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cross sections were found the fission cross from Broo

sections by more than one order of magnitude even at

where corresponds to

the towest energies of 0.

barrier. Thus we could not clearly distin-

and

pure Coutomb 1

After irradiation the targets were assayed for uranium

(transfer products), barium, and zirconium (fission pro-
1 - o .

ducts)”. For EIN = 0.80 Eq @ fission cross section of
-28

3.2x16

distribution was the same as for neutron-induced fission

~ 235, - N . 237, .
of “77U. Transfer cross sectzons for U and 239,

measured as  3.1x10° 58 < and 5.2x10

cm2 was obtained if we assume the fission mass

U were

CROSS SECTION (cm?)

8 cmt, respecti-
vely. These transfer processes can partially contribute
to the observed fission cross section with the tail of
the associated (-vaiue distribution that extends up to
excitation energies above the fission barrier. If we make
the pessimistic assumption that all transfers are asso-
ciated with excitation energies above B vesulting in a

fisston probability ?f =~ (.2, then the measured ¢ross
23 9
7y and 2%

oo . . ~

hat at most 50% of the observed fission yield of

sections for the residual nuclei indicate
. 2 .

.2x10 cm” can be due to sequential transfer-induced
fission. Oberackerz predicted
for

a vouTomb fission cross Fig.
208, 3 -

This is in fairly good agreement with our measured
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value which corresponds to an effective energy of

N .78 Ep, see Fig, 1. Recent experiments with
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J.¥. Kratz, W. Brilchle, H. Giggeler, H. Giggeie

s oot

cident energy have shown™, that dissipative

for the production of superhesvy elements.
i

sion medel, generalized in order to take i

the superposition of different
thick target, was o

JRL o
2 oGk

into the reglon of superheavy

lations were based on a fit of an energy-independent,
22 -1,

average diffusion coefficient (DZ~G‘9x1” s 7} to the

reconstructed element yieidsl near 7=92. Folding of the

3

predicted differential cross sactions as a function of
ragment charge and excitation energy (d%0/dZdE) with

—hy

the relative width for neutron evaporation and sponta-

necus fission (T /Tf, as calculated by Morettog yielded
72

encouraging cross sections of the order of 10 3% for

o encounterad at the

72114 Hleans
7=114. ‘However, d

same time for 7=98,99 and 100, where folding of the pre-
dicted dZO/dZdE with empirical iﬂ/ff«va1ues failed to
reproduce the measured actinide cross se ion The
discrepancies at Z=98-100 might be a shortcoming of the
Lssumedz energy-independence of the diffusion coeffi-
cient. Therefore, we measured at several incident
energies between 6.5 and 9.0 MeV/u ”a s sections for
the production of transcurium eipments s well as for
the production of their Tight complements. Fig. 1
shows as an example the energy dependence of the com-
plementary Rn and Cf yields. It is evident that for the
production of Cf only the lower incident energy bins
contribute. Fig. 2 shows the measured element yields of
residual products near Z=80 for three incident eﬂergé S.
The solid Tines are predictions of the diff
11 nce of

he theore

s
=
e
S
I
o
o

where

While the model seems now to be capable
the data at the higher energies it clea
mates the cross sections for the near-barrier
Since the production of surviving heavy produc
mainly associatad with the Towest bins of inciden
enerqy {see Fig. 1}, the failure of the diffusi e
to reproduce the cross sections in these bins gasts some

oredicti

The problem is app&renugy connected with the fact that

tut fir Kernchemie,

Weis

Riedel

Lett. 41, 469 (1978)

. 90, 385 (1979)
3, .
2L, G. Moretto, Physics and Chemistry of Fission,
JALELA., Rochester, 1073
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Fig. 1 Energy dependence of the complementary Rn and
(T yields.
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barded with 7.5 MeV/u U-ions and the target-like > F o L . ]
. Lo . ol |4 ! i
reaction products were stopped in stacks of thin mylar = T IR f
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foils (6 um) at several laboratory angles covering the = { i b !
o ke i L) i
- ) - &l t A j .
range 229 < Oyap < 62.8%. After bombardment each foil, e L i 5 ’ E
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i . z ; s as co. 5 3
corresponding to a given range of angles and velocities ' : 3 / ,
N . ey i 5 N . - r 1
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. . . B . f & 3
separated into fractions of the elements Hf, Ta, Ir, Pt, i
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4V ab
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Fig. 1: Relative yields for Au at different Tabora-

tory angles. The numbers 3-7 denote the number
of the mylar foil in the stack in which the Au
fragment has been sto
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196 -, X © 7=790Au) -
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Typical data
shown in Fig 1. At each angle, the range distribution
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ave demonstrated” it is most probably not re

increase the bombarding energy in order to increase
. bacause

the production rates for superheavy elements

only the Tow-energy tails of the primary charge disiri-

butions contribute. Their enhancement is the essential

Riedel and Nﬁweﬁbergz, on the b
ﬁ33g L 238 3 at < 7.

probtem.

as
of 51

analysis of the U data
dicted for Z=114 an in
sactions contained in the Tow energy tail

if a thick 2485

crease in the partial

+hi
thi

by two orders i

m
—
o ™0

f magnitude
ZSSU

used instead of

spontaneous
The targets were previcus’

sctron beam gun and 1t was found that their

events/day.
with an

ele
thermal stability was excellent up to target tempera-
atly
ferent experi-

aby
> 900°C.

in Fig. 1.

tures > The target apparatus is schematic

shown It served for two di

T4

Accelerator and beam 1ine were protected agal

ments.

et by a Mo-window.

He G895

ture was monitored

o

Gl

OMS

& sudden increase of the OMS s

target temperature,

e e

erlocked to shut the beam off

current etc. were in

Counting of the isolated

fractions is still being

can state that

transuranium isotopes
the transuranium nuclef
459r\x
U2

was possibly ob

(,"»

preliminary upper limits for the prod uctwc? G? super-
heavy elements are of the order of 10 -33 cm The lower
sensitivity of these experiments as compared to the
238y 4 23‘U experiments 15 due to the Tower total beam
intensity at which the bombardments had to be terminated
because the targets developed stress cracks. It is not
yet her this cracking was caused by metallur-
gica ewacaia thermal, or radiation damage effects
and e problem can be solved This,

isn in order fo increase the sensitivity to
< 10 in future experiments.
Tals

.
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Fig. 1: Target apparatus for
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Stopping

power measurements with 10 &

" 238, .
eV /u “U tons

W. Briichle,

T
~
-
<
ot

previously been cleaned by spuﬁiewimg& After

thickness of the Ni layer was reduced to 34-63

he targets were transported and inserted into
er Ar atmosphere. Thr thicknesses of the foils

mined by weighing. Several energies of the

SU beam between 5.9 and 10.0 MeV/u as deter-

N\
L% 1

calibrate a surface barrier detector which was inserted
directly into the reduced beam. The same detector was
then used to determine the degradation of the incident

beam energy in a given metal foil.

Projectile energies after transversing different foil

thicknesses were calculated by the use of the Northcliffe

and Schilling tab?@su3 The Tigure shows for uranium

foils the deviations between calculated (EN”} and
measured values (EDUT) for three different incident

energies (E TN} of 10.0, 8.6, and 5.9 MeV/u. For the

538 /35U/

energy range of interest in the 548Cm experi-

ments,,lf2 i.e. § to 10 MeV/u,

the differences between

The table

there is no dramatic de-

g tables. In
compayred after

238U -energies

measured and tabulated values are below 3 %,

shows that, except for A1,

viation from the Northcliffe and Schillin
this table the stopping power values are
averaging different foil thicknesses.
around 5 MeV/u our data for Al and U are in agreement
with those of Bimbot et aT.,4 who report a deviation
€ = + 17%3% for Al and e = ~11%5% for U.

Table: Deviations of experimenta‘ average stopping powers

frop Northcliffe-Schilling stopping powers

J
Jexp i
Jf\éc “for 38 U ions:
NS

5 - .
e = x 100 [%]
£y 5.9 MeV/u 8.5 [MeV/u] 16.0 [Mei/uf
Al +18.1+2.5 +22.045.0
Mo + 6.642.5 + 3.7+2.5
Ta + .0 5. - 5
W ] - 5
§ G - 4.0+2.5 - .2

. this report p.
Gagaeler et al., this report p.

Schilling, Mucl. Data Tables

R, Bimbot et al., Report IPNO-RC-80-0a, (1980)

& &
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5 10 15
THICKNESS OF U~FOiL Img/cmzi
Fig. 1: Relative deviation of the engrgy 0¥T of 238
jons (after passing various 238U-métai foils)
from the predicted® energy FNb
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Continuous separations of reaction products in a thermochromatographic column

&
with various halogenating agents as reactive dases

recol
1 .
& I

zone as molybdenum

with & thermochromatographic column

for continuous chemical separati@ns of fission products its behaviour can be made since the te tium nuclides

P dbess 5.
(Rl i.(a@ [

zcomposition of HI

deposited %

ina v131b1 GQC and room

For halogenation of the fission products a mixture of lower than for the bromides.
the reactive gas with nitrogen was fed into the column Table: Deposition temperatures of fission product halides
through a by-pass.. The element distribution along the a thermochromatographic column
thermochromatographic column was measured after removal
of the column from the oven by vy-ray spectroscopy using . . Deposition temperatures in “C with
Elemen
a tead collimator. Ul HBpr HI
In an earlier re'pui'i'2 the element distribution of - s - p
73
the volatile chlorideswas given. With HBr and HI (8 vol¥ :
: . . - Cs 630 730 860
in the gas stream) quite similar thermochromatograms
) . o ] . Sr,Ba 960 860 960
were obtained. As an exampie the Figure shows the ele-
: T . . . Y,R.E. 780 850 760
ment distribution with HI in the carrier gas at a flow ) . 4 o
. . . Mo 20 140 580410
rate of 1.3 1/min and after an exposure time of 15 min. v
Te 50:ch. 160 590430
B Sb 30:ch. 100 35
1600 - 50
Te 180 290 210
i Br,1 ch ch. 150 « ch

B £ ch. = charcoal trap
o nE Elementary bromine and jodine are only applicable up

Lengeh of colum [cni Charcaal fesp

ibution in the thermochromatogra-

% of hydrogen iodide in

with a micture of BBEr +%r%+%? the

. the altkaline earth slemente

Tower temperature with HI than with HBr. Rb and Cs

appaar at around 5609 and Mo forms a rather broad peak

centered at

- 154 -
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