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ABSTRACT
On-line studies of 238U fission yields with fission spectrum neutrons
were made with the Bernas surface-ionization technique at the Godiva IV

- burst reactor facility. The target was 300 mg of 238U in a porous graphite

mixturc. Ion emission rates were measured by Z-direction motion of the
collector. The isotope collection time was varied from 0.1 to 4.0 seconds
with respect to the reactor burst. Six sets of data gave the relative yilelds
6f Cs in the mass region 138 to 146. The absolute independent fission yields
ware obtained by normalizaticn using radiochemical data and chair yield
estimates.

Work has also progressed toward encapsulating the Bernas source in a
thin graphite container to reduce the hazards of working with highly radio-

active cargets. Ion emission rate measursments on encapsulated 2350 indicated

thac the v 0.2 second 14603 is an accessible nuclide.

One of the authors (Leon Forman) has been charged with organizing the
direct mass measurement section of the LAMPF on-line isotope saeparator pro-
posal. At the Skovde meeting, we should like to report the scope of this

work and the participants and their institutions.

INTRODUCTION

At the 1970 EMIS conferenca at Marburg, Germany, we described a methed
developed at Los Alamos for determining independent yialds of alkali nuclides
(1)
technique for studies of rfission induced by fission spactrum neutrons and
for working with highly radioactive fissile targetsa.

from neutron induced fission. This mauuscript describes changes in that
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In addition, a program for the direct mass measurement of radioactive
nuclides produced at the proposed LAMPF on-line isotope separator ia.briefly
described. So far, this endeavor has resulted in a collaboration representing
virtually all active mass measurement groups ou the North American Continent

and two on—-line mass spectroscopy groups.

FISSION YIELD MEASUREMENTS

Briefly, the on-line fission yield measurement method at the Los Alamos
Scientific Laboratory employs an intense burs* of neutrons from the Godiva IV
reactor to produce fissions in a target material suitably located in the source

optics of the spectrograph.(l'z)
(3)

The ion source design employs the Bernas sur-
face-ionization technique. Ionized alkali fission produéta are accelerated
into a 51-cm magnetic lens and collected on the focal plane of the spactrograph
for a preset time. Each mass position is later assayed by beta counting. The
resulting isotopic abundance analysis can then be normalized using available
radiochomical data.

The collector i3 designed so that it can move at a steady rate in a di-
rection transverse to the beam spectrum. The burst signal initiates the motion,
and the resulting beam deposition trace on the collector describes the icn
eniszion from the source as a function of time.

The standard method of fabricating a target is first to extrude a mixture
of uranium oxide and graphite with furfuryl alcohol as a binder, through a die
and cucsing it at a high temperature in an inert atmosphere. The result is a
stock of target material in the form of a hard, thin rod of a mixture of
uranium carbide and graphite. The target is made by breaking off a suitable
length from this rod.

The relative abundances of 1380., 139

238

Cs, lélc.. 1430.’ 1650.. and 1460'

formed by fissioning U with fission spectrum neutrons have besen measured
recently by this mathod. The Cs nuclides of mass 140 and 144 were not ob-
served because the bata activity in these mass chains is too smell to yield
information. The target was & 3.6 mm ciameter cylinder 9.5 mm long containing
300 mg of high purity 238U (less than 0.025% 2350) in the graphite matrix.
The target was enveloped in Tu to form the source oven and maintained at a
steady 1880°C during each irradiation.

For this work, the center of the ;cnntor was moved to about 33 cm from
the target with all possible moderating matter removed. A typical irradi-
ation burst lasts for about )0 microseconds and produces a total of about

1017 neutronas.



The emission ra.e for Cs from this source oven, when maintained at 1880°C,

was determined as a function of time using the moving collector technique in

order to correct the observed Cs abundances for decay and ingrowth from pre-

cursors during the finite collection for the

238

U yield times.

times were varied from 0.1 to 4.0 sec in the course of six irradiations.

weighted averages of the corrected relative abundances are normalized to

J41

Cs as unity and listed in Table I.

Collection

The

The estimates for the independent fission fission yjelds 1u Table I were

obtained from the relative abundances by normalizing as follows:

fractional cumulative yields for

139Xe and

141

1) The

Xe have been recently measured.

The fractional independent yield of Cs for each mass chain was estimated by

subtracting the cumulative yield of Xe from unity and correcting for the
snall contribution from Ba that can be inferred from ayatematics.(s)

fractional cesium yields thus obtained are 0.052

139

yields of Cs and

141C

values and given in Table I.

in thermal fission of

235U.(7)

+ 0.0050
- 0.0063

and 0.395

The
+ 0.027
~ 0.075
respectively. 2) These values were multiplied by the respective mass chain

yields as listed by Meek and Rider(6) to provide estimates for the independent

s. The relative abundances are normalized to these

The independent fission yields are plottad in
Fig. 1 and compared to theoretical values.

The 20lid curve is obtained by multiplying the chain yields from Ref. 6
by the fractional independent yields nf Cs from Ref. 5 and the dotted curves
are ranges of probable values.

The normalized yields tend to be lcwer.
Cs (Z = 55) yields are also lower relative to thosa of adjacent even Z nuclides

TABLE 1

RELATIVE AND ABSOLUTE YIELDS OF Cs FROM
U WITH FISSION SPECTRUM NEUTRONS

Relative Abundance

rission of 2°8
Mass
138 0.033
139 0.190
141 1.00
142 1.10
143 1.06
143 0.298
146 0.065
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0.024
0.034
0.11
0.14
0.17
0.034
0.014

Abgsolute

Independant

__Flesion Yield, 2

0.057
0.333
1.49
1.86
1.79
0.502
0.109

t 0.042

+ 0.053
- 0.059
+ 0.27
- 0.30
0.33
0.36
0.36
0.39
0.087
0.093

+ 0.025
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Fig. 1. Comparison of the independent fission yields of
Table I (plotted as o's) tompared to theoretical estimates
obtained by multiplying chain yicldl(6) by fractional fission
yicldl(s) (solid cursve). 7The dashed curves indicate ranges
of probable values.

ENCAPSULATION OF HIGHLY RADIOACTIVE TARGETS

A praliminar, experiment has been conducted to see whather Cs atoms pro-
duced by fissioning 23"'U can diffuse readily through the wall of a graphite
capsule. The purpose of the work was to determine whether one could redvce
the hasard of working with a highly radiocactive turget nuclide by ancapoula-
ting it and atill give a satisfactory orn-line source. A capsule to contain a
235U target was machined as a cylindrical graphite slaeve 0.51 mm thick, closed
at one end and large enough to accommodate & 5.35 mm long and 1.8 mm diameter
target. After inserting the target, the capsule was ssaled with a graphite
stopper by braising with nickel.



Results with and without the capsule, from an oven temperature of 1850°C
indicate that the capsule reduced the ion emission only by roughly 30% for 5
sec collection times. Further study of the time dependence of the ion emission
rate from the source with the capsulate target, using the moving collector
technique, revealed that about 35% of the ions available are released quickly
with a mean time nf about 0.l1l5 sec. In the course of calibration and testing,
the source oven and -psulaie target were heated repeatedly and extensively
to temperatures as gh as 1900°C. But on examination after the experiment,
no alpha activity \..a detectable outside the capsule. T7T.ils evidence juetifies

confiderce for encapsulation as a means of contaimment.

DIKECT NUCLIDIC MASS MEASUREMENTS AT LAMPF

It is anticipated that the Clinton P. Anderson Meson Physics Facility
(LAMPF) will be obe of the most prolific sources of radioactive nuclides.
B. J. Dropesky is presenting at this conference the status of the proposed
on~line isotope separator project f.r LAMPF which would isolate many cf these
nuclides. A collaboration lLias teen formed for the purpose of determining the
auclidic masses of these radiocactive species. Coauthorship ian the on-line
isotope saeparator proposal section(a) describing these mass measurements in-
cludes: W. H. Johnson (University of Minnesota), R. C. Barber (Univeraity
of Manitoba) and C. M. Stevens (Arkonne National Laboratory) representing the
direct mass measurement groups and L. Forman (Los Alamos 3cientific Laboratory
spokesman) and P. L. Reader (Buttelle Pacific Northwest Laboratories) rapre-
senting on-line mass spectroscopy efforta. The broad basis for scientific
interest in these mass measurements was documented by S. G. Nilsson, J. R.
Nix, P. A. Seeger and W. J. Swiatecki.

Three methods are considered for the direct mass meuasuraments. They
ara off-line determinitions of longer-lived species, on-line s:udies using
the isotope separator as an integral part of the mass measurement instrumaent,
and introduction of the isotope separator beam into a high resolution double
focusing instrument. All three muthods have thaiv respectiva advantages.
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