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STUDY OF 2490f(nth,f) WITH LOHENGRIN MASS SEPARATOR
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The ILL-Grenoble mass separator Lohengrin was used to measure the yields of

light fission products from 2490f(nth,f) as a function of A, Z, the kinetic energy and
the ionic charge states. The mass range covered, for Ep ;=87 to 112 MeV, was A; = 89 to

120. The charge polarisation AZ(4a;) =2 - Z
odd-even effects were found to be §

ucp ¥as deduced. The proton and neutron
= (4.6 +0.7)7 and 8, = (9.5 + 0.7)Z. The odd-even

effects on mean proton and neutron Botal kinetic ener y are &E e(p) = (0.20 + 0.07) MeV
-8 g K

and G&E

(n) = (0.48 + 0.16) MeV. The mean value of isobaric variance <og> =

(0.43 +

0.03). These results and the different distributions are compared with the existing data

on the other fissioning nuclei.

Introduction

Over the past 15 years, the recoil mass spec—
trometer Lohengrin /1/ has been extensively used
to measure the mass, nuclear charge and kinetic
energy distributions for different fissioning nu-
clei /2-5/ produced through thermal neutron absorp-
tion. In this paper, we present the results on
these distributions for 49Cf(nth,f) obtained with
this instrument. This is the heaviest fissioning
system studied so far with this spectrometer.

Experimental Set-up and Measurements

A mass resolution of _A 4 400 (FWHM) was cho-—
sen for Lohengrin. The maséAyields were measured
by setting the spectrometer condensor at fixed
high voltages and then scanning the A/q with the
magnetic field. The different masses contributing
to a A/q line and the masses of different, but not
resolved A/q lines could be separated because of
their different kinetic energies with the high
resolution ionisation chamber installed at the
exit slit /6/. The nuclear charge distribution for
a given A/q was determined by measuring the resi-
dual energy behind a 70 mm x 3 mm parylene C ab-
sorber with the ionisation chamber. The mass
yields for mass numbers 88 < A < 120 were measured
for 7 fission product kinetic energies: Ep., = 87,
91, 95, 99, 103, 107 and 112 MeV. For 91, 99 and
107 MeV these mass yields were measured for 4 to
6 ionic charge states for each of the fission pro-
duct mass. For the other energies, the yield for
each mass was measured for only one ionic charge
state. A linear interpolation and extrapolation
was used to construct the yield matrix Y(A,E[ ;9.
The isobaric charge distributions were measure%
for 6 kinetic energies Eyoy = 91, 95, 99, 103, 107
and 112 MeV, and for 1 to 4 ionic charge states
for each mass.

Data Analysis

The "burn up'" data, Fig. 1, were used to
correct the counting rates at different energies
as a function of time and to get the absolute mass
yields.

The residual kinetic energy data from the
ionisation chamber were analysed into relative
yields of Z components with a sum of gaussians.
This analysis led to the yield surface Y (A, Z,
Efoh»> @), which was transformed into the absolute
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Fig. 1: The "burn up"
counting rates are normalised to one at t =

after the introduction of the target.

for different Ef . The
150 h

yield matrix Y(A, Z, Epop, q) with the help of
the yield matrix Y(A, Ey,,, 4). Then, the Epy
were corrected for the energy loss in the target
and the Ni-foil covering the target, as a func-
tion of A and Z using the semi-empirical rela-
tions of Ziegler /7/. This procedure helped us to
get the surface Y(A, Z, E, q), where E is the
corrected kinetic energy.

Results and Discussion

Energy-integrated Mass Distribution

The energy-integrated mass distribution Y(A) from
this work is shown in Fig. 2. The Lohengrin mass
yields on the lower side of the yield peak are,
on the average, V57 higher than the corresponding
Cosi fan tutte spectrometer values /8/, which are
consistent with the radiochemical data /9/.
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Fig. 2: Mass distribution integrated over the

kinetic energy distributions of fragments
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Kinetic Energy Distributions of Fragments Y(E)]A

The average kinetic energies of fragments
and their dispersions are determined through the
first and the second moments of the energy distri-
butions Y(E)IA. They are shown in Figs. 3 and 4
along with the corresponding values from Cosi.
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Fig. 3: The fragment mean kinetic energy E as a
function of fragment mass
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Fig. 4: The rms of fragment kinetic energy op as
a function of fragment mass

The Lohengrin E(A) are g 0.5 — 1 MeV lower than
the Cosi results. Moreover, although the E(A)
distribution from Cosi is quite smooth, the E(A)
distribution from Lohengrin shows weak oscilla-
tions around masses 100, 104 and 110.

The Mean Nuclear Charge _

Fig. 5 gives AZ = Zycp~Z, integrated over
the kinetic energy distribution, as a function of
the primary fragment masses A'. One observes that
AZ(A') reaches the mass symmetry within % 2 mass
units. Apart from this result on 50cf, only in
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Fig. 5: The variation of AZ = Zyep - Z, integra-
ted over the kinetic energy distribution as a
function of the primary fragment mass A'

the case of 235U(n ,£), the AZ(A') values reach
the mass symmetry 7?0/. The behaviour of AZ(A') is
quite different for the two fissioning nuclei. In
the case of 236U, there is an indication of a
stabilizing effect of the Z=50 spherical shell in
the heavy fragment. Here the value of AZ(A')
passes the AZ(A')=0 line right in the middle of
the Z=50 shell at Aj % 128; it continues to in-
crease linearly as A' increases and reaches a
maximum value of AZ & 0.6 at A % 126 and, there-

after, it decreases linearly over % 8 mass units
to become zero at symmetry. In the case of 250cs
AZ(A') remains practically constant % =0.6 for

' < 105, It starts to increase for A' > 105 and
passes the AZ(A') = 0 line at Af % 115, which is
& 7.5 mass units away from the center of the Z=50
shell. It continues to increase up to A % 123,
where AZ % 1, but without ever crossing the Z=5C
shell.

In the case of 250Cf, when the heavy fragment

contains 50 protons, the complementary light frag-
ment with Z=48 has also entered the Z=50 spherical
shell region. Therfore, there may not be any sta-
bilization due to this shell for 230Cf as in the
case of 236y,

Variance of Nuclear Charge Distribution <ozz>
Fig. 6 shows <0Z> averaged over all the
masses, as a function of the kinetic energy along

with the results for 236U 239Np and 240pn, One
observes that although <c%> for 236y and 240py de-
creases as the kinetic energy increases, they are
practically constant for 23%p and 250cf, It was
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Fig. 6: The variation of <og)>, integrated over the
measured mass range, as a function of kinetic
energy of fragments

shown /3/ that the behaviour of <02> as a function
of kinetic energy, for 236y and 246Pu could be
accounted for by neutron emission from the frag-
ments that decreases as their2§§netic energy goes
up. However, the results for Np and 250ct do
not support this idea. We feel that the behaviour
of <o2> as a function of kinetic enmergy for 236U
and 2§OPu comes about prinicpally from the proton
odd-even effect. The nearly constant values of
<0%> for 239Np and 50cf result from the fact that
there is no proton odd-even effect in the case of
the odd-Z fissioning 239p nucleus and it is quite
small in the case of 250Cf.

A constant value of <02> = 0.40 £ 0.05 covers
all the <c%> values for the four fissioning nuclei
of Fig. 6. This is a significant result. It has
been shown /11/ that <0§> results from zero-point
oscillation of a collective isovector giant dipole
resonance of the composite system at the exit
point which represents the physical scission point.
Since the scission configurations of different
nuclei _from Th to Cf are practically identical,
the <o%> should be similar for all the fissioning
systems as is the case. These results show in an
almost direct way that the scission configuration
is a compact entity.

Proton Odd-even Effect in Yields 6p and in Kinetic
Fnergies GEg‘e

The mean proton odd-even effect from the ele-
mental yields integrated over the kinetic energy
is

Sp

(Yez — Yoz) = (4.6 ¥ 0.7)7.

“35¢Z<48
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This is the first time that Sp has been de-
termined for 249Cf(n,, ,f). Table 1 gives the &p
values along with some other data for all the
fissioning nuclei, produced through thermal neu-
tron absorption, studied so far. One notices that

g decreases from & 407 for 230Th to 4.6% for
250cf. The relation (Fig. 7):

-bz
=ae

represents very well t?e Gp data for different
nuclei. Here z = Z /A 1s the Coulomb parameter
and the constants a = e17 6 and b = 0.0105. We
have also tried to correlate the §p data with the
fissibility parameter x = Z%/AF, but this repre-

sentation is proorer than that with z. Furthermore,
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we have found that Qp(Ap), Eg(Af), already known,
and the saddle-to—scission energies ESS(AF) /11/
vary linearly with z, but this is not the case
with the fissibility parameter x. It is reasonable
to think that, in the saddle-to-scission region,
the intrinsic excitation increases with z leading
to an exponential lowering of S§p with this para-
meter. '

Fig. 8 shows the variation of proton odd-even
effect in Zield with kinetic energy for 236y,
240py and 250cf, One observes a decrease in the
slopes of the curves as one moves from 236y to

250cf; this may be linked to the excitation energy
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Fig. 8: The variation of én as a function of frag-
ment kinetic energy

available, at the last saddle, to the fissioning

nucleus, and this energy increases from 236U to
250cf .

We deduced the mean odd-even effect on kine-
tic energy in the charge range 36 < Z < 44, which
is not effected by shell effects as

O-e _ +
6EK = (0.20 %

0.07) MeV.
Neutron Odd-even Effect 8n in Yields

The mean neutron odd-even effect in the
yields integrated over kinetic energy is

b (Yen~Yon) +
bn = T 52<N<73 (Yen+Yon) (9.5 % 0.7)7
As table 1 shows 8n increases from 5.47% for 236U

to 9.57 for 250Cf most of it ought to be linked
to the evaporatlon of prompt neutrons from the
fragments since v, increases from 2.4 for 236y to
4.4 for 250Cf, T

Fig. 9 gives the dependence of &n on fra§
ment kinetic energy along with the 236y and 2%40pu
results. In the case of 50Cf, the 8n increases
by about a factor of 2 over the kinetic energy
range covered.
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In Fig. 10 we present the local én as a func-
tion of N for energy—integrated isotonic yields.
The dn curves show strong peaks centred at
N & 59.5 and ~ 66.5, and 6n increases sharply be-
yond N 3 69.5. We have simulated the evaporation
of neutrons with a Monte Carlo programme. The cal-
culated curve (preliminary) also presented in
Fig. 10, reproduces just about the experimental
data, though the calculated peak positions are
shifted down relative to the experimental peaks
by % 3 neutrons. 20
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Fig.

The calculated curve is from a Monte Carlo simu-

lation of neutron evaporation
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Conclusion

The recoil mass spectrometer Lohengrin has

been used to study 249Cf(nth,f). The principal
results are:

a)
b)

c)

d)

e)

10.
1.

13.

14.

15.

The mean mass distribution is rather smooth
and structureless. _

The behaviour of AZ(A') = ZUCD(A') -z@",
differs strongly from that for 235U(nth’f)'
The isobaric variance <o%> shows little depen-
dence on kinetic energy. Its mean value is
(0.43%0.03).

The mean 8p = (4.6 ¥ 0.7)%, and it increases
with fragment kinetic energy.

The mean 6n = (9.5 ¥ 0.7)%7, and it increases
strongly with fragment kinetic energy. It
seems that most of én results from prompt
neutron evaporation from the fragments.
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