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1 INTRODUCTIOHN

The descriptions of the fission process are at
present based on the macroscopic-microscopic method /1/.
In this approach the smcoth part of the total nuclear
energy is represented by some macroscopic theory, eg the
liquid drop model, and the remaining oscillations, shell
corrections, are evaluated with a single-particle model.
As a first step in the calculations a parameterization is
chosen which can describe the nuclear shapes involved in
the transition from the spherical ground state to the scis-
sion configuration of two touching fragments. The nuclear
potential energy of deformation is then calculated with a
macroscopic model and the saddle point separating the
ground state and the scission point is located. At the
saddle point the deformation energy constitutes the macro-
scopic contribution to the fission barrier.

Fig. 1 shows the fission barrier heights for
nuclel along the line of beta-stability calculated with
three different macroscopic models. These are the liquid
drop model (LDM)/2/, the modified liguid drop mcdel (MLDM)
/3/ and the droplet model (DM)}/4/. The differences bet-
ween the models are mainly to be found in the evaluation
of the nuclear surface energy. For masses in the region
above approximately 170 amu, where most experimental work
has been performed, the theories agree. With decreasing
mass, differences between the barrier heights appear, and
experimental fission cross sections in the mass region
A®RB80 - 140 can be used to single out the most relevant
description of the surface energy.

The circles shown in fig. 1 indicate for each
theory the approximate location of the so-called Businaro-
Gallone point. Above this point the symmetric saddle is in-
stable only towards fission, but below it becomes instable
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against two degrees of freedom, ie fission and mass-asym=
mmetry. Below the Businaro-Gallone point the fragment mass-
distribution is supposed to be highly asymmetric and above
symmetric. The poeint has not been located experimentally,
nor has its existence been proved.

We propose to determine the fission cross sections
and fragment mass-distributions in medium-heavy elements
(655 A £ 165) in order to provide experimental data re-
guired in connection with theories of average nuclear pro-
perties. During the last two years we have been involved in
such a study at the CERN proton synchro-cyclotron. We hope
to complete this experiment (LUND-OSLO COLLABORATION, SC53)
in the summer 1977. Below we will briefly discuss some of
the results obtained sofar for medium=-heavy elements. We
have found the synchro-cyclotron at CERN, with its high du-
ty factor and stable conditions over long running periods,
to be most suitable for the proposed experiment. The expe=
rimental equipment used in SC53% has to be improved, however,
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in order to increase counting rates and to obtain a better
mass resclution. The existing relevant experimental infor-
mation will be described in Section 2, the proposed experi-
mental technique outlined in Section 3 and, finally, the

proposed programme is given in Section 4.

2 EXPERIMENTAL INFORMATION

Pig. 2 shows nuclear fissilities, defined as the

e

1
ratio of the fission cross section to the fotal inelastic
t

AL
reaction cross section, obtained with protons of energies

600 MeV /5-7/ and 1 GeV /8/. Two experimental technigues

e

were used, mica track detectors /5,6/ and silicon surface=-

ssion barrier heights

pods

barrier detectors /7.8/. From the [

in fig. 1, one would expect a fissility minimum around
o3 e 2

Z°/h=18. Kotov et zl. /8/ report a minimum at 2°/4=28,



whereas we observe an indication of a mini

28 /7/. This latter value coineide with earlie
data, see eg Ref./7/. The discrepancy at Tb (Z‘/Azdb.ﬁk
between the two counter experiments /7,8/ is prebably con-
nected with the indentification of true binary events in
the presence of a large background of accidental coinciden-
ces. Another source of error is to be found in the tra
mation of measured yields into differential cross sections.
The original colinearity between complementary fission frag-
ments is smoothed out due to the distribution of imparted
linear momerntum in the cascade and due to broadening cause
by the subsequent particle evaporation before and after fis-
sion. The resulting in~plane angular distribution for Ag

is shown in fig. 3 /7/. There is alsoc a similar out-~of=-plane

distribution, at present estimated, and the two distribu-

tiong has to be taken into account when calculating the dif-
ferential cross sections. An analysis of the in-plane di-
stribution may yie.d the imparted linear momentum parallell

to the proton beam direction and the imparted excitation
nergy in the cascade. The first guantity is needed when
transfo%miﬁg differential cross sections into total fission
ross sections, and the second 1s used in the fissicn
lation competition caleulations performed to obtal
ity values. AL p

E .
igal

barrier heights from measured [
we are engaged in such calculations.
Fig. 4 shows the fissicon cross sections of 258U in
the proton energy range 0.45 to 3 Ge .V obtained with diffe-
rent experimental techniques. The figure serves as an illu-
stration of the difficulties involved in cross section de-

ility is high.

o
0

terminations even if the fis
Fig. 5 shows the distribution of mass ratics of
fission fragments from Ag, La and Tb /7/. The observed be-~

haviour is quite unexpected. In the cases of Tb and Ag



obtain no mass ratios greater than 4, but for La values

thout the Ag result one

ol

as high as 10 are cbserved. Wit

would from the broad La déstribution have suggested the

occurence of the Businaro-CGallone point just below La in

agreement with the MLDM theory /3/. There is agreement

between the total translationsal kinetic energy obtained

/7/ and the predicted values for all three elements /13/.
In the proposed experiment we want to extend the

earlier measurements /7/ to the mass range below Ag and

to include more elements in the already studied mass range.

In order to do this our experimental equipment will be

changed to increase counting rates and mass resolution.

3 EXPERIMENTAL TECHNIQUES

Fig. 6 shows a schematic drawing of the proposed
detector-target arrangement. The main differences compared
to the present apparatus {(3C53) is a new start-detector,
which will permit five times larger solid angles and five
times better mass resolution, and the inclusion of a dE
gas ionization chamber. Apart from distances 54 and angles
ei, six pulseheipghts will be measured. In the silicon sur-
face-barrier detectors (SSBD) the signals X1 and X, are
proportional to the energies El and EeudEg, respectively.
From the measured times-of-flight, X,~ T, and X5ﬂ¢T2~T1(sll/
Sl)’ the velocities vy and v, are obtained permitting the
masses Ml and M2 to be calculated.

Stop signals for the flight time measurements are
taken from the SSBD detectors. The common start signal is
obtained from a thin carbon foll, from which electrons are
evaporated on the passage of a heavy ion. These electrons
are accelerated towards a palr of Channel Electron Multi=-

7

plier Plates (CEMP) with a gain of about 10'. The time re-



mately 200 ps for alpha-p
figsion fragments /14/. A
start-~detector with a Chsa
(CEM) with a typilcal time

>

typical E/M value of

1 MeV/amu

(2}

18 approxie
articles and scomewhat bmtuer for
t Qféﬁéﬂt (5C53) we use a similar
nnél Electron Multiplier tube

resolution of about 1 ns. With

{velocity about 1 cm/ns)

d 4
the mass resolution with the CEMP will be about 5 per
cent.
When extending the experiment towards lower target

elements it becomes increasingly difficult to

sion fragments from other

separate fis=-
reaction products. The pulsehelight

X6 from the CEMP, proportional to the number of electrons

emitted from the carbon foll, and the pulseheight Xr from
the ioniztion chamber will faciliate this dis crlmlmatlon.
The sensitive part of the gas Jonization chamber is about
10 cm long and we will use a gasmixture (10% methane, 90%
argon) with a pressure of about 20 torr.

The electronics (not shown) are mainliy commercial
available {(ORTEC) NIM units. It will be brought to CERN from
Lund and Oslc as will the detectors, targets and scattering
chamber. AL present (505 we have access during experimen=-
tal runs to a compuber HP 21XY with pheripheral equipment
and to a CAMAC crate with controller.

In the proposed experiment we reguest from CERN
the following eguipment 1f possible:

(i} a computer HP 21X¥ with Tektronix terminal,

magnetic tape staticon and lineprinter

{ii} a CAMAC crate with controller type A

{iii) electronics:
1 ADSLL EGG  8-channel peak reading ADC
1 355 LRS Quad amplifier
1 428 LRS Quad linear fan-in/fan-out
1 Log LRS Logic fan-in/fan-out
2 ShohF EGC  Quad Scalers
g NIM Bin and Power Supplies




As we hope to have one member of the collabora-

tion continously stationsed at CERN we would prefer to have

also oubtaide ex-

access to the above

perimental runs. The demand of s&mmuﬁ¢ﬁg time is at present

foreseen to be small as
is planned to be performed at our home institutes. As a vi
siting group we do not ask for any direct financial supporn
apart from the reguests stated above, from C
naturally would be wellcomed.

&t present 5%) we are housed in countingroom
COY and the scattering chamber is placed in UR2 just in
front of the ISOLDE
tions will be made accessible also for the pro ed experi-

target region. We ask that these locaw-
ment.
L' SCIENTIFIC PROGRAMME

We propose to study the binary fission process in

about 8 elements ranging from Cu tc Ho. For each element we

will measure

(i) in-plane and out-of-plane angular distributions
{ii) at the mest probable angle (ﬁg} s compare fig. 3,

additicnal dats will be taken to improve stati-
stics
the variation of the differential cross section

i
s
e
fte

: e e o
in a limited angular region (3207 £ elm,&§0')

From these experimental data we will obtain:

a) total fission c¢ross sections

b) differential fission cross tions in a limi-
ted angular interval

¢ the fragment mass-, velocity~ and energy distri-
butions

a) the total translational kinetic energy

e the linear momentum and excitation energy impar-

ted by the cascade
) the total mass loss in the cascade and evaporation



It will then be possible to provide experimental
data reguired in the theories of average nuclear properties,
especially the fissility and mass distribution for different
medium=-heavy elements.

For this programme we ask for 30 shifts for test
runs and 120 shifts for data-taking. The estimate is based
ori the same excellent duty-factor as SC provides at present,
ie better than 50 per cent. The reguired beam intensity is

about 2%1011 protons per second and we thus can use only

a small fraction of the total intensity available. We can
thus share the beam with other groups.

A prefered preliminary distribution in time of the
requested shifts would be: The present experiment (S{£53%)
will be completed in May 1977 and the new eguipment built
and tested during the autumn 1977 at our home institutes
We would thus be ready for the test-shifts in January and
February 1978, whereafter the data~taking could start. These
shifts we ask for in eight groups of approximately 15 shifts
each. A couple of days before each running periocd we would
prefer to have one or two shifts for tests, modifications
and calibrations. Such a procedure will be possible, at
the new beam layout at the 3C. We

c"@

least in principle, with
would prefer to complete the experiment around the summer

1979.
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