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U“dwwmp;ex was gugges*‘ﬁe«;ﬂ} If long-tived giant
nuciear complexes exist, this could possibly show up in
the cross sections and angular distributions of transfer
products.

In & previeus report[3]. it has been shown that the
integral cross ssctions for the formation of the surviv-
ing transfer product 2°%U in the reaction 27381 + 233y
over a wide energy range from the Coulomb barrier
down to 73% of the barrier behaves as expected from
semiclassical considerations. in addition angular dis-
tributions for ?*°U have been measured at angles from
180° to 45° in the laboratory and at various energies.
The angular range. was chosen to avoid contaminations
from transfer products of the beam with light target
impurities like oxygen or with the carbon target-back-
ing. Fig. 1 shows the transfer probabi%ity versus the
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overlap-parameter do = MlN/(A }, where

RM}N is determined by the scattering angle assuming
pure Rutherford trajectories. Corrections of 50%, 25%
and 12% for target-like contributions have been appiied
at all energies for the three data points nearest {o the

o o .
45, angle (45 corresponds to the highest d_ val-
tab i ab E o

ue of each energy) respectively. Accoerding to the semi-
classical description the transfer pmbabiiity should
scale w the distance of closest approach and all dats
points in Fig. 1 are expected to fall on a straight line.
The strong deviation of the experimental values from
that straight line at do s 1.45 is very likely due to
absorption out of the quasi-elastic channal. But still in
collisions with much less nuclear overlap (i.e higher
6G-vaiue3) deviations are observed. As one can see

from Fig. 1 at all energies always for the central colii-
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to keep in mmd that 'ﬁ‘m 2 symmetric §,y$ tem in central

auasi-elastic collisions the projectile-like transfer pro-
ducts have very low velocities in the laboratory. Strag-
gisng eff@gts in the targset might then modify the angu-~
lar distributions for the largest laboratory angles.

Fig. 2 shows cross sections for the formastion of more
complex transfer products. If no cross ssction is given
for a certain isctope in Fig. Z this means that due to
unfavourable decay characteristics this isctope could
not be detected with a sensitivity comparable to cross
sections of observed neighbouring nuclei. But what
clearly can be seen is that even at energies below the
nominal barrier the transfer of many nucleons is
observed as for example a 2pYn-transfer with 8 ub at
5.8 MeV/u (0.95 * B). The reaction mechanism leading
to the more complex transfer channels seems to be dif-
ferent from the quasi-elastic 1n- and Zn-transfers. To
get a better Lnd@m‘rarzdmg of their origin it is plannsd
to measure angular distributions for the more complex
transfer channels as well as cress sections for the fis-
sion component. [n order to lock for a signature of a
long-lived giant nuclear complex we will try to find
compiex transfer products at lower beam energies, whe-
re even for central collisions the nuclear overlap should
not be sufficient to allow for many-nucleon transfer in
‘trivial' damped coliisions. This should be indicated by
a strong decrease of the fission component.
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Complete mass and charge distributions were deter-
mined for the 5°Ti bombardment at 4.85 MeV/A, for the [ | T I ’ i
S¢Cr bombardment at 4.90 MeV and for **Fe at 5.02 wh | i 50 .
WMeV, by the =l & into 220 lf i TE * z%?pm
chemical fractions which were then subject to a-particle A i | L85 MaV
5t ! 5 Me
and ¥-ray spe A pica ig E el §' i
shown in Fig. 1. Rather then exhibiting the expected ~o i 1
fusion-fission peak at symmetry, t © Wr ]\
absolutely flat for a large central 2 - r! & -
< Z £7%). Near target and projectile ok 1
guite narrow peaks from transfer reactions. k - & \J7
bombarding energies the cr o 2‘0 pon po. o é‘ﬂ ;5 6“0 -
at symmetry was measured by separating lodine {re- PROTOM NUMBER
presenting a typical product of the mass-symmetric fis-
sion-like reactions). Data evaluation is in progress. Fig. 1 Element yields for ®°Ti* 2"7Pb 4 85 MeV
The missing cross section peak at symmetry indicates,
that already for 5°Ti + 2°7Pb there is a very significant
suppression of the fusion channel. This observation is
in agreement with the largely suppressed evaporation - - 7 ! i i ' ’ o 0
residue cross sections /1/ in the same rzaction at the = ;
same energy, which - if reproduced by statistical evap- % 10 _ 40 ;}
oration calculations - require the assumption of a hin- ; ‘ ?é
drance factor of about 30 for complete fusion /1/. The % 100 & 4 100 3
cross section deficit is apparently due to the tendency e - 1 52
of the system to drif {qus ‘Q”;j LS 3 07 g
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expectations based on the transition state wv (“QT)
and on rotating liquid drop moda {RLDM) Saddée point
shapes. . The validity of these expectations for very
heavy systems is being aquestioned /3/ and modifications
of the TST /4,5/ are being vividly discussed /6,7/.
Deviations from the RLDM expecfations are being asso-
ciated with the onset of quasi-fission reaclions
/1,2,8,9/ ococuring whenever complete fusion is sup-
presssd by dynamical & e channel limitations /10/.

We have measured differential cross sechom dZG/cmd/
for quasi-fission fragments from *°7j % joris
at 5.0 and 5.5 M&V/A and "°Fe +2°?Fb collisions at 5.7,
6.1, 6.8, 8.3 MeV/A. The measurements were per-
formed with an off-line X-ray activation technique /11/.
Examples for distributions of d?¢/dQdZ are given in
Fig.1. Al angular distributions xcem the ones for
(Z,% Z,)/2 are asymmetric around 8c,=90° with forward
peaking for charges Z<(Z,* Z,)}/2 and backward peak-
ing for their heavy complements. These asymmetries
decrease as the charge drift from the entrance channel
charges progresses toward symmetry., The requirement
for the TST to be applicable, i.e. that the system
rotates many times as it slowly decays over the barrier,
is clearly not met. Because of the vanishingly small
fusion cross sections /12/ in the present reactions, we
believe that the features displayed by the differentiai
angular distributions in Fig.1 are entirely character-
istic of quasi~fission reactions.

The relaxation of rotational degrees of freedom during
deep-inelastic collisions has recently been studied in
detail /13/. For intermediate reaction times encount-
ered in quasi-fission reactions little is known about the
excitation of these modes. In order to extract this
information we have fitted the angular distributions for
each Z with a simple expression

Isind )
i @4;’/9/2 T2re7) deK M
pt

Eqn.1 is based on the factorization of the probability
density for a given exit direction into (iJ a cross sec-
tion function f(8) and (ii) & gaussian distribution of
projections K of the total angular momentum vector | on
the fission axis with a variance K3.

(i} {6} contains the physics of mass equilibration and
basically determmes the central range of d?0/d0dZ
(20°<0<160%). In Fig.2, f(0) is chosen to be an expo-
nential function describing phencmenoclogically the sta-
tistical decay { during rotetion } of an unstable
di-nuclear systam.

Y The cross sections close o the beam axis ( ag20%,
92160°) reflect the modifications of (8} by the tilting of
the symmetry axis of the di-nuclear system with respect
to the reaction plane of the entrance channel.

A fit using egn.l with 2,#65 % /9/ and T3 =1 for all 11
shown in Fig.2. For S°Ti +2%%Pb at 5.5 MeV/A one
obtains Kez/ (Ke=4.5 at 5.0 MeV/A) for sl
near-symmetric charge splits. Theoretically, the equi-
iibrium value for the 5td‘?defd deviation of the tilting
flyctuations was estimated /13/ for two %p?‘mréc‘éi nuclei
in contact as Kg*14.5. This indicates that the tilting
mode was not fully relaxed during the reaction time of
«1072%s.
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Ly rise  of the
-G ab“v& the pion thresh-

a compari &7 ing % upper  limit  for the

EPb(*He, 1) iﬁﬁz - Cross aeutfons ;heﬁre enst quaz~ At - ¢ ions of 20:? nanobarns.
itative estimates based on a rmi,mmm ic model of plonic With a g@em set of tabgs rs {enrichment 99.81%
fusion /3/ which predict that the cross section for tne improved target prepa ation) we anticipate to lower this s
pionic fusion of *"'Pb and ‘””@6‘ should be considerably limit to the 1 nanobarn level in future bombardments
jower than 5 : - - to the simils
between ent
both consist of Deferances
et al. Gga :
severzl energies aﬂ’a reported cross sections above 1. Le Bornec et al., Phys.Rev.Lett. 47, 1870(1981)
pion-production-threshoid of several nanobarns /4/. We 2. Bimbot et al., :*'q,,e\ Lett. 114R,311(1982)
made an attempt to measure the excitation fsmrt'on of 3. Huber ot al., Nucl.Phys.A398,191c
tha 2°7PL{%He, v~ 12 ' At - reaction at the 4. Ward et al., indian U”‘;m“{ ) Chemis-
cyclotron JULIC by radiochemical metheds. These are try and Cyclotron Facility .mn‘Rep‘ 1980, p.63
best suited for this problem because of their extreme 5. Zauner et al., GS! Scientific Report 1983, GSi
sensitivity: For a-active nuclei, formation cross sec- 84-1, p. 233
tions as low as = 1 nanobarn can be measured with an 8. Djzlosis et al., Nucl.Phys, A250,14971975)
accuracy of = 10%. T

i ead targets fabricated from isotopically enriched
material (92.4% *"7Pb) by rolling self-supporting foils
of 20 mg/em?® were bombarded with o-particles in a Far-
aday-cup for about half an hour each with total particle ‘ 99
numbers of typically 4¢10'%. in addition, bismuth tar- 2038 gﬁ*gﬂg }{Néé ,ﬁ CROSS SECTIONS
gets (100 ng/cm® supported by foils ot
20 mg/em® *=*Pb) were irradiated in order to measure
the 2°9°Bi(“He,xn)?'*" %At - cross sections. This was -
done because the lzad targets mught rxmera‘taaizy contain
minute amounts of bis ; naup"“‘ Such a contam- -

aTsT produce activities SIS awb to tho <
from pmmu (US{OW due to the very ﬂ rge cross zectmns 100 EE
{= millibarns). These irradiations lasted about Z min ] <
each, and total particie numbers were typically 1=10%%, % 3

The formation cross sections of various ast i Bl i
topes were determined by a-spectroscopy. %Z: E
a-emitters  29€,288,21005  gzre  produced o
APb (*He, xn % ~%Po-rea in ntities, = 1
this element had to be removed chemically. In addition, bag E

4

fh@— Fmst@h m~ﬁcﬁ<,srts haﬁ o be enmmated in order te)

extracted, see fig.1l.
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Search for VYolatile Heaction Products in the Reaction 2 8& + 777G

N. Hildebrand, W. Kieling, J.V. Kratz, N. Trautmann, G. Herrmann%
Institut fir Kernchemie, Universitdt Mainz
M. Brigger, H. GHggeler
GSI Darmstadt

Predictions on. the chemical behavicur of the super fission event was observed during the irradiation fime
neavy - elements show that the elements 112 (eka of 2% h giving no support for the baerva-
mercury), .1id{eka-lead) and 118{eka-radon) may be tions.

volatile at voom temperature. Therefore, chem

procedures for the separation of volatile reaction Figure 1 shows the resulting upper cross section limits
products were used in various attempts to produce for very wvolatile spontaneously Tissioning nucied
superheavy elements by heavy ion veactions. A few versus the half-life on a confidence level of %5 2
spontaneous fission events have been cbserveﬁl’z’B in taking into account a transport time of 30 s in the jet
the very volatiie fractions isolated in the reactions and a deposition and counting efficiency of 10 %.

136, ach 238b N 238U and ZBSU . 248

AT T

Cm. But thus *and GSI Darmstadt
far in all experiments only single events could be

3

measured -by means of a surface barvier detector. In

order to permit a more specific identification of

I T T T T T T T 1 T
fission fragments by fragment-fragment coincidence 10728 /! s

J 238LE

measurements-. a - detection - system consisting of a

T
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cryogenic chamber equipped with an annular surface
barrier detector and a solar cell was developed4
This equipment has been used in the measurement of
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volatile reaction products in the reaction
48Ca + 248

recent experiment for the detection of very volatile
238U N 238

T
o,
vl

5
Cm~. Furthermore, the system was used in a
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reaction products in the U reaction.
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In this experiment nine 238U«targets (3.9 mg/cmz)

fixed on a rotating target wheel to prevent thermal
238

T
:

(it iRl

PRODUCTION CROSS SECTION LiMIT [cm?)

damage of the targets were bombaraed with U-pro-
jectiles of:.1644 and 1880 MeV energy. The reaction

products were transported with.a cluster-free argon-

T T T T
i

S
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jet to the cryo-system. The voiatile products were 0k | I | ! ! i ! ! »?}U

passed first through a quartz tube filled with quartz w0 10 10° 108 it
powder and heated to 1000° C to trap the non-volatile HALF -LIFE {s]
products and then through a tube filled with tantalum

foil (T = 800° C} to remove traces of water. The Fig. 1: Cross section limits for the producticn of
. ) . 4. 4 volatile spontanggusly f1ss10n1ng products

iy CY e pYroguelys ware Sor % Y g 05 syt el ceryt

volatiie products were condensed on a solar cell kept in the reaction 298y + 238y

at 50 K which operates as a fission fragment

detector. With an annular detector in front of the References
5]
sotar cell E,/E, coincident fission fragment measure- “S. Yashita et aE,, Lawrence Berkeley Laboratory
L Report LBL-6547 (1976)

TKMz-250

ments and o-events could be registered. During an
irradiation time of 25 h on-line o-spectra were

[N

H. GHggeler et al., Phys. Rev. Lett. 45, 1824 (1980}
ST M - 1 s o b c
collected and possible Fission events could be 1isted gng ~Mainz-Livermore Collaboration, to be published
N. Hilde hfand et al., GSI Scientific Report 1982,
L 4 (1983}
o i adiati Tticcald LB T e v a .
end of the ivradiation multiscaling experiments were Hildebrand et al., GSI Scientific Report 1983,
performed to follow the decay of the condensed 84-1, 84 (1984)

5

by 2 microcomputer system on a line printer. At the

reaction products.

The main o-activities can be assigned to radon
isotopes and their daughter products. No spontanecus
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Previously An whi pro-
98 MeV wounpced with **C as & {see Fig. 13, is the

i . . .
target observation of egually sections for the 1p
mation coross sections for trans-sinsteinium isotopes (Fm}- and the 2p (Md)-transfer followed by a large gap

The most

interasting

point to note is the

comparison with other

same product. Psak cross sections of abou

£

compare with only 1 ub in **C *+ **°Cf [2] and 10 nb in

180y 228g + 2%8Cm [3]. The neutron-rich isotope **°Lr
iz produced with 1.1 ub in the ?2Ne * ?®%Es transfer
reaction, while the compound nuclear reaction

258 Cm (5N, 3n)2°°%Lr gives a cross section of only 2 nb
[41. These higher cross sections with **“Es targets can
easily be understood when one Keeps in mind that for
systems with light projectiles and heavy targets at bar-
rier energies (i) about 50% of the total reaction cross

section goes inte transfer channels, (ii) transfer pro-

ducts heavier than the target are formed predominant-

and ther aaain only
the 3p (No)-

structural

of two to thre

lightly higher cross sections for ovar the

s
4o {Lri-transfer. We interpret this as 2

since it is not observed if
the

@

ffect in the light i
the

2381  + 23Bj op 23 ¢ 2R¥Cm peactions.

projectile,

same transfer channels are studied in

From the isotope distributions shown in Fig. 1 we are
ions of vet unknown heavy
280pad . 25%No  and
281 p should be produced with cross-sections between
100 b and 1 ub. 2618g and 2%% e

several tens of nb,

able to predict cross sect

actinide nuclides. The nuclides

For we predict
whereas the extrapolation to *°*Md,

282Ne and 283 Lr yield a maximum of a few nb.
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ly, and, most important, (iii) because of negative on Nuclear FPhysics, Bormio, 1984, p. 513,
ng»vaiu&s these primary fragments are formed with M. Schiadel et al., G351 Scientific Report 1983, GSI
FE S . . 84-1, p. 78, and references therein.
s ‘I I 4
very low excitation energies (< 10 MeV), so that in 2. D. Lee et al., Phys. Rev. C27, 2656 (1983)
most cases the observed products are directly formed 3. D. Lee et al., Phy& Rev. 5, 286 (1982)
. . . at 5 (1971}
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In the previous ann aport we present
tation functions for heavy actinides from the reaction
of *8Ca + *%®Cm. These investigations have been exten-

ded to the system *%Ca + %*®Cm to explore the influence
of the very different N/7-ratios between “°Ca and “®Ca
on the production of heavy target-1ike products. AN
experimental details are described in Ref. 1. The 2*%Cm
target {1.7 mg/cm® of 2*%Cm) was irradiated with E Etab.
235, 260 and 253 MeV “"Ca projectiles. These energies
correspond to 1.07, 1.10 and 1.25 times the calculated
interaction barrier. The energy Toss within the target

was measured to be 14 MeV.

The evaluated cross-sections for the production of

[43]

isotopes of Bk, Cf, Es and Fm are Tisted in Table i
Independent of the bombarding energy, the mass distri-
butions peak at the most probable mass numbers Ap of
about 248 (Bk), 248 (Cf), 250 (Es) and 252 (Fm), which
correspond-to net transfers of (+1p,-1n), {(+2p,~2n),
(+3p,-Tn)and {+4p, On) nucleons from the projectile
to the target. It is interesting to note that these iso-
topes are very near to N=152 (and complementary light
products near N=20) which might indicate the influence
of shell effects on these transfer reactions. Morecver,
these Ap values are surprisingly neutron-rich compared
to calculated primary A “})va?ues obtained on the basis of
potential energy considerations” which give 242 (Bk),
244 (Cf), 247 (Es) and 250 (Fm).

1

In Fig. 1 a for the

elements Bk through Fm which are determined from Gaussian

[Py =~ r\\ e P
re ;10 ted excitation functions

[T

shaped isotope yield curves. We observe highest cross

%

sectiens for the lowest (mainly sub-barrier) energy and
h
h%gher energies. However, since v
at forward angles only
eﬁt%re?y by exciuded that part of the target-like nu-
clides were lTost at the highest bombarding energy be-
cause of an emission angle 2 6&

resently at EIR Wirenlingen
1zo 2t GST Darmstadt

o

T W.R. Daniels et al.

, BSI Sci. Rep. 1983, p. 85
2 H. Freiesleben and J.V. R

Kratz, Phys. Rep. 106, 1(1984).

Stimmerer, G, Wirth

wTmant

elements from “%Ca + 2%8Cm.
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220 260 300

R

Energy [MeV]

Mef {281 - 2&;%} Hev®
8k 244 64,7 20 60,0 5 47.3 k]
245 575 1z 605 5
246 2020 4 1900 2
248w 547G & 4575 3
250 250 8 330 8
Cf 245 84.7 14 44.2 H
746 218 G 185 19 135 z
1800 5 1585 4 1375 3
320 63 260 53 175 80
50 a2 45 65 46 80
156 7 80 7
190 26 145 20 15¢ 10
i2.8 23 10.9 37 5.6 30
2.6 20 2.5 40 1.8 40
0.33 33 0.30 20 0.25 32
2.8 14
251 7.0 80 5.2 21
252 6.85 2z 5.2 8 3.3 iz
254 $.39 30 0.31 & f.22 5
256 0.004 50 0.007 30
& Range of projectile energy (laboratory system) in target.
b Statistical standard deviation based on the analysis of the decay data.
Fig. 1: Excitation functions for target-Tike transfer
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Cold massive transfer in the reaction *®Ca + 2*%Cm

Siimmerer, G. Wirth

Kratz, N. Trautmann

in the res
dicated that far-below target nuclides are pr d al- curium element yields are considerably lower compared
: y
to "®Ca, i.e. the cold t

crass sections n mass symmetry is no longer
: 2
curium elements”,

o .

termined isctope yields for the elements R ihrough Pu

using radiochemical technigues. A 1.7 mg/cm?® thick **%Cm I ;’ g?m%:ggzif gt al., GSI-Scientific Report 1983,
(oxide) target was bombarded by “°Ca at £y, = 264 MeV. 2. D.C. Hoffman gt‘§1,575u§mftﬁe§ %O fhya; Rev. C. (1984)
The measured energy loss within the target was 16 MeV. Z: ;i §$2?:Z?Zb:; iga’Ji;?pi;ZiZtSnkizwklp 106, 1 (1984)
U, Np and Pu yields were determined off-Tine: Copper \ ,
catcher foils {about 6 mg/cm?) placed hehind the target ,
were chemically processed after bombardment and final Table 1: ?Zffei§?56§m§ffffinm323Efry <Ap} and secondary
sampies analysed for alpha and gamma activities. Yields Element Y mvavAnguuwxw mudd;? AA
for short-lived a-active isotopes of Rn, Ra, Ac and Th p P
were measured on-line by coupling a gas-jet i?aasgofta: g? §29; ;Oo)igg:g ggg’;g i g'gg
tion system to a cryogenic chamber or the ROMA appara atus”. Pu { 94 ) §ﬂ2.5 242:25 - OzéS
Evaluated cross sections together with values for #h E gé % Sgg°g gzg‘gg i g 88
trans-curium yields? are plotted in Fig. 1. We observe a Ra (88 ) 221.75 223.25 +1.50
very asymmetric shape of the mass yield curve with Rn (186 ) 215.5 217.00 *+ 1,50
rather constant cross sections of about 200 ub for *'®Rn,
222pa, 2%5Ac, and 22°Th {maximum isotope yields of the
corresponding elements). In additicn, isotope yield Fig.1 : Radiochemically determined isotope yields for
curves are much broader for below Cm elements {(i.e. Rn through Fm from 48Ca + 248Cm
FWHM = 5 amu for Rn)} compared to above Cm elements (i.e.
FuhM = 2.5 amu for Fmj. (ubET . ; = | e T
In order to estimate average excitation energies for H d g + 80 ig
surviving products, in Table I the measured maxima A, of 100 - 2L8 - 264 MeV ;
the Gaussian isctope yield curves from Fig. 1 are com- £ an &
Ay vatues deduced Trom z_ *//f<\§ @
4 The differences A = g 10 F /
<k f
of the number of neutrons & !
v !
tow Cm element Rn {frans- 0 /
neytrons from the farget 2
to the projectile) AA is 1.5 amu corresponding to an ex- 100 e
16" = 5
10° - ; ;%G A




Kratz,

Meutron-vrich neptunium isctopes are produced with
high in the 136y, . 244

used automated chemistry technigues coupled with a

yield Pu recac‘mn] We have
5 Gas
iet transportation system to isolate new nmeptunium iso-
topes from a mixture of recolling reaction products.

in one experiment, the coupled centrifuge system,
SISAKZ,

tion-oxidation procedure on the time scale of a few sec-

was usad to isolate neptunium with s reduc-

jet was continuocusly

which

Activity from - the gas
by SISAK,

contaminant-free sample that continuously flowed

onds.
processed produced a
in

front of a gamima ray detector. In addition to thée gam-

2428 we observed

ma rays of the known Np activity,
gamma lines at 287.5 and 162.8 keV, which may corre-
spond to the 5/2+[622] -+ 7/2+[624] transition in 243p
the &+ + 4+ transition
band of 244Pu

tial levels are likely to be populated in the beta decays

(figure 1) and in the ground

state rotational respectively. Both ini-

of 243Np {probable ground state J"= 5/2+[642]) and
244Np (probably coupled from p 5/2 [642] and
n 972 [734] to J" = 7-}. Initial half life estimates from

L 3
the SISAK experiments were 50 saconds for 24”Np and

244!\!;;, in comparison with predicted

20 seconds for
values from the microscopic t%‘neoryg of 185 seconds and
8 seconds, respectively, and with those from the gross
thétyry4 of 25 minutes and 3 minutes, respective%y

NP,
an experiment was performed with the Automated Rapid

In an effort to better define the half life of

Chemistry Apparatus, ARCA5¢ Activity from the gas jet
was coliected batchwise and processed to produce a
Samples contained
which did not
life of the

2.8 minutes,
l.a and Ce,

interfers with the determination of the half

neptunium fraction in

small contaminants of Hf,

287.5 keV gamma ray activity. The decay of each sam-

ple was foliowed for several haif lives; the data from

sixteen runs were combined, resulting in the decay
curve shown in figure 2.
[ . . L 243, ,
As a further verification of the identity of N,

the initial activity of the 287.5 keV gamma line was con-

verted toc a cross section. A total decay energy of

2170 keV is kmwns for the & deecay of Z%N@ Log ft

. I . , L 4,
valuss for B decays to the levels in z zPu were

assumed to be equal to those for equivalent decays orig-
g

Brigger, H.

Giaggeler , G, Herpmann®,

Stmmerer (GS1 Darmstadt)

J. Rogowski, R. Schmoll,
Trautmann {Univ. Mainz)
i, . Alstad (Univ. Osio}
Skarnemark (Univ. Gdteborg)
A. Tirier {Univ. Bern}
Hoffman (LBL)
inating from 235?\59 Approximately 70% of the decays

pass through the 5/2¢ state at 287.5 keV. The internal

conversion coefficient for an M1 tansition was esti-
mated, vyielding an overall gamma ray intensity of
roughly 30%. This results in 2 cross ssetion of 20 mibs,

. . . 1
consistent with esstimates’ based on the systematics of
the yields of other actinides produced in the reaction.

* and Universitit Mainz

N
presently at EiR Wilrenlingen
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5. W. Brichie et.al.,
84-1.

6. E.R. Flynn et al.,

GS1 Scientific Report 1983, GS!

Phys. Rev. C19, 355(1979).

Probable J~ =5/2+
%3
Np
Q= 2170 keV
142+ [620] 625.6
72 + 6131 580
=T bzs
172 + {3 W_@g_&
Si2e622 2805
2+ 16201 v 0.0
23
Py
1. Proposed decay of ‘443%‘:;*“ The epved photon
transition is indicated.
W'D byet1203m “%’*
\ E,=287.5keY |3

COUNTS/MIN

-
O'\)
v
+
P
Wb
]
L

2. lLeast-squares fit to the half life of ‘143
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Light actinide yieids from the

assess the possibility of pro

isotopes of the light actinides. A
{1 mg/em*) was irradiated with
betwsaen 750 and 860 MeV (1.05 to 1.20 times

Recoiling reaction products were

nal Coulomb barrier}. g
stopped in a volume of Ar gas containing KCl clustars,
and were transported along a capillary to an Automated
Rapid Chemistry Apparatu (ARCAE!, where they were
collacted on a glass frit. The elements from Pa {Z=91)

to Pu (7=94) were chemically separated; the resultant

ne were ready for gamma-ray counting between 4
and © minutes after the end of each accumulation. Data
twelve runs were summed to improve statistics.
vield and transportation efficiency
of 25% ion time of 60 seconds are

assumed in the cross section calculations.

and a transportat

Cross sections are plotted against product mass

number in figure 1. Where necessary, Cross sections

have been corrected for feading prior to the chemical

separation, except for the 243?% point,
242 240Mp

fata given for

Np and are the sums of the cross sections of
both isomeric states; the isomer ratics are roughly 1.
234

Only the high spin isomer of Pa was determined. We

estimate from our data that, in this reaction, the cross
sections for the production of hitherto undiscoverad

o 41
‘CJBNp and M‘U are 15 mb and 3 mb, respectively. We

. . 244
also expect cross sections in excess of 1 mb for “Np
243
and u.
Gur data doses

study of the

e contaminanis

i

ous work, whic

nations vis gross beta activity. Figure I shows a
comparison  of our data with that from the
136}{&% + 243(35& systemg. The differsnces in the absclute
magnitudes of the cross t for simifar

exchanges with the e to the
reaction energies than to T

ison of t
neutron-deficient

ot B

reaction  relative to th

-
i

reaction. This can be ex

M. Brigger, H. Giggeler , G.

Herrmann®,

in the potential energy surfaces of the two reactions;

P

duced from Cra.

* and Universitit Mainz
* as .
presently at EIR Wiirenlingen

1. W.Brichle et. al., GS! Scientific
84-1.
2. 0. Lee et. al., LBL Nuclear Science Division Annu-

sport 1883, GS!

ol

a! Report 1878-79, LBL-9711.
3. K. Moody, LBL Report LBL-16249 (1983).
0 T - R
- [ 34
Pyl 2
[ \v‘é
1

Cross Section (mb)

O
Xe+ Pu,

£ = 750 - 860 MeV

Projectite, ab

0.1

. L
235 240 us
Mass Number

. - - 138
1. Light actinide vieids from "Xe
efficiency is assumad.

o
o
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[
o
o®

mn[ . . .
‘36.}(5 ?2tuupu :
13 245 2
nXe‘ fm o :
7
10 9
Wy
o
4
=
S B
\ %
i ,
% . !
il -5 [
Apragct ’Azu
2. Comparison of actinide vyields from 750-860 MeV
136-Xe + J44-Pu  with those from 700-79C MeV

136-Xe + 248-Cm. Z, is the target proton number.



- 95

Production of below-target products in

136 R . 173
“UXe induced resetions e
Fe *, = e o ®
Yo sunten © , . Wegmldiler

LR, Wirenlingen

R. Schmell, J.V. Kratz, H. Keller, §. Zauner

¢ fiir Kernchemie,

Universitdt Mainz

K.J. Moody, W. Briichle, M. Brigger, M. Schidel, K. Stmmerer, G. Wirth
GS1 Darmstadt

Quasislastic transfer reactions inducad by 6}(@ on

’:{F
239,244 43 . ) : )
Pu, " NU-targsts wers gzad o produce

he excitstion functions fer

these reactions have %o be known for the optimization of

the bombarding energies for the production of new neu-
tron-rich light actinide nuclides /1/. Furthermore, a

comparison  of actinide excitation functions with those
o ; 146
for the much less fissile transfer products from Xe *

.
186, . . . . .
W reactions will shed some light on the sensitivity of

products populated by transfer channels to fission and

neutron emission. The experimental techniques involved

collection of the target-like recoils in  several

Cu-catcher  foils, radiochemical separations  and

¥-activity measurements.
239;2449 and the AJau

target irradiations were dissolved in a mixture of het

The catcher foils from the

conc. HNO3 and traces  of HC§D4; The solution was
passed through a 60x3 mm CiX-column in the nitrate
form; the Pa/Th-fraction was eluted with 9m HGCI/ 0.1m
HF, the Np/Pu-fraction with 8m HCI/ 3% NHZOH*HCI/ 2%
NH4J and 4.5m HCI, the U-fraction with 0.5m HCI. The
Pa/Th- and the U-fractions were purified by solvent
extractions. Chemical  yields were determined with
radiotracers. The catcher foils from the WSW irradia-
tions were dissolved in a mixture of conc. HNO3 and
HZO?_' Hf and Lu were extracted into TBP absorbed on
Voltalef powder and backextracted with 2Zm HCi/HZOZ.
The Ta-fraction which passed through the TBP-column
Hf and

Lu were separated from each other on a HDEHP- column

was purified and coprecipitated with Fe(OH)3

and coprecipitated with Fe(QH)S.

Prefiminary results for the Bombardment of NSU and

A
245 targets (700-900 ug/em?) with 3¢

nge (1.1-1.2)%*E

Xe in the ener-
g are shown Fig.l. For
one-neutron transfers to and from the target and alse
-proton transfers from the target quite similar

cross sections are observed independent

decrease for lower masses. This indicates that products
are formed in a broad range of excitation energies. Sim-
flar observations are made for transfer reactions

1an Ten
196 186 o o
between =~ Xe and '“TW. A preliminary excitstion func-

186,,,,136,, 133 184, , I

& W e, Ba} ' Hf- reaction is shown
in Fig.2. The excitation function exhibits the typical
features of quasielastic transfer reactions /2/: & sharp

increase at the interaction barrier /3/, and a behaviour

constant cross section at energiss

This is

ma!l transfer probabi

The cross section at

interaction radii at sl energles.

Fom
matic losses which may not have been fully corracted

=642 MeV represents a lowsr limit because of kine-

The processing of the dstz of the bombardments on

239

the Pu-target i in progress.
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/1/ For details ses K.J. Me:»{)dy et al., this report
/27 D.Gardes et al., Phys.Rev., Ci 8 1288 (1878)

/3/ G.Franz &t agd, z. Physik AZ5T, 167 (1979)
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Rapid Preparation of Lanthanide and Actinide Samples by Vacuum Evapora

C. Frink, W. Kieling, N. Trautmann, G. Herrmann*

Institut fir Kernchemie, Universitdt Mainz

short half-lives of At an evaporation time of 20 s and
c

1280° €, 20 % of the

produ n heavy-ior
an aimost quantitative remained in the crucible whereas at 1350°
for the preparation of evaporation time only 5 - 8 7 could be found.
thin and uniferm samples for o- and spontanecus best collection ylelds (= 50 %) were obtained at a
fission measurements  from chemically  separated crucible-foll distance of 10 mm.
fractions of individus! elements. Such samples can be %and 651 Darmstadt

obtained by vacuum evaporaticn of actinide compounds

1 T
with Tow evaporation heat”™ from hot titanium

1,2 o ; ) e . R
surfaces™®". We have investigated the optimal

conditions for an adaption of this technique to the

automated vapid chemistry apparatus ARCA3

europium as a model element for the heavier act

Fig. 1 shows the automated vacuum evaporation system

which was developed in these experiments. The eluate
passing through the capillary @ of the chro-
matographic column is evaporated to dryness by heating

the crucibie and blowing hot helium through the nozzle
@v The nozzle is placed in such a way above the
crucible that the eluate is fixed in the centre of the

HHz-10

crucible by the outstreaming hot helium. Then, the
titanium crucible is transported pneumatically by
means of & cylinder from the evaporation chamber to

Fig. 1: Vacuum evaporation system showing the two

the high vacuum chamber where evaporation from the hot positions of the evaporation crucible
. . ' . . . during the eluate collection apd during the
titanium surface takes place. For counting, the Tanthanide gvaporation step. @ titan]um-
collector foil @ can be transported pneumatically crucible; @ resjstance heating: (3
P . thermo-couple; capﬂ'lary from chromato-
out of the high vacyum chamber. graphic column; {5} helium nozzie; (6)
152 catcher foil; @wsﬁde valves; @ to

1 e . + . . c -
A1l experiments were carried out with Eu activity. vacuum pump

To simulate the conditions in the ARCA system the
activity was dissolved in 3 ml 1 M HCT and passed Refarences

through an anion exchange column into the titanium ‘. Rhede et al., Zentralinstitut fir Kernforschung
Rossendorf, Rericht ZfK 387 {1978} . 23

crucible which has & capacity of about 180 pi. At a ZC Frink et al., 851 Scientific Report 1982, 82-1

pressure of 700 mbar in the evaporation chamber 85 % 219 (1983) ” P

and 60 % of the eluated activity were found in the 3140 B%&Ech?é, M. Briigger, B. Haefner, M. Schidel,

crucible at flow-rates of 0.25 and 0.7 wl/min, E:EZ?}WD{K GST Scientific Report 1983, 84-1, 247
{1984)

respectively. Helium gas with a ‘temperature of
= 220° C and a crucible temperature as obtained by 100
- 170V heating voltage were required. At lower
pressures the yield decrsased,

In order toc find ocut the best conditions for the

n

evaporation step in the high vacuum chamber 10

152,
i

ult of

[

it

U
t evapurated to dryness in
n 1i

s

re f

o
ly:

ot
oo
-t

&
he titanium crucible a the volatilized at a
5
v 5

f
pressure of 6 - 1077 mbar. The crucible temperaturs
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development

states, Radioactive lanthanide isctopes arve

tron actival ar from f1i

Y. Thus, experimental problems

o
separation method. In this work, 3 fast method for

unravelling form of

=
o

-

e

their hexa omato-
graphy is described.

20k
Hexafluoracetvlacetonates of lanthanide elements were -
synthesized with ction method:, i

modified to  the

el

o

[
1KMz 180

preparation of mixed Tigand complexes of lanthanides

por b b Bogm oo om0 T Lo e s
With REXET UoY

nhosphine oxide (TOPO) as a donoractive compoundgu The

L i
300 400

Retentinn time Isl

Fig. 1: Temperature-controiied gaschromatographic
separation of Tanthanide elements in form of

isolation of the lanthanide elements as a group from Ln{HFA)}3 - 2TOPO complexes. The dashed line

the fission product mixture can be performed within

9 s, as could be demonstrated by the v-spectroscopic

. NP N . ) o - Refere
identification of lanthanide isotopes with half-iives Reterences
in the range of some seconds. i .
' range of 50 ¢ ‘R, Denig, et a
During this group separation, the mixed Tigand 2w C. Butts and C.V. Banks, An
2
complexes of the type Lﬁ{HFA)B - 2TOPO are fixed in a “N. Greulich et al., GSI
; 82-1, 219 (1982}

small trap on a fine grained carvier, e.g. Chromosorb.
This column is placed 1in the injector of a gas-
chrumatograph3 and heated up to 240° C. Nitrogen
saturated at 60° L with HFA is fed in with a flow rate
of 30 mi/min, flushing the volatilized complexes intc
the separation column (glass coiumn, 2 m Tong by 2.4
mm inner diameter, stationary phase Chromosorb W,

ot

30}, The gas-

00-120 mesh, with 3 % Dexsil 300
t

3

1

i

n e

h ographic oven is temperature-nrogrammed between
50 °C and 220 °C with a constant vate of 8 °C/min.

¥

ows the resulting

[ia)
.
w

fanthanide elements plus yitrium. The lanthanides
eluted with high yields (80-90 %) in well-sepa
peaks in & sequence of decreasing tonic radii
ions in the trivalent state. The resoclution is

24 5 full width at half ‘maximum. The whole gaschro-

ted within

For the separation of the lanthanide group comprising

14 elements a s is required with

the same resolution of the ¢ nromatographic peaks.

represents the temperature time dependence




Separation of Neutron-Rich Neptunium-Isctopes from the Reaction Products of

-~

[
136Xe . 14

Py with the Centrifuge - System SISAK II

H. Tetziaff, G. Herrmann*, N. Kaffreil,

Institut flir Kernchemie
M. Skalberg,

J.V, Kratz, J. Rogowski, N. Trautmann
Universitdt Mainz

G. Skarnemark

MM,

Los Alamos MNational Laboratoy

K.d. Moody, W. Brichle, M. Brigger,

o128 1

The collision between -~ “Xe and 244?u is used to
produce neutropn-rich actinide isotopes. In such reac-
tions, the most probable reaction channels, besides
fission, are the transfer of a few nucleons between
projectile and target. Thus, neutron-rich isotopes of
Pu, Np, U and Pa could be formed. The expected
half-lives of the previously unknown neptunium-

isotopes 243 and 244 range between a few minutes and a
1, 2

For the 1isolation of the neutron-rich neptunium
isotopes a fast separation procedure with the centri-
fuge system SISAK Il was developed as shown in Fig. 1.
A target of 244Pu (& lmg/cmZ) is irradiated with 136Xe
ions at an energy between 750 and 860 MeV. The
reaction products vrecoiiing out of the plutonium
target are stopped in KCi-cluster loaded argon gas and
are transported to the SISAK iI—system3 through a
capillary. The transport time is about 10 seconds.

The SISAK Il-system consists of three mixer-centrifuge
units and a degasser. In the first step of the separ-
ation-procedure the KCl-clusters together with the
attached reaction products are dissolved in a static
mixer in 0.6 M HC1 containing 0.3 % T1C13¢ With T1C13
neptunium is reduced to the 3" state. The mixture is

pumped to the degassing unit, where the jet-gas and

¥

the fission noble gases ave separated from the rest of
the iiag

the reaction products. Then the wid is fed into a
mixer-centrifuge unit {:} and contacted with 5 % HDEHP
in iwiqu Thorium and uranium together with several
fission products are extracted into the organic phase
whereas neptunium remains in the aqueous phase. The
aqueous phase is mixed with & solution of 6 M
HNOBJG"IS M oxalic acid/0.04 M tartaric acid/0.04 M

potassiumhydrogentartrate. The nitric acid causes the

e o + .
oxidation of neptunium to the 4 state. In this
form it is extracted into 7 % 4953? in CCY, in the
second mixer-centrifuge unit (23 . The c&mpTeximg

agents keep the fission products in the agueous phase.

In the last step the organic phase is pumped intc the

Fowler

C)
“Q

H. Géggefer‘y M, Schidel, K. Siummerer

third mixer centrifuge unit (E} . where neptunium is

~extracted with 15 % ngﬂae The

chemical yield of

the separation procedure is 75 ¥ as was determined

activity 1is pumped continuously

Np. The aqueous phase with the neptunium
through a 30 ml

measuring cell with a capion window on one side. For

X-ray and Y-ray measurements a Ge- and a Ge(li)-

detector were placed in front of the

The y-ray spectra show, in addition

the already known 241Np and ZﬁZNp
tins which can be assigned4 to
nuclides 243Np and 244Np_

*and GSI Darmstadt

‘presently at EIR Wilrenlingen

cell.

to the y-lines of
nuciides, new ¥~
the yet unknown

{Noble Goses) 2
To Ventilation 5%, 3
4 HOEWP/LC, 7% HOEHP/CLL, =
Ar-jet [ v
from L _JTNhL LN
WILAC [l Q> @ @
Static | T Gelli}-
! Mixer Degasser D
5% Detectar
wro, P
0.3%TiCls 6 HK03 o
0.6M HCL 0.15M Oxatic Acid é’
GG&HTGﬁﬁrm Acid  Reaction
0.04M Potassium - Products

hydrogentartrate

Fig. 1: Separation scheme for the isolation of nep-
)ﬁ;umfﬁqus n?avf ion reaction product mixtures
i1

= mixer-centrifuce unit
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on=1ine thermoechromatography was

isotopes of element 104

counting on mica

graphic tube. With this

respect, a considerable im~

provement is to use the on-line gaschromatography
apparatus 3 {OLGAY connected to a gas-jet transporiation
system. This technigue has already successfulily been
used to search for short-Tived volatile superheavy ele-
mentsq} Here, volatile species are separated in an isc-
thermal tube (Si0,) from less volatile compounds and are
deposited on a rotating wheel system. From time to time
the deposited activity is turned in front of suitable
detectors (Geli, surface-barrier detectors).

In this work, we tried for the first time to use OLGA
for separation of short-lived halides. Therefore, at the
entrance of the oven system reactive gases such as HCI,
HI and HBr were added to the gas-jet (N,/KC1} contain-
ing the reaction products (fission products from the
TRIGA reactor at Mainz University). In the first section
of the chromatographic oven (kept at 100006) the KC1
clusters were destroyed and volatile halides were
further transported along an isothermal section kep

a

at variable temperature. Focussing on a

turned out

that Uiy iz hetter

to technical reasons: With HI the entire apparatus was

immediately covered by and with HCT corvo-

sion problems prevenied torun undisturbed, The vo-
tatile bromides were deposited on 100 um Ni foils
mounted ento the wheel and every 3 second the deposited
activity was turned by 48% 5n frontof a Geli detector
to measure the Tission products by their vy-lines. The
following isotopes of Zr and Nb were identified:
9951003101§102?103910h!\2b? ﬁ%’?d ‘ngloﬁﬁlnzzr? Wj‘th tﬁ@

163 +

”irji
I

Figs 1 and 2 the deposited activity on the wheel for

two typical isotopes (high independent fission yields,

not much

and Nb are plot
of the tube. The numbers in parenthesis represent the

amount of reactive

to the N, /KCT-

gas-jet

o 400°C. The only difference in

to be the bromide formation

223 Tory HBr,

a partial

about 10 Torr in HBr seems %o be too low to

pressure of

efficiently form volatile Zr-bromides. This ohservation
will in future be further investigated to develop not
only a fast trans-actinide chemistry but also to sepa-

rate them further into individual elements. Finally.
under the conditions shown in Figs 1 and 2 no lanthanide
elements were transported along the tube which gives
optimism to hope that also heavy actinides (up to Lr)

should be well separable from elements 2 104.

* presently at EIR Wirenlingen

1. 1. Zvara et al., Sov. J. Atomic Energy 215 709(1966)
2. 1. Zvara et al., Radiokhimia 18, 371 (19

3. K. Summerer et al., 6SI-84-17 (1984)

4, P. Armbruster et al., LBL-18581 (1984}, and submitted

to Phys. Rev. Lett.

Figs 1,2: Activities of *°°Zr (Fig. 1) and *°*Nb (Fig. 2),
respectwe‘iyg on the collecting wheel as a
function of the oven temperatures.
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alse for the "strange matter’ is being pursued via the
detection of low enargy heavy ions (U} scattered from
target samples, which perhaps contain heavy matier,
the backward hemisphere, without significant ioss of

kingtic snergy. A detection system has been designed

to register the
cific ionization of the scattered particles.

ART and STOP

structed frack
positions) is used to reject events which are scattered
from frames, wires and chamber walis. The system is

composed of 18 low pressure bidimensional position sen-

itive and timing detectors covering the backward hemi-

sphere of the target

detectors are part Iy sui { s
which heavy ions have to be efficiently detected®. Six
identical START detectors placed in a semicircle at
20 cm distance from the target and 12 identical STOP
detectors placed in two rows 60 cm from the target
(Fig. 13.

The START

Wire Proportional Counter (MWPC) of a modular struc-

is £l £

0 em?  Multi

ture. The anodes and cathodes are made of 10um and
50 wm wires respectivly, 1 mm apart. The anode plane
is divided into 4 sections, each of them connected to a
fast preamplifier. The signals from the preamplifier are
combined with a linear FAN-IN and are further proc-
sssed by a constant fraction discriminator. Since a
rather moderate angular resolution is required in the
backscattering experiment, groups of 2 and 3 adjacent
wires of the x asnd v cathode planes, respectively, are
connected to the taps of integrated delay-lines. After
amplification and shaping, the signals from the
delay-lines are used to obtain the pesition of the ava-
lanche from the f{ime difference between the inducsed
pulses propagating towards the two ende of the delay-
line. The time distribution (measured with 120 MeV
8N jons) has a width of 400 ps. The position resol-
ution was found € be ~ 1 mm.

The $TOP detector iz a 26 ¥ 38 em® MWPC similar to

the START detector, but with an additional 20 mm drift

space coupled to a Parallelplate Avelanche Counter
{PPAC) stage for measurements of specific snergy loss.
The PPAC planes are made of 50 wm wires, T min apart,
The ancde plane of the S5TOP detector is divided into &

sections as described above. On the x and vy cathodes

order as that of the START detector. With a 140 MeV

1% %e beam a AF resolution of the order of 10% {FWHM)

could be obtained.
system will be tested in the near future with a 1.4

MeW/u 28U heam.
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Fig. 1: The detection system
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