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TABLE I. Experimental data for neutron-proton scattering at 90 Mev.
8 is the scattering angle in the center-of-mass system. Column I gives the
ratio of the differential cross section in the center-of-mass system at the
angle 8 to that at 36 . Column II gives the absolute differential cross section
obtained by normalizing to the results of Hadley et al. (see reference 1).
The errors listed are the standard deviations of the counting statistics.

5.1
10.3
20.8
36.0

I
Relative

cross section

1.70 &0.14
1.58 +0.06
1.36 +0.05
1.00

II
Absolute cross section
(10» cm2/steradian)

12.9~1.2
12.0~0.7
10.3 &0.6
7.6 ~0.4

processes, counter 1 was connected in anticoincidence. Only
events detected in counters 2 and 3 but not 1 were counted.

The thickness of absorber 2 determined the minimum energy
which a scattered neutron could have and still be counted. In the
present work the minimum energy was adjusted at each scattering
angle to be I (60 Mev) cos%lg. Therefore, a neutron in the beam
must have had at least 60 Mev in order to have been counted
after scattering, since otherwise the proton yielded at the converter
would have had insufhcient range to reach counter 3. The shaped
portion of absorber number 2 was thickest in the center and was
shaped so that to good approximation the minimum neutron
energy to count would be independent of the angle with which
the recoil proton emerged from the converter. To determine the
shape of the absorber we assumed that most of the recoil protons
were from n-p scattering processes in the converter. In order to
ascertain whether the relative diGerential cross sections were
particularly sensitive to the value of the minimum energy for
detection of the scattered neutrons, a measurement was made
with this minimum energy increased to 66 Mev. The results were
in agreement with those obtained for the 60-Mev minimum within
the uncertainty of the counting statistics.
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The results are tabulated in Table I. Figure 2 shows the data in
their relation to prior work, indicating a marked similarity of the
differential cross section in the region of 0' to that in the region
of 180'.

Thanks are due Dr. Martin O. Stern for initial studies of
background and design of the neutron collimator.

*This work was done under the auspices of the U. S. Atomic Energy
Commission.
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FIG. 2. Differential neutron-proton cross section in the center-of-mass

system in 10» cms/steradian.
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FIG. 1. The solid points represent the total counts/minute (alphas plus
spontaneous fissions) from each drop at the time of removal from the
cation column. The dashed curves outline the individual element separations
as determined by alpha-pulse analysis and spontaneous fission measure-
ments. The open circles represent the spontaneous fission activity as a
function of drop number. The value at drop 61 is a result of a spontaneous
fission activity measurement immediately after column elution. The other
spontaneous fission measurements were made more than 12 hours after
column elution, and therefore isotope 100»4 was in approximate equilibrium
with its element-99 parent causing the spontaneous fissions on the element-
99 drops.

This note describes the results obtained from a four-day irradiation
of an element-99 fraction with californium impurity in the
Materials Testing Reactor (MTR) at Arco, Idaho to produce the
following reaction 9

P
992jj(jj ~)99254 100M4

The separation of elements 98, 99, and 100 has been discussed
previously and the degree of separation in this experiment is
shown in Fig. 1.The peak of the 7.2-Mev alpha activity of element
100 eluted from the cation resin column on drop 61, while the
peak of elements 99 and 98 eluted on drops 69-70 and 78, re-
spectively.

The 7.2-Mev alpha-emitting isotope of element 100 decayed
with a 33&0.2 hour half-life (Fig. 2) measured both by total
and by spontaneous 6ssion activity. The ratio of 7.2-Mev alpha
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SHORT-LIVED alpha activity was previously reported to
elute at the element-100 position. This activity was

observed, a few hours after column separation, to be in equilibrium
with an element-99 parent which decayed with a longer (~2-day)
half-life. Preliminary data obtained from irradiations in the
Argonne pile indicated that an MTR irradiation of 104 alpha
counts/minute of the 6.6-Mev element-99 isotope would produce
several hundred 7.2-Mev alpha counts/minute of element 100.
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Fro. 2. Decay of the element-100 fraction. The solid points represent the
7.17-Mev alpha counts/minute of drop 60 as a function of the time in min-
utes. The open circles represent the spontaneous fission activity of drop 61
as a function of time.

FrG. 3. Growth and decay of element-100 isotope in an initially separated
element-99 fraction. The solid circles represent the 7.17-Mev alpha activity
on drop 71 as a function of time. The open circles represent the spontaneous
fission activity on drop 68 as a function of time. The dashed line is a
parallel displacement of the solid line.

TABLE I. Nuclear properties of some isotopes of elements 99 and 100.

Isotope Radiation Half-life

Alpha
energy
(Mev)

Spontaneous
fission

half-life

disintegrations to spontaneous fission disintegrations on drop
61 was 2000&700.

The 7.2-Mev alpha activity was observed to grow into the
purified element 99 fraction (drops 69, 70, 71) by alpha-pulse
analysis, and eventually decayed from the 99 fraction with a
3'7-hour half-life (see Fig. 3). The spontaneous fission activity
on drop 68 followed a similar growth-decay curve (Fig. 3). Figure
1 shows the spontaneous fission peak in the element-99 fraction
after the element-100 (7.2-Mev alpha) had grown into equilibrium.
These experiments confirm the genetic relation of the 7.2-Mev
alpha-emitting isotope of element 100 to its element-99 parent.
In addition, a measurable spontaneous, fission activity is shown
to be associated with the element-100 isotope emitting the
7.2-Mev alpha particles.

The ratio of 7.2-Mev alpha disintegrations to spontaneous
fission disintegrations was measured more accurately with
samples containing element 100 in equilibrium with the element-99
parent. The ratio is 1600~300, in good agreement with the less
accurate value from drop 61. The calculated spontaneous fission

half-life of the 3.3&0.2 hour element-100 isotope is 220&40 days.
This half-life is in agreement with the prediction for an even-A

isotope of element 100 with mass 254, and is corroborative
evidence for the even-A assignment. '

An equilibrium sample (the specific '1.2-Mev alpha activity
four-hundred-fold greater than that in the previous measurement
described in reference 1) of 100 5 supported by its parent 99"
was employed for additional alpha-spectrum studies. The energy
of the prominent alpha group was measured to be 7.17&0.01 Mev,
in close agreement with the initial measurement of 7.20 Mev. '
More discussion on the 7.03-Mev alpha emitter will be included
in a later manuscript. The pile neutron capture cross section of
992" is 240+100 barns, assuming no electron-capture branching
in the decay of 99254.

The nuclear properties of isotopes of elements 99 and 100 are
summarized in Table I.

It is a pleasure to acknowledge the helpful cooperation of
W. H. McCorkle and the operating crew of the Argonne pile.
We also wish to thank W. B. Lewis and the MTR sta6 for their
excellent cooperation in the handling of this sample. The experi-
mental assistance given by D. W. Engelkemeir, J. E. Gindler,
M. M. Petheram, and R. K. Sjoblom is gratefully acknowledged.
We again wish to thank W. M. Manning for his continued
interest in these experiments.

99253
99254

100254

19.3 &0.3 days
37 ~1 hr
3.3 ~0.2 hr

6.61 &0.01

7.17%0.01

)105 yr
&10 yr

220 &40 days
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