront prospects of these
studies to the main trends of the development of heavy ion physics
looks unjustifiable. Frankly speaking, I am restrained from doing-
so first of all because the recent appearance of the 7-volume
Treatise on Heavy Ion Science edited by D.A.Bromley /v has demonstrat-
ed the enormous amount of work accomplished in heavy ion physics.
The mere account of the most interesting results which constitute
the milestones of the 30-year history of this field of science shows
its fruitfulness and versatility, giving grounds for comparing it to
the horn Jf plenty (see fig. 1).

The synthesis of transuranium elements remains one of the princip-
al problems being solved with the help of heayy ion beams. The
initial experiments along this line of research-were begun as early
as in the mid-50's, shortly after the discovery of mendelevium, the
element with atomic number 101 (ref, /2/). The discovery of
mendelevium completed a series -of brilliant studies on the synthesis
of transuranium elements in the neutron and light charged-particle
capture reactions, carried out under the' leadership of G.T.Seaborg
at Berkeley, U.S. The production of new elements with atomic numbers
greater than 101 did not seem feasible in those reactions because
there was no sufficient amount of suitable target nuclei with Z »98.
The hopes of American physicists and chemists to synthesize new
elements in superintense pulsed neutron fluxes produced by nuclear
explosions were not justified either (see ref. /3/). Later it became
clear that the possibilities of this method are limited by short
lifetimes of the heavy isotopes of fermium (A> 257) with respect to
spontaneous fission and, first of all, by the fact that the nuclei
involved in the ol -decay chains of the meutron-rich isotopes of
uranium undergo delayed fission, the radioactive decay mode
‘discovered at Dubna

In the mid-5Qs the first attempts te synthesize new elements by
using heavy ion beams were made simultaneously at the three
laboratories: in the U.S.S.R, Sweden, -and in the U.S. At that time
heavy ion physics was in its infancy. As nowadays, the essential
agpects of this field of gcience developed owing to the efforts
made to synthesize new elements. In particular, the solution to this
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problem required the development of facilities for producing

intense heavy ion beams. By 1955 considerable achievements were made
in the development of powerful sources of high charge state ions at
the 150-cm cyclotron of the I.V.Kurchatov Atomic Energy Institute

in Moscow /69/, which allowed us to produce ion beams of carbon,
nitrogen and oxygen with intensities high enough for performing the
/9'10/. Then we had at
Pu which contained consider-

first experiments to synthesize element 102
our disposal only a small amount of 241
able admixtures of lighter isotopes. The mixture of plutonium
igotopes was bombarded with 1 O ions.

However, already the initial experiments had revealed some
difficulties which made the detection of element' 102 nuclei very
complicated. These difficulties remained over the whole 33-year
period of work on the synthesis of new elements, and they grew as
the atomic number of the nuclei being synthesized increased. In go-
ing from the observation of reaction products to their unambiguous
agssignment to a hypothetical new element one should solve some
problems the complexity of which is conditioned by short lifetimes
which make the use of traditional chemistry impossible. The
identification of the sought nuclei of new elements presents an
extremely difficult problem since the low cross section (10‘32_10‘35
cm2) of reactions leading to the formation of nuclei of new
elements makes up the 10'8th - 10_11th fraction of the total reac-
tion crosgss section. In addition, the identification should be
performed against the dense background due to the products of reac-
tions occurring on the nuclei of admixtures (for example, lead and
bismuth) contained in the target. Because of these difficulties the
results of a number of experiments designed to synthesize element
102 which had been carried out in the late 1950's in Stockholm/B’6
at Berkeley /1,8/ and in Moscow 79,10/ turned out to be erroneous.

It was necessary to widen the range of the heavy ions being
accelerated, to enhance beam intensity, to develop methods for the
unambiguous identification of single short-lived nuclei of new
elements, to prepare monoisotopic targets from U, Pu, Am, Cm, and
Cf, as well as to control the level of admixtures in them so that
it could not be higher than the 10—6th part of the target weight.
The beams of 12’130, 14'15N, 16’180 and 20’22Ne ions of sufficiently
high intensity were produced at the.cyclotron U-300 at Dubna in
1960 (see fig. 2).

Until the mid-70's the JINR cyclotron U-300 and the linear
accelerator HILAC constructed at Berkeley (U.S.) in 1958 and some-
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what later rebuilt into the SuperHILAC for a wider range of heavy
ions were the only accelerators suitable for experiments on the
synthesis of new elements. In 1976 at GSI (Darmstadt, F.R.G.) the
linear accelerator UNILAC was put into operation which produced all
heavy ions up to uranium. In 1978 the isochronous heavy ion cyclotron
U-400 started to operate at Dubna. It has produced the most intense
heavy ion beams ranging from oxygen to krypton (see fig. 2).

The above-mentioned accelerators were used to carry out the
principal experiments which led to the discovery of elements with
atomic numbers ranging from 102 to 109.

The experimentel facilities built for the studies aimed at the
synthesis of new elements, as well as the effective methods of
geparation and identification of rare exotic nuclides and their
decay products, developed for this purpose, enabled other studies
to be performed. These studies have yielded results which can be
regarded as major achievements of heavy ion physics. Some of these
results have been obtained at Duybna (see fig. 1).

Having paid considerable attention to the spontaneous-fission
studies of heavy nuclei and to the search for new spontaneously
fissioning nuclides we have succeeded in discovering spontaneously
fissioning isomers (see ref. /11/) and delayed fission . The
studies of these phenomena have ultimately led to new conceptions
of the double-humped structure of the nuyclear fission barrier and
of the stabilizing effect of nuclear shells /12’13/. The systematics
of spontaneous-fission half-lives for transfermium elements are
of great importance for the quantitative evaluation of the
spontaneous-fission probabilities of heavy nuclides including
nuclei of the as yet unknown elements.

One of the peculiar features of these systematics, namely a
noticeable slowing down of ‘the rate of decrease (with increasing
atomic number) in the spontaneous-fission half-lives in the region
of 22104 is of special interest. As a result, all the nuclei with
Z 2105 including the even-even nuclei 260106 /14-16/ and 264108m%18/
undergo mainly o decay rather than spontaneous fission. This fact
makes one hopeful that the predicted island of stability of atomic
nuclel really exists with its summit around Z=114 and N«184 or 178.

0f the other results of studies with heavy ion beams from the
Dubna cyclotron U-300, one should mention the detection of 212mP03
the first high-spin «-radioactive isomer, the discovery of the
emigsion of delayed protons in ﬁ decay, the synthesis of the neutron-
rich nuclei of light elements, and the detection of deep inelastic
interéctions between complex nuclei.

5 .
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The experimental studies aimed at synthesizing heavy elements can
be divided into three phases (see fig. 3).

The first phase lasted from the late 50's until the mid-70's.
The complete-fusion reactions between the actinide target nuclei
and 243Am and 20’22Ne, 16’180, 14’15N and other
projectiles were used to synthesize the nuclel of new elements with
Z 2102,

The elements with atomic numbers 102 and 103 were discovered
at Dubne as a result of the series of experiments completed in 1966
(element 102 71927/y ana in 1968 (element 103 /28-3%/), In these
experiments correct data on the properties of the five isotopes
252-256,05 anq 256103 were obtained for the first time. The identifi-
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cation of the new elements nuclei was performed by measuring the
energies of the & decay main lines, by establishing the genetic
relationship with the of decay of daughter nuclei, as well as on the
basis of the data obtained from (HI,xn) excitation function measure-
ments and from croés reaction studies.

In 1964-70 experiments were carried out at Dubna which have led
to the discovery of element 104, the first transactinide. In those
experiments we chose spontaneous fission detection as the principal
method of observing new nuclei. Now we can say that this choice has
proved successful., First, the registration of spontaneous fission
gimplified the task of detecting the new nuclides which had been
produced in nuclear reactions having cross sections as small as
10734 - 10732 on?, Second, it is just spontaneous fission studies
of the isotopes of element 104 that have yielded the most interest-
ing results. On the other hand, the physical identification of the
element 104 nuclei by detecting their gpontaneous fission was
difficult because, in the reaction 242Pu + 22Ne /31/ used, nuclei
with atomic numbers smaller than 104 could (and actually did) occur
and these nuclei underwent spontaneous (shape isomers) or delayed
figssion. It is worth remembering that spontaneously fissioning
isomers and delayed fission fragment emitters were discovered by us
in the process of studying the background interfering the observa-
tion of element 104. \

Bearing in mind all the difficulties associated with these new
phenomena we decided to perform experiments on the chemical
identification of element 104. For this purpose Zvara et al./32’33/
developed and used a basically new approach to invegtigating the
chemistry of single atoms which underwent radioactive decay for few
seconds.

The authors of the discovery of element 104 /31-33/ proposed to
christen it kurchatovium to memorize the name of I.V.Kurchatov
whose classical, pioneering work has laid the foundations for a
number of important trends of nuclear physics, namely the studies
of nuclear isomerism, nuclear physics, fission physics, and many
others. '

Element 105 was discovered at Dubna /°4/ and identifiea /357397
by physical and chemical methods. The authors of the discovery of
element 105 proposed to name this element nielsbohrium to pay homage
to the enormous contribution of N.Bohr to the physics of the 20th
century.



The second phase of work on the synthesis of new elements is
asgociated with the use of cold-fusion reactions. The studies have
been carried out during a period of more than 10 years and resulted
in the discovery of several elements. They will be presented in the
talks to be given by Oganessian, Armbruster and Munzenberg at this .

School-Seminar.
In the early 70's there were serious doubts about the possibility ;
of inducing the so~called cold-fusion reactions. However the studies ’

/40,41/ have refuted these doubts

carried out by Oganessian et al.,
and proved that these reactions have certain advantages for the
gynthesis of elements with Z »100. At Dubna a source of the high-
charge state ions of Ti, V, Cr, Mn, Fe and Ni has been developed
which has made it possible to carry out at the U-300 cyclotron
experiments to synthesize the nuclei of elements 104-107. Since 1981
experiments at Dubna have been undertaken at the cyclotron U-400,
The Darmstadt group has begun its work in the field of new element
gynthesis at nearly the same time. I would like to specially mention
the close collaboration between the two groups. The natural competi-
tion between Dubna and Darmstadt in no way impeded the information
exchange which allowed, with lesser efforts, to carry out the
studies which were complementary to one another.

The time of triumphs was followed by a difficult period due to a
dramatic decrease in c6ld-fusion reaction cross sections with the
increasing atomic number of the compound nucleus. In the experiments
aimed at synthesizing elements 108 and 109 one could observe only
one nucleus during 3-10 days though maximum-intensity {(about 1013s_1)
ion beams were used. The long-term experiments on the synthesis of
element 110 using Ni and Co beams carried out at both Laboratories
have been unsuccessful (see fig. 4).

Bearing all these negative results in mind it is natural to put
the question ag to whether it is not time to stop and abandon the
dream of producing nuclei close to the hypothetieal summit of the
igland of stability of superheavy elements (Z =%114).

In our view, however, attempts to produce new elements with Z®110
can and must be pursued. A natural reason why the use of cold-fusion
reactions has been unsuccessful is the action of strong Coulomb
forces between the nuclei involved in the collision. But a qualita-
tive consideration shows that complete-fusion reactions between
uranium group target nuclei and projectiles lying between neon and
chromium may prove the most successful to synthesize elements with
Z Z2110. Therefore attention was drawn to reactions of the type

~ Th+Ca, U+Ar, and others in our report at the 1983 Conference in
Florence
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Cross sections of cold-fusion reactions (HI,1n) on Pb and Bi target
nuclei, and those of hot-fusion reactions (HI,4n) on uranium target
nuclei, which lead to the synthesis of transfermium ngclei. The
spontaneously figsioning short-lived (T1/2¢:8 mg) product formed
in the reactions 232Th + 440& and 236U + 40Ar has been detected
by Oganessian et al. The data obtained for the dependence of this
product yield on bombarding ion energy and the results of the
thorough investigation of background sources suggest that element
110 has been synthesized in these experiments. There will be
no questions after the kinematics of the spontaneously
fissioning short-lived product will have been studied and experi-
ments will have been performed to observe the activity using two
independent techniques.



The choice of these reactions has been motivated by the following
considerations. First, these reactions are characterized by greater
asymmetry and weaker Coulomb repulsive forces acting between the
target nuclei and the projectile, compared with reactions occurring
on lead and bismuth targets. Second, the macroscopic properties of
the colliding nuclei, namely static and dynamical deformations, the
possibility of neck formation, etc, can facilitate the formation of
a relatively slightly excited, if not cold, compound nucleus in the
cagse of a thorium or uranium target.

The probability of formation of slightly excited compound nuclei
in the reactions Th+Ca or U+Ar depends on the dynamics of the transi-
tion of the nuclear system from the entrance channel to the saddle
point of the compound nucleus. The coupling between collective and
single-particle motion which occurs in the process of this transi-
tion leads to the heating of the nuclear system and to the appearance
of a dynamical barrier which prevents fusion. The dynamical barrier
is the subject of great attention for both theoreticians and experi-
mentalists and, apparently, it will continue to be of considerable
interest for a long time to come., However, as for the role of the
dynamical barrier in hindering the fusion of thorium-uranium with
argon-calcium nuclei and for the possible synthesis of element 110,
these problems should be solved only in direct experiments. In any
case the quantitative results of theoretical estimates have no
predictive significance since we deal here with a very weak reaction
channel (10774 - 10736 cm?).

Recently the corresponding experiments have been carried out at
Dubna and at Darmstadt. The results will %% reported by the authors
.at this School-Seminar. Therefore I shall only touch upon them
briefly.

Oganessian et al. observed, in the reactions 232Th + 44Ga and
U+ 40Ar,\a gpontaneously figsioning product with a short half-
life, which is very likely to be an isotope of element 110. The
obtained dependence of the product yield upon the bombarding energy
and the results of the thorough studies of different background
gources support this assumption.

On the other hand, no nuclei of element 110 have been detected in
235U + 40Ar at Darmstadt. Armbruster et al. present
arguments in favour of the assumption that the cross sections of the
reactions leading to the synthesis of element 110, U+Ar and Th+Ca,
are‘expected to be very small, several hundreds of times smaller
than the value observed by Oganessian et al, at Dubna.

e
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Final conclusions cannot be drawn until control experiments have
been carried out. A high confidence level will evidently be achieved
provided that these experiments are carried out by two independent
methods. One method is associated with a continuation of the experi-
ments of Oganessian et al., namely with the thorough investigation
of the kinematical properties of tﬁe recoil nuclei occurring in the
reactions Th+Ca and U+Ar, and with the performance of cross reac-
tions. The other method will involve the use of an electrostatic
separator of complete-fusion reaction products, VASSILISSA, which
has recently been put into operation on a beam from the cyclotron
U-400 /44 (see fig. 5). The capability of the technique based on
this separator, to record the & decay and spontaneous fission of the
short-lived (up to several microseconds) nuclei formed in reactions
having cross sections of several picobarns will offer essential
possibilities for studying the spontaneously fissioning product
32Th+44Ca andv236U+4OAr, as well as for
searches for shorter-lived isotopes of elements with Z 2110,
including e¢ radioactive isotopes.

In general, the separator VASSILISSA is similar to the SHIP
facility used by the Darmstadt group in experiments aimed at synthe-
gizing new elements. Therefore a detection system similar to that
operated at Darmstadt will be installed at the VASSILISSA. At the
game time we are trying to improve the methods of detecting and
investigating the separated products of nuclear reactions. For
example, one can retard these products in the working gas of an
ionization chamber and, by using their drifting in the electric
field, to enhance noticeably the detection efficiency for o
particles. By filling the chamber with various gases it is possible
to convert it into a reaction one (in chemical sense) and to study
the various interactions between the atoms of new elements and the

observed in the reactions

filling gas atoms, processes such as drifting, charge exchange,
chemical interactions, sorption, etc. (see fig. 5). In all like-
lihood, such chemical studies can be carried out with atoms having
lifetimes of several or tens of milliseconds.

Our knowledge of heavy-ion reactions allows us to conclude that
these reactions are unlikely to permit an approach to the summit
of the island of stability of superheavy nuclei (Z=110, N=184)
predicted about 20 years ago 47-50 « True, later the masses of
the superheavy nuclei were calculated using more precise model
parameters and, as a result, the predicted summit was displaced
toward Z=178 and the half-life of the longest-lived nucleus was

11 .
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calculated to be T1/2c5 1 year /51/. All this drastically decrgases
the probability for detecting superheavy elements in nature.

The history of searches for superheavy elements is very dramatic
(see review articles /45’46/). Several research groups made attempts
to find these elements in nature and observed some effects which,
due to insufficient sensitivity or inadequacy of the experimental
technique, were erroneously considered as evidence for the discovery
of superheavy elements.

We at Dubna carried out searches for superheavy elements in
galactic cosmic rays during several years . Ten tracks of
anomalous length (about 360 pm) were revealed in crystals of olivine
taken from some iron-stony meteorites. These tracks might have been
produced by stopped relativistic superheavy nuclei. The anomalous
tracks form a separate group 1in the distribution of the tracks in
length. No one track has been found between this group of tracks
and the nearest group of tracks with a maximum at about 200 um
(which, we believe, had been produced by thorium-uranium nuclei).
This kind of distribution of track lengths could be expected for
superheavy nuclei separated from uranium and adjacent elements by
a large region of short-lived nuclei which cannot be present in
cosmic rays.

However, despite the above arguments and other indirect considera-
tions, the assumption that the anomalous tracks detected belong to
the cosmic-ray nuclei of superheavy elements remains unproved in
view of the fact that the dependence of the track length on the
atomic number of the relativistic nuclei which had stopped in the
olivine crystal volume has not been established experimentally. Such
a calibration requires a bombardment of olivine crystals with gold
and uranium nuclei at an energy of above 100 MeV/amu.

In other experiments, we at Dubna investigated, with a very high
sensitivity, spontaneous fission activity in some stony meteorites
and in chemical fractions obtained from processing hot brines taken
in the regions of abyssal fractures of the earth's crust of the
Central Asia and Baikal rift zones. Rare spontaneous fission events
have been detected in those samples, which cannot be explained as
being due to the decay of known nuclides. There is a great tempta-
tion to admit that the observation of these events is indicative
of the existence of a spontaneously fissioning superheavy element
in nature. However, the average number of spontaneous fission
neutrons (q ) turned out rather small, close to the 9 value
obgserved in the fission of actinide nuclei. Therefore, it cannot

13 N



be excluded that the spontaneously fissioning nuclide observed is
an isotope of a radioactive element heavier than bismuth, but which
has been produced in an unusual state in the process of natural
nucleosynthesis.

In our view, the phenomenon detected should be investigated
thoroughly. Unfortunately this is associated with great difficulties
since the count rate of spontaneous fission events in meteoritic
samples and in hot brines is extremely small. For example, in the
Allende meteorite kindly provided to us by Dr. R.Clarke of the
Smithsonian Institution (Washington, U.S.A.), the count rate was as
low as one event per 50 days per one kilogram of meteorite., In the
case of hot brines the count rate turned out to be still lower.

In order to investigate the properties of the new nuclide and
identify it we consider it necessary to carry out chemical experi-
ments for the purpose of obtaining fractions weighing several grams
and producing count rates of about 10 fissions per day.

Such experiments can be performed with hot brines as initial
material. Therefore, the boring of special holes has been begun in
the region of the rift zones mentioned above (see fig. 6). It would
be interesting to obtain considerable amounts (several tons) of
meteoritic substance., The material available in the world's collec-
tions is a very small part of meteoritic bodies that have fallen
down on the earth during the last 100-200 years. Fortunately, as it
gseems to us, there are other possibilities for obtaining large
amounts of meteoritic substance.

One possibility is associated with the search for meteorites on
the ocean bottom. According to an estimate /52/, about 3000
meteorites more than 10 kg in weight each fall on the earth's
surface 1000 km2 in area for one million years. Of these, about
250" belong to carbonaceous chondrites. Modern technical facilities
permit the 1lifting of a considerable part of these unique natural
objects from the ocean bottom. Meteorites that have fallen during
the last 10 million years are accessible for transportation to the
surface in the regions of deep-sea hollows where the rate of
sediments accumulation does not exceed one mm for million years.
Thus, the deep-sea hollows present fertile plantations for
collecting meteorites.

Another possibility of obtaining meteoritic substance is, in our
opinion, the study of sedimentary rocks formed during a short
interval of time (about 1000 years) 65 million years ago.
Geochemists have concluded that these rocks contain a considerable
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amount of meteoritic dust produced as a result of the sputtering of
& hypothetical cosmic body that had undergone a collision with the
earth, Now we have at our disposal large amounts of such rocks which
contain, according to estimates, up to 5% of meteoritic dust /53/.

Intense heavy ion beams produced at the Dubna cyclotrons enable
us to conduct research along other lines which are not directly
related to the synthesis of and search for heavy elements. For
example, interactions between complex nuclei at energies up to
20 MeV/emu are under study at the Laboratory. These include the
processes of fusion, deep inelastic interactions and fission which
can be accompanied by tne emission of light particles, nuclear
clusters and X rays. We conduct the investigations of short-lived
nuclei using laser spectroscopy. The studies of the chemistry of
heavy elements, especially of kurchatovium, play a significant role
in the research program of the Laboratory.

Recently a lively interest has been shown in the properties of
the superheavy isotopes of the lightest elements. This interest
is caused by the possibility of the verification of predictions
for the properties of few-nucleon systems on the basis of various
models including those taking into account the quark structure of
the nucleon., It has turned out that intense heavy ion beams open
up great possibilities in this respect. The experimental studies
carried out at our Laboratory will be reviewed in a talk to be given
by Penionzhkevich. In these studies reactions yielding two products
in the exit channel agre used and the correlation between the energy
speqyrum of one product and the binding energy of its partner is
investigated.

In the studies of few-nucleon systems the possible existence of
neutron drops, in particular, the systems consisting of four
neutrons -- the tetraneutron -- is of gpecial interest. Searches
for the tetraneutron in the reaction 7Li(11B,14O)4n have been
underway at Dubna. Although the data obtained do not provide
sufficient information for making an unequivocal conclusion about
the existence of the tetraneutron, they open up new vistas for
further experiments. In particular, we intend to use the simplest
reaction T + T - 2p+4n which may prove more suitable for the
tetraneutron studies.

I+ is supposed to conduct searches for bound and quasibound
states in exotic systems such as the nuclear-stable 13Li, 8n, 7H,
1OHe, 12He, etc., by using other types of reactions, e.g.
14C+180, 14C+ 2Ne, and others.

16

Interactions of heavy ions with substance considerably differ
from those of light particles. The specific ionization produced by
heavy ions as they pass through substance is several thousand
times greater compared with protons, and their damaging effect
exceeds by several tens of thousands of times the effect produced
by fast neutrons. Therefore it is natural to use heavy ion beams
for tests of various structure materials 63 . Because the activa-
tion of the samples irradiated is low or even absent at all, it is
possible to carry out the studies of materials properties using

/54, 64/ immediately after or during a heavy

most precise techniques
ion bombardment.

In investigating radiation damages in materials one observes the
overall effect of heavy ion beam on the sample as a whole, without
isolating separate tracks. However, the study of radiation damages
in the region of an individual ion track is of great interest.
Changes in the chemical properties of material in a heavy ion track
are employed to produce nuclear filters. The initial diameters of
heavy ion tracks are several tens of X. The number of tracks produc-
ed per second can reach 1012 s"1 at a track density of 1012 m—z.

The filters produced are not active because the ion bombarding
energy is below the Coulomb barrier. The filters are widely used in
golving various problems /55’56/, /57,59,60,654
purification of gases from dust and bactgria /58’61/, filtration of
and others.

e.g. gas separation
liquids 62, concentration of vaccines
Nuclear filters are ideal matrices for manufacturing metallic
structures, for example, metallic filters or cold cathodes

It cannot be excluded that along with the evident applications
of nuclear filters, their further studies can facilitate the solu-
tion to global ecological problems such as the purification of large
volumes of water and air contaminated as a result of man's activiti-
es end, as an ultimate goal, water desalination.

I hope that I have succeeded in demonstrating the exceptional
prospects end applications of heavy ions in basic and applied
regsearch. The development of more powerful heavy ion accelerators
and more sophisticated research facilities will apparently promote
the realization of those prospects, especielly in solving problems
which are inaccessible to other techniques.
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Note added in proof

In the caption to fig. 4 the author would like to refer
to the recent paper by Yu.Ts.Oganessian et al. (JINR Preprint
D7-87-392, Dubna, 1987) in which the unambiguous conclusion that
the 10 ms activity observed in the reaction 236y + 40a; belongs
to element 110 has been confirmed.
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®nepos I'' H, E7-87-512
{lepcrieKTHBBI HCCIIEIOBAHUIA HA ITYYKAX TAMEJBIX HOHOB B Jly6He

B peakuuax ropA4ero u XoJ0AHOTO CMAHKA ANlep Ha MYYKax TAMEIbIX HOHOB ObUIM
CHHTE3MpOBAHBI 3J1eMEHTEl ¢ aTOMHbBIMKH HoMepamu 102-109. Ux upeHTHOHKALKA npoBO-
anIack, B OCHOBHOM, AlepHOMH3NYEeCKUMHM MeTOAaMH 38 MCKIIIOUeHHEeM 3JIeMeHTOB ¢ Z =
=104 — xypuatosmus, u Z = 105 — uunscGopus, xoTophie GLUTM HAEHTUHIMPOBAHLI
B Jly6He Mo XMMHYeCKHM peaKIMAM, MpoTeKalomMM B rasoBoit ¢ase. Peskoe nameHue
BeJIMYUHBI TIONEpeYHoro ceueHUs peaKHMit XOJIOAHOTO CIIMAHUA C yBeIMYeHHEM aTOMHOro
HOMepa KOMIAYH/A-Apa BHI3BANO HeoGXOAMMOCTh MPHMEHEHHA INIA CHHTe3a anep ¢ Z »
» 110 2pemq.um ropauero ciufHuA. B akcriepumenTax no cuuresy 110-ro anemeHTa B peax-
wAx 232Th + 44Ca u 2380+ 40Ar p [ly6He nonyueHs! fepBble MONOXKHUTENIBHbIE PE3YIIb-
TaTel. CHHTe3 HOBBIX 3/IEMEHTOB JaJl CyleCTBeHHYI0 HH(OpMaLHIO 0 CBOACTBaX MX ‘AAep,
B YACTHOCTH, MO3BOJIWI YCTAHOBHMTb BBICOKYIO CTAGMIBHOCTH TAXENLIX ANep IO OTHOLle-
HHI0O K CMOHTAHHOMY MelleHHI0 — sBJleHMe, 06ycioBlieHHOe BIIMAHMEM OGOJIOYeYHBIX
adpdexroB B Axpax. Kparko paccMaTpuBalOTCA [Apyrue HanpaBjieHUS pabGoT Ha myukax
TAXeNbIX HoHOB B Jy6He.

Pa6oTa BhinonHexHa B JlaGoparopun AnepHbix peakuni OUAHN.

Tpenpuur OGLeaHHeHHOTO HHCTHTYTa ANEPHBIX Hecnenopanuil. ly6xa 1987

Flerov G.N. E7-87-512
Perspectives of Studies with Heavy Ion Beams at Dubna

The elements with atomic numbers 102-109 have been synthesized in hot-fusion
and cold-fusion reactions induced by heavy ions. All of them, except for kurchatovium,
the element with atomic number 104, and nielsbohrium, the element with atomic number
105, were identified mostly by using nuclear-physical methods. Elements 104 and 105 were
identified by means of chemical reactions in a gaseous phase. A sharp decrease in the cross
section of cold-fusion reactions with increasing atomic number of the compound nucieus
necessitated the use of hot-fusion reactions for the synthesis of nuclei with Z >110.
The Dubna ekperiments aimed at synthesizing element 110 by the reactions 232Th + 44Ca
and 236U + 40Ar have yielded the first positive results. The synthesis of new elements has
provided essential information about their nuclear properties. In particular, the experiments
have allowed one to establish the high spontaneous-fission stability of heavy nuclei —
the phenomenon due to shell effects in nuclei. Other directions of research with heavy ion
beams, at Dubna are briefly reviewed.

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1987




