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Recently measured i fusion excitation functions that has been fixed by the data in range €. For iGAH;SaSm
extend from the pb level up to several 100 mb have been we have also plotted a curve showing separately the
used to test a potential model for fusion that includes effect of the "orientational" fluctuations, i.e. the
a fluctuation of the barrier with an ampiitude that can known static deformation (dash-dotted curve}. The
be related to known collective nuclear properties. dashed curves represent the conventional calculation

Typical data, shown in Fig. 1, can be parametrized over without static deformation and vibrational fluctuation.
the full energy range (full curves] by two parameters

only: an average fusion barrier \/B and a standard Table 1: Parameters deduced from fusion excitation
fluctuation width u(‘\/5> of the barvier. Table 1 shows a furxcriuns]"z,
list of parameter values found for a number of systems
1.2
PR Syst v 3 o(R.+R ¢ {R 4R
In the fitting procedure we use a nucleus-nucleus ystenm 'B cS(VB) (lT 2) zpo 1 2)
. ) ) . PR o o
potential of the form V(s) = V_ Ry, expl-s/d) with ey o ©
=r-(R{+R,} anc /{R,+R,), d = 0.75 fm. Th
3 (R] R2/ and R]Z R]RZ/(R1 R2,3 d 0.75 fm he TSTTT
central radii are deduced from published RMS radii, v Ar+” "8n 109.1 4.0 4.7 4.85
is adjusted to the data and determines the average 40Ar+llbsn 108.3 3.9 4.6 4.95
fusion barrier. A Gaussian distribution of fusion '/*OAH‘*QZSR 167.2 3.9 4.5 4. 85
barriers is generated by assuming, and adjusting, a 60, Labe 1302 34 5 g 44
- . . it . (R £ T &
Gaussian distribution c\R!*RZ) (Col. 3 of Table 1) of 40, 148 129 .4 45 49 s 0
h f radii i calculating the fusi itati
the sum of radii and calculating the fusion exc on 40, (154 1293 5 75 4o 38
functions by a weighted superposition. Sub-barrier i
- J 9 pere T ) 16y L148g, 60.25 2.9 3.6 4.5
penetration was calculated by a WKB method. The barrier 16 154
0+ Sm 59.9 2.2 2.8 2.3

fluctuation can be interpreted as a ‘"vibrational"

fluctuation of the surface-to-surface distance origina-
ting from the collective vibrational motion of the
is then directly correlated to deforma- ]w. Reisdorf et al., Phys. Rev. Lett. 49, 1811 (1982)

surfaces3. It
%R.G. Stokstad et al., Phys. Rev. Lett. 47, 465 (1978)

tion lengths BR determined in inelastic scattering -
such as {a,a') - experiments. By an incoherent addition Y, Esbensen, RNucl. Phys. 1352, 147 (1981).

of contributions from low-lying (< 3 MeV) octupole and

quadrupole states in both projectile and target nuclei —t T
we can estimate the sum-of-radii fluctuation UZP(R~!+R2) 40;’;5" . C ?
expected from zero-point surface motion. This is shown C 122¢,, \/’M/@/Efd;
in Table 1 and is consistent in detail with the values — ,'I kd E
deduced from the fusion data. The orientational part of fé F:! 5 3
the fluctuation (154Sm‘) is not included in Tabte 1. s i 3 ; E
In the figure we illustrate for 4012250 how the = % : ’ ; k
introduction of & barrier fiuctuation phenomenon (%‘;QG - x\f f ;l f : E
influences the general behaviour of the excitation @ 5 3 ;‘g % ; : E
function. If we first shut off the tunnelling proress gmmg% é : ; | -
in the calculation, we obtain the left dotted curve = 3 Tf t g ; 3
which fails to describe the energy range marked "T" @Q”Z; ié ; ; E ,z N
(for tunnelling) below the mb level, but describes well e E H i P g
the range above it. [f we also shut off the fluctt - : ‘% : : Flg.t k
L. N . » ™ Do ) P o
(right dotted curve}, we can still describe the data i R - SERTICN DU TR DO S N 1 fd
the "classical” range marked "C". The ampliti 100 ne 120 130 140

barrier fluctuation is determined rather well from the hcf“ﬁ (feVv)

intermediate range "F", once VB (or equivalently, Vn‘)

[\
i



Evagoration Residue Cross Sections in the Fusion of

ggﬁr with Ge, Mo, and By Isstopes

W. Reisdorf, F.P. HeBberger, K.D. Hildenbrand, S. Hofmann, G. Minzenberg, J.H.R. Schneider,

W.F.W. Schneider, K.

SUmmerer, G, Wirth

GST Darmstadt
J.V. Kratz, K. Schlitt
Institut fir Kernchemie, Universitit Mainz

The analysis of evaporation residue data obtained by
combining activation methods with the use of the

velocity filter SHIP] has been continued with special
70,76, 92,100

86
emphasis on = Kr induced fusion with ~7° "Ge,
99,)025104Ru

Mo,
and On the Tow-energy side the data
extend down to about 10 pb. Three features of the data

re i1lustrated in Figs. 1 and 2.

—

) The saturation of the evaporation residue cross
sections at  high angular momenta, presumably by
i This 1is
Lnax = {UER/WXZ}I/Z
Vs, Ecm’ where R is the evaporation residue cross
section, A the de Broglie wavelength and Ecm the

fission, shows clear-cut isotopic trends.
stressed by plotting the quantity 1

center-of-mass energy (Fig. 1). Whereas the system
kre 0% o 180t saturates at 1 = 35+2, the system
86kr+9%M0 + 78t nas 1 = 2141, Similar trends were
observed for the Ru targets (leading to Hg compound
nuciei). We hope that the data will allow to determine
isotopic trends in - fissionability and provide Tlong
needed information on the stability of excited proton
rich nuclei against fission.

2) From a comparison of the slopes of the excitation

IOOMO VS, 92Mo in Fig. 1, it is again]

functions, cf.
apparent that the .surface properties (92M0 has a closed
neutron shell) influence the variation of the fusion
cross section below the average fusion barrier.

3) Some of the new data lead to-the same compound

nuclei as the 4OAr induced fusion data obtained earlier

]. This allows to study the entrance channel influence
on the fusion process. In Fig. 2 we have plotted 1
4OAHMBSm and 86Kr+102
188y, The

been rescaled along the Ecm axis using the proximity

max
Ru leading both to
86Kr+102

s. E for
v cm

the compound nucleus Ru data have
sca11n92. Whereas this leads to overlapping curves {not
shown} for systems invoiving Er {Z=68) compound nucled,
this 1is not the case inm Fig. 2 Notice that the
saturating angular momenta agree approximately as
expected from a compound picture. Two possible inter-
pretations for the refative “hindrance® of the 86Kr+102
Ru data will be further investigated in the future
a} a failure of the proximity scaling b) a possible
indrance to fusion for heavier and symmetric systems.
In terms of the barrier fluctuation introduced @ar?ierz
it could mean that for these systems the full
fluctuation width of the zero-point surface- to-surface
vibrations 1is no longer to be found in the fusion
channel, but possibly in transfer channels.

.
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Various attempts have recently been made to investigate

the dynamical limitations of the fusion of heavy nuclei.

A particular class of experiments was the production of

2“°Fm  compound nuclei /] through 2 wvariety
entrance channels, one of which was T8 Ge +170Ep,

The fusion cross section 9, was usually determined
by measuring the spontaneous fission decay of the
(HI, 2n) 24%pm evaporation residues. In the case con-
sidered here , we found the fusion process to be con-
siderably hindered. To check this result, we decided
to measure the fission cross section of the hypothetical
compound nucleus “EFm‘

The respective irradiation was performed at the UN|-
LAC accelerator, using & "*Ge-beam (E=5.18 MeV/A), a
thick '7"Er-targst (5.06 mg/cm?)  and a total of
3.4X1O]5 incident particles. The products were caught
in an aluminum foil stack. Cross sections for individual
isotopes were determined via thejr characteristic ¥-ray
transitions.

Fig.1 depicts the cross sections o, for symmetric
fragmentation of one of the catcher foils. A gaussian
distribution with FWHM=5.0 amu is well suited to repre-
sent the data. The experimentally deduced maxima of
the distribution <A>Z for given Z are in accord with
calculations based upon minimizing the potential energy
and correcting for neutron evaporation. Considering
the Z-dependence of <A>Z we were able to construct the
mass distribution for each catcher foil and the total
element distribution (Fig.2).

Although an excitation energy range of 35 MeV
through 65 MeV was covered, we obtained a double
humped distribution of fission products. The
peak-to-valley ratio turns out to be 2:1 and the aver-
age chargs asymmetry is about 1:1.3. These facts indi-
cate that the starting point for fission might have been
the compound nucleus z“sFm*. Nevertheless, procasses
leading to complete macs equilibration via aon-compound
reactions  (fast-fission) cannot be excluded with cer-
tainty.

The thick target cross section deduced from fig.2 is
g = 942? mb.  This result is suitably explained

g

wiatecki's Extra-Push model /27, when we

assume an extra-push of Ey«‘é@ib MeV over the statie

fusion barrier B (B=0.96xB =
prox

Within error limits this value is in agreement with the

one deduced from the evaporation residue measurement,
- - -:rxw“m o w
which was E‘(;iz = Mev.

|
e
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EF

A-<A) (normatized mass number )
Fig.1. Yields corrected for precursor decay at constant
Z versus mass number A normalized with respact to the
centroid <A>Z and the element yield P(Z) of each iso-

tope disribution.
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Fig.2. Element distribution for symmetric fragmentation

(&} and distribution reflected at Z=50 (0). Cross sec~

o Lo,

o

tions for the elements Z=39,.46,47,48,.58,,60, for which
only lower limitg exist, are not shown. An estimated

portion of the cross section contributed by the

deep-inelastic products was subtracted from
Z=40-43,81.
/Y M.Giggsler et al., Proc.int. Workshop on Gross

Froperties of Nuclei and Nuclear Excitations X,

Hirschegg 1982,40 (1882)
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During

. , Cae v/ .
energies 4.95 MeV/A and 5.10 MeV /A 2210

est of the products and was subjected to ¢-ray meas-

3

dine (7=53) represents the products emerging from
symmetric fragmentation. At 4.95 MeV/A we could not
detect any iodine isotopes (cross-section fimit < 0.3

whereas at 5.15 MeV/A we identified the isotopes

1265¢ amd Y30 (Fig.1). integration cver the
resulting gaussian distribution, followed by a second
integration over the total Z-distribution, had us arrive
at a cross-section for symmetric fragmentation of
5=3.1+1.3 mb at 5.15 MeV/A. The Z-distribution was
assumed to be gaussian also with an estimated FWHM of
21 Z-units./2/

For 4.95 MeV/A we obtained an upper limit for the

, +0.7
cross-section of 050’3—0?_

both cross-sections gives good reason to suspect that

mb. The magnitude of

both energies were close to or below the fusion barrier.

Using the eqguation

op = (’ﬁwr%/ZE)xm(]+exp(2v(E—B}/ﬁ<o)),

which represents the fusion cross-section below the

12
-5

barrier, and the parameters r =12.3 fm, fhuw = 8
t

MeV, E=233.8 MeV, one deducts 3 barrier of B =

kS

-l

This result implies an extra-push of 11.7 MeV

(0.96xB ox: 2748 MeV), a value which is consistent
prox

with other results concerning the dynamical limitations

of the fusion process. (Fig.Z at xm%:(}ﬁ)
ot i

Fig.1. Mass distribution of the iodine isotopes from
symmetric fragmentation in the reaction SPrg +28%g]

CWHM  equals 4.7, the most probable mass number is

<A>Z:126,
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Fig.2. Differences between experimental and caiculated

fusion barriers (0.96xB } as a function of X
p eff
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in U-U

are discussed 2s experimental evidence for

the positron spectra observed

collisions
the process of spontanecus positron production. How-

ever, a nuclear background may arise from internal

electron-positron pair creation during the decay of

the ©

LAl

excited nuclei, which was determined from

orr
sponding ¥-ray spectrum applying semi-empirical infer-
S B £ ying f

nal  pair-conversion coefficients measured in low 7

systems. This procedure assumes for different

reactions similar multipolarities and may be problematic
for ¥-transitions from the deexcitation of quasielastic

transfer products. Cross sections for quasielastic

transfer are known to have a strong dependence on the
incident energy of the projectile near the barr%er‘z.

EOQ-transitions are completely neglected. Therefore we

for
several the
system U + U at incident lab-energies of 5.5, 5.8, 5.9
and 6.1
Uranium covered with Titanium of 20 ug/em? respective-
Catcher

nave measured cross sections radiochemicaily

xn, Ypxn and 2pxn transfer channels in

MeV/u. The targets consisted of 380 ng/cm?

ty 120 ug/cm? on the side opposite to the beam.
foils were placed in the whole angular range from the
target to 45°. Following a bombardment the targets and
catcher foils were removed and chemically separated.
Through v-ray counting the absolute decay rates and
from that cross sections for individual transfer pro-
ducts were determined. Data analysis is still in pro-

gress. Some preliminary cross sections are

5.9 MeV/u: *?%U (1n) 95 + 10 mb
2ROy (2n) 5t 1T mb
Z38Np (TpTn) 0.9 = 0.15 mb
5.8 MeV/u: 2%y {1n) 61 + 12 mb
237py (ip) 2.6 £0.5mb
5.5 MeV/u: 23%U (1n) 23+ 3 mb
237pg (1) .45 £ 0.1 mb
The measurement of the excitation function or angular

distributions for ?°°U (one neutron fransfer) at zner-
gi

es below the barrier should give totally equiv-

alent information if the transfer proceeds under
semiciassical conditions and the slopes of the angular
distributions and of the excitation function shouid then
be determined only by the neutron binding energy in

ZEEUS.

most pronounced at ion scattering angles §,_,
(=1

The peak structure in the positron spectra is
= 45°% and
niuclear collisions with a relatively long reaction time as
indicated by the width of the positron iinel‘ could show
up in deviations from the expected semiclassical behavi-
transfer assuming pure

our for quasielastic nucleon

Lerch, N. Trautmann Institut fir Kernchemie,

Universitit Mainz

Rutherford scattering. Therefore we have measured the
angular distributions for one neutron transfer at ener-
gies near the barrier and well below it and the excita-
tien function for the formation of 23°U down to 73 % of

the

"

Coulomb  barrier using an interaction
1/3
- A
L= To16x{A
int ¢
73 % of the barrier thers is 2
z

The data

"spherical

[n}

radius R Still at

for the formation of points of the exci-
tation function plotted in fig. 1 are expected to fall on
a straight line with a slope shown by the solid line.
Fig. 2 shows the distribution of 27U at
E = 5.7 MeV/u, expected to be backward-peaked. A

tab
decrease of the differential cross section at the very

angular

backward angles is observed and is also seen at beam
5.4 and 5.1 MeV/u. It has

checked, whether this can be accounted for by Coulomb

energies of 5.§, to be

excitation along the trajectories before and after the

neutron transfer and subsequent fission.

1. E. Berdermann et al., GS! Scientific Report 1981,
GS1 82-1 (1982) 138
H. Bokemeyer et al.,
GS! 82-1 (1882) 138

GS1 Scientific Report 1981,

2. G. Franz et al., Z. Physik A 291, 167 (1979)
3. W. von Oertzen in Nuclear Spectroscopy and
Reactions Vol.B ed. J. Cerny {Academic Press)
p. 278
' ' ' Fig.1:
07,\1%\ . Excitation function for
%, ¢ _o-taRini the formation of 23°U in
N x" the U+U reaction. The
o'k N 4 solid line has the semi-
2 e classically expected
% AN slope whereas the abso-
5 ) \\ 3 fute scaling was fitted
\ to  the  experimental
, l\ E:»Iointsz._; L
i ! Voo S 212y R
i " ¥ 13 [ R-M:?.ES{AE’13+A1/3+2) o
int H L

w=(2mg_n-2) 1/

Fig.2:

Angular distribution of
23%Y from U-U coliisions

at E’%ab:ﬁ"? MeV/u.
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We carried out a series of bombardments using ***Es as
the target nuclide and '®*0 and **Ne as the projectile.
In our experiments we used chemical techniques to sep-
arate elemeént fractions from a catcher foil after emd of
bombardment, and measured these fractions to obtain
a-energy spectra and count SF events.

Cross sections for the Fm and Md isotepes and
259No from the of 121-MeV 22Ne, 125-MeV
*Ne and 98-MeV *¥0 with **“Fs are shown in Figure 1.

97 -MeV

reactions

Fermium  formation cross sections from
20 + 2%*Cm [1] are shown for comparison.
For the 2%ZNe + 2%“Es reaction, we observed only a
very slight increase in cross sections with increasing
energy. The shape of the isotopic distributions shown
do not sift significantly. To determine the most proba-
ble mass (Ap), we fitted a gaussian curve to the data
and held o = .977u {FWHM = 2.3u) fixed.
isotopes, we found Ap = 254.5, and Ap(Md) = 256.0.
More neutron rich products were observed in the
180 + 25%Eg
were found at 127-MeV ?2?Ne. Ap-values of 255.5 for Fm

and 257.1 for Md were determined. This makes the **0O

For the Fm

reaction at 98-MeV incident energy than

the most favourable projectile for the production of
neutron rich heavy actinides when compared to **Ne.
The Fm cross section is enhanced by a factor auf 10°
and the Md cross section by more than 10* when the

yields from a ?®“Es target are compared with a 2**Cm

target [1}.

In the reactions with **O as a projectile on ***Cm
and 2%“Es targets, we were able to extrapolate
(Es?%% x) cross sections from Cross sections

measured[1] with a ***Tm target assuming (i) an equal
transfer probability for a given number of proton (AZ)
and neutrons (AN}, and (ii}) no significant shift of the
primary fragment distribution by neutron evaporation
This

reactions at the barrier where the excitation energies

or fission. is possible onily in these light ion

are less than the neutron separation energies and fis-
whereas, there are large differences in
for
nucleons
ZBEU

are

sion barriers,
products with the same number of
(AZ,AN)
and

in good agreement for two proicn

cross sections

transferred in reactions with *7%U

projectiles on 248Cm targets [2]. lsotope

cross  sections

2

transfer products on ***Cm and 2%**Es as a target and
80 35 a projectile, while small differences in cross sec-
tion for ??Ne may be due to a slightly higher projectile

energy with the 2°%Es target. We used these isotope

distributions, and a similar method for three and four
proton transfer, to estimate cross section for unknown,
neutron-rich heavy actinides. The results are given in
Table 1. it is important to note that these estimates still
contain large uncertainties because we are not vet able
to predict the exact Ap position of the isotope distrib-
it

nuclei like 2°*Md, 2°'No or 2°%Lr shouid be accessible

ution. However, is fascinating to see that exotic

in reactions of *f0 with *°“Es.

[11 D.Lee et al.,Phys.Rev.G25,285(1982)
[2] M.Schidel et al., Phys.Rev.lett. 48, 852 (1982)
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Figure 1:

Cross sections for 2°°No and Fm and Md isotopes in the
126-MeV

reaction 121-MeV 22Ne + *5%Es {symbol = A},

22Ne + 283%Es  (symbol =) and 98-MeV !0 * 2°MEg
(symbol = 0). Cross sections for Fm isotopes in the
resction 97-MeV %0 * 2% Cm from Ref. 1 {symbol = *}

are shown for comparison. Open symbols are independ-
ent, full symbols are cumulative yields, arrows indicate
that these cross sections are upper limits only. The
curves are drawn to connect the data point.

for unkown neutron-rich actinides

Transfer cross section {ub]

. i
Reaction (280Mg  28lmg 280png 281y 1281y 262y
LEQ +25%Eg) 9, .3 5. 2 L7 .3
v 5 - H
22Ne+25%Es| .3 £.05 Lo 1 Sl 2




A New 105-ms Spontaneous Fission Activity Produced in the Reaction '*0 with *®*“Es

R. W,

LBL, Berkeley CA, G5
Measurements of isotope cross sections and estimate for
the production of yet unknown isotopes in the reaction
15

tionally well suited to investigate the frontier of very

#54Fs have shown that this reaction is excep-

St

heavy neutron-rich nuciei [11.

To search for short-lived spontanecus fission {(SF)

emitters with half-lives between 10 ms and 5 seconds we
used a recoil tape-transport system [2,3]. All heavy
99-MeV 0 * 2°%FEs were

implanted into a2 moving stainless steel tape that trans-

recoils from the reaction

ported the activity along 2 series of mica SF-track

detectors. Consistent half-lives and cross sections for
a new SF-activity were measured from separate exper-
of 0.2 ms™*

The weighed average half-iife from both

iments with fape speeds and 0.9 ms™?,
respectively.
experiments is (10527)ms, and the cross section 1.1 ub.
The

(0.2 ms=*} is shown in Figure 1.

decay curve from one of the experiments
The long-lived back-
ground that is observed in Figure 1 is due primarily to
EC-decay of **°*Md into the SF-isotope 2°°Fm also pro-

duced in the bombardment [1].

We do not yet know the identity of this 105-ms SF emit-
ter. But the T ub cross section for the reaction 99-MeV
1850 + 23%Es is consistent with the cross section esti-
261 Md (3 ub), 28°28!Ng (5.,.2 ub) or
26302621 (7,3 ub) [1], extrapolated from similar
transfer channels in the reaction '*0 with 2%*Cm. A
upper limit of 80 nb in the
reaction 125-MeV *Ne *+ *%%Es is, however, much lower

281t r, but would be con-

mates for

measured cross-section

than expected for 2°°No and
sistent with estimates for *°*'Md. Bearing in mind the
large uncertainties in the estimated cross sections, it is
premature for an assignment to one specific neutron
rich isotopes of elements 101 through 103. An assign-
ment of the 105-ms activity to an isciopes of element
Z=104 seem to be not possible, as none of the Z=104 {so-
topes is expected to be produced with cross sections
larger than 30 nb in the reaction of *®0 or **Ne with

ZEQES.

SF half-life for a
Md and

A 105-ms new, neutron-rich isotope

between Lr creates an interasting oroblem

s theoretical estimates for SF half-lives [4,5,8] differ

w

i

trongly in this very neutron-rich region. For lack of

o

experimental data it is an open question whether the

H,

Darmsatadt,

iandrum , E. K

Hulet

i £ b s g e s o
LINL Livermore C

p=y

new systematic of half-lives which was observed for iso-

= | I i ]
s of element 104 [7]

can atready be observed for
neutron-rich mZNo istopes. An assignment of the
With a half-life of

105 ms and a relatively high cross section of 1.1 ub it

iments can vyield more information.

will also be possible to study in detail the decay of this

isotope, e.g. total kinetic energy and mass division of

fission fragments.

4
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Figure 1
Decay curve of a new 105
SF-activity producted in tf
89-MeV ®0 + 25%Es reaction. The
result shown is from one experiment
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Recent Searches for Long-lived Superheavy Flements from the “®*Ca + 2%%Cm Reaction
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revived the

The success in synthesizing elements 1071

GSt using cold fusion reactions has much

interest in the use of the reaction “®*Ca * ***Cm to make

il

superheavy elements. in addition, recent theoretical

calculations describing the limits of fusion gave opti-
mism tc predict that “®*Ca *+ 2°°Cm should fuse without
significant hindrance, i.e. without ”extra~push”3, Cn
the other hand,

elements

previous experiments to search for

superheavy by this reaction gave negative

4 . .
results These experiments were performed approxi-
mately 25 MeV above the barrier resulting in excitation

296116 of

40 to 50 MeV. However, the heaviest elements synthe-

energies of the compound nucleus

sized so far by heavy ion reactions were found to

survive at much lower excitation energies of about
2

20 MeV only”.

Based on these new insights into cold fusion
reactions we restarted to search again for superheavy
elements with “*Ca plus #“®Cm but at considerably low-
er excitation energies of the compound nucleus com-

pared to earlier attempts in order to favour low
xn-channels.

In a first series of experiments performed in Octo-
ber 82 at LBL off-line chemical techniques were used to
search for superheavy elements with half-lives between
hours and years. The “®Ca energy entering 1.7 mg/cm?
thick 2*®*Cm oxide targets was 239.0 MeV, i.e. 4 MeV
above the calculated fusion barrier of 235 MaV (proxim-
ity - %3). The measured energy spread within the
target was 16 MeV(lab) which defines a covered excita-
tion energy range for the compound nucleus 2°°116 of
16 to 29 MeV.

248Cm targets were up to 1.0 x 107 particles.

Beam integrals accumulated onto the

Recotl-

reaction products were collected with a copper

foil bombra rdment

(6.2 mg cm?). After ea
foil was chemically processed with similar proce-
in earlier attempts to search for

at the

used already

superheavy elements by heavy ion reactions
.
UNILAC®.  This

gas-phase separation for gaseous and volatile elements

chemistry is a combination of a

and an aquous procedure aimed to separate bromide

complexes from the bulk of reaction preducts, mainly
Final samples are presently counted at

farmraibus bey o bevaar bemeed P S N ey S S R
Mainz University in a low bac cund detection system

I

]

which registers single and coincident fission fragments,
their kinetic energies and the number of neutrons per
fission event.

So far, after a counting time of about 3 months, no
fission activity was found in any of the superheavy
element samples. The cross section limits for the pro-
duction of spontaneously-fissioning, long-lived super-
heavy elements 108 through 116 as it results from ali
experiments performed are plotted in Fig. 1 (solid-line)
as a function of an assumed half-life. The calcuiated

curve is based on a counting period of 3 months, an

effective target thickness of 4.2 x10® 243Cp atoms, a
chemical efficiency for the separation procedure of
superheavy elements of 80%, a counting efficiency for
of 60%

count rate of three events, corresponding to a 95% con-

fission-fragment coincidences and an assumed

fidence level if no activity was measured.
Minzenberg et al., Z. Physik, A300, 107 (1981)

2. G. Minzenberg et al., Z. Physik A309. 89 (1982)
3. W.J. Swiatecki, Nucl. Phys. A376, 275 (1982)

1. G.

4. see e.g. J.V. Kratz, GS{-82-7 (1982} and
Radiochim. Acta, in press
5. H. Gédggeler et al., Phys. Rev. Llett. 45, 1824
(1980)
a-
[nbl|" ' \ ‘ ' ‘
] “Ca+™cm  SHE|
off-line chem.
. on-line chem.
O"j I ‘\\ é \
.
«»\u\««—’»//
kS1in 1
0,061 0,01 01 1 10 100 1000 10000 thl
Tin (SHE)

Cross section limits for the production of spon-
taneously-fissioning superheavy elements as its
results after 3 months counting time (solid-line,
for details see text). Alsoc shown is the cross
section and half-life range to be covered by a
future on-line chemistry experiment (dashed
'




Preparation of Lanthanide and Actinide Samples by Vacuum Ev

s

aporation

C. Frink, N Trautmann, G. Herrmann
Universitit Mainz
M. Schidel
. Darmstadt
- . ) P . Gy o
For a- and sponta i€ of actinides takes 40-60 s. At migher temperatures (1140 °C) the time
and superheavy elements carrier free and homogenous is reduced to about 20 s

sources are needed. Such sourc be prepared by
[ &

varioys techniquesl, most of them are time consuming and,

therefore, investigations of short tived nuciides are

des with Tow evapo-
thin short times by

hampered. For lanthanides and actini

ration heat samples can be prepared wi

quent

reduction on a metallic surface with subse evapo-

ration and deposition on a cold catcher,

The reducing material must be a thermic  stable metal

with Tow adsorption energy such as titanium or zirconium®

In this work experiments with Eu-152, Sm-155 and Am-241
as representatives for lanthanides and actinides were
performed in order to determine the optimum evaporation
The Tanthanide

activities were produced by neutron irradiations in the

and deposition conditions.
Mainz reactor A17 the experiments were carried out in a

vacuum system as shown in Fig. 1,

In each case 10 ul of a nitrate solution was transfered
to a titanium crucible and evaporated to dryness con-
verting the nitrate to the oxide. Then the crucible was
fixed between two copper holders in the recipient of
system and the catcher was placed in a distan-
At a pressure

the vacuum
ce of some millimeters above the crucibie.
of 2x10”
heating for a predetermined time. The temperature of the

5 . .
mbar the crucible was heated by resistance

crucible was measured with a pyrometer. The evaporation
and deposition yields were determined after the end of
the experiment by y-sSpectroscopic measurements of the

¢rucibife and the catcher,

The investigated nuclides have been evaporated with a

yield of 60-72 % at a temperature of 1000 %¢ and with
93-95
of the crucible and the distance between

% at 1670 “C op higher temperatures. The

catcher have great influence on the

Crucibles with a large aperture deliver

the original activity to the callector. If the distan-

between crucible and catcher is varied from 2 to

mn the deposition yield decreases from 85 % (3 mm)
54 % (10 mm) for Eu-152. Ti

This can be explained by
the fact that the evaporated act1v1ty is not completely
i

tlected on an aluminum catcher of 28 mm x 37 mm as

At

&

shown by audioradiography. f 3 mm

homogenous samples of IZ2 mm diameter were obtained

while at 10 mm the spot smeared out. The evaporization

of the investigated nuclides at a temperature of 1070 °¢

219

The adaption of this technique to a fast automatic high

3 .
performance liguid chromatography system reguires

a
cyltindric crucible with a hole of & mmand a volume of
. » )
about 1 mi. Evaporation rates of ~ 85 2 (1150 “C) and

deposition yields of ~ 70 % were obtained with this type
of crucible at a crucible-catcher distance of 4 mm and

an evaporation time of 60-80 s.

The good quality of the samples obtained with this me-
thod was checked with Am-241 samples and a-spectromeric
measlurements with a surface barrier detector yielding a
FWHM of 32 key compared to a FWHM of 37 keV achieved

with samples prepared by molecular plating

Mz - 15

poration cyctem
vacuummeter;

(8 catcher

Fig. 1: Schematic d1%%§am of the eva

O @pumps; 3 G valves; @
resistance heating; (i)cruc1b1e
quartz bell

o8
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L
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Chemical Separation of Thorium, Protactinium, Uranium, Neptunium and Plutonium

from Compiex Heavy Ion Reaction Product Mixtures

o

ctions for sub-Coulomb trans-
238y o1
dete of actinide
rhe 180,248 . .
the Ca+” "Cm reaction. The separatioc on

differences in the ion exchange behavi

id nitric acid

ments from hydrochloric

Pa, U, chloro-com which can

be adsorbed from 8 N HC1
whereas Th and the transplutonium elements (TPE) pass

Np and Pu form strong lexes

on an anion exchange column

through. Th is adsorbed from 8 N HNO 65 on a second anion

exchange column while the transplutonium elements are

not retained. Desorbents for the gubsequent elution of

Th, Pa, U, Np and Je 1

Pu are summarized in Table 1.

Table 1
Separation of Th, on anion exchange

Tumns (BioRad AG 1x8,

Pa, U, Np and Pu
-400 mesh)

element desorntion with

Th + TPE 8 N HCI
lst anion Pa 8 N HC1/0.05 N HF
axchange celumn; Pu 8 N HC1/NH,0H ,F?/,H I
adsorption Np 4 N HC1/0.65 N HF
from 8 N HCI Y 0.5 N HCI
Z2nd antion TPE 5 N HNO,
exchange column; Th 2 N HCT

adsorption
from 8 N HNG3

efiie,

Univer

ee-Datz, W, Kieling, J.- Kratz,

Zauner, G. Herrmann

jodine had to be removed from the plutonium fraction
Thereforeﬁ Pu was coprecipitated with Zr(OH)QS the pre-
Tved in 0.5 N HC1/0.025 N HF

and, after
f Pu with | NhZOH SHCT, transferved to a small

separations and Lhe preparati

samples had to be accomp?ishey

sing of the gets and the catcher foils - in these ex-
periments Cu was used as catcher material - was necessary.
The targets were dissolved in a HCI/HF

per catcher foils were dissolved in a
conc. HCT and HNO, (3:8) and the actinides were cop

2
cipitated with La(0 In this step Cu

was removed as the diamine complex. Pa was

)3 using ammonia.
isolated
solutions resulting from the dissolution

from the feed

of the targets and the La

(DH}, precipitate by extrac-

chromatography with

Then Th and U were

the reaction
After

P
Lid =



N.
Institut

The investigation of neutron-rich or neutraw—dpfﬁcient
actinide nuclides produced

ide or lantha

processes have to be applied. Gaschromatography is one

powerful tool for the fast separation of small auanti-

tfties, because the mohile phase can he operated with

Tlow-rate without losses in separation efficienc

the pre-
ti compounds with sub-
sequent separation in a gaschromatograph. Due to their
similar chemical properties homologous  Janthanide
elements can be used fo sty idy the nppfvfab[‘ﬁty of

gaschromatographic methods for the isola ation of actini-

des.

Carrier-free lanthanide isotopes were produced by neu-

. A 235
tron induced fission of JL’U and were transported con-

tinuousTy with a KCT/Nz-gasjet out of the target chamber
The KCT-clusters, fogether with the attached ission

After
3G min of irradiation time, they were dissolved in an

products, were trapped in two glass-fiber filters.

PO ge
2772 age
for quantitative extraction of fanthanides at moderate pHe
The Tanthanides,
products, are extracted within 10 s with a mixture of
0.05 ¢ nexafluoracetylacetone (HHFA) / 0.035 M tri-n-

The distribution
coefficients for some lanthanides and other fission pro-

aquecus solution of NaH A yeducing nt is required

values. together with seme other fission

1
butyiphosphate (TBP) in cyclohexane®

ducts from various aqueous phases into a 0.05 M HHFA/
J.035 M TBP cyclohexane solution are given in table 1.
Obviously, a reducing aqueous medium gives the best ex-
traction yields for yttriumand the lanthanides and the Towest

values for undesired accompanying fission products

For the gaschromatographic separation of yttrium and the
tanthanides, 0.1 ml of the organic phase is syringed
into the injector of a gaschromathraakz With a carriem
gas (70 mi/min Nz) Toaded with HHFA passing the N,
through HHFA at 40°C of the @—d;kctana—
tes in the column (2 m long, glass, 2.4 mm inner diame-
ter, 1% PPE 20 on Chromosorb § 80-100 mesh) is prevented.
The injection temperature was kept at 250°¢C , the column
temperature was increased from 150°C to 250°C with a
10 OC/min.FTg.

under these conditions,

rate of 1 shows a chromatogram obtained

together with the femperature

gradient. Iodine, which is partly extracted, appears

first in the eluata, then yttrium followed by the indi-

vidual Tanthanides accovrding 16 the

radii of the threevalent states. The p between yttrium

flr Kernche

Greutich, N. Trautmann,

mie,

221

G.

Her

Universitdt Mainz

rmann

retention times between 3.

W.C. Butts and C.V. Banks, Anal. Chenm 42, 133 {1970y
2 Trautmann and G. Herrmann, GST Scienti-
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Fig. 1 Separation of Tanthanide hexafluoracetylacetona-

tes by temperature-programmed gaschromatography

Table 1
Distribution coefficients for the extraction of lantha~
nides and some other fission products from various aque-
ous phases with 0.05 M HHFA/0.035 M TBP in cyclohexane

Element agueous phase
i
0.3 m Na,PO, H50 0.3 m H,0,

¥ 141 74 1.8
La o 52 1.1
Ce 41 56 3.5
Pr 68 75 2.0
Nd 3 £ 2.1
Mo 3.1073 3.10-3 0

Tc 0 4.10-3 0

Rb ¢ 0.012 -

Cs 0 0.011 0.63
Sr 1.47 1.73 1.39
Ba 1.32 1.10 1.25
Te (.38 G.52 0.49
1 0.72 0.91 0.57

= not detectable
not detectable

in the organic phase
in the agueous phase




G 4.2

Separation and Investigation of Short-Lived Fission Products with the HELIOS Facility

For studies on short lived lanthanide

nuclides the heli-

separator HEL

umiet ~line  isotope

obtained by
3600 /s diffusion pump. By differential pumping
through the diffusion slits the atmospheric press is

reduced stepwise. The mass ceparated ion

into the trans
of 20 keV. After

ed through the diffusion slits to the detector

collecting the activity it is

t-coincidence and

gular correlation measurements can be per-

The tape is driven by a stepping motor and

fc‘)rmed.

the velocity is controlled by a microprocessor system.
The maximum speed of the tape is 10 m/s in the contin-
uous mode and 6 m/s in a start-stop mode obtaining a
stopping accuracy of 1 mm. With this tape unit
Y-singles, ¥,%,t-coinicidence and ¥, ¥, t-angular corre-
fation measurements on 2.3 min “*Pr and 6.2 s !5°pp
were performed using a 6.5 mg/cm?® 2%°U target in the
gasjet system and the high temperature surface ioniza-
tion source2 sSeveral new ¥-lines could be assigned to
the decay of these transitional nuclides and partial

decay schemes were established.

I
___j 4——:—~_j IONBE AM

2000 Us Gittusion Pump

;T

Supply Reel

Fig. 1: $chematic drawing of the HELIOS tape systam

Furthermore, the optimal operating conditions for the
integrated plasma ion source of the HELIOS system3
with respect to the ionization of light fission products
{mass number 83 - 85) were explored. Since the fission

vields for arsenic and selenium in the mass region 83 -

229

UTIMnann

Mainz

summarized. With PbC}

stuster materi are

enhancement by a factor of 2 ! compared to KCI

i

observed®

Efficiency values for the HELIOS system using two dif-

ferent cluster materials

Nuclide Efficiency/% Clustermaterial
1igh 0.82 ?bC%z
0.46 KCl
i3 Te 0.4¢6 PLCIL,
0.27 KCi
i T e 1.06 PbC!2
0.60 KCl

In Table 2 the overall efficiency values of the HELIOS
system for **As, ®“Se and ®°Se yunder optimum condi-
tions using PbC!2 as cluster material in the gasjet are

given.

Table 2

Mverall efficiency values for the HELIOS system

Nuclide Efficiency / %
e As 0.5x1072
Pi5e 1.0x1072
2556 1.5x1072

1/ ALK, Mazumdar et al., Nuei. Instr. and Meth., 174

183 (1980}

2/ M. Briigger et al.,GS! Scientific Report 1
225

881, 82-1 ,

3/ A.K. Mazumdar et al., Nucl. Instr. and Meth., 139
319 (1978)

4/ W.Ziegert ot al., Jahresbericht, Inst. f. Kernchemie
Mainz, 1980,p.22




Solar

Cells as Detectors for Fragments of Volatile Spontaneously

%)

Fissioning Nuclides

M. Hildebrand, H.
s

In

M. Brigger, H. Gdggeier, K. Summerer, W. W

In the search for superheavy

taneous fission activity provides the most sensitive

method. From the predicted chemical and physical proper-
ties some superheavy elements sych as 112 and 114 are

expected to be yelatile at room temperature. So far such

u
prePepegaometry by a
etector (ring detector) through
whichithe gases. were transported and condensed on @
cocled copper-surface placed opposite to the detector.
By “the applicatton of thin photovoltaic cells, cogled
From the backside by @ cryogenic pump and acting both
asva

condensing surface {down to 70 K) and as a fission

fragment detector1 it is possibie to perform Lo~
measurements under coincidence conditions. The energy
resolution for fission fragments of monocrystalline as
well as polycrystalline solar cells from different

suppliers was determined with 2 248

Cm-source using

conventional electronics and applying no bias voltage.
The best results with respect to temperature and energy
resolution were obtained with a
AEG with 100 um thickness and

Fig. 1 shows the energy spectrum of

monocrystalline cell from
=200 mm2 active surface.
248Cm~fission frag-
ments obtained with such a photovoltaic cell demon-
strating a peak-to-valley ratio of 2:1.

250
200
a
£ W0 -
=
5
5100 -
-
E
S s
oL
R i i i 1 i lj
il 180 200 300 400 500 600 70
fhannet number
i - S T = 2@8/“ L it T
Fig. 1y Energy spectrum 01 Cm Fisgion fragments
- measured with a solar cell

Furthermore coincidence measurements were made with

the <olar cell and a surface barrier detector

{ring
detector) to define the optimal coincidence conditions.
The tests with a2480m source on a thin carbon foil
demonstrated that the total kinetic energy of the fission
fragments can be determined with a FWHM of 23 MeV.

In the next step the solar cell was fixed to the cold

nead of a crye pump and the energy spectrum was measured

Kieling,

w,

Trautmann, G. Herrmann

titut flr Kernchemie, Universitdt Mainz

Darmstadt

3t 70 K. Np drastic decrease

was obsarved. In the set-up

mental conditions, an annul

was positioned oppusite %o

cryogenic chamber {Fig: 2}. A ca illary thro
(Figes2) p i

Carrier gas {"“—‘—”—‘ =
+ wolatile profiicts | i i
N 1 e S =
1 |
T | 1 1
1 L i
| ,/”"’”"“'w’T”/“\ ‘‘‘‘‘ - i
L capitiary { ! .
] | —
'L_LSUriuce barrier L__(n yacuum
-~ detecior | 1| pump
i ‘ i

Cryo pump

Fig. 2: Schematic diagram of the cryogenic chamber with
an annular surface barrier detector and a solar
cell for measurement of volatile spontaneously
fissioning nuclides under 4r geometry and coinci-
dence conditions.

of a
of the

solar

the volatile products are transported by means
carrier gas (argon) is passed through the hole
surface barrier detector ending 1 mm above the
cell. This arrangement allows to measure El/E2 coinci-

dences from gaseous spontanecusly fissioning nuctides.

The condensation efficiency of the set-up

ted with radon isotopes (4.0-s 219Rn, 56-5

o PP 559
o v /4 228
Rn) liberated from “'Ac-,

was investiga-
220py,, 3.8-d

. . 226
Th- and 7 Ra=-sources

and transported with argon as carrier gas through

capillary. A temperature of 70 K on the cold head

cryo pump can be maintained foracarrier gas flow ra

te of

up to 150 mi/min. The condensation yield for radon was

determined by a-spectroscopy with the

cryogenic chamber with the solar cell
time applied in a search for gaseous e
. 48 248 : AT PR Ty
in the Ca+  Cm experiment performed in October 1982.
Loa : . : gL

G. Siegert, Nuclt. Instr. Meth.

Giggeler et al, this report, p.






