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ment 110, Even though the first attempt to fuse = Ni
with & was not suf:f,egsruig, there is hope that in .
the resction of Ar * U
hindrance for fusion as compared o the Ni * Pb case o
Gn the other hand, the less favourable O
ies {of the order _ !
wWe have thersfore i i
rches for descendants . ‘ - 1_ L rnq% . L
4 residues  from  bof W 12 % % 1B 20 22 24 26 28 30
] STy .
233’2:;)b5’:?'“‘;~‘§8U with %OAr at energies close to the Coulomb LOG2M  HEOS S
a-deeay chains are compiled in many of the predicted w-lines. Sensitive indicators for
r short-fived members of these Apr + U-evaporation residues to the pred-
n targets of 233 o B35 i ictions are the sf-decay of 260104 {from (235U,3n}) or
connection with & He-KCl-jet and the rotating catcher time-correlated  s-avents  of ié!‘i@%«;zgg?()ﬁ {from
wheel ROMAY. Long-lived decay products were (235U,4ﬂ))‘ We have observed no fissions with 235U
searched for in an off-line mistry experiment where and one sf-event with the 233U target, which corre-
targets of 233U, 235y and 38y on thick Be-backings sponds to a cross section limit of 0.9 nb. With the 235y
were irradiated for 20 hours, typically. After that, the target, we have obtained the time distribution of
recoil catchers were chemically separated into various 9.2 - .06 MeV a-u-correlations shown in the Figure.
actinide fractions and assaved for o- and sf-decay. AH events can be interpreted as random. We deduce an
in the ROMA experiment the c-spectra up to 8 MeV upper limit of 0.8 nb for the {235U,4f‘a)~channe! from
showed large activities of known short-lived transfer- these resuits.
products and/or their daughter products obscuring For the chemica! search for long lived descendants
Table: of element 110 isotopes it was necessary fo show that
Tentative decay chains of Ar(U,3n} and Ar(U,4n) channels. these nuclides are not formad in transfer reactions. We
Huctei in boxes were searched for in this experiment. found that the cross sections for transuranium isotopes

decrease very steeply beyond Cf such that only upper
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limits for the cross sections of Es, Fm and Md isctopes
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off-line mass separation a
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trapped in
helicopter
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started typically one hour

ment. Conseguently, we were able
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. . 258, .
and from 95 min Md. in acdition, a hitherto unknown

st-emitter was found in the A=260 fraction with the

remarkably long haif-life of 32 days which was formed
t

with a cross section of £.3 ub in both reacti

Extrapolating the  cross sections  from  sarlier

experimentsE to A=260 and taking into account the long

half-1ife we could as
An interesting aspect of this new sf-emitter is the
=

TKE- distribution
258’259F
m

shown in the Figure. As with

h-TKE component is visible wh

cor-

.

rasponds to an extremely narrow symmetric mass dis-

tribution. A hitherto unobserved feature is the clear

indication of 2 s

[
[t
o

in the mass distei

nent

on’
seems in the TKE-distributions of

where insufficient statistics had

rvation up to now.

the sf-properties of Frn  and

eriments together with those for

258 2680, ., ¢ i - b e ewiaea
Mo and 14 from earlier studies with the SWAMI

for, possibly, ponent of

the present level of stics indicates
mass-distribution,

At present only a qualitative interpretation of our
rasults is at hand. Whereas the low-TKE component

~
firms the trend obsarved for lighter nuclei” and may

termed  “liquid-drop  like fission”, the high-TKE
component appears to be hell-effects in

erplay

preference of
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automated procedures in

transport system were wused. shown in Figs. 1 and 2.
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With the centrifuge-system SISAK Il the neptunium

fraction was separated on-line by multistage Tiquid-
liquid extraction as described earlier™. In the last

S S S
TKM.

step neptunium was back-extracted from the organic

phase with hot phosphoric acid. The whole procedure T { @ @‘ TR mu 120
takes about 10 s. Two methods were used for the half- e

life - determination: . In the first, the four-detector Fig. 1: Decay of the 287 keV y-line of 243Np
delay method, the activity in the phosphoric acid was (SISAK data)

pumped on-~line through a Tong teflon tube and measured

with four - Ge-detectors connected in series. The _
flow-rate of the phosphoric acid was kept constant. Two T ;

runs with different delay tubes between the detectors T

were performed. The half-lives of the neptunium

isotopes were determined from the decrease of the -

163 ke

count-rate of the corresponding ¥-lines in the four
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hydrated antimony pentoxide. 2.5:0.3min \T\
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the column and the decay of i
CEE s i 2 3 5

Uttt = b ifie. V{mm]

In the ARCA experiments the separat

X
accomplished batchwise. The reaction products attached
1

As a result from the experiments a y-Tine at 287 keV
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ctions

jmi n%(e recolis
chemically separa

ons ¢
on the heui’ron rsrh
1 tic transfer
pmt}‘ucts wgth mass numbers close o that of the target.
Cor 138%e + Ui, Py the bhroad desp-inelastic products
distribution is less pronounced, or missing, which is
probably caused by seaquential fission. On the other
hand, for products with mass numbers close to the tar-
get we observe essentially the same cross sections as in
the 136%e + %8y reaction. These are of the order of
100 mb for 1n-stripping and 1n -pick-up, about 10-15
mb for lp-stripping from the target, and 2-10 mb for
Ip-stripping from the target. The cross sections for
the Zp-stripping channel decrease regularly with
increasing neutron excess of the target (**7Pu, *3°U,
26pyY  in qualitative agresment with potential
considerations.
Consistent with the association of narrow product dis-
tributions with mass numbers close to the target mass
number to guasi-elastic transfer, sbserve for these
products excitation functions that are sssentially
above the barrier 7, see Fsg1 For increasing mass
loss AA of the target-like product (increasing nucleoc
exchange, energy dissipation and particle evaporation)
there is a regularly increasing tendency of the excita-
tion functions to rise. This is the expected feature for
wo-inelastic collisi For reactions with the actin-

e

flat

tde targets examples for the energy dependence of the
cross sections are shown in Fig.2. The slight decrease
of the cross sections {(which has previously been seen
in same!ar reactions with “U and 2**Cm target s) is

assocﬁated losses of viel due *e seque'mai fisgion as
the available energy aLOVe the barrvier increases.
e&;tab b the following optimum ¢
tudy of new nautron- ¢

b V35Ke: For the *P°W
target in dem energzes weil above the dewr (16
Mav/u) and thick (£ 20 mg/om?} targets shoul
used. The optimum bombarding energies for actinide
targets are about 10% above the barrier.
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Search for the decay of

W. Briichle (G5! Darmstadt), R.Bellwied (inst. f. Kernchemie, Uni Mainz}

only an

could be detected after 2 weeks of measuring in

he most probable

are produced tivity observed by Ward © is

uged the same
~eaction and found

which he assignsd

easily be explained by targets

with Cd.

wWe wused the Mainz Cockeroft- Walton Accelerater to
o 203 ) . . 204, 20

search for Aw by the reaction o]

Because we used targets of natural mercury nitrate,
other short lived gold isotopes are produced by (n,p)-
reactions. To avoid interference from Hg- and Pt-
isotopes we carried out a chemical separation based on
the extraction of Au in Tributyiphosphate (TBPJ. After

2 min irradiation with 4.5x‘iO”i4We\/ neutrons /(cm s}

Fig.? #-spectrum of a Au fraction after irradiation of

nat.Hg with 14MeV neutrons. {The upper part of the

the target samples were transported fo the laboratory e
. ) ectrum was multiplied by 5},
by a fast pneumatic system. The capsules were opened

1] ¥ M ki L 13
and the powdered Hg(NO,), was dissolved in hot HCI. oo K-XRAYS ]
Mow the solution was succed through a column of TBP
absorbed on Voltalef®, After washing with 3n HCI the % ¢
TBP could be ejected into a thin polystyrene box and % 1000 b

o I
assayed for ¥- and X-ray singles and coincidences. Two s} gog L. L¥RAYS ! i
U o i
spectra are shown in Figs.1#2. Time from end of : ‘ i
U3 L &
irradiation to start of measurement was 30s, the = 500 H
R . ‘ .. 199m_, 3
contaminations from the reaction prodact 79m2—sg; % S 5 I
. L H 2 | i
are less than 10 200 Lj\ U ix i
;o Zmind all obser s | (LYWL
'!,_“ o f . 5 i i i n
decay of known nuclides. ;o i at 6 20 400 53¢ @00 1000 1200 1400 (600 1800 2000
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until now no one
because the huge activities of Hg without

separation obscured all  other reaction

a)The cross section for the (n,d}-reaction is too small

- 195m L
This iz unlikely; we even sayv Ay which s
i 146, -
produced from Hg with O ndance,
¢




Sub-Coulomb Transfer in Heavy-

fon

B

Collisions

G. Wirth, W.
GSt
F. Funke, J.V. Kratz,
institut fur

-transfer

or 1 in-the

reaction %LU =+ 23] ¢ ener‘gieg below the Coulomb
barrier from-90° 4 inthe

transfer. probabili
showed deviations
could “not exclude
from ancuie"
; o

semic

iaoora‘tory \/efomt
fore we measured in ad
in the angular range 0,

tion c‘“xe transfer i ;wc:‘f\*
= 45° - 5° with better angu-

o b
a0

lar resoiution compared to the earlier experiments at
backward angles. Although there-is a small exper-
imental problem for the most central collisions the angu-
lar distributions are in general symmetric around OFM =

90° as expected from trivial kinematics. A summary of
the data.is -given in ref.f2]. For' the peripheral colli-
sions .the transfer probabilities behave as expected from
a semiclassical approach, whereas Signiﬁcantly lower
transfer probabilities are observed for the more central
collisions.  The difference between the .integrated
experimental’ ‘angular ~ distribution " and ‘the theory
amounts roughly to"70% of “the 'measured cross sections
at the lower beam energies and is 36 mb compared to
the measured integral cross section of 48 mb at 5.G65
MeV/u.

in order to check whether the transfer cross section is
reduced by sequential fission after transfer we meas-
ured “the "extcitation function of the fission component
(fig.1). The integral fission cross section for the
reaction 2%%U + 238 at Elab 5.65 MeV/u is about 25

mb and can be assigned completely to Coulomb fission
calculated to be 23 mb *. Therefore the fission compo-
nent cannot accomodate 36 mb from transfer fission.

The "general shape of the observed transfer anguiar
distributions is similar to the prediction of a schematic
model * including ‘long ‘contact times associated with a
potential pocket at:energies below the barrier. However
this -simitarity is not a proof for the existence of such a
pocket as long as simpler explanations have not heen
ruled out.: Coulomb:excitation is ‘a strong process in
238+ Y collisions. A dépendence of the transfer
probability on the rotational state populated in the coi-
lision has not been taken into account vet. To provide
further insight similar experiments with other deformed
and spherical heavy nuclei are necessary.

Afong that line we have investigated the symmetric
reaction *?7Au * '37Au involving nearly spherical heavy

ions, “The angular distributions were measured for the
— i 1884 1965, m2 gt e
in~transfer products Au and for the
Zr~transfer product '°%Au at beam Fraerg%es oF 5.06
(0:88 = By and 535 (0,83 By MeV/u {(fig.2). Data
analysis is still in progress but itiseems that the trans-
fer ‘probabilities are compatible with the semiclassical
expectation at all angles and do notshow deviations for

the more central collisions as observed in 2381 + 238,

Products from many'nucieoh transferiare found in the
regction 2PTQU v 238y 5.85 Mev/u- (0.96 x B) with
small - cross isections ‘* A rough. angular distribution
was messured for #ATT VAo

shape of the angular dis rﬁbutfon is ste r compared
that of the 1n-transfer produc' 235 the **’Th was
measurable at 8, Lab © 45° with a differential cross sec-
tion of about 0.2 ub/sr.
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tions near the Coulomb barrier in systems with
i

dynamically hindered fusion

[T - W SO
W. Brichle,

&

ed et
e et al., Nucl. A440, JZh 985

ev. Lett. BT,1426(1983)

in extremsly VK
stability. The pres work aims at checki ing the above ,
view® also for ligh ter and nearly symmetric farget-pro-
jectile combinations for which more stable compound 0k
nuclei exist. Mass and charge distributions were meas- 5 L
ured radischemically in the resctions ®°Kr + “’G A
\xe\; =0.60), "°Kr * '"*Ru {xef =0. 7(};,
{xefg =0.74) at the barrier, thus tes
of the above mentioned, competing reacii i
a system below, at, and sli v above the threshold
(%44 =0.70) for the hindrance of fusion. Evaluation of 5
the *SKr * ““‘Ru dﬁt" is still in progress. For the other -
two . ibutions® 3 |
we have comstructmcz .,ompiete massg dmtf”r}utions which 5¢ o
are shown in figs.l and 2. The ®°Kr * 7fGe reaction -
shows, besides fusion, only two sharply peaked dis-
tributions around target and projectile mass which are (L - B
slightly skewed towards larger mass asymmetry. For £ I |
86Ky + 139Te these quasi-elastic peaks have nearly the bl Ll A . . .
same shape but are a factor of seven higher than in the 70 80 0 0 om0 120 130 0
lighter system. There are two more distinctly different A
features for *°Kr *+ *%Te: ) the transfer peaks have
ta;%s on bGth(sides, and ii) there is a relatévew flat dis- Fig.1; Mass distribution for the transfer reactions
tributisn'ﬂt!mg the valley between the transfer peaks between °SKr * 7%Ge at 2.22 MeV/u in a histogram plot.
to the mb level. While i) might present some tentative Some representative error bars are shown. )
evidence for deep-inelastic scattering, component ii)
can be identified with quasi-fission. This is corrob-
rated by the angular distributions. The total cross e
section that does not fit into the guasi elastic peaks is :
30 mb. The contribution of true fusion-fission to the sF
symmetric mass yield can be estimated on the basis of L i .
the results of Sahm et 3i.% as 0.6 mb and is thus almost 2t o - 1
negligible. ¢ [
For the cross section balance it was first of all interest- T j [ E
ing to discuss whather the factor of seven increase in f ! : ‘
the quasi-elastic transfer cross section indicated that L
the suppressed fusion cross section shows up in sur-
face reactions. However, caﬁc:uﬂa\tsons of the Tn-transfer
cross sections with the code OLEMY for f°Kr *
1En

ot
>
ub

Gl
e
-

)
3
"

el

o4y 7 pb

raprodus i
tinuation wwar‘d even heavier systemt Measurements® 3 P
with undercritical systems at higher incident energy £ S R
also show this effect. It appears that the increas ’
surface confinement of the total reaction flux with
increasing target/projectile or charge is a global
phenomenon which does not show any particular struc-
ture at the threshold for the dynamical hin ]
fusion.

For ths P‘\;Do*hetma case of unhindered fusion

Ik

i : ] (CES Fig.2: Mass < for binary
units we roncmde mat aven mm,;gh TLEW‘“’* 15 sup- the ®%Kr + ***Te reaction at u.96 MeV/u in a h;stogram
DFESSEKL dPeD contact is be!ng made. A differentiation Igt Typical error bars are shown. The quagt alastic
of the massive transfer cl into quasi-fission and laid u‘y Yf‘e

afue of these peaks in t?ie
f $

of the present lata.
instructive to c:aécu%a’te the cross s
.

fission to ass vyieids based on the
sion on the basis of the mcst recent results of Wf 2. T’m dashed ings repre%"ﬁ' %ﬂma%ec
trization by Toke et al.’ where %y ~G U «;m“ the of the quasi-fission cross section with x and
friction parameter a resum i 7 or 10. This a%7 or a=10 7. +hr

es
yieids 15 mb or 25 “mb for qu

0
jon, respectively,




Angular Distributions in Quasi-

Fission React

G.Wirth, W.Brichle,

s
v /1,2,e.

-projectile combinations (Z,°Z,

of heavy

=

two com-
rocesses can result in a complete relaxation of
the rel etw‘@ kinetic energy and the mass asymmeiry
/3/: Fusion and compound-nucleus formation on the one

e other.

hand,. and quasi-fission on
As reported previously /4/ skewed angular distrib-
ytions d9¢/d0d? {Fig. 1) were measured in the reactic
Fe

SOT) +298ph et 5.0 and 5.5 MeV/u and ®°
7, 8.1, 6.8, and 8.3 MeV/u. 7

The skewness was in

(%))

w

preted as a clear signature of quasi-fission reaction
g

which in turn proceed on a time scale comparable to the
rotational period of the system.

ione can be described in the frame o

The distri
dynamical model /5,8/ (solid line in Fig.1}, in which

nucleon exchange is assumed fo cause the excitation of

The tilting

a dinucleus’ six intrinsic rotational modes.

mode, a

around the dinuclear symmetry axis, is the only one
which affects the angular distributions. In fact, its
influence is manifest in the strongly decreasing cross
section near 0% and 180° (Fig.1).

From the fits one obtains the variance of the tilting
anguiar momenta for the forward (near 0%) and back-
ward (near 180%) hemisphere, K (9‘ and K (=)
respectively /6/. in Fig.2 the squ re roots of these
values are depicted as a function of fragment charge Z
for E/A=6.8 MeV. In many cases, KO is smaller than the
equilibrium value calculated in the frame of scission-
point model /6/ for two spheres in contact (solid line in
Fig.2}. Ailso, KO(D} and KO{D}, belonging te different

reaction times, are usua%iy suite different from eaoh

other. Both these findings

!
Q9
ﬁ-
-3
v}
@
o
@

of the tilting mode h

ind of steady
state related to an effecttv decision-point configura-
tion.

in order to obtain a time scale for the excitation of KO,

d¥s/dedZ was unfolded into two gaussian di
one for the projectile, and one for the target contrib-

ution; the gaussians then ﬁepencz on the rotation angle

£ {Fi 8y minimization of

mean rotation an wer iculated for the projectile
and the target tributi 40(Z23>P and <ae(z)>t,
respect verted into reaction times

with

momentum during

ing the mean moment of

now at GSi, Darmstadt

and K. SUmmerer, G5

it filr Kerncher

DPhN-MF,

auite unlikely

quasi-fission reactions.

v .Back et al., Phys. Hev.lett 46, (1
/2/ Tsang et al f‘hys Rev. CAS,{ 88
/37 et al., Nuel Phys. A440 {1985)
/47 f et al GSi Scie

/5/ ,\ i'h D@sst " and J.Randrup, PE‘H\;S,LGTL‘?.?5SB

/6/ K. s_u*zen irchen et al.
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The Tilting Mode in Quasi-Fission Reactions

and J.V.Kratz, institut fir Kernchemie der Universitit Mainz

G.Wirth, W.Brichle, and K.Siimmerer, GS!{ Darmstadt

R.iLucas, J.Poitou, and C.Gregoire, DPhN-MF, CEN Saclay

raaction o interaction of
208, . . . . 58
‘”82?’9;:» ionis witnn targets of through 26?8

have previously been studied /1/ with a large position
sensitive ring counter. One of the observables was the
<M2{>’
fission-like ewvents, Thess measurements, however, did

¥-ray multiplicity, measured. in coincidence with

The mean

fragment sopin <> was 1
<= Zef <MZ(> -8

<j> is the vector sum of the aligned spin <ﬁz>, and the

angular ‘momenta- corresponding to the six intrinsic

rotational modes of a dinucleus. As a2 working hypoth-

esis the tilting mode, i.e. a common rotation of the fis-

sioning system around . the symmetry axis, was
considered in /1/ to be the dominant factor. One then
obtains:

<j2> B <[L%> + KE (2)

<§ZZ> can be determined from the mean number of partial
waves contributing to the .fission cress section /1/.
2
K
o
up by the tilting mode.

stands for the variance of the angular momenta tied
For fissioning compound nuclei
K% is related to-the effective moment of inertia at the

saddie point via Ki =Tl T being the nuclear tem-

perature. Starting from <§/§i> one would thus be able to
determine nuclear transition-state shapes.

The crucial point, however, is whether it is permissible
to interpret <MX> this way {eq.2). If yes there should
be & unique connection between the Y-ray multiplicities,
<MX>' and the angular distributions, W(8), and beth
measurements should lead to the same values of Ki To
test this hypothesis it should be realized that W(9) is
sensitive to the tilting mode alone, and is not affected
by
excited, and enter into the <Mg>--measurementsv
to this /2/

; ) : e} <
described, how KO—vaiues near O and 1807, KQ

other rotational modes which might possibly be

in another - contribution report it is

&

and

Kzi respectively, can be extracted from skewed angular

distributions d?0/d9d7 of the quasi-fis

depicts K -values as a funclion of f

for ‘the reaction *°Fe *» *'*Pb at E/A

fpit L /TSN i arder SHew & combarison of thase
Getsiis see /577, th order 10 30w a Lompbarison 07 tnése

with the variances inferred from the angle-inte-

2 §
grated the szva%ges for 6<90° and 090 had to

be formally averaged; this was done with the help of
being related to typical magnitudes of

weight factors

*
now at GS1, Darmstadt

ion near O and 1807, Thess

the cross sec respectively.

average values <Kﬁ> are shown 8s open. sguares in

Fig.2. They all lie clearly below the corresponding var-

iances obtained from <M.> /1/ (dashed line}. Thus,
I3

eq.2 is incompiete. Other: than assumed /17, all six

rotational modes ssem to be excited in guasi-fission

bsix modes contribute equally, then the tilting var-

iance should be of the order of 1/6 of the total one,

6
2 _ s 2 N
o, ?/bsz a; {3}
17
. 2 . . e
with o as the variance of the i-th statistical mode.

Using eq.3, revised Kowvalues follow straightforwardly
from the <M5,>—results (dashed-dotted. line in Fig.2).
They match the results from W(0) almost exactly. The

result seems - to suggest “that.. in.a.guasi-fission

reaction, the six modes share the total excitation of

intrinsic rotations to roughly equal portions.

/1/ R.Bock et al., Nucl.Phys.A388 (1982) 334

/2/ K.Litzenkirchen et al., this report and GSi-Pre-
print85 - 52 (1985)

/3/ K.Liitzenkirchen -et al.;
GSi-Report 85-22 (1985)

GSi-Preprint -85-52 -and
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extra-push model 277 fusion is replaced i
ns bv a new re actson i

{
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(73

unusua anisot opzes that ot
contaminating the compound-nucieus i
anguiar distributions, thus lowering
threshold Xﬂthr from about 0.7 *'°% to
intermediate system “"Ar * P°PPh this new ;ﬁai“&metzf%za
tion * would predict an extra-exira push of the order
of 10 MeV, at variance with the results of an cmaEVSis :
of evaporation residue cross sections and of the fiss
excitation function in this reaction, where no evidence
for a dvnamical hindrance of fusion was found.

We have measured angular distributions of fission-like
fragments with specific charges in the “°Ar * *°°Pb
reaction at E :156 and 172 MeV using catcher foil

7. The cross sec-

Do = widee
=90° over a wides

technigues ﬂnd K Xray srﬂ,cfroscopv
tions d?0/dZd0 symmetric around

range of charge numbers as compared to the *°Ti or
5¢Fe bombardments 7, see Fig.1 . HNevertheless, with
increasing charge asymmetry, {eft-right asymmetries
around 0=90° become again visible (Fig.1), which prove
unequivocally that, even for *"Ar + 2°#Pb collisions
near the barrier, quasi-fission competes with true com-
pound-nucleus fission.This is corroborated by angular
anisotropies for the near-symmetric charge splits that
are much farger than predicted by the standard sad-
die-point model.

Analysis of the angular distributions in the framework
of the Randrup-Dessing formalism ° for binary
reactions gives values of K, depending on the fragment

charge (see Fig.2) in a similar way as previously

observed for the heavier systems 7. Again, for a given
value of 7 different values of K, determined near 0° or

180°, respectively, reflect a different degree of relaxa-
tion of the tilting mode for different reaction times.

in order to estimate from the differential angular dis-
tributions d?0/dZd0 what fraction of the total fission
vield is due o compound-nucieus fission we have added
to the (skewed) angular distribution of a typical qua-
sr»«ﬂs'«;lon fragment (Z=66), and to its reflection-symme-
of cross section with an

Aard theo-

(S

ic Miagc, 5(0#5553 amou
s

ry, umttﬁ the shape of the measured angular distrib-
ution near Z=50 was reproduced (this approach is
similar in spirit to that of Back *}. For the °Ti + **Pb
raaction this gives an es‘z%“na"ce of the order of 10% in
reasonable

ration resid
estimate & comp !
order of 60% h;s can be tran jate
tra push {extrapolated to =0} of

agreemer

! umed @quwaf@cu o
Coulombic and cer "'orres/ which is used for the
extrapo%:’r’on of the fission data to 120, is at variance
with evid on evaporation residue 5
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Examples for angular distributions d?¢/dZdo in

quasi-fission reactions of 5.25 MeV/A **Ar with ***Pb
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reactions in which the
away by a pion while the two nu

.
¢ state of i

state or z low-lying, particle- !:}awnd excits 2
residual nucleus. This m@rms has been observed in
reactions betwmen fight nuclei, e He( ‘;‘?Lé or
1&{ He, j i total tions of

H} F H = E g
tions are mxpected to be even lower, as the cooperation
of all nucleons, required for the TMﬂs?{éf of the totsl
excetatmn energy 1o a smaﬁp partic
more uni ka\,f it woui »z@WEVﬂ

a comparxcon befwe@n ’(he ””%“){"H? Fo)PILAL - di”(’a the
2UEPh(*He,r J*'TAL - cross sections. There exist qual-
itative estimates based on a micrescopic model of pionic
fusion® which predict that the cross section for the
pionic fusion of ?°"Pb and “He should be considerably
iower than that for 2**Pb and *He, due to the s;me!amty
between entrance and exit channel in the latter case:
both consist of a **Pb-core and three nuc
Ward et al. investigated the reaction
288ph(SHe, 17)2 At and reported cross sections of
several nanobarns®. We made an attempi to measure the
excitation  function of the 2%'Ph{*He, v )2'*At
reaction at the isochronous cyclotron JULIC by radio-
chemical methods. These are best suited for this prob-
lem because of their extreme sensitivity.

in preliminary experiments with 2"7Pb {enrichment
92.4%) Astatine was found to be produced below the
threshold for pionic fusion, E = 151 MeV. it was sus-
pected that this might be due to ?"*Bi(“He, xn)? ¥ XAt
reactions on bismuth impurities on the ppm level.
Therefore, excitation functions for these background
reactions were measured®. Surprisingly, it was found
that the isotopic distribution for At produced from
208R was quite different from that in reactions with
2°7pb targets, see fig.l. in any case, higher enrich-
ments of *°"Pb  should simultaneously decontaminate
from 2°%Bi. Therefore the experiments were repeated
with a cleaner set of ?°"Phb targets ({enrichment
99.81%). VYet, the previous results were reproduced.
Since any target contamination must be very long-lived
or stable and heavier than lead for the formation of
astatine to be possible, one is left with uranium or tho-
rium as further candidates for background reactions.
The astatine production cross sections for uranium -
measured in the same experiment at 160 MaV -
included in the figure. A contamination of some "1
atoms/cm? of 2%l could indeed explain our results - if
this were not exciuded by activation analysis: The tar-
gets were irradiated in the Mainz TRIGA-Reactor and
searched for *¥9Np and for fission products of 2% via
%fway specie‘uscopy m: arrive a*c &N upper Mméé‘ sf

ns.
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Sal . 238y Gever bevias By
FAR V] G\\JHKSI\»H U owhich is too low to
cur data. - The significant difference between *he iso-

topic vields of 29TBL and 105 targets also makss an
cxpimafsa by impurities quite uni ikely.
wother possible

reactions. . The em“ita’ts
reactions range from seve
dreds of millibarns,

nd calcu
Tha resu
balow the measur
ratios are wrong.
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WO“(Q?)F% mskeaa ef the heavy ones.
Rezctions of the primary target with a secondary beam,
e.g. °Li produced in {*He,®Li}-rsactions, cannot pos-
sibly account for the observations either bescause the

{(*He, ®Li}-reaction by comparison with the (d,°%Li)-
reaction is estimated fto have a3 cross section of some
ukrErrs .

At present, only a combination of several of the
above mentioned effects might serve as an planation.
A=z the excitation function of 211At doss not show a sig-
ﬁc; it rise sbove the thws hold for pionic fusion (see
9.2}, the upper limit® for the *°7Pb{*He, v ) AL -

.
eaction remains st :*5;(} .,cmabams;

-3

P

Refarences:

te %omsc et al., Phw; Rev.lLeatt. 47,1870(1981)
Bemboi’ al., ’P‘ys _att. }‘ME’: 11(1082)

fnoﬁam; Umvers;ty, Dept. of Chemis-
1980, p.63

i Lad Pad o
Ruulls:
o
& =
-
"3
('G
s
EL
pram
el
AR
T
= 0
<
U)
}:»
)
ol
CF>
Y
&t
=
O
T~
=
© &
o8
0
o

Ward et a%.,
try and Cyclotron Facility, Ann.Rep.

5. Blaich et al., GS! Scientific Report 1584, GS1 85-1,
Isotopic yields at Eg=160MeY
£ T T 7 v T : ™
P 1
0t e s 3
3 — E
L \\
|- \‘\,.,\\‘~
07 TE
: o
0L — T~z
E 3 g’ - g
<] L 3 & 23|
Bl - 4 o mgﬂ
© 4o L _ 4 MW
09 E

7 : T ; i
& 2 &
A % ]
o0 $ : %
%: g N & WAt
B8 - | W
L o _ e gy
¢ 2 ]
oy ¢ _
- ¢
.
10+ T 7
@
i A L
0 125 50 55 i

= i1
elal /2

Excitation functions of A*wésotgpes from *77Pb,
ed with the thickness of the lead target.




- 247

3

The irradiation facility at 513

¢
G
S
3
W
—tn
-+

., B. Fischer, M. Schidel, R.
GSi Darmstadt

it

;

G. Gademann, Univ.

biological, medical and chemical targets as well as for
nuclear track experiments. Common to all these exper-
iments is a large area which has to be exposed to a
homogeneous flux of ions of up to Zzppmxﬂ@g part/sec.
In principie, this can be done by two different ways:
Active beam scanning by magnetic deflectors and pas-
sively, by multiple scattering in foils of heavy elements
The passive scattering has the advantage that a sym-
metric Gaussian beam distribution is obtained aven if
the primary beam is fluctuating in intensity over the
time. However, (o achieve a homogeneous beam spot
with less than 10% deviation over an extended area only
the inner part of the Gaussian distribution can be used
and the outer parts have to be cut off by collimators.
Using the passive method, a great amount of nuclear
produced

fragments is in the scattering foils and of

neutrons in the collimators.

A pure beam results only from an active beam scanning
using for instance two deflecting magnets perpendicula
A deflection of

+0.5 degrees is sufficient to produce the required large

to the beam axis and to each other.
beam spot of 20x20 cm? if the wobbler magnets are
located more than 12 m upstream. From the accelerator
a maximum pulse length of 400 msec with a flat top is

tleing a

ilein a fast power supnl
g power supply

of 20 msec for the horizontal and a twenty times siower

a

power suply for the vertical deflection one picture will
be written within one SIS pulse of 400 msec. in addition
to the cleaner beam production, which avoids the nucle-
ar fragmentation, the active beam scanning is able to
produce beam sizes of arbitrary shapes and contours.

in order to control the size and homogeneaity of the

beam spot, position sensitive particle detectors are

required. For the low fluxes up to some Mega-Hz low

pressure gas filled avalanche counters can be used to

measure the position of single particles with a spatial

resolution better than 1 mmm. For the higher particle

fluxes ijonisation chambers with different sensitive arsas
"

should vield a spatial resolution better than one csanti~

meter.
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requent and fast access to the experiment when a sat

of exposures is done. In order to achieve a quick
removal of the activated parts of the beam stop, we

ant to split the beam catcher into three components:

b3

first a block of heavy metal as large as the size of.the
beam spot and thick encugh to sicp the primary parti-
cies. Secondly, a housing integrated in the rear wall of

§

the shielding material and finally a small neutron catch-

er located directly behind the experiment.

During the exposure, the metal block surrounded by a

neutron catcher will be posoitioned directly at the

experiment. At the end of the exposure only the rela-

tively small metal block has to be transferred to the
housing at the rear wall. Using this device, there is no
need to transport tons of shielding material after the
exposure. In addition, the metal block can be easily
changed and used for chemical analysis as proposed by

one of us (RB).

The experimental area should have a size of 5x10 m?*

free for the set-up of different experiments. At least

three different exposure apparatuses wili be con-

structed for the experiments, because it is not possible

to fulfill the different requirements of biology, chemis-

try and track research simultaneously. The important
beam characteristice summarizes the following list
particles: all ions, including the radicaction beam
intensity: 1to 1x109par‘t/sec

energies: 10 MeV/u - 1 Gev/u

emitance: S5mm x mrad

time structure: a) slow extraction with a constant

intensity over at least 400 msec
b) fast cut off (<£100usec)

and v collimators between SIS

4
&
pe
i

collimator: %
the last dipolmagnet

two dipol magnets with 0.5
12m upstream from the
area

ZQXZQ pixel 400msec per picture

) .
1-10"particies/sec: low pressure

avalanche counters resol. Slmm
=
R TN < . e
10" -10"particles/sec : ionisatien cham-

bers with spatial resolution T-Zem






