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A region of oblate nuclides centred at Z = 114 and of spherical nuclides
centred at the magic nucleus - A possible scenario to understand the
production of superheavy elements beyond copernicium

P. Armbrustef?

GSI Helmholzzentrum fuer Schwerionenforschung GmbH, 64291 Darmstadt, Germany

Abstract. The recent experiments at FLNR, Dubna, demonstrated that cross sections to produce $8&s by
induced reactions on actinide targets increase beybrd 111, reach a maximum of 5 pb at = 114/115,

and fall below the 1 pb-level & = 118. A scenario is proposed to understand the findings within the frame
of former experimental results of heavy element production and theoretical predictions on the stability of the
nuclides concerned. New ingredients introduced are 1) to shift the next proton shell beyond Rb=frbi4 to

Z = 122, 2) the isotopes of elemers= 112 toZ = 118 are deformed and their nuclei have oblate shapes, and
3) the fission barriers around the next magic nucf822,, are larger than the neutron separation energies and
reach values in the range of 10 MeV. The ascent of the flat 8§22, is described by the proposed scenario,
which likewise excludes to reach the doubly closed shell region at the top by soelgyerimental methods in
complete fusion reactions.

1 Closed proton shell shifts away from  Z = The analysis presented in Fig. 1 demonstrates that the Pb-
114 shell is still clearly visible at°Pb, and a shell closure at
Z = 114 should be manifested in thechains presented

48Ca-induced fusion reactions on heavy actinide targets havt%v FLNR. An analysis of the 1Q,-values published for

been investigated at the FLNR-Dubna. The discovery of eeifg;/rigdeI?rrrqg;tio?/itrwtizn:h;igl 2”%2 : 515:;2_ Vgis
many isotopes and evidence for new s_uperheavy element he df-shéll decays of%*118 and?®2257114 were corﬁ-
(SHEs)Z = 114 to 118 were reported since 2004 and pre- pared to the on-shell decays frit#2%3116 0286289114

sented inareview [1,2]. For more than 40 years the Proton- A shell closure aZ = 114 is seen not only in the) i
shell of SHEs has been positionedZat 114 [3,4]. The values, but also in the 2 proton separation ener@'@s

next neutron-shell stayed fixed Bt = 184, as predicted .

' ) The diferences between consecutg-values,sQ,, and
by t_h_e early shell model [5], whereas recent calculations isotonicSzp-values 5Szp, were seletged and cor(r?pared for
position the proton shell & = 120 orZ = 122 [6,7]. In g spe) and on-shell decays, Fig. 1. A jumpzt= 114
2008 [8] | presented an analysisatiecay chains for pairs of (0.02+ 0.05) MeV follows. Within the statistical errors

_Io_fheven—r:ev_en nuclei measuredl n trl;e tFLNR:(ﬁXpe”me(;‘ts'there is no shell gap observedzat 114. The potential en-
ese chains give accessQp-values between the ground- ergy surface (PES) surroundifg?®%114 is smooth. The

states of the isotopes involved. The isospin-valugs-( : . :

Z)/2 characterising the chains were 29 and 30 and covergp glisflif Eg,e4=:,I;/[/\lh?cﬁ)g::?:r(l)rpn%rgﬁiggeSSHnlg-trzggg?gLasisnhcee"
the even elements betweén= 118 andZ = 112. They 1966 The next proton shell is filled Zt> 114

cross the proposed proton-shglke 114 atN = 172 and ' '

N = 174 away from the next neutron-shellt= 184 by

12 and 10 neutrong),-values in decay-chains decrease . . .
steadily descending the chain to smalfevalues. Passing 2 The Intergctlr!g Boson Approximation

a shell a jump from highe®,-values above the shell to  (IBA) - A guideline to nuclear structure and

lower values below the shell is well documented in nuclear fission barriers of superheavy nuclei

data tables [9] for the main shells= 82,50. The size of

the jump crossing the magic proton-shell becomes smallerA guideline to nuclear structure of nuclei in their ground
going away from the nearest doubly magic nucleus. We state is given by the Interacting Boson Approximation (IBA)
will examine by a comparison to the well-established Pb- [10,11]. As the existence of SHEs is due to the shell cor-
shell at equivalent distances in the neutron numbers, whethegctions of their ground state energies, it is obvious to ask
for a shell atZ = 114 a jump should still be observed what the IBA-scheme has to teach us about the nuclear
at a distance of 12 or 10 neutrons. The point of compar- structure of superheavy nuclei. Connecting in a chart of nu-
ison for the Pb-shell i&\ = 118. The Pb-shell crossed at clides the magic n-rich nucle®Ni, 132Sn,208pp *+184X ;g4

N = 119- 116 by the chains passing from Po via Pb to Hg a path is defined by the 3 diagonals of 3 rectangles between
manifests a jump of (21+0.02) MeV at the shell-crossing. ~ "®Ni and the doubly closed superheavy nucl&t§%X ;g,.
Nearly all the n-rich nuclides on the diagonals have been
@ e-mail:Peter.Armbruster@gsi.de discovered except the last corner stone in the SHE-region.
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Fig. 1. The jump in the values of, andS,, crossing the shell Fig. 2. The Interacting Boson Approximation, as a guide to the

Z = 82 between Po and Pb is analyzed and compared to the corunderstanding of the nuclear structure of deformed and spherical
responding jump afZ = 114 betweerZ = 116 andZ = 114. nuclides, is applied to an extrapolation into the regime of SHEs
Comparing on-shell andflshell values, the Pb-shell manifests [10]. The triangle in the centre of the figure summarizes the re-
itself in the5Q,-values, as well as i6Sy,-values by an energy  lation between phase-transition point¢5), 0(6), andX(5) and
difference of6Sge = (1.21 + 0.02) MeV at the shell crossing.  the shapesUJ(5), SU(3), andSU(3) [11]. Connecting the dou-

At Z = 114 the identical analysis gives for thefdience of the ~ ble magic nuclei”®Ni, 132Sn, 2°%Pb, and®*®122¢, by 3 straight

6Q,-values (005 + 0.06) MeV and ¢0.02+ 0.1) MeV for §S,, lines, the nuclei on these lines reveal a periodicity, which is pre-
respectively. The analysis shows a smooth transition between thesented by a 3-fold spiral. The nuclear structure ufftds was in-
Z-values, and no indication of a closed sheltat 114. vestigated experimentally, and the IBA-scheme has been applied

as an ordering principle. An extrapolation of the prolate-oblate-
spherical phase transitions up to the next doubly magic nucleus
30612244 is proposed here.

The diagonal connects betwe&Ni and *¥2Sn n-rich nu-

clides, all observed [12], but not well investigated. The sec-

ond diagonal betweel¥?Sn andf%®Pb connects known ter-  covers the elements between Hg<£80) and PoZ = 84),
ritory. Especially in its upper part belo#®Pb, a regionis  should be expected dt= 122+ 3.

passed where IBA recently has been applied [13]. The third i i
diagonal betweeR%®Pb and**184X g, covers nuclei with The IBA-scheme uses bosons and their symmetries as

many of them investigated up #%s [14]. The contin- an ordering principle. The bosons are made of pairs of pro-
uation towards the unknown endpoint passes through thef®ns and neutrons, and the symmetries follow from group
isotopes of element = 112— 118 investigated at FLNR, ~ theory. Three phase transitions, spherical-protd#), prolate-
Dubna. The ground state properties of nuclides on the 30blate 0(6), and oblate-spheric&(5) divide the diagonal
diagonals reveal similarities. Between the magic shell nu- in 3 parts.X(5) to 0(6) covers nuclei with prolate deforma-
clei as corner stones, in the middle of the diagonal we tion 32 > 0. Dividing thes; > 0 region in equal thirds,
find deformed prolate nucléP4Sr, 17°Dy, and?5“No, the a subdivision is introduced. A maximum gf > 0 de-
deformation parametes, of which shows maximal val- ~ formations is observed in the centre of the first third, pure
ues. Theg,-value of 2*No was measured recently [15, B2 > 0 is observed in the second third, afgd < 0 de-

16] confirming that here half of the way towards the next formations are found in the last third of the prolate defor-
doubly-closed nucleus has been reached. The extrapolatiofations. All in all half of the nuclei on the diagonal have
208pp — 254No gives 122 protons for the last corner-stone. axially symmetric prolate shapex(5) to X(5) covers 13
The sub-shell closurbl = 162 centred aroun&®Hs was of all nuclei on the diagonal. They divide into spherical,
theoretically predicted [17] and a shell stren@ka = all 3 = 0, and octupole shaped nuclgi, < 0. The centres
0.9 MeV was experimentally determined from decay-chain of the spherical regions are the magic shell nuclei. In the
analysis [18]. This sub-shell closurezt= 108 is situated  centre for the8s < 0 - deformed shape'$“Ba and*?Ra

at 23 of the way towards the next doubly closed shell, were observed and thefi;-parameter measured. 0(6) to
which is extrapolated af = 121. The underlying IBA-  X(5) covers 6 of all nuclei on the diagonal which shows
scheme places the next proton-shell closure well aBove  in its centre nuclei with oblate deformations (8 0) like
114. In agreement with recent Hartree-Fock [6, 7] and Rel- 122Pd and!®%0s. Figure 2 presents the periodicity together
ativistic mean field [19] calculations the next closed proton- with the extended IBA-symmetry triangle [11]. The phase-
shell is proposed to be placedat= 122. The region of  transition points and the centres of spherical and prolately
spherical nuclei in analogy to th@8Pb-region where it  and oblately deformed nuclides are presented.
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The rext magic nucleus with a proton shellat 122 from Z = 119- 122 the increase close to the summit is
and a neutron shell & = 184, is the nuclidé®®122g,. Its 1.2 MeV only. Figure 3 presents the fission barriers in a
shell correction energy predicted in the early calculations Chart of Nuclides covering the rangés= 101- 128 and
[20], as well as in the recent publications [6, 7] reaches val- N = 150— 186. This chart combines two landscapes. Be-
ues of about -10 MeV close to the values obtained for the tweenZ = 101 toZ = 110 we follow calculations of A. So-
two lower magic nuclides;*?Sn and?®®Pb. The height of  biczewski [17] and R. Smolanczuk [27] describing known
the fission barrier 0f%6122;5,, assuming for the underly- territory, and betweed = 110 andZ = 122 the proposed
ing PES of the macroscopic nuclei a flat dependence inmesa is shown. The contour lines of fission barrier heights
B-deformation space, equals in size the shell correction en-are smoothed. Along the line connect¥No and®°6122
ergy. A barrier of 10 MeV is well above the neutron sepa- betweenZ = 111 and the summit the contour lines are
ration energy. fixed by the dependence.

Nuclear structure contributes to the height of the fis-
sion barrier - for SHE in its total - and introduces #ei-
ence in the level density for spherical and deformed nuclei
- the enhancement of level densities by states of collec-
tive degrees of freedom. It is well established by several
experiments at GSI [21-23] that collective enhancement
of level densities reduces the expected increase of surviva
probability in nuclei with fission barriers enhanced by shell
correction energies foN = 126. For deformed nuclei,
as forZ = 112- 118, there is no dierence in the den-
sity of collective states modifyinfj, andI's. The survival ~ The line betweed®*No and the summit®®122 passes the
probability actually will approach 1 foBs > B,,. This ex- 4 regions discussed in the IBA-scheme with the centres
plains why all decay channels 2n to 5n were observed in?**Noisz (82 > 0), 2"°Hsyez (8, -B4), 22°115174 (B2 < 0)
the FLNR-experiments to produce isotopesZof= 114  and the spheric&l®122;,. Bi-values peak a&’°Hs and in
within one order of magnitude in cross section. Traversing 3%6122. A sink at’°Rg is shown at the border line 0(6) be-
the X(5) symmetry-point downwards from = 119 the tween prolate and oblate nuclides. The nuclides produced
region of oblate shaped nuclei in analogy to the Os-regionas evaporation residues (EVR’s) in cold and hot fusion re-
below298pp is entered. It covers nuclides of the elements actions are indicated. A heavy line follows the nuclides
Z = 115+ 3 in the neutron rang®l = 174+ 4, cen- having lead to element discovery since 1957. Starting by
tred around?®°115. All the isotopes discovered recently hot fusion (4n,5n), the elements No to Sg were discovered.
at FLNR, Dubna, should hav@{ < 0)-deformed oblate = At Z = 106 a change from hot fusion to cold fusion was
shapes. Fission is well investigated for nuclides with pro- proposed by Y. Oganessian [28]. By Pb- and Bi-based fu-
late shapes. But, little is known about fission of nuclei with sion in 1n-reactions elements Bh to coperniciun=Z12)
spherical shapes, which could be investigated along thewere synthesized by my former group at GSI, Darmstadt
N = 126 closed shell [24,25]. Never fission of nuclei with [18,29], andZ = 113 was made by Moritet al. at RIKEN
oblate shapes was investigated. For the oblate isotopes of30]. A change from cold fusion t¢’Ca-induced reactions
SHEs,Z = 112- 118, spontaneous fission was observed in on actinides was proposed and accomplished again by Y.
the isotope$86114 and?®2284112. This could have been Oganessian [1] jumping frofl 71125 to 28311274, a re-
the first observation of fission of oblate nuclides. To pass sult confirmed in 2007 at GSI [31].
from an oblate shape over a prolate saddle point towards
fission may be a process of reduced probability compared
to the fission of nuclides with prolate ground-state defor-
mation. The new superheavy nuclei may have higher sta-
bility against fission, which might increase their survival
in the deexcitation stage of their formation.

Bf(Z) = Bf(zmm) + (Bf(zmax) — Bf(zmn))s-n@ (1)

with © = 7/2x (Z - Zminy/(Zmex — zmin),

A sin@-function approaches the path to the mesa. The
slopedB;/dZ follows a co®-function. It is large between
Z = 111 andZ = 114 and approaches zerozAt= 122.

Summarising this section we conclude:

— The isotopes of elemen’ = 115+ 3 are deformed.
They are oblate, as their lighter partnergat 76+ 3
andZ = 46+2. Besides the well-known regions around

Moving in atomic number upwards towards the doubly ;ZZPd and**®0s, a new region of oblate nuclides around
closed shell nucleus, finalf®122;¢,is accessed. Summa- 114 is introduced within the IBA-systematics.

rizing the findings of recent SHE- and RMF-calculations — Oblate nuclides; < 0) may have smaller fission prob-

there is consensus that the rarfje= 114— 126,N = abilities than prolate nuclideg{ > 0). Investigations

172 — 184 covers a region of low-spin levels [26]. The of fission for oblate nuclei are missing and urgently

level densities of the nuclides all in all are reduced. On ~ récommended. o _

the contrary, the shell corrections approaching magic nu- — 1Nhe prediction of large fission barriers of about 10 MeV

clei like 132Sn and2%8Ph show a peak structure, a steady  for the next doubly closed-shell nucle?9§_122 follow-

increase of the slope in the neutron-proton plane until the NG from recent self-consistent calculations is another
summit is reached. Not so, in the range of superheavy nu-  ingredient of the scenario. _
clides. The fission barriers do not span a peak, but a mesa. — Br-values betwee# = 114 andZ = 126 do not define

The slope in the neutron-proton plane starts steep and be- @ peak, as observed &Pb, but a mesa-like flat top.

comes more and more flat approaching the summit. The  For the ascent to this mesa increasing fission barriers

fission barriers starting at 3.5 MeV f@ = 111 already
reach atZ = 114 the neutron separation enefgy = 6.5
MeV, at a distance of Z-values. Within the same distance

12001-p.3

following a sinus function are used to fix the barrier
height at the connection line between the sink’8Rg
and the top at®¢122.
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o capture aNd Wz allowed for a presentation of fusion
induced bya-particles and light ions on actinide-targets.
Elements up t& = 93 - 106 were synthesized and cor-
rectly described. The production of SHESs in nearly sym-
metric collision systems foE* ~ 0 and forBs > B,
seemed possible without fission losses, that is by capture
alone atWiZ) — 1. Thus, first estimates in 1966 to pro-
duce SHEs gave cross sections of 100 mb [32]. These were
the times when elements Rf and Db were discovered, and
SHE-synthesis became a major goal of nuclear science.

In investigations at GSI of mass symmetric fusion pro-
cesses aiming at compound systefns 80— 90 [33], and
of PlyBi-based 1n-reactions producing heavy elements in
: " y . the range oZ = 102- 112 [18,29], cross sections were
= ‘.’,_‘ i e :a E;.’.‘O .;,B"“,;. """.. : N found to decrease exponentiallywith_increasipg atomi_c num-

¢ e e el bers. Recently also fér8U-based fusion reactions aiming
atZ = 100- 108, the exponential decay was confirmed
[34]. The exponential slope was found independent from
mass asymmetry. The cross section drops by a factor of
10 increasing the atomic number by two units. The tran-

the nuclides having served to discover an element. Three produc-s:t'on between thde LOW'bOd% sdystem at t?e point of nu-
tion regimes are shown: actinide-based hot fusion reactiois ( Clear capture an t € one-body system_ forming a com-
102 - 106), PiBi-based cold fusion reactions (Z 107 - 113), pound nUC|eus_' IS h'gh'Y hindered. Thefdsion-like pro-
and“8Ca-induced reactions on actinides & 114 — 118). The cess overcoming the distance of about 6 fm between the
contour-lines are the best approximation to the boundary condi- tWO stages acts against increasing and repelling Coulomb-
tions discussed. No further calculation is underlying this figure. forces. Recent calculations confirm the exponential decay
of the reaction flux going into complete fusion [35,36]. A

_ _ hindrance factop})®** is formulated from the finding

3 The Production of SHEs and estimates of log (dpindrance/qz) = —0.5,

Cross sections

I= 98 - 108

Fig. 3. Fission barrierB; are peesented in a Chart of Nuclides
for N = 152- 184 andZ = 102- 126. The contour lines show
the height ofB; and B, = 6.5 MeV. The thick line connects

The fusion of two heavy nuclei to produce heavy elements P = C x exp[-0.5/l0ge x (Z - Zo)] (5)
follows a formalism, which is used to describe the process,
and which did not change very much since decades, see We assume that eq. (5) is valid for all mass asymme-
e.g. Refs.[32,8,18,29]. The cross section is presented by dries of the collision systems. The establishment of the ex-
factor-formula. The factors follow the sequence of stages ponential hindrance of fusion started at the time of the first
during the formation process of the fused nucleus. SHIP-experiments, and was safely corroborated in ours and
others experiments later. In the following discussion noth-
, . ing is changed in the concept of hindrance formulated in
0(2) = Ocapture X p?g;drance X pshape X W(szu)rwval (2 €q. (5)
) ) ) ) The factorp®@ in eq. (2) remains to be discussed.
Ocapure IS the cross section of two nuclei, which at  Here the dependence of the fission probabilities on the shape
touching unite to a fused system. It reproduces fusion of of the nuclei to be produced is taken into account. Nearly
lighter nuclei producing non-fissionable EVRi&sapture for everything we learnt on fission concerns nuclei which show
our case, the production of the heaviest elemen_ts, is o_f theprolate deformations in the ground-state and pass over a
order of 10 mb. The fused compound system is excited, pro|ate saddle point towards fission. For all these nuclides
and deexcites by neutron emission or fission. The probabil-pshape is set equal to one. For the oblate nuclides of ele-
ity Wiz, to survive fission depends on the partial probabil- mentsz = 112 - 118 following a possible stabilisation
ities I', andI's to deexcite by neutron-emission (survival) against fission was proposed and argued in sect. 2, which
or by fission (destruction), on the excitation energy of the || pe taken into account by a common gain factor of 10
compound systera*, and the number of deexcitation steps  for a|l the oblate isotopes of the elements concerned.
until the ground-state of the EVR is reached. For spherical nuclei collective enhancement of level
densities, in sect. 2 discussed as well, reduces the survival
of the compound system. The spherical nuclei neighbour-
@ ing the closed shelN = 126 for element¥ = 87 - 91
The ratiol'y/I's, given an excitation enerds* and tem- were found in 1979 to show fission probabilities increased

peratureT, depends on the ratio of level densities above the PY @ factor of 100 compared to their deformed neighbours

neutron separation ener@y; and the fission barrieB;. [21]. In the range of SHEZ, = 120-126 close to the shell
N = 184, the same behaviour is expected, and a loss factor

1072 is introduced inps™@®® for the spherical superheavy
I'n/Ts = K x exp[-(Bn — By)/T] (4)  nuclei.
The surprising result of the FLNR-experiments is, that
with K = 1.4 x A?3T, andA, the mass number of the elementsZ = 114 andZ = 115 are produced ifi®Ca-
compound system. induced reactions with cross sections in the range up to 5

wrvdl — [1/(1+ I'¢/Th)]” (3)

12001-p.4
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pb [1]. These are higher than the cross sections to synthe-
size the lighter element = 111 andZ = 112 in PBBi-
based reactions. Never before was such a steep rise in cros
sections going to higher elements observed.

To apply eqg. (2) to the production of SHEs, all ingredi-
ents were put together. The factors in eq. (2) in the range
of concern betwee#d = 112 andZ = 118 are partly con-
stant, like oeapture @and pSP, or decrease likgondrance
exponentially with increasing atomic numbers. It remains
the survival factoMz), which could make rise the cross
sections for isotopes o = 114 to 5 pb [37]. The in-
crease ofp3@® py a constant factor in the above range
increases the cross section globally, but it will not con-
tribute to theZ-dependence, which is governed by the in-
terplay of piy)" ™ andWz) alone. We present(z) and its
Z-dependent factors in eq. (2) using egs. (3) and (5).

0@ = Co x exp[—0.5/|oge>< (Z _ Zmin)]

X[1/(X+ s /Tw)]” (6)

To calculate the slopd(Ino)/dZ Egs. (1), (4) and (5)
are used in the following:

_05
loge

v It dByy

d|n0]z) _ v
B TTIri+I, dzZ

dz

(")

with

dB/dZ = n1/2 x (B — BI"") /(2™ — z™") x cosO (8)

ande as defined in eq. (1).

Discussing eq. (7) we see that cross sections may in-
crease in the case fission barriers increase with the atomi
numberdB¢(Z)/dZ > 1. The factod s /(I'n+11) is close to
1 for Bf < By, and decreases to small values Byr> B,.

To makeo(z) increase for growing atomic numbers, the
number of steps in the deexcitation cascade should be
as high as possible. Experimentally highest cross section
were observed for = 3, 4. Higher values of are restricted
as shell &ects are damped exponentially with the excita-
tion energyE* of the compound system. A damping fac-
tor Kp reduces the fission barrieB? = Kp.B; . Kp re-
lates toE* by Kp = exp(—yEX). A.V. Ignatyuk introduced
y~1 = 16/3AY3/(1+1.3A7Y/3) [38]. Kp as a parameter may
take values between no dampifk, = 1, and the value as
defined in Ref. [38].

To evaluate egs. (6) and (7) numerically the variables | As di
have to be fixed. We have chosen a set, which underlies oo > > discussed,

the evaluationZ™* = 122;BT™ = 105 MeV; Z™" = 111;
B = 35 MeV; B, = 6.5MeV; T = 0.96 MeV;Kp = 0.7;
y =3.5;K = 5.56.

In Fig. 4 we present the cross sectiof,), linearly
and logarithmically as a function of the atomic numBer

S

o MR
5

A.

0(6)
v

oblate

EEEEEEEE Y

Fig. 4. Left: Production cross sectiongz) calculated from eq. (2)
for a set of variables, as given in the text. Righty) is shown,
as in the left panelKp = 0.7), but on a log-scale in order to
demonstrate the decreaseoqf, reaching a value of 18 pb at
Z=122.

shown. The rise and fall ofz) observed is surprisingly
well reproduced. The maximum is stable against a vari-
ation of the variables: fission barrieB{®* for 306122,4,,

the number of steps= 3 orv = 4, and the damping factor
Ko =05-10.

The positions of the maxima iorz) are restricted to
a narrow range of atomic humbers. Fission barriers as a
function of Z increasing rapidly in the rang®; < B, re-
duce the fission losses rapidly and make the survival fac-
tor Wz increase exponentially. The analogue of this phe-
nomenon stood at the beginning of fission research, the on-
set of fission in the element range between radium and ura-
nium. Here, for increasing atomic numbers a rapid on-set
of fission was found, and a loss of stability by the new pro-
cess was established. Now in the range of SHEs not the
loss of stability against fission with atomic number is ob-
served, but traversing a small range of fission barriers in-
creasing rapidly with atomic number, the stability against

Gission grows locally until foB; > By, fission disappears.

The antipodes of the elemerfs= 112 114,116 are the
elements U, Th and Ra. Very small fission losses for ele-
mentsZ > 116 compare to the stability against fission for
elements lighter than radium.

In fact having observed the cross section to increase
in the rangeZ = 111 toZ = 115 conveys the message,
that the foot of the ascent to the magic nucléfd 22 g,

at the top has been traversed. WBh > B, Z = 118 was
reached atr = 0.5 pb. The driving to higher cross sections
is stopped, ag'; /Iy in eq. (7) is going to small values, and
the survival is getting close to one. The spherical nuclides
in the rangeZ = 120— 126 andN = 180- 190 again may
become, as theiN = 126-partners, less stable to fission
collective enhancement of level den-
sities may destroy them in the deexcitation process. The
factor p$@P aboveZ = 119 has been set to 13) but may

still be smaller. Fig. 4, right panel, shows thelependence

of ozy on alogarithmic scale. Following the discussed sce-
nario, staying within well-known physics, there is no hope
to reach the top of the mountain of SHEs. In spite, going

An estimate extrapolating the cross sections observed forbeyond the point Y. Oganessian and his team have reached

345238 — 26"Hs (5n channel) [39] ané®Mg/?*8Cm —
210Hs (4n channel) [14] t8"°Rg gives a cross section of
about 50 fb, which was taken as normalisation. The open
constantCy in eq. (6) forKp = 0.7 was fixed to a value

of 380. In Fig. 4, left panel, observedvalues at FLNR,
Dubna, are given for comparison [1]. The isotopes of el-
ementZ = 112- 116 118 with the largest--values are

12001-

atZ = 118 is the new challenge.

Summarising this section, we conclude:

— To describe the cross section a 4-factor formulais used.
One of the factorsp™@P¢, introduces nuclear structure.
Smaller fission possibilities are given to oblate nuclei,

p.5
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wheteas to spherical nuclei increased probabilities were
assigned. '

The interplay of two factorspf)>, exponentially
falling with atomic number, and the survival facl;(s\/f;)’”“""ll ,
steeply increasing in the range= 111- 115, governs
the Z-dependence of the cross sectiogy: A rise of
o-values for increasing-values is found in the range

Z =111- 114, a maximum of production in the range
Z = 114- 116, and a steady fall faZ > 116. The
observed cross section dependence for production of
element<Z = 112 to 118 could be reproduced.

with more sophisticated models and within the frame
of known physics in order to solve the remaining ques-
tions of SHE’s production.

| regret that with todalgs experimental methods and
the present concept of element synthesis, as presente
here, there is little encouragement to go bey@né
118.

4 What should be done next ?

— Experiments to determine the atomic numbers of the
elementsZ = 114- 118, either by chemistry or by
characteristid andL x-ray energies.

— How to enter the region of spherical SHE, and to under-
stand production cross sections for reactions induced
by beams beyontfCa.
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