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~ EVIDENCE FOR THE PRODUCTION OF COMPOUND NUCLEI
WITH ATOMIC NUMBER 110%*

Torbjorn Sikkeland
Lawrence Radiation Laboratory

University of California
Berkeley, California 94720

Using‘s two;diuensionai pulse~height analyzer in conjunction with a
coincidence technidue 'we have measured augular correlation functions for
coinc1dent fragment pairs, the fission exc1tat10n functlont and the most
probable kinetic energy release for binary fission in the bombardment of 238U
with ko Ar from the Berkeley HILAC. Evidence is presented that compound nuclei
of Z = 110 are produced in these reactions;

A detailed account of the analysis and the experlmental technlques used
is given in refs, [1 ]; [2], and [3], We shall’ give‘a brief descrlptlon and
only disauss some of the few modifications ue had to introducet

The target consisted of 150 mg/cm UFh supported by a 100 ug/cm
thick Ni foil, The coincident fission fragments were detected with two
silicon-diode crystals, One of the detectors, D~1 was also used to count
elsstically scattered ko Ar lons for the determination of the absolute flssiou
cross section and to measure their eneréy spectrum.

Detector.D—l could only be movedtin the horizontal plane containing
the'beam aris,AlThe angle of this arm with respect to that axis is defined
as ¢l,_ The mount for the second detector was constructed so that it moved.
about the radius of a sphere; The position of this detector was adjusted by

means of a horizontal radial arm, The angle of this arm with respect to the
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beam is defined as V.. A‘vértiéal radial arm perhittéd‘the'detectoritoibe
raised or lowéred; Theianélé of this détéctor with réspéct‘to tﬁéAhorizontal
plané is defined as . Thé overall accuracy in. ¢ and was aboutA*0;2°. Thé .
angular résolution of the‘systém was estimatéd from thé ﬁidths of the angular
correlation.functions at two radial positions of the detectors,

Thé'electronic sysﬁem was slightly différént from that used earliér in
that we uééd a Victoreén 40 by 40 channel, two-dimensional, pulsé-height
analyzér triggered by.the coincidencé pulse from thé crossFover'point output
signals from the amplifiers of thé two détector systéms; Thé pulsé—héight

- E2,>for coincident fission fragments were easily separated from
38 '

1
o ' 40 2
those for other eyvents, such as Are

and accidental yOAr~h0Ar coincidences, The correlation function W(€,¢1v¢) -

U, charged particle—chargéd particle, -

with‘detéctor D=l at a fiﬁed position wl, was determined by measuring thé
number of coincidéncés per number of incidént béam particlés as a function of
the position (g,q,) of the other dé£éctor.

Best angular sépération bétweéﬁ fragment pairs originating from nucléi
with different linéar momenta is obtainéd at maiimum energy -of hOAr (415 MeV)-
and ¥, at 90°; In fig. 1 the correlation functions W(0,90,y) obtained in the

fission of 238U with hHe, 120, 16O, 20Ne, and ko

Ar all of an énérgy of

' 10.4 MeV/nucleon. The curves for the lightér ions were taken.froﬁ réfs. [1].
and [2]. The function with hHe exhibits one narrow péak whereas those with

. the other ions in addition havé a wider one.

As was shown in refs, [1] and [2] the narrow and wide peaks consist of

LY 4

fragments from nuclei produced in reactions characterized respectively, by

complete fusion (CF) and incomplete fusion (ICF) of target and ion nuclei.
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The mode of the total kinetic energy of the primary fragments a&
infinite separation in the c.m, system of the compound nucleus in a CF process
is given by [2]:
P

Eg = mE(14h tane'q'»‘CF) /(mpm, )

\

where m and m, are the masses of the ion and tafgetfnuclei, respectifely;

EI is the laboratory enefgy of the ion and Ebeis the angular position at

- which the CF peak has a maximum.

Within ex?erimental errors we find'Ez to be independent of EI and given
by .255th MeV, On the basis of the liquid drop model, Nix has estimated Ei

278

to be 221 MeV for the nucleus 110 [4], This agreement between experimental

and calculated values is remarkably good and hence constitutes kinematic
evidence for compound .nucleus. formation in a CF reaction.

h

At 415 Mev OAr the FWHM of the CF peak, when corrected for experi-

mental angular resolution, is 10.0° in the horizontal plane and 8,8° in the

_direction of £, Using the formula developed in ref. [2] it-can be shown that

thé latter spréad is due to thé effécts of neutron emission only{ This is in

sharp cont;ast to thé ICF peak Whéré, in oider to ekplain thé widths, we have

to infer that the fissioning nucléi have lafge spréads in linear momenta along
and vertical to thé béam.aiis.

Values for the total fission cross section, ¢,, as a function of E

f
obtained in these experiments have already been published [5], To these

I

values were fitted those for the total interaction reaction OR as calculated

using the parabolic approximation to the real part of the optical-model
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potential.  We shall not present the‘formulaé used to estimate OR»Since they
héve'been:given'in-several'papers4[3;5]. In the fit we used the values
-70 MeV, 1,26 fm, and 0.44 fm, respectively, for the parameters Vs T, end N

d of the reai part of the optical potential., These values are very nearly

S~

equal to those obtained in a similar analysis of o_ for other ions incident

‘ f
on 238U [37.
Values for the ratio aCF/oRg where © P is the cross section for.

compound nucleus formetion in a CF process; can be obtained from an integra- .

c

tion of the peaks ‘in the correlation functions. Assuming this ratio to be

independent of EI and equal to that measured at lo.h_MeV/hucleon the data

12, 16. 2 d'ho 238

- for ~°C, O, ONe:[2]5 and 'OAr incident on “-°U fit to within 15% the

= (1 + 0,03 AI)-l, where AI is the mass number of

'estimated from this formula and the formulas for .

- emplrical formula: OCF/OR

.the’ion. Thé Valueé for Oop
or havé béén uséd successfully to fit éxperimentgl Cross_séctions for nuclidés
producéd'ih (I,xn) reactions [5]. (Heré; x denotés the numbér of neutrons
émitted from the compound hucleus,) Hénce; thére is no discrepancy bétweén
the results from these two séts of expériments. |

It is intérésting to note that ground state nuclides of element Ild
probably nevér.will be observed sincé fission is competing too severely with
neutron emission in the decay of the compound nucléus. An émpirical extrapo~ - -
lation suggests element 107. to bé the heaviest elément one might havé a chance

to identify with a reasonable degree of confidence with present day beam

intensities and combinstions of targets and ions [6]. The possible exist-

AT g

ence of new, closed proton and neutron shells beyond the known ones sat

Z = 82 and N = 126, such as Z = 114 and N = 184, changes drastically this
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gloomy picture since such shélls will stabilizefthe'nuclei‘against fissibn
and thus presumaﬁly rédﬁcé the level widths for fission [6]. It appéars
from thé conclusion drawn from thé presént ékperiments that thé succéss of
attempts to produce nucléi by'(I;xn) reactions in the rééion of thé néxt
shells will dépénd on their strength. In addition, if thé shells are at

Z = 114 and N = 184 the availability of neutron-rich ions and targets will

- be importanﬁ.
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Figuré Caption -

Fig. 1. :Angular ¢orfélation.functions for_coincideﬁt'fragment—pairs'for
v&ariogs ions of 10;% MéV/nucléohAincidént on.238ﬁ.‘ Both detéctors and
-thé beam éiislare in thé samélplané; Oné deﬁéctor is'af 90° to thé beam
axiéwand the'coingidencé réte is méasuréd as a function_of thé position
'] of.thé othér detector.v Tﬁe curves are normalized ahd have not been

corrected for angular resolution.

- N
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