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INTRDDUCTTION

Members of the Dslo group have during the last eight years as fellows or
staff members inm the CERN Nuclear Chemistry group or as shori-term visitors

studied high-eneryy fission by radicchemical methods.

Since no member of the CERN Nuclear Chemistry group is at present actively
involved in this Tield of research, we wish ‘o propose an independent progranme

{o continue such studies.

BACKGROUND

Analyses of experimental results frem radiochamical work including the
use of isotope sepaiators and mass spectrometers have disclosed that for
irradiation of uranium ard thorium with proton energies sbove ~ 1 GeV some of
the charge dispersion curves or isotopic yield distributions have two peaks1‘5).
On the other hand, thick-target thick-catcher recoil experiments have shown
that the kinetic energies of the products in the neutron-deficient peak are Qery

6,7)

much lower than the kinetic energies of the neutron-rich products (A factor

of two ie involved),

These results are generally suggesting that different mechanisms are

responsible for the formation of the two differert groupe of products,

The neutron-rich products are generally accepted to be products from

fission of nuclei with masses fairly close to the targst mass, Comparison of



...2.'_

recoll properties and charge distribution as well as charge dispersion, bolween
products formed with 400-800 MeV protoris and 18-30 GeV protons shows here
similarity which appesars DOHCIUSiVBq’2’5’7‘9. '

Looking closer at this high-energy fission, it is seen that the connection
between cascade deposition enerpy and the kinetic ensrgies shows entirely new
features of the fission process which are at variance with accepted views of

8’10. The liguid-drop mudel11 predicts kinetic erergies

fission of heavy nuclei
~which are constant or slightly increasing with excitation energy of the fis-
sioning nucleus, while recent experiments show a descrease in kinetic energy
for products that are formed in fission of the most excited fissioning Speciesa’qﬂ
At preseht one cannot concludz that there is anly a direct connection betwsen
excitation energy and kinetic energies as thers may also be an effect of mass
split and thus of the nuclear structure of the fragments even at high excita-
tion energies. .

The neutron-deficient products observed along with the above-mentioned
fission products have been called spallation products, fragmentation products
and also fission products. In the following, this process will be referred
to as a spallation process. Until recently a main difficulty in interpreting
these products 100 or more nucleon masses from the target, as spallation pro-
ducts, lay in the fact that the excitation eﬁergy deposited by the nucleonic
cascade has to be of the same order of magnitude as the total binding energy
of the nucleus. Theoretical caleculations have however recently remaved that
difficulty12 showing that a nuclsus can very quickly come fo an equilibrium
even with such a'high excitation energy, and that the two-step model thus can
work at these high energies.

Ancther difficulty is in the observed F/B-retios and kingtic energies.
The average linear momentum Peceived by the spallation products in the direction
of the incoming 5roton5, and the average kinetic energies of the products are
measured to be much smaller and much larger, respectively, than is implied by
the Monte Carlo calculations of the cascade and evaporation processes13"17;
The measured resulis may in this case be somewhat misleading since one may have
some contamination from fission producing the seme products. This can be done
better by differential range measurements as have also been done for a few

products from 2.2 GeV protons on uranium18.



Proposed experiments

Investigations of fission and spallation products in the fission produdt
mass region by irradiation of uranium and lead with 600 MeV and 18 GaV protons;
Apart from croﬁs-section mzasurements, the recoil properties will he studied
both using the thick-target thick-cetcher technique and by differential range
studies with thin target and thin catchers. - The aim is an increased knowledee
of the high-ensrgy fission process by the separation of the complex spallaticn
products from the fission products and thershy get a clearer measurement of
the recoil properties. This will allow proper comparisons to be made with
theories for fission and with Monte Carlo calculations of the spallation process.
The work will partly be performed by'Hagebm as corresponding fellow at CERN
(1871-1973).

Machine tima requirements for 1870 and 1971

SC: 10 x 2 hours
PS: B x 2 hours.

Experiment perftormence

The irradiated targets and catcher foils will generally be transported
to Oslo, so that there will be little need for laboratory spasce. OUnly for
some experiments it might be desirable to perform chemical separations and
measurements at CERN, in order to get informaticn about short-lived nuclides.
In this case we would only need space in the hot lab for about one day per

experiment.

Personngel

The Oslo group will supply persennel, except for the inevitable admini-
strative asistance which has to be asked from CERN staff. In addition, same
technical assistance will probably be needed for an efficient use of the

chemistry laboratories for those experiments that have to be finished at CERN:
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