Transfer Cross Sections from the Reaction of “%Ca + %5%Fg
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We bombarded 2 4.8

from the SuperHILAC at the Lawrence Berkeley lLabora-
tory. This energy.is about 11% above the Coulomb bar-

rier, which generally provides the maximum tranfer
cross sections for heavy actinides.

The resction products recoiling from the sinsteinium
target were coilected on a 6.3 mg/cm?® thick copper
catcher foil. - Following each of two short (~2 h) bom-
bardments, the catcher foil was transported to a labora-
tory for separation of the actinide products before
isotopic - .analysis by aipha spectroscopy  with
surface-barrier detectors. Figure 1 shows the measured
cross sections for the actinide products.

The steady decreass in cross section for each trans-
oton ‘resembles the resuits from heavier sys-

238y + ZHEle, and

relative enhanced yields for two proton transfer pro-

ferred

pr
tems like it does not show the

ducts as observed with lighter projectiles like **0O and

ZzNeZ
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Fig.Z shows a comparison of cross sections for the pro-
duction of {a) Fm isctopes (4Z=1}, and (b} Md(4Z=2)
and No {(AZ=3) isotopes in the bombardment of 2%%fs
with 98 MeV %0, 121 and 126 MeV 2%Ne, and 266 MeV
“5Ca. Although the Fm sections from zil the

irraciations are comparable, the Md cross sections are
more than one order of magnitude lower for.the *!Ca
bombardment. We may gain a besfter gualitative under-
standig for this from considerations where the levsl
density of the final system is related to the product
excitation energy, E*, as do Hoffman and Hoffman®.
They described the cross section as being roughly pro-
portional to exp (c E¥*). However, differences in trans-
fer probabilities and the kind of transfer mechanism for
projectiles like %0, 22Ne and “®Ca may also play an

important role.

1. M. Schidei et al., Phys. Rev. Letter 48, 852 (1982)
2. M. Schidel et al., GS} Scientific Report 1982, p. 67
(1983), and contribution to this report
3. D. C. Hoffman and M. M. Hoffman,

Report
LA-UR-82-824 (1983)

Fig.1: Measured cross sections for .isctopes of Es, F
Md and No produced in the bombardment of 2%%Es with
266-MeV **Ca ions.
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Fig.2: (a) Comparison of cross sections for the pro-

duction of Fm isctopes in the bombardment of 2%4Fg
with 98-MeV '*0O {dot), 121-MeV. *?Ne (diamond), 126-
MeV *?Ne (triangle), and266-MeV “*Ca (squarel.

(b) Production of Md and No isotopes.
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smplex nuclel is caused by a collective mode

between ¢
of high frequency analogous to the El giant resonance?

or whether this equilibration results from the statistical

exchang has attracted much

est. The moc avatlable at present

of

theoretical inte

r
differ by 1. th

pendent

tons or,

2. the transport equations, 3. the transport coeffi-

cients, and 4.
We have confronted new sxperimental data on nuclide
distributions in damped collisions of 2°*Ph with 7"Ce

and of

position-s

radiochemical data for '*2Xe * !*7Au - collisions? with
the predictions of three modeis. In the case of the
EEEPL v T'Ge and "fKr + '*TAu data we have folded the

theoretical distributions i) with resolution functions to

take intc account the finite Z- and A-resolution of the
detection system and ii) with the particle evaporation

ey ) distrib-

pattern. The resulting theoretical {seco

utions are then compared to the uncorrected data. For
the '*2Xe + **7Ay system the published data are repra-
sentative of the primary distributions and are thus
compared directly to the theoretical predictions.

Good agreement between experiment and theory is
observed for the marignal and conditional variances for
the quantal model® of Hofmann et al.. Here, however,
the frequency-dependent fransport coefficients were

not calculated microscopicatly but were assumed to be

empirically by the asympictic

Q.

constants and were fixe

removed in the

who generalized the transport

to several degrees of freedom.

still determined phenomenclogically
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Hartmann® which treat on a microscopic level the sto-
chastic exchange of independent partécies, Their trans-
port equation is a Fokker-Planck equation with
We have used here a version whe-

af

overdamped motion

re  dyvnamical

entrance channel. All three

£ phys;cai assumptions, seem to
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dynamical models in their present stage of dev

have not succeeded fo discriminate betwesn quanmﬂ

versus statistical fluctuations.
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In studies of angular distri

about half

H

distril

&

fragmentations had been reexamined in the

system /2/ at E/B = 1.1, 1.2, 1.3, and 1.6 using catch-
ar foil techniques and off-line KX-ray spectroscopy.
For all values of Z { except for ZT }/2 } angular

distributions were observed that wers

30%.  The distributions were

(;M]' ZZ_}/Z and backward peaked for the
feavy complements /2/. The degree of forw
ward asymmetry and the mean
at the smallest energy ( ﬁcr’i‘t: 35 H in a shar
approximation) and decreasad as the bombarding sner-
gy increased /2/. This might be seen as evidence for a

dynamical hindrance for compo formation

even below Q(B-f:[}}x 37 b and m%gé”st help localizing the

ol /37

might expect to see true compound nucleus fission at

value of x Then, in a less critical system one

fow L wvalues and a change to forward-backward asym-

c angular distributions at hi
50

We axamined the system ~ Ti *+

= 1.068 and 1.16 using the same technique

above. Relative cross £ Z < 83 WEETN
10% and 178% in the center-of-mass system were meas-
ured. The results at E/B = 1.08 for two eslements {
Z=47 .54 } near the svmmetric charge split

curves are calculations
74/ .

n theory

which is much lower than
leus rea v oani-
sotropies than expected from saddle point shapes of tha
rotating liquid drop model have been reported even for
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+Fragmentation” in

the system **7Au + '*7Au at energies £

15 Mev/us
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Medium-heavy fragments (MHF in the mass range 10
to 40% are observed in many different reactions; e.g. in
profon-. or heavy-ion induced reactions at relativistic

ergies as . well as in systems Jike **®*Xe *+ '228n or

S 2RE.

Ko + *2Mo at. about 10-15 MeV/u'™*. At present, it is

not clear whether "fragmentation” is a2 general decay

Z, f

property  of hot heawvy nuclel which accounts for the
formation of MHFE in all the above mentioned reactions or
whether ‘there are several different mechanisms produc-
ing fragmenis in the same mass range.

We therefore started studies of the fragmentation of
IS'IAU
as target because it is much heavier than the MHF we
are At CERN, a bombardment with 2%Ne
at 49 MeV/u is planned. At the UNILAC '?7Au at ener-
gies < 15 MeVW/u was
excitation energy per

of the same order of magnitude (~b00 MeV) but the light

nuclei by different projectiles. Gold was chosen

interested in.
used as a projectile. The highest
1*TAu nucleus in both systems is
projectile is faster than the Fermi velocity of the bound
nucleons. while. the heavy projectile is slower. Thus in
the heavy system thermalization of the excitation ener-
Therefore one might expect a
An

gy becomes conceivable.
rather dramatic change in the reaction mecharnism.
indication of such a change is indicated by the behavi-
our of the excitation function for the formation of e.g.

2%Na from *?TAu * '*7Au which we measured at Elab =

g9, 11, 13 and 15 MeV/u. We calculated the ratio of the
Z4Na cross section to the total reaction cross section,
hereby using the classical formula g, =
nRZ(‘i—VC/ECM). This ratio is shown in the figure and

2 7Au and
With the

the ?"Na cross section is

compared to that for formation of 2“Na from
ZﬁEPb

slow prd;’ecﬂ!e,

in proton! and pion® bombardments.

the fraction of

larger by twe orders of magnitude.
15T R+

For “the Y27 Ay reaction,
riginate from the first step of binary,

it seems unlikely
inelastic collisions: This is

< 457,

fab
maximum at the velocity of the center of mass.

ured at 15 MeV/u at lab angles 9 It shows a
if one

alculates the possible velocities of ?*Na-nuclei with the

assumption that they are emitted i

with energies equal to or larger than the Vicla energy

one finds that in the vicinity of the velocity of the cen-

ter of mass there should not appear any light fragments

at all. Furthermore, the widths of the element distrib-

utions of binary H! reactions can bs sstimated from a

reasons, production of MHF "in the

& deeply inelastic collision can be

rufed out, and other mechanisms must b nsideread,
&.q. sequential break-up of @ gold-like heavy fragment
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Studies on Short-Lived Prasecdymium Isotopes at the HELIOS Facility
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microprocessor controlled tape systemz"3 was used to 0L j\\\i\\ \?\\?s
transport the mass separated activities from the focal 5 %\\j ;
plane of the separator to tne detector position. = T\

The B~ -decay of 2.3 min 148Pr has been studied by vy~ 1

singles, y-y-coincidence and y-y-angular correlation |

measurements . In the Tatter mode 5x106 coincidence mwd" ; : % é ib ﬁ ﬁffﬁﬁ
events were collected per angle (at 90, 135, 180, 225, Time s!

and 260 O) resulting from a total counting time of 40 h.

The data analysis has not yet been completed.

With an upgraded 235U=t§rget (18 mg instead of 6.5 mg) Fig. 1: Decay of the strongest v-lines of 152Pr

s . . 152 e -

the identification of Pr and studies on its decay
properties became possible. In a y-multiscaling experi~
ment, using the g-gate technique to suppress the back-

152Pr was

ground in tne y-ray spectra, the half-life of
determined to be 3.8+0.2 s from the decay of the stron-
gest y-lines at 164, 285 and 1468 keV (Fig. 1). In this
experiment the mass separated activity was collected for
16 s, transported to the Ge{Li)-detectors within ~2 s
and measured for 8x2 s, Altogether 561 cycles were
summed up.

In a second experiment 7,5x106 y-y-coincidence events

152

from the B -decay of 3.8 s Pr have been collected

which allowed to establish a partial decay scheme for
152 |

Py thus far not yet well known4

33-1, p. 22% (1
M. Brigger et al., to be publiished

J.C. Hill et al., Phys. Rey.
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From with %0 and ?*Ne as a
projecti S8d) as = target cross
sections of elements Fm to No

se results, and from a

COMmpa

we

for

n vet
101 through

104. sge from
one second up to a few hours,
We irradiated a 30 ug/cm? ***Es target with intense

160‘

target, were stopped in a

beams (<300pnA) of *C, **Ne and Reaction pro-

ducts, recoiling from the Es

KCl loaded He gas. Whereas the previous experiments’

were performed with off-line chemistry methods, now

on-line techniques were applie

in one series of experiments products were rapidly
(~200ms) to our rotating wheesl multidetec-
ROMAZ®.

plastic foils was moved stepw

transported
tor apparatus, The activity deposited on thin
ise to 15 sequential count-
ing stations for a- and sf-measurements. The irradia-
tions with 98 and 104 MeV '°C (2-80 s collection times)
gave a rather flat background which tended to obscure
However, several not readily identifi-

addition to

weak a-peaks.
able

ZéﬂLr

the one from
{(2-180 s col-

«-peaks were in

127 MeV

seen

In 22Ne hombardments

fection tim

[

;) the a-spectra were cleane

es
ly observed peaks of 2°%/?°7No and

main e-group of 2%°Lr was obscured by the **%No
in this experiment ROMA was operated in a special
mode® to enhance the observation of a-events after the
285105,

that

possible decay of In an on-line analysis no

events were observed could bhe assigned as a

daughter coming from the decay of ?°*105. There was

no indication for 283105 from 2 107 MeV %0 bom-

bardment. in the a-spectrum from

255“2575@5(.} d ZBEWZEU'LE‘ carn ol

results we have

ot b
Catcner

off-
“his

The carbon foils covering the detectors as a
for nuclel from w-recoils were chemically processed
line shortly after each of the three beam runs. 7
done fo search for long-lived daughters

2R

Was

*"fm and ong-term counting

~i
s}

A second series of axperiments with the purpose of

detecting those new nuclides with half-lives betwean

several minutes and days waould be

masked in the on-line counting was carried out with the

Lr and Md began 7,
and of bombardment, respectively.
carried out with "0 and *?Ne as a projectila.

A carsful analysis of the large amount of data accu-
mulated is under way to search for unknown isotopes.
We will be able to determine cross sections of nearly ali

of the known heavy isctopes up to ?%%Lr, which will

provide a large amount of new data for further and bet-

ter extrapolations. For the time being,extrapolations

from preliminary data indicate that the unknown iso-

topes 2807 28hd, 2597%2fiNo and 2°'7%ff|r should be
produced with 1.0 to 0.1 pb cross sections. Howaver,
alpha emission from these nuclides were not readily
observed.
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Attempts to Produce Superheavy Llements jn the “®Ca + ?**Cm Reaction Applying On-Line Chemica! Techniques
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Fusion of “*Ca with ?*7Cm to form the compound nucle-
us 2951161%% is considered to be one of the most promis-
ing reactions for the synthesis of superheavy nuclei.
Previcus attempts to discover superheavy elements by

this reaction failed, however. A possible reason is the

relatively high excitation energy, some 40 MsV, intro-
duced by cheoosing a projectile energy sbout 20 MeV
above the interaction barrier’. More recent studies
show that fusion in similar systems occurs at or even
below the barrier.

These arguments led to a further attempt to

search for superheavy elemenis by this reaction, how-

ever, at lower excitation energies of the compound
nucleus 295116 of some 16 to 40 MeV. The whole pro-
gram consisted of several independent experiments

designed to cover

(i) the half-life region from microseconds to days in
thin target experiments with the gas-filied mass
separator SASSY at Berkeley and the velocity fil-
ter SHIP at GSIi*

(ii) the half-life region from seconds to years in thick

target experiments with radiochemical techniques

carried out off-line to cover the long half-lives

and on-line giving access to the short-lived spe-

cies.

In a first series of experiments which were per-
formed in October 1982 at LBL classical off-line chemical

techniques were applied to separate spontaneously-fis-

sioning superheavy elements from other reaction pro-
ducts. These attempts are described in the previous
report?®. In a second series of experiments performed in
1982 on-line chemical technigues were used to get

access to much shorter-lived isctopes with haif-lives

down to the second range. These techniques, combina-
tions of a gas-jet transportation system with several
automated chemical separation procedures are described
eisewhere®™ 5. The methods are based on the following

predictions about chemical properties of superheavy

elements around Z=114:

i 112

Elemants

o
oo

their elemental
1000 Ct.

(il Some elements such as 112, 114 and 118 may even
be volatile at room temperature®.
(iif) Elements 108 through 116 should form strong

anionic bromide compiexes in aqueocus solutions®.

H. Dornhéfer

Universitdt Gottingen

sa three separations a *"*Cm oxide

Cor each of the

G

target (1,72 mg/em?) was bombarded by 233-248 MeV'

s8Ca projectiles (measured energy range within the

"

target) with beam integrais of (0.7-1. 167

Ixi0Y7 particles.

The samples were counted on-line for alpha decay and

spontanecus-fission events. The observed a-peaks can

be attributed to isotopes of asiatine, polonium, bismuth
radon and lead. in ail experimenis no indication for any
unkrnowrn o-line nor for any fission activity was found.
In the Figure the resuilting upper cross section limits

on a 95 % confidence level are plotted for spontanecus-

ly-fissioning superheavy nuclei versus the half-life. In
sddition to the results from the chemistry experiments,
the Figure also depicts the cross section limits obtained

the search experiments applying the SHIP and the

from
SASSY systems?.

*zlso GS! Darmstadt
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Figure:

Cross section limits for the production of spontaneocus-
ty-fissioning superheavy elements, obtained with the

. Small angle separating system SASSY (LBL)

Velocity filter SHIP (GS1)

High temperature on-line gas phase chemistry (GS1)
Low temperature on-line gas phase chemistry (GSH)
Quasi on-line solution chemistry (GSI1)

Off-line chemistry, procedures as 3-5 (LBL, GSH)

O U (B e

T
N

W

Bl i \

—
sl
&

s

PREDUCTION EROSS SECTION LiMIT {cw
o)
g
TRl
.

[ : i

wowno W
HALF - LIFE {5}

- 82 -




A Search For Superheav

Elements Using the *®Ca * 2°*Fs Reaction
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We - measured uppér limits for the production  of
stperheavy elements {SHEs), using the
compound-nucleus  reasection - **Ca +  255F3. This
combination “permits the closest approach of any
practical. fusion reaction to the predicted island of
stability “at i the  184-neutron shell. Theoretical
caleulations by Randrup et al.' and Fiset and Nix?

predict that the maximum stability against spontaneous
fission (SF). is at the closed 184-neutron shell for the
superheavy elements. The much favored and studied
“ECa +

with 178 neutirons after emission of two neutrons from

Z4%Cm reaction®’* would produce element 116

the compound nucleus. The calculations of Randrup et
al.*®

decrease very rapidly below 184 neutrons, becoming

show, however, that the fission-barrier heights
oniy 3 to 4 MeV at 178 neutrons, with corresponding SF
half-lives of 1071¢ y as compared with years or more at
184 neutrons. This sensitivity of SF half-life to neutron
number for the SHEs dictates a very small choice of
reactions
to  the
standpoint, . the

nuclear that yield a product as close as
shell. this

reaction the most

184-neutron From
B8 + 288

compound-nucieus

possible
is
reaction

favorabie currently

available. Randrup et al.® predict fission barriers of
greater than & MeV for the 2Zn out-product of the
einsteinium - reaction, with SF half-lives comparable to
the alpha half-lifes.

We bombarded a 5-ug/em? 2%%Es target with “®Ca at
the SuperHiLAC accelerator at the Lawrence Berkeley
CA). There
bombardments, each lasting several hours, for a total

of 7.7 x 16%® “®Ca particies.

Laboratory  (Berkeley, were four

Two “’Ca bombarding
energies were used: 238 and 248 MeV. These energies
are 2 MeV under and 6 MeV over the calculated Coulombs
barrier, respectively. They were chosen to minimize
excitation energy in the compound nucieus in order to
minimize fission and the number of neutrons emitted
during de-excitation.

We coliected recoils from the einsteinium target
metal foils, which were then chemicaily processad

oL

yield SHE fractions Two types

chemistry were applied based on predicted properties
SHEsS.
suifide
chromatography and,

First, =z solution chemistry procedure using

i
recipitation and cation
B

second,

exchange
a gas-phase chemistry

was performed®. The time needed to run the chemical

o)
w

separations were about 0,5 - 2 hours and typical
3

for
for

chemical vields
60%. Both types

decontamination

homologues of SHEs were 25 through
of

from

chemistry provided excellent

the actinide elements, whose

isotopes interfere by also decaying by SF. In over two
months  of we observed in

counting, no SF events

samples from either of the chemistries. By ‘assuming
the detection of twe SF events in coincidence and a 50%
chemical vield, we determine that ths cross section for
SHE production is <5 x 10732 em? for half-lives of a few
The

nalf-life vs cross-section limits we obtained for the two

days for all bombardments. Figure shows the

solution-chemistry experiments only.

&8~

We believe that the “®*Ca + 25%Es eaction deserves

further attention as a pathway to SHEs... The proposed
production of 40 ug of 25%FEs ‘at Oak Ridge National
Laboratory could produce a target 100 times targer than
that used in our experiments. With a larger target and
increased bombardment times, cross sections of about

10735 em? are achievable.
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Figure: Cross-section limits for the production of SHEs
as a function of half-life, ‘from solution-chemistry
experiments.
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Search for Volatile Reaction Produc

ts in the Reaction

8
Ca +

W. Hiltdebrand, C. Frink, . Greulich, U. Hickma
Institut fir Kernchemie,

H, Gaggeler, K. Simm

GST, Darms

the reaction

yredic -

0 112-118 and on the
tion of complexes of the el
108-116 nave been app]iedl, The elements 112, 114 and
118 may even be vo Te at room temperature and there-
fore a cryogenic chamber equipped with an annular sur-
face barrier detector and a solar ce??ﬁ has been used
for the detection of very volatilte reaction products.

B
1

The react
243 . ol e 48 . R
Cm-oxide with 233-248 MeV ~~Ca projectiles were trans-

, 2
on products from the bowbardment of 1.72 mg/cn

ported with an argon gas-jet using pure argon to the
cryo-system. In this way the transport efficiency for non-
volatile elements was decreased. The volatile products
were passed through a quartz tube filled with quartz
powder (64-144 mesh/cmz) and heated to 1250 K to trap
the clusters with attached non-volatile products formed
during the irradiation. In a second quartz tube filled
with tantalum foil (T=1000 K} traces of water were re-
moved. After passing these traps the transport gas con-
tains only noble-nases and very votatile products which
were condensed together with the heavy noble gases in
the cryo-system on a cooled solar cell (T=50 K) opera-
ting as a fission fragment detector. With an annular
surface barrier detector installed in front of the solar
cell El/E2 fissjon fragment measurements in coincidence
with the photovoltaic cell and a-spectroscopy were

ts could be

ven
Ve

Furthermore single fission
measured with the ring detector. During the irradiation
time a-spectra were collected and afterwards multisca-

ling measurements were performed to follow the decay of
the deposited activities. Fig. I shows an a-spectrum

mE; ¥ A i
pgs F/r[ jvis zj\f\ i
[y
Jj_ TWW/ U\V/ |
S \
L

_ 84 -

nn, W. Kieling, N. Trautmann, G. Herrmann

Universitdt Mainz

erer, G. Wirth
tadt
measured on-line for tion of the

G A b
Lo Tne

products. From the evaluated activities after the

decay

end of irradiation the production cross sections for the

211 212 210 2200 221,
21 Rn, Rn, "77R ’jRn X?WH

obtained. The results are shown in fig. 2.

. 210
radon isotopes Rn,
222

Rn were

) B E

ity

od
oaq

i
i

Buring the v experimental pericd no spontaneous fis-

cion event was observed yielding a cross-section limit
for the production of spontanecusly-fissioning super-

heavy elements as reported in another contributioml to

this report.
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Cross-sections for the production of radon iso-
topes in the reaction “8Ca+2"8Cm




Excitation Functions for Heavy Actinides from the Reaction of “*Ca with %% Cm

WwW. R. Daniels, M. M.

Fowlaer,

D. €. Hoffman

Los Alamos Scientific Laboratory

W. Brichie,

51 Darmstadt

Herrmann®, J. V.

M. Brigger, H. Giggeler, M. Schidel, K. Stimmerer, G.

Kratz, M.

Wirth

Lerch, M. Trautmann

Universitdt Mainz

D, Lee, K. J. Moody,

P

T

1. Seaborg

Lawrence Berkeley Laboratory

H. R. von Gunten

Universitdt Bern

In 1982, a collaboration was started with the goal of
trying once again to-produce superheavy elements from
the reaction iof 2*%Cm with *®*Ca projectiles: at energies
near the Coulomb barrier!’?. in addition we measured
the excitation. functions for the production of the actin-
ides formed during such bombardments.

The target of curium oxide was prepared by step-
wise contained of
Cm{96.5% .2*5Cm, 3.5% 2“5Cm).
ed in a_.gas cooled target hoider®?. A gold or copper
catcher foil of about 6 mg/ecm? was placed behind the
The ***Cm target
was irradiated. with Ela!m = 239, 263 and 288 MeV “%*Ca
projectiles. The energy loss within the target was mea-

sured to be about 16 Mev. After each bombardment, the

electroplating: .and 1.7 mg/cm?

The target was mount-

target to collect recoiling products.

catcher foils were. dissolved and the actinides Pu, Bk,
Cf,

pies

Es and Fm were chemically isolated and final sam-
described

. These sampies were analysed for alpha,

were prepared on discs as

elesewhere®’ *
spontaneous .fission and gamma activities. The chemical
yields

75%.

for - the actinide separations ranged from 50 to

The evaluated cross sections for the production of
isotopes of Pu, Bk, Cf, Es and Fm are listed in Table
I. The peak of the excitation functions for Cf, Es and
Fm appear to occur at the middie energy of 263 - 247
MeV (within the target) which is about 20 MeV above
the calculated barrier of 236 MeV. This observation is
in agresment with estimates® based on ground state
Q-values ‘and the Coulomb barriers of the initial and
final systems, which show that the excitation energy,
E*, for these products at the Coulomb barrier are nega-
tive by more than 10 MeV.

The vyields for the Bk isotopes which are produced
the
below-target transfer isotopes of Pu are highest at the

most ~ likely in quasi-elastic reactions and for

highest energy.
independent of the bombarding energy, the mass
Bk, Cf, Es, and Fm psak at the

most probable mass numbers Ap of 243, 249, 250, 252

and 254, respectively. These maxima correspond within

distributions feor Pu,

o=}
e

one mass unit to the predicted primary: most probable
masses Ap calculated o -the basis- of -potential ‘energy
consideraﬁonss. This tends to support the general idea
of a binary transfer mechanism -which results "in &
nucleus with low E*, i.e. a "cold” nucieus which is not
immediately ‘destroyed by prompt. fission..or particle

emission.

References

1. G. Miinzenberg et al., this annual report

2. H. Giggeler et al., this annual report

3. D. Lee.st.al., Phys Rev..C 25,286 (1882)

4. M. Schédel et al., Phys. Rev. Lett. 41, 465 (1978
5 D C. Hoffman and M. M. Hoffman, Report

LA-UR—82—824, March, 1982
6. H. Freiesleben and J. V. Kratz, Physics Reports,
in press

*also GS! Da rmstadt.

TABLE |. Cross sections for the production of hea\/\‘;

actinides in the bombardment of 2**Cm with **Ca

272-288 (Hey)®

223-239(MeV)? ‘
Cross section s

247-263 (MeV)®
Cross section s

Cross section s

(1) ) RS o) (8

Pu 243 295 17 515 17 1965 18
245 113 19 261 17 1050 19

2u6 22 50 115 18 313 . 31

Bk 245 1.7 22 39 15 66.5. 19
26 73 15 272 14 482 15
248n 730 17 1690 17 2680 16

250 690 11 2010 11 2920 11

cr 246 0.25 5 o2 10 18
248 101 9 238 9 209 6

250 413 22 2540 8 1935 2

252 50.9 21 231 1" 224 16

253 0.8t 17 §.2 21 4.0 .17

254 .32 28 1.5 10 1.0 23

Es 252 9.46 7 28.4 y 2ﬁ.3 E
253 4o 17 0.5 9 7.8 13
254 0.7 30 .86 a0 16

Fm 252 0,02 38 0.09 30 0.06 19
254 .28 8 0.0k & 0.7t 8

255 0.2 7 0.90 2 0.62 10

256 G.06 30 0,25 10 9,94 i7

a) Range of projectile energy within the
target {laboratory system)
b) Statistical standard deviation based on

the analysis of the decay data.




Continuous Gaschemical Separations of Nuclear Reaction Products with Fluorinating Agents

=S

U, Hickmans, N.

Trautmann, G. Herrmann

Institut fiir Kernchemie, Universitdt Mainz

The connection of a gas-jet recaoil-tr

system with
I

thermochromategraphic column offers method for
. . 1

In most applications of such technique reported so far,
KCi-clusters loaded with reaction products were collec-
ted and destroyed in a guartz-woo!l catcher, kept at 1000

%t and the released products were volatilized by adding

y consists in
direct ¢ with the jet gas itself by
mixing a reactive component to the carrier-gas and ope-
rating the gas-jet without any cluster material. Here
volatile compounds of fission products are formed by
recoil reactions within the target-area and can be
transported to a separation or detection systemz.
Following these approaches we have investigated the
application of fluorinating agents for efficient vola-
tilization of fission products as model elements for

a broad region of the periodic table.

In a first series of experiments the thermochromatogra-
phic system was coupled to a cluster jet and hydrogen
fluoride (37 vol,-% in the carrier-gas)was used as the
reactive gas. Although the fluorides are normally the
most volatile compounds among the halides, the measured
deposition temperatures of tellurium, molybdenum and
technetium were found to be about 400 °C higher than
with other hydrogen haiides. Therefore, another reagent,
bromine trifluoride, was used for a more efficient fluo-
rination. Bromine trifluoride dissociates at 800 °C

into bromine monofluoride and atomic fluorine, It was
used in a 1 % mixture with argon (0.1 1/min}. The ex~
periments were carried out with an empty column and a
charcoal trap placed at the cold end of the column for
the adsorption of very volatile fluorides. The tempera-
rature and 995 °C. Under these conditions, fluorination
and yolatitization occurred at about 800 065 the tempe-
rature needed for destroying the KCi-clusters. The
fluorides of antimony, technetium, iodine, te

and molybdenum were found in the charcoal

ot
I
ol

b=

eparation of these elements was achieved in a co

LY

&
illed with quartz powder (64 mesh/cmz)@ As fig. 1

-t

shows, tellurium, molybdenum and part of the techneti
are now distributed aiong the column.

netium, antimony and iodine are found i

PR Ty T apem b d T £
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L

yitrium and the lanthanides are deposited close to the
starting position. Zirconium is depogitaed

from these elements at 800 o,

~ 230

In ancther series of exper hydrogen fluo
t f

T
was fed directly into & target-chamber made of

« i
the

be separated continuously from the other fission-

it

products, which were either re
chamber or trapped by means of selective adsorbing mate-
rials: Volatile compounds of Te, Sb

in a quartz-wool plu
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350 V0 was

P

apt ]
powdar to retain the halides and the decay products of
the noble gases. Finally arsenic was absorbed on di-{Z2-
ethylhexyljorthophosphoric acid (HDEHP}. A y-ray spec-

trum of the HDEHP-trap, measured on-line for 1 min shows
the isotopes 80-84
identified by summing up 50 spectra measured for 2 s

As (fig. 2). s (t1/2=2 $) was also

each. Contaminations occurred only by noble gases pas-
sing the HDEHP-trap and by ZDF {an activation product of
HFY, which could not be absorbed entirely in the
Ag/SiOQ—trap.

1U¢ Hickmann et al., Nucl. Instr. Meth. 174, 507 (1980)

2M. Zendel et al., Radjochim. Acta 29, 17 (1981}
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Fig. 1: Distribution of the fluorides in the thermochro-
matographic cotumn with 1 vol.-% of bromine tri-

fluoride
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Preparation and Gaschromatographic Separation of Actinide Hexafluoracetylacetonates G
N, Greulich, N. Trautmann, G. Herrmann
Institut flr Kernchemie, Universitdt Mainz
ficant volatilization was observed with the trivalent

ed
acetone (

HHFA; and tri-n-buty

ph
first experiments are des
232

cribed to extend this

report,

233Pa 238

239

U,
ion sta

method-to the-separation of
239P and 241,

as well as totrivalent

Np,

Am-in-their most stable oxidat tes,

239Pu.

For preparing the mixed ligand complexes, the actinides
were extracted within 30 s from 1.0 mi of 0.1 N nitric
acid (Pu3+was stabilized with hydroxylamine) with 1.0

ml of 0.05 M HHFA and 0.035 M TBP, DPSO (dipropylsulfone)
or TOPO (trioctyliphosphineoxide) as synergistic reagents
in cyclohexane®. The distribution coefficients (see

table 1) were ca]cu1ated either from y-measurements for

2232 2 23 2 L .

“““Th 2“3P “”JU and 2”9Np or from integral o-measure-
ments for 239Pu and 241Am after evaporation of the sol-
vents.

Table 1

Distribution coefficients for the extraction of some
actinide ions. from 0.1 N HNG., with a mixture of 0.05 M

HHFA and .synergistic reagent% 0.035 M) in cyclohexane
Actinide ion Synergistic reagen
TOPO 5o TBP

T 58+16 - 1.340.2
PaDy 4.0+0.8 1.540.4  0.25+0.04
uog* 3148 - 14+3
NpO 0.2240.03 0.18+0.03 0.083+0.01
pus* 22+6 1243 14+1.3
putt 34+1.3 26+4 32+3
An* 75+16 6849 56+5

The variation of the distribution coefficients within
one column of table 1 can be explained by differences
in the jonic radii and the chemical properties of the
central ions. The distribution coefficients incCrease

with increasing nucleophilic power of the applied syn-

ergistic reagent.

The volatilization of the synthesized mixed Tigand
complexes was investigated with a gaschromatographic
system described elsewher élc The cutlet of the separa-
tion column was connected to an apparatus for gas-
chemical preparation of samples for a- and sf-measure-
ments3g The investigated actinides with a valence state
higher than 3+ could not be volatilized and remained

in the injector of the gas

entirely chromatograph. Signi-

34
complexes of Bm and Pu. Fig. = yields of Py~ -

The experimen-

temperature,

cotumn
Carrier-gas flow 56

tal conditions were:
Toaded with 27 mo1-% HHFA, empty glass column 2 m Tonq

mi/min ﬁ?

injection temperature 30 °c
retention min. The
a-peaks waz 43 keV FWHM, if TBP was
with TOPO- and DPSD-
adducts a much worser resolution was obtained. The de-
scribed method sheuld enable the separation of frivalent

2.4 mm inner diameter,
above column temperature, time < 5
resglytion of the

used as = synergistic reagent,

actinides from higher valence states within a few minu-
tes.

1N. Greulich et al., GSI Scientific Report 82-1, 219
(1981) and GS1 Scientific Report 83-1, 221 (1982)
%N.C.Butts and C.¥. Banks, Anal. Chem. 42,133 (1970}

3U: Hickmann et al., GSI Scientific Report 82-1-217
(1981)
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Fig. 1: Yield of americium- and plutonium-hexafluor-
acetylacetonate {TBP as synergistic reagent)
collected at the outlet of a gaschromatographic
system and plotted as a function-of the column
temperature, For further explanations see-text.




Determination of Adsorption

Enthalpies for Polonium on Metal

urfaces by On-Line

isothermal Gaschromatograph

Univer

&t Mainz

H. Dornhdfer

in the course of recent : o produce superheavy
elements by heavy lon reasctions, the slement polonium
ical behavi-

received a lot of attention because its chem

our chould be quite similar to that of some of the
expected superheavy slements around Z=114%. In addi-
stable

properties can be studied with a few atoms

tion, since no isotope of polonium exists, its
chemical
only, a prerequisite for extrapolations into the region
of superheavy elements, because expectations of pro-
duction rates for such elements in heavy ion reactions
are on a one-atom-per-day scale only! Therefore, in
recent vyears investigations of the gaschromatographic
behaviour of polonium have been performed? ® with the
same technigque frequently used in chemical attempts to
The

search for superheavy elements applying

separate superheavy elements®. most  recent
attempts to
chemical techniques have been performed using on-line
separations such as iscthermal gaschromatography’. In
this contribution we study the adsorption behaviour of
polonium, in the

zumPo(TV2=25.5 s), with different surface materials

form of its short-lived isotope

such as quartz or several metals. This nuclide was pro-

uc was contin usly
transported intc a chromatographic column using a
gas-jet transportation system. We then measured the

retention time within the chromatographic column as a
function of the temperature using the radicactive decay
of 2:Mpy a5 & clock. This method was first outlined by
Rudolph et af.®. Al details
in Table | the measured retention data are
Au, Ag, Cu, and Pd. in

enthalpies these

experimental are given
elsewhere®.
listed for Po on SiOZ, Pt,
adsorption

order to  deduce from

on-line measurements, we derived a thermodynamical
squation which is based on the same model
gas-adsorption studie

used already  in

sas-thermochromatography?, finally resulti

5y T
T

©

with

£

vEiree

length, column  volume,

and

mer unit of length, #=cross section of the tube,

Aszaadsorptéon entropy, calculated according to

Gettingen

s from Table | were t

Alse

given are AH%‘\!BIUES from the literature which were

xperimenial retention data.

obtained from thermochromatographic or desorption
studies??. The last column of Table | summarizes calcu-

lated AH:~va¥ues as they result from a2 semiempirical

model of metai-metal interactions®?. Clearly there is
good agreement between our data and the literature
values and also with the calculated enthalpies. This

result gives us confidence to apply the same technique
in investigations of the thermodynamical properties of
exotic species such as very heavy elements which can

be produced on a scale of only a few atoms.
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3. B. Eichler et al. Radiochim. Acta 26, 183 (1979)

4. H. Giggeler et al., Report GSI-78-11, p. 155
(1979}

5. §. Hiibener et al., Radiochim. Acta, 27, 157 (1880)
6. see e.g. J.V. Kratz, Radiochim. cta, 32, 25
(1983) -

7. H. Giggeler et al., this Scientific Report, p.

8. J. Rudolph and K. Bichmann, Radiochim. Acta, 27,
105 (1980)

8. N. Greulich et al., GSI
GSH-82-1, p. 218 (1882)

10. B. Eichler and |. Zvara, Radiochim. Acta, 30, 233
(1982} -

1. B. Eichler et al., tc be published
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Scientific Report 1981,

Table I:

je3

Adsorption behaviour of polonium on different surfaces

Surface Column length Temper‘atweﬂ MALQ(GXD.\C) ng(ca?r }d>
{cm) (K3 {kJ/Mol) (kd/Mol)

S%G‘Z i5 633 1234 B

Ag i6 833 165.4 “- 232

Au lo 1133 223.7 196/200 200

Cu lo 893 i8o.8 157/193 178

pd io 1373 .8 302 30l

Pd 6.8 1798 i

a
b} calculated with eq. {1}
¢} values from Ref. 11

d) calculated according to Ref. 12




Chemical Separation of Astatine from Bi/Pb-Targets

4.1

S. Zauner, J. V. Kratz, E. Kuchinka

Institut fir Kernchemie, Universitit Mainz

W. Briichle, H. Giggeler,
GSt Darmstadt

For the radiochemical detection of the presumably

. . L 207, 4, - 211,
very rare reaction channel Pb (4He, ) AT
L) i
32 2 35
(pionic fusion ) a selective chemical separation of asta-
o

tine from polonium, bismuth, lead and from spallation
and fission products with high decontamination factors
is necessary. At the same time it is desivable to pre-
pare the -astatine sample as° a weightiess scurce for
a-particle:spectroscopy. To this ‘end, ‘the volatilization
of elementary astatine and its re-condensation on a
cooled metal sur‘face2 seemed to be most atiractive.

210,211

We have produced At tracer.activities at the

Karlsruhe cyclotron by bombarding zogBi‘targets with
30 MeV «-particles. These, together with 20 mg of lead,
were heated to 1000° C in a gas flow of 100 mi/min Ar
and 10 mi/min H2 for 15 min in a quartz tube, see Fig.
1. Under ‘these conditions both. astatine and polonium
are volatilized.. Inside oven 2 (600°C) the guartz tube
was lined with Pd foil of 4 cm length which absorbs
polonium while astatine passes through. Fig.Z shows
the yield of astatine as a function of the temperature of
oven 2. it is evident that temperatures = 500" C are
necessary in order to avoid losses of astatine to the Pd
surface. Astatine is then condensed on a cooled Ni-foil
(1 mg/cmz) covered with ~40 ug/cm2 of vapour-deposit-
ed Pd. Decontamination factors from polonium were of
the order of 105 in this one-step chemistry and the
chemical yield of astatine was 91:7%. The Pd-Ni-subs-
trate foils for the astatine sources are sufficiently thin
to allow for w-particle spectroscopy on both sides of the
source by large area silicon detectors with a total effi-
ciency of 65%.

First bombardments of 20 mg/cm2 nat'Pb-targets
with 2.5 pA a-particles of 130 MeV at the Jiilich cyclo-
tron showed. that the decontamination from pelonium of
this one-step chemistry ‘was not -sufﬁcient to detect
subnanobarn cross sections of astatine in the presence
of tfens of millibarns of polonium. Alse, an exiremely
high level of beta radiation caused by fission products,
in particular by icdine, jeopardized the function of the
silicon  detectors for w-particle spectroscopy. This
called for additional chemical purification: The bom-
barded lead-targets are now disssived in 500 ul of 3.5M
HNO?’., Astatine is then deposited in the presence of
hydroxyl-ammonium chioride and ammonium acetate buf-
fer on a 2 cm2 Au-foil. The latter is rinsed with ace-

tone, dried, and heated in the quartz tube (Fig. 1)

- 233 -

for 15 min to 90G°C (oven 2 at B00°C) under otherwise

identical conditions as given above for the one-step

gas-phase chemistry. Chemical yields for the combined

procedure are close to 80%. The separation now produc~

os sources wich are well-suited for a highly sensitive
211 2075, 4., -y

for b

search At from the gzxuizhﬁf % 3 resction

b
by a-particle spectroscopy.

References
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3mg/cmZZNi Pd foil quariz powder
A/ + 4ug/cm Pd7 [ stainless steet
‘#Z [uqumtz tube
— i /
w— e i

-38°C Arxm /
: aven 2 oven i
aluminium =600 T=1000°C

guartz wool quariz vessel
containing the
Pb-target

ikMz-359

Fig.1: Apparatus for the volatitization and re-conden-
sation of astatine
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Fig.2: Chemical yield of astatine measured on the Pd-
Ni foll as s function of the temperature of oven 2. The
temperature of oven 1 is 1000% C. The errer bar on the
data point at 600° C corresponds to the standard devi-
ation of ten experiments.




ROMA - A Rgtating Whee! Multidetector Apparatus used in Experiments with **°Es as a

~a

Target

K. Stmmerer, M.

Brigger, W. Brichie, H.

Schidei,

order of seconds. We have set up such a system at GSI

and correlated fissien fragments
from the decay of neutron-rich actinide and trans-actin-

formed in the reactions *°' %%, **Ne +

a
earlier version of this device, in conjunc-

(OLGAT,

An

with on-line gas phase chemistry haz

in a

been used

BECL

search for superheavy elements with the

r
2 ECm ctions %,

nsport recoiling

system, where they are de
propylene folls (about 70 ug/om?)
tion wheel, After a preset collection time (tvpically 2-30
seconds), the activity is moved between pairs of sur-
face barrier detectors fo messure z- and

fission decays. is rotated by a stepping
motor controlled by a GSI 8085 microprocessor which is
in turn coupled via CAMAC to the PDP11 computer of
the GSi data acquisition system.

The inner part of th ROMA sy in the

is shown

(fig.1). Detector pairs are mounted at 15

photograph

s molvero-
Solypro

tionsg.

pylene foils are located in 48 out of the &4 positions

around the perimeatar of the rotating catchsr wheel. To

reduce the build-up of longer lived activities, a fresh
foil set is brought into position every two hours. After

the three sets available have been used, the

chamber is opened and the entire collector
exchanged.
The remaining 16 positions of the wheeal are laft
for of daughter decays:

an a-event is found

the weel is moved

o
time  during which possible daughter decays  are
recorded, normal wheel indexing is resumed.

The data acqg includes «-  and

recorded event-by-event o

measure

sf-spectroscopy

time 1

, and

setg

[
o~
[e)

for this time-consuming cali-

bration of the detectors.

Schidel et al., contribution to this report, p.

z

=y

Gaggeler et al., contribution to this report, o.
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Fig.1: The rotating whesl multidetector apparatus,
ROMA, as used in experiments with 2*"Es as 3 target
The photograph shows the
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now. Th set of detectors is

to replace the wheel
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form
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to a cation exchange resin
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retarded. Reaction products recoiling out AECm

target ded

cluster jet with He asia carrier gas from the irradistion
position at Y3 over ca. 80 m into cur chemistry labora-
the

is negligible com-

tory. No significant. losses  were cobserved, and

transport time of approximately 10 s

ed to the 30 min time interval while the activity from

pare
the jet was collected on a guartz frit (D4) in ARCA.
Every 30 min the activity was “dissclved in 0.1 m
HBr/Br2 and pumped- through the {100x1.75) mm cation
exchange column {AG 50 W x 8, 400 mesh) at a flow
Eluting a SHE fraction was
0.8m HBr/Br,..

rate of 3. ml/min for 10
completed after another 60 s of pumping
The soiution at the outiet of the column was conti
v evaporated. This made it possible to use just the last
few drops to rinse the glass and to have a sampie ready
for counting on a Au-coated 33 ug/cm?® C-foil within 2.3
min after end of bombardment (EOBJ). Counting each
sample between two Si(Au) surface barrier detectors
ARCA

ent successfuiEy through 88 irradiations and automated

for sf and w-activity started 3 min after EOB.
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ure cross sections for transfer products from

target and searched for new isctopes of elements

(Md) through 103 (Lr) with minute half-lives®.
d

required 2 very

v delicate and precise separation between

individual transcurium elements which was difficult to

achieve in an automated chemistry apparatus.

scheme is shown in Fig.t The activity
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+
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after

the cation and,
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of 29 automated separation cvcles

change from the early version of ARCA

As a major

we decided to control the system now with a GS{ 8085

microprocessor system® with twe floppy disc drives.
BASIC is now the command language, which makes pro-
gramming simple and flexible. To operate more than one
valve at a time all four 16 channel driver units for the
24v magnetic valves were modified.
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A PROGRAMMABLE PULSE DISTRIBUTOR FOR 32 DETECTORS

W.Brichie, GS! Darmstadt

amplitude and polarity.

With the increasing use of multidetector counting sys-
tems like "HOMA" ! a2 new and more flexible design of
test pulse distributor suggested itself. This new pulse
distributor contains a computer contreiled precision
pulser. Amplitude, polarity, and frequency can be
defined by a low-cost homecomputer VC20. 32 cutputs
can be active in any order. For these purposes the 8
bit userport of the VC20 was extended to 24 bit with
two 8 bit D-registers (74L8374). By use of drivers
{SN48701) and optical coupling (ILD74) a trouble-free
operation can be achieved at more than 100m distance
between the control system and the pulser.

The reference voltage {max. :10Vj is produced by a 16
bit DAC (DAC70-CSB-1) and two operational amplifiers
(LH0042). The maximum nonlinearity is =0.003% of fuil
scale range with *14ppm/°®C maximum gain drift. With
this reference voltage (polarity switched by a computer
controlied relais) a capacitor is charged. This capacitor
is discharged when a special mercury relay is ener-
gized. The discharge path is determined by the setting
of one out of 32 relays. Which output is active can be
defined by computer via two decoders (SN74158). There
is an option to use only external pulses and distribute
them. In this case the computer can count the external
pulses by an external trigger input.

The use of the machine is simplified by a Basic- con-
trolled menu which is displayed on screen. After cali-
bration with a standard source the computer calculates
calibration coefficients (comparable with normalize- and
attenuation- values in a normal pulser) , which also can
be stored on tape. Now the desired energies can be
typed in, instead of choosing relative amplitudes. In a
centinuous mode used for calibration control a high-en-
ergy pulse alternates with a low-energy pulse, every
two seconds the next cutput is switched on. Maximum

frequency is 20Hz.

1

K.Simmerer et al., this report
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Schematic drawing of the Pulse Distributor






