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HEAVY ION REACTIONS WITH HEAVY ELEMENTS

* 7 +
Albert Ghiorso and Torbjgrn Sildkeland’

INTRODUCTION

Most of the quantitative informatiom on nuclear reactions in the heavy
element region has been confined to investigations with helium jons or lighter
particles because of the difficulties of obtaining intense monoenergetic besms
" of heavier ions, Heavy ions such ag ‘%arbon ; nitrogen, oxygen, and neon have

been accelerated in many ¢yelotrons™"! but the broad energy dpectra obtained
has made guentitative interpretations of the experimental results almost impos~
sible, More recently, by making use of a new type of ion source, the 150 cm
cyclotron of ANSSR in Russia has been able to produce monoenergetic beems of
carbon, nitrogen, and oxygen dons. Using these 1ong, & group at that location ‘
has studied the fission cross section of U432 and U23° as & function of energy.8

' The results prese; geg here were obtained with the Berkeley Heavy Ion
Linear Accelerator (HILAC)Zs 0 during the last 18 nmonths as part of a general
program concerned with the interactions of heavy fons with the heavy nuclides,
This program is confronted with certain specialized problems su¢h as the small-
amounts of target materials available and their very high specific alpha .acti-
vities together with the short half-lives of the nuclides to be studied and
their small formetion cross sections, These difficulties have been surmounted
to some extent because of the unique advantages of the linear accelerstor for
heavy ions. The HILAC has proved capable of delivering highly focused microampere
beams to an external target free of any hindering field conditions. It has ac~
celerated a wide range of particles with well-defined energies.

. A very large fraction of the products of the reaction between a heavy
nucleus and & heavy ion (1) conaists of fisgion products, This fission reection
is being studied by seversl groups in thig laboratory by chemical and physical
methods but will not be_réported upon heére, In the complex spectrum of spal-
lation products vhich survive fission, we have observed nuclides both with lower
atomic number (2) than the target nucleus and thode with 2 up to that correspond-
ing to the compound nucleus. The present paper will deal only with the production
of isotopes with at least as high & % as the target nucleus,

A, EXPERIMENTAL METHCDS

1. Bomberdments : ' . B
The HILAC accelerates all ions to energles of 10 Mev pér nucleon; thus
to obtain lower emergies it was necessary to use degrading fﬁle and evaluate
the subsequent energies from calculated range~energy curves, Unfortunately
up to the present time the ebsolute energy of the ions from the machine is
known only within 5% and there is some question as to the validity of the
theoretical range<energy relationship, The accelerator delivered beam pulses
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of 2 milliseconds duration at a repetition rate of 10 per second, The average
beam current through a 0.3 x 0.5 cm coPﬂmaﬂr w seyeral hundred meter millg-
microemperes for fully stripped ¢l ions. T0 keep the
aluminun degreding foils from melting 1n thia highly concentrated beam, it wes
necessary not only to helium cool the absorbers and necegsary windows between
the HIEAC vacuum and the target chamber bubt also to continuously wobble the
camplete assembly in two directions to minimize the effects of beeam “"hot spots”.

Excitation functions were studied when possidle with the stacked foil
technique, The individual foils were made by vaporizing UF) to a thicknese up
to 1 mg/c:n2 onto thin eluminum or nickel, For each foil the UF), layer was facing -
the beem go that all spallation recoils were stopped either in the UFy or in
the backing material,

2. Recoil Techniques

"~ ‘The general technique of taking advantage of the recoil momenthl_m imparted
by the fast moving. bmnbarding nucleus was first used by Ghiorso et al, ¢ in the
experiments in which element 101, mendelevium, was discovered, The reaction

-products obtain high enough momentmn to esc¢ape from the target and are stopped

in a foil placed directly behind 1t, For HILAC bombardments a convenient foil’
material has been found to be palladium because none of the products from the
reaction between heavy ione and palladium are alpha cmitters. It is also readily
dissolved in a few drops of aqua regle and sorbed on anion resin, i

It has also been found # that the recoils vhen gtopped in & gas remein
positively charged and thus can be reedily directed by an electrostatic field
to a plate for subsequent alphe pulse anelysis, Because these atoms are om the
surface of the plate they can easily be taken up in solution without dissolving
the plate,

The recoil technique is esstntial wherever a highly active or rare

| target is used since it greatly simplifies the chemical separation of the products

and sllows the target to be used over and over again, Hor heavy ions the recoil
methods are found to be quite efficient since the largé mementum transfer and

.consequent large recoil range allov targete which are quite "thick" to be used,
“One disedvantege is the difficulty in estimeting the recoil yields and thus

absolute cross sections, Ileachman and Atterl.ﬂngls have meaeured the zgsn
straggling of the resction products Au(C12,hn)at2ll and Au(clZ,6n)at in
aluminum and obtained a good f£it 601’ the experimental data to the formula sug-
gested by Lindhard and Sche.rff, by astuning the recoils to be produced by a
compound nucleus formation followed by neutron eveporation. Using their data
one mey e@stimate the recoil yield of such products fmm any target thickness
and any heavy ion energy.

More uncertain is the estimation of récoill yields for products which
are forméd by other reaction mechanisme, In these casés the momentum transfer is
not known and one therefore has to measure their recoil ranges., 1In the heavy
element region this is difficult to do by conventional methods because of the
low cross sections, We have obtained differentiel range curves by allowing
the recoil products to expend their energies in helium at a low pressure and
then be attracted at the ends of their ranges to an adjecent plate dy a uniform
electric field, The catcher plate when sectioned seems to give a very faithful
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range curve, 8Since the method hes not been fully proven we have not corrected
for loss in the tergets of the products of some of the new reactions presented
in this paper aﬁ} the cross sections given must represent a lower limit, In
the case of Cm?** an edditional loss 15 due to a 50 microgram per cm? aluminum
foil placed over the ta:’rget to depress the smount of curium “knockovers",

3.  Terget Preperations

Tergets were prepared by electroplating or by en alectrostatic spray method
developed by Carswell aend Milsted, 1T fheir method consists of electrically
cherging the evaporation droplets of an acetone solution of the nitraté salt of
the target so that they can be attracted to the target backing material, This

15 sccomplished by imserting a fine wire in a verticel capillary containing

the solution, For our purposes it wes necessary to considersbly modify this
procedure, It was found that by mounting the capillary horizontally and the

- tapget vertically it was possible to use & larger capillary, a shorter distance,

anll a lower voltage and thus to obtain s more controlled fine spraying., Por
those cases where thick targets had %o be dehydrated and converted to the oxide
1% was found advéntageous to keep the target backing (usually 0,03 - 0.10 mil

- niekel) at a-high temiperature so that the nitrate could be continuously converted

to the oxide, By these means targets up to 0.5 mg/em? with a fairly wiform
adherent deposit wers made and have withstood hundreds of hours of bombardment

| 4n a hundred or more experiments,

Conventional chemical aeparation methods for actinides vere used.3! In
order to improve the resolution of the elution curves with ammonium alpha~hydroxy-
isobutyrate s platinum tube with a emell opening wes inserted at the end of the
glass colum to give a reproducible drop size of sbout 15 microliters. When a
fast operation was necessary a spetcial heating device was introduced to speed up
the evaporation of the drfops. A hot aluminum plate withperforated holes was
used as a turntsble and over the ares vhere the drops were falling air wag directed,
The platinum plates were placed over the holes and the drops were sdjusted to fall
ingide the aren defined by the holes, A drop was evaporated within seconds with-

.out gplattering. For careful identification several ectinide and lanthanide

igotopes were added as tracers,

5 . C@unt%

_ A1l of the isotopes were ifdentified and measured by means of alphe pulse
height analysis, Five different samples could be analyzed simulteneously in a
miltiplex assembly consisting of five Frisch @rid chembers, emplifiers, a single
Wilkinson type "kick-sorter™”, coding electronics, end & paper tepe printer,
With this equipment 4t wes easily possible to obtain good elution curves for
short«lived emitters and thus their chemical identifications,

B, NEUTRON EVAPGRATIGN REACTIONS

Very sharp peaks in the excitation f\mcttons have been observed for those
reactions mvolving compound nucleus (CH; fomat.i followed by neutron evaporation.
8 ana Pu and the (C,6n) i'eaction on
a3 seen in F’ig. 1. A similar curve is obtaeined for the (¢13,5n) reaction on
13238 8 Jackson vas eble to show reasonsdble agreement with experimental results
for the (p,xn) cross-gections in lead and bismuth for calculations using e
simplified evaporation model based on the assumption of a constant nuclear
temperature, T, together with Monte Carlo caleulations, 19 By neglecting direct
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p’i‘bcesses end charged particle evaporation in (I,m) reactions, Jackson's
evapora: on formile cen be modified to include fission, - The final

fomula 20 gor the cross section for the (I,xm) reaction is then:
(1‘) | | 6, '(I:xn) = .6(: (I) * Gl * GZ ce Gx P (E ’ %)
vhere:
° 1, og (I) is the cross section for formation of the compound nucleus.

To & ﬁrat approximation op (I) x op (I) where gg (I) is the fission cross
sectien, At bombarding encrgles | By > 1.2 Vg (Vc = Coulombic barrier) Blatt
and Weisskopf's formuladl can be used:

L (1) = = (RT + R Q- —-2-)

vhere R & ro A i/ 3. A reasonsbly good f£it to experimental date gives the value

To = 1.5 fgmis for the nuclear parsmeter both for heliun?® and heevy ion induced
reactionsi® Hith heavy nuclides. o a first approximetion, for isotopes of not

too widely aiﬁ‘erent atomic number, og (1) for the same don will be equal at the

same value, hof the paremeter x = By/Vg, curve for carbon ions which has

béen used fif connection with fomula (1)2° 45 shovm in Fig, 1.

is the patticle level width for the emission of the ft‘h neutron from the compound
nucleus, The product GE = G1 . Gy *e¢ Gy therefore is the fraction which cen
evaporate X or more neutvone, G4 18 found to be independent of excitation
-energyaz end also independent of the way of formation,1® G4 varies with zZ2/h in
& systematic menner22,23 end unknown velues cen be estimated.

R X %) =T (4, 2x-3) = 1 (Axﬁ, 2x-1)

givea the probabmgy for the evapora‘hion of exax:tly X neutmns in an initial
excitation energy E-.,

I (z,n) 1s Peamon*‘e mcomplete genme, functisn:
. X o
I (z,n) = (-—-—r) j »e Fax and A, = (8" s % Bi)/T,. ST

Bi ‘being the binding energy °§ the 1B peutron aﬁd can be obtained from the
compilations by Glass et al

o |
5" ST B1)/m or (& -ZBi-Em)/TwhenEm<B where E_ 15

the activation epergy for fission, 23,25,26. The nuclear temperature for fission
is assumed to be equal to. that for neutron evaporation, A velue 81’ T = 1,35
Mev is found to f£it well for helium ion?C® and also for heavy 1onl® induced
reactions, In Fig, 1 are given the calculated curves using formule (1) and

ve see a reasonsbly good f£it to the experimental points, It must be pointed
out that, because of high errors in G (of the order of 50%), calculations by
formule (1) only give an order of magnitude estimastion of the cross section.
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C. REACTIONS INVOLVING CHARGED PARTICLE EMISSION

1. Reactions Increasing Target Nucleus by Two Units in 2.

. Among the reactions where tcharged particles are emitted, those leeding
to isctopes with Z 4wo units higher than the target nucleus teke place with
relatively large crigs sicti@ns Lxcitat%&ﬂ functions for some of these re-
actions tnvolving C ; ‘, on Cm have been measured,, The target
v« thickness was 400 ;.;g/em‘a . A single &ross section point uwsing Nn‘ has also

"been observed which is consistent with a similar excitation furction (see Fig.
2). The thresholds are belowr the Coulomb barrier for the heavy ions and also
‘far below those corrésponding to charged particle emission from a compound
gystem in which they obtain a kinetic energy equal to or bigger than the
Coulomd barrier, The perticle or particles are therefore emitted from outside
the top of the barrier, This suggests that the disintegration of the ion into
two frogments is probebly the first step in this type of reaction, The breskup
into thrde ox moré particles has lower probebility thaen the breskup into two
because this implies a many body process and is also energetically more un-
favorable, The ions may thérefore break up into en alpha particle and a heavier
fragment ax:cerd.:l.ng to the echemes:

Clz e 39.8 + Eeh - 7.4 Mev
13--—-> Be® ¢ He' - 10,7 Mev

Nlu —— Blo + Heh 1.6 Mev
—> 2 4 B L 7.1 Mev

The breekug of C‘l 2 tnto He‘h and 'Be8 has actually been observed in nuclear
emilsions,“! 8plitting into other helium isotopes glves a higher disintegration
energy and iz thus more unfavorable,
' The penetration probability of the alpha particle now is higher than that
" of the heavier fragment at a certain impact parameter, The penetration of the
alpha particle is also favored in certain geometrical orientations by Coulombic
repulsion by the other fragment at the point of disintegration, This type of
resction therefore may tske place at energies below the Coulombic barrier for the
heavy ion, vwhere competition with penetration of the heavy ion is less severe,
The reaction therefore may take place at low angular momentum, and the recoil
atomes thus may obtain consideérsble range, The momentun of the recoil may be as
high as that of the heavy ion plus the momentum of the recoiling heavy fragment,
At higher energies the reactions proceed at higher angular momentum due to
competition with the complete amalgemhtion of the heavy ion. The reaction lead-
ing to the same product now takesg the cheracter of a stripping and lower momentum
is transferred. This effect shows up in the range measurements, Iun some pre-
liminary experiments & curium terget (70 pg/cm was bombggded with oxygen at
90 end 150 Mev and the range curves for the Cf245 and c£2% recoils in helium
ges were measured, At both energies, the concentration of the recoils hed a
meximum at zero rahge and decressed with the range. This is in contrast with
range curves for products from compound nucleus formation where s (aussian
distribution curve around & most probable range is obgerved, BSevere angular
epread of the recoils wes 9.153 noticed, vhereas in experiments with recoils from
the reaction Prifl(cl2 4n)ml49 a strong forwerd peek was observed, In the low .
energy bombardment some long renge recoils were observed which were lacking at
high energy, Although one has to be careful to draw quantitative conclusions
from these results, we can say that the observations sre not in contradittion
to the model just described,
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The range nmeaswrements. indicate that the experimentel cross sections for these
reactions given in Pig. 2 are low by a factor of three becsuse of recoil lose in
the 400 pg/em® curium target. Approximately this same ratio was obtained for the
relative recoil yield between thick and thia cu** targets when bombarded by €32
ions to produce CE240, The asbove-mentioned experiments cleerly demonetrate that
the charged particles cannot be evaporated from & compound nucleus system, MNost
excited nuclei in the heavy element region decay by fission and the measured
fission cross section therefore also will include fission by nuclei which were
initially formed by the discussed reaction mechanism, The assumption that O, = 0,
is therefore not fully justified. It is of interest to make an order of
nagnitude estimation of the errgﬁh lvegznl Aboy e the Coulomb bdarrier the thin
“target yield of the reaction Cm JCE£4H0 15 approximately 4 milidbarns,
After correcting for loss due to fission (see following section), we f£ind that
the total cross section involving the emission of a heavy fragment is of the order
of 200 milliberns, For this region ¢, is roughly 1-2 barne so that the error
‘ inv°lvea should be 10-20%, Closer to “the barrier the errors will be even higher.

2. {I,mm) Reactions -

" Certain orientations will favor the penetration of the heavier part and
reject the a%gha particle, In Fig. 2 is the given function for the (C,akn) re-
~ mction on Ul Energy considerations reveal that at lov bombarding enérgies
. the alpha particle is not eveporated from a compound system, If now the alpha

perticle is emitted promptly; no competition with fission will occur at that
momentum, The alpha particle is emitted with en eénergy spectrum leaving the
struck nuclei without a distinct excitation energy, If we sgain assume G to be
constant and independent of excitation energy &nd the neuurons to be evaporated,
we have the cross sectiom

(1) o ‘(I,xn) =0, (z,0) & JP (E*,-x) .;i%@)_ &R

Here o (I,a) is the tota.l ¢eross-section for reactions where an:alpha particle
ts emitted, O and P (B¥,x) are previously defined, and AN(E™)/dE 4s the exci-
tation energy spectium of the strick nucleus after the emission of the elpha
pexrticle and before the evaporation of the neutroéns.

Using formula (1) we may, by inserting experimental values for ¢ (I,axn) ,
obtaln information conterning the excitation energy spectrum d thns the a&gha
energy ﬁgectmm A convenient experimental series is the pu’ czxn)sz
and Pud (:12 ,m:n)crz ~X, where ope obtaing cross sections for reactions with
x = 2 up ‘uo x = 6, Fomula (1) also gives information ebout the variation of the
) é JO%n) cross section with the target nueclei. At a ceriain bombarding energy
% 1,0) will be, to a close spproximation, equal for nuclei not too far apart on
the nucleer chart, The slphe spectrum will alsc be similar, We will therefore
obtain the following relationt _

(2) 1log (I,om) =4 +x Log G .

We have obtained experimentel velues for ¢ (C,alm) on U238 and Pu’ 2hz and, when
plotted on a log log scale, they fall on a line showing a fourth power depend.ence
on G, Finslly, Formula (15 gives an order of magnitude estimation of ¢ (I,a)
from the experimental value of o (I,axm), We £ind these cross sections for
carbon and oxygen ions above the barrier to he of the order of 100 microbarus
and ere thus 10 - 100 times lower than the reaction where the alpha particle is
amalgemated,
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3. Qther Reactions .

Reactions also occur in which charged particles, other than those
already mentioned, are emitted, In texrms of a breskup mechanism, these imply
_that the heavy fons disintegrate in a way in vhich glpha partécles are not
1hvglved. nggambarding=§n am?*l target (280 mg/cmz) with 016 ye have observed
ef2 anid 04" which might be produced by the emalgamation of & lithium ion
and the emission of a borgn'ion. At 80 Mev the cross secﬁéon was 30 microbarns
for the productien of c£245 ang only 3 microbarns for CL2H0 The relatively
low cross section for the latter is explained by the higher probability of the
emission of more than one neutron atutheése excitation energies, With correction
for fission loss, we obtain the total cross eection for reactions where boron
ions are emitted, to be of the pyder of a few hundred microberns. This is &
factor of 300 lowér than the (GR ,612) reaction and of the same order of msgnitude
as the (0*°,x) remction. There is a higher dlsintegration energy for the splitting
- dnto beryliium and lithium then into carbon and helfum; this balances the higher
penetration probebility of the lithium versus. the carbon ions,

_ We haye aéig obgerved gga product Fm230 from the reaction which can be
written as em? h(;‘z,Be 2n)3m2 with a meximum cross section of the rde§ of 1
microbarn, This will correspond to & total ¢ross section for the (019,Be®) re-
‘actipn‘gfrthe order of 0,1 millivern., This is roughly 1000 times smeller than
the (0'6,012) redetion. The rgason might again be explained in terms of a lower
penetr gign.probabili y for Be® and the higher disintegration energy of the re-

D. DISCOVERY OF ELEMENT 102

- The discoveryza of element 102 evolved from a unique application of the
experimental and theoretical considerations that have been outlined. In many
careful experiments conducted in many ways over & long period of time it wme
found that a prior ¢laimé9 to the discovery of eleément 102 could not be confirmed,30
Bubseguently, by the use of a radically new method Ghiorso, Sikkeland, Walton, and
Seaborg succeeded in unembiguously identifying for the first time an isotope of
© element 102, S N ' oo

The method used to detect the new.element was essentially a continuous
milking experiment wherein the atoms of the daughter element 100 were separated
" from the parent element 102 by taking edvantage of the recoil due to the element
102 alpha particle decay. The target consisted of a mixture of isotopes of
curium (959 cm®** and 4,5% Cm@*0) mounted on a very thin nickel foil, The curium
vas bombarded with monoenergetic ¢l2 tons at energles of 60 -~ 100 Mev, The trans~
mutation récoils were sbsorbed in helium and electrically attratted to a moving
metallic belt placed directly beneath the target, These atoms were then carried
on the conveyer belt under a foil which was charged negatively relative!-to the belt.
Approximately half of the atoms undergoing elpha particle decay would cause their
daughter atome to recoil from the surface of the belt to the catcher foil (see
Fig. 3). After a time of bombardment suited to the half-life of the deughter
atom to be examined, the catcher foil was cut transversely to the direction of
the belt motion into five equal length sections, These five foile were then
alpha pulse analyszed simultanecusly, ffom the relative amounts of activity and
the belt speed the Nalf-life of the parent atems could be deduced. The method
was first successfully used in the bombardment of PuctQ with €12 fons to identify
a new isotope of element 100, Fm248 (Fig. 4). It was shown to have a half-life
of 0.6 minutes by analysis of the emounts of the 20-minute C£Z** caught on the
catcher foils,
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The most likely isotoge of element 102 that could be detected with this
method wae deemed to be 102254 with a predicted helf-life of seconds leading
to the known 30«ninute 7.L43-Mev algha-partielemitter R 250, 1In e series of
experiments 1t was found that Fm230 could be collected on the catcher foils in
accﬁgdmce with a arent half-1ife of sbout 3 seconds produced by the reaction

(612,4n)10225% x> . The excitation function for producing Fm25C in
thie menner was found to peak sharply at 7O £ 5 Mev correaponding to a ((:l2 4n)
reaction, That the atoms collected ere ejected hg rﬁcoil of atoms from
the belt was proved by the fact that neither C£240 nor ¢£° which are col-
lected with high yield on the belt, are found prominently on the catchers,
Changing the belt speedswae found to change the distribution of Fm23Q on the
catcher foils in a manner conforming to a 3+second parent, The number of Fm 250
counts observed in a single experiment was as high as 40 and corresggnded to a
maximum cross section of & few microbarns for the reaction with

The final identification of the activity ascribed to FmZ! O was carried

out by dissolving the mctivity from the catcher foil and separating it from the
other actinide elemente by meens of an ion exchange column, In one experiment
2 atoms of Mm270 were identified and in enother 9 atoms were observed in the
element 100 position.

B, SEARCH FCR ELEMERTS WITH ATOMIC NUMEER GREATER THAN 102
Some very crude preliminary experiments have been reported 28 which were
‘designed to look for alpha activity from element 103, The same curium target
a’ﬁ bombarded in the conveyer belt aggaratus with 536 g microsmperes of %e?)
fon, Atoms of 103, such as 103250 from the Cn?*(nl4 hn) reaction, would
preemnably be collected on the conveyer belt as in the other experiments, The
belt speed m;g set at three inche® per second since the half-life of an isotope
~ such ss 103290 would be expedted to be a fraction of a second. Nuclear emulsions
placed just above the belt to receive the expected long range alpha particles
from the decay of this nuclide were exemined carefully for such corresponding
., ‘racks, There were found 16 tracks with an energy of 9 ¢ 1 Mev and positions
dn the nuclear emulsion consistent with a half-life of approximately 1/ second.
These tracks could-be due to an isotope of element 103 but the conditions of
' the experiment &id not rule out the very good possibility that they could be
due to the production of new nuclides between polonium and thorium from tiny
lead or bismuth impurities or to prompt alphs particles arising ﬁ'om interaction
of high energy neutrons with the belt material,

The very- great difficulties of continuing these experiments which meke

" uge of nuclear emulsions as detectors have prompted us to try a more versatile
method. An apparatus is being tested in which the transmutation recoils are
conducted by properly shaped electrostatic fields to a very thin window, The
window is mounted on the high voltage electrode of & gridded ionization chamber.
Approximately half of the short-lived atoms that reach the window emit their
alpha particles through the window into the chember volume snd thus produce
electron pulses which can be analyced as ususl. 8ince the HILAC beam is presently
being pulsed on only 2% of the time, 1t is expected that even though the alpha
-perticle pulese analysis miist be confined to the time between beem pulses a high
counting efficiency should be obtainable By this method, Half-life determinations
will be made by simulteneous. time and pulse height observations,
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Another variant of this systém mekes use of a very long conducting -
tape, instead of a continuous short belt, togetheér with an slpha grid chamber,
The atoms are collected on the tape surface and carried either through the
chember for immediste analysis or through &' volume where daughter stoms from
alpha recoil of atoms on the belt may be delivered to the thin window of the
grid chember, This allows one to either dlscriminate against longer lived
activities or to analyze the short-lived daughter atoms produced by very short-
14ived parents, This method potentislly ehoul@ allow the fdentification of Z
of scme of the isotopes of elements with atomic number grester than 102, In
general, we expect thet by mesns such as these it should be possible to work with
alpha activities with half-lives as short as e millisecond and thus it should
be possible to identify isotopes of elements as high es 103 and 104, Beyond
this point both yield and half-life will become serious problems end will
probebly demand new sdvances ih techniques, v

P. SUMMARY

In the reaction between heavy ions and heavy nuclides a great number
of spallation products are observed with atomic numbers all the way from below
that of the target nucleus up to that corresponding to the compound nucleus,.
Por reactions vwhich imvolve charged particle emission, the excitation functions
are predoaminently brosd, In contrast, those imvolving only neutron emission
give sharp peaks and a predictiomn of their positions and cross sections is pos~
sible, For the production and study of new isotopes by (I,xn) reactions the
excitation function determination is of importance for mass identification:
purposes, This stresses the importance of a mouncenergstic heevy ion besm to
prevent the (I,xn) peaks from being smeared out, When dealing with very heavy
elements an intence beam also is necessary because of the severe - fission
competition and cansequsntly lovw production cross sections for the (I,xn)
reactions,

In the energy range studied, reactions where charged particlea are
emitted; apparently do not proceed by the emalgsmation of the heavy ion with
the target nucleus, These reactions can be explained in terms of a breakup
mechaniem in which the disintegration energies and the penetration probabilities
of the fragments play an important role in determining the megnitude of the
crosg section, Because fission is the dominant mode of decay for excited
heavy nuclei, the measured fission crosg-section will be higher than the cross
section for campound nucleus formaetion, Above the barrier it 1s of the order
of 10% higher and below the érror may be even higher,

. Bome redicelly different experimentsl approaches have been developed
which will probebly make possible the positive identifications of new elements
with atomic number as high as 104, {
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