
~-uR-73-838

cww-7306\w-d
DEVELOPMENTS IN AREAS OF ON-LINE FISSION-YIELD AND DIRECT
MAW MEASUREMENTS AT THE LOS AIJIMOSSCIENTIFIC LABOWTORYf’

S. J. Balestrini and L. l?orman

University of California, Los Alamos Scientific Laboratory

Los Alamos, New Mexico, USA

ABSTUCT

On-1ine studies of
238

U fission yields with fission spectrum neutrons

were made with the Bernas surface-ionizationtechnique at the Godiva IV

burst reactor facility. The target was 300 mg of
238

U in a porous graphite

mixture. Ion emission rates were measurd 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 yields

of Ca in the mass region 138 to 146. The absolute independent fission yields

were obtained by normalization using radiochemical data and chair yield

estimates.

Work ham also progressed toward encapsulating the B@rnas source in ●

thin graphite container t.oreduce the hazards of working with highly radio-

active targets. Ion emzsslon rate measurfamentson encapeulatod
235

U Indicatad

that the % 0.2 second
146

Cs is an accasaible nucllde.

Ona of the authors (Leon Forman) haa been charged with organizing the

direct m~at measurement section of the LAMPF on-line isotope separator pro-

posal. At the Sl&de meeting, we should like to report tha ●copt of this

work and the participants and their institutions.

INTRODUCTION

At the 1970 EMIS conference at Marburg, Germany, wa describad a method

developad ●t Los Alamoe for determining independent yialds of alkali nuclidas
/l\

I

from neutron Induced fission.~~’ This manuscript deecribea changas in that

techniqua for atudias of Fioeion inducad by fiaaion ●pactrum neutron. and

for working with highly radioactiv~ fiaaile targotm.

T
‘Work parform~d under tha auspicea of the U. S. Atomic Enargy Comt,~~alonand

in part sponsored by the Advanced Raaearch Projacta A8mcy of th~ Department
of Dafena- (Order No. 1836).
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In addition, a program for the direct mass measurement of radioactive

nuclides produced at the propoged LAMPF on-line isotope separator is briefly

described. So far, this endeavor has resulted in a collaboration representing

virtually all active mass measurement groups ON 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 bur~t of neutrone from the Godiva IV

reactor to produce fissions in a target material suitably located in the source

optics of the spectrograph-
(1,2)

The ion source denign employs the Bernaa sur-

faca-ionization technique.
(3)

Ionized alkali fiusion products are accelerated

into a 51-cm magnetic lens and collected on the focal plane of the spectr~g’raph

for a preset the. Each mass position ia later assayed by beta counting. Tha

resulting isotopic abundance analysis can then be normalized using available

radiochemicaldata.

Tha collector 13 designed so that it canmovo at a ●teady rate in a di-

rection transverse to the beam apectrumt The burst signal initiates the motion,

●nd the resulting beam deposition trace on the collector ciencribemthe icn

umisaion from the source as a function of time.

The standard method of fabricating a target is first to extrude a mixtura

of uranium oxide and ~raphita with furfuryl alcohol as a binder, through a die

●nd cutl~ it at a high temperature in an inert ●tmoophera. Tha raoult ia ●

stock of target material in the form of a hard, thin rod of ● mlxtura of

uranium carbide and graph?.ta. Tha target is made by breakin8 off a ●uitabla

la~th from this rod.

The relativa abundances of
138Ca, 139CQ, 141C@, 143C,, 145Cm, ●nd 146Ca

forumd by fiemioning
238

U with fisoion spectrum neutrono hava baen mtiaourad

recently by this mathod~ The Cs nuclidas of mada 140 ●nd 144 wera not ob-

aomed becauaa tha bata ●ctivity in theaa mass chain. is too smell to yield

Information. Tha target was ● 3.6 mm c!iametarcylindar 9.5 mm long containing

300mg of high purity
238

U (laso than 0.025%
235

U) in th~ ~raphita matrix.

Tho tar~at was ●nvaloped in Tu to form tha source ovan ●nd malritalnad ●t ●

otcady 1880°C during ●ach irradlation~.
For thi~ work, the cantar of tha reactor was movd to ●bout 35 cm from

the target with all posaibla modaratins rnattarranovad. A typical irradi-

●tion burot lastu for ●bout 30 microsecond. and producao ● total of ●bout

1017 nmtronna



The emission ra~e for Cs from this source

vaa determined as a function of time using the

oven, when maintained at 1880°C,

moving collector technique in

order to correct the obse~ed Cs abundances for decay and ingrowth from pre-
238

curoore durlrigthe finite collection for the U yield times. Collection

times were varied from 0.1 to 4.0 siecin the course of six irradiations. The

wgighted
J.41C*~a

The

obt~ined

averages of the corrected relative abundances are normalized to

unity and listed in Table 1.

estimates for the independent fission fission yields h Table I were

from the relative abundances by normalizing as follows: 1) The

fractional cumulative yields for
139xe

Tha fractional independent yield of Cs

●ub~racting the cumulative yield of Xe

smell contribution from Ba that can be

fractionalccaium yields thus obtained

and141 -Xe have been recently measured.
(4)

for each mass chain was estim~ted by

from unity and correcting for the

inferred from syetamaticu.(5) The

mapectively. 2) These valuea were multiplied by the respective mass chain

yiolda a. listed by Maek and Rider
(6)

to provide estimates for the independent
139

yialds of Ca and
141C,

. Tha rdative abundances are normalized to these

values ●nd given in Tabl@ I. The independent flaaion yields are plotted in

P@~ 1 ●nd compared to theoreticalvaluea.

Ths eolid cuma 10 obtainad by multiplying the chatn yialda from Ref. 6

by tha fractional Independent yields of Cs from Ref. 5 and the dottad curves

aro ranges of probable values. Th@ normalized yields tend to be lcwar. Tho

Cs (Z - 5S) yiddo ●re ●lso lower relative to those of adjacent ●ven Z nuclidaa

ia thmmal floolon of
235U,(7)

TABLBI

RELATIVE AND ABSOLUTE YIELDS OF CD FROM

FISSIONOF 238U WITH FISSION SPECTRUM NEUTRONS

Ab.oluta Indapmdmt
!isQs Rdativ@ Abundant@ Ficsion Yimld, %9——

138 0.033t 00024 00057 t 0.042

1839

141

0.190k 00034

1000 * 0.11

0 333 + 0.053
0

- 0.059
~,69 + 0.27

- 0.30

142 1010 i 0614 1.86
+ 0.33
- 0.36

143 1.06 J 0.17
~ 79 + 0.36

●

= 0039

145 0m298 k 0.034
0 ~02 +0.087

●

- 0.095

I

I

146 0.065 t 0.014 00109* 0.025
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Fig. 10 Comparison of th~ indepmlant fission yialdo of

Tabla I (plottgd ●s O’S) compar~d to theoretical ●stimstea

‘6) by fractional fissionobtainad by multiplying chain yi~lds

yicl(ja(s) (solid CU.WQ), ‘l’ha daahad curvao indicatg ra~aa

of probabla valuae.

ENCAPSULATIONOF HIGHLYMDIOACTIVE TARGETS

A praliminar, exparim~nt has baon conductad to •~a whathcr Cs atom. pro-

ducad by fiaaioni~ 235
U can diffuaa readily throu~h tha wall of ● graphita

capaulat Tha purposa of tha work was to datarmina whath~r ona could rod~’ca

th~ hasard of workin~ with a highly radioactive t~rgat nuclidt by ●ncapoul,a-

ting ft ●nd still SiVQ ● satisfactory on-lina ●ourca. A capsule to contain ●

235
U talgot wa. machin,d ●a ● cylindrical Uraphitc .1OQVO 0,51 mm thick, clooad

●t ona ●nd ●nd Larga ●nough to accommodate ● 6.35 mm long ●nd 1.8 mm diamtor

targat. After insarting thg titr~ak, tha capaula was saald with ● graphita

@topp@r by braiain~ with nlckal.



Results with

Indicate that the

and without the capsule, from an oven temperature of 1850°C

capsule reduced the ion emission only by roughly 30% for 5

Sec collection times. Further study of the time dependence of ~he ion emissio~

rate from the source with the capsulate target, using the cuovingcollector

technique, revealed that about 35% of the ions available are released quickly

with a mean time of about 0.15 sec. In the course of calibration and testing,

th source oven and .psulstetarget were heated repeatedly and extensively

to tmnperaturesas gh as 1900°C0 But on examination after the experiment,

no alpha activity ~.~adetectable outside the capsule. T~tis~id~c~ ju~tifies

confide~ce for encapmlation as a means of containment.

DIRECT NUCLIDIC MASS MEASUREMENTS AT LAM?F

It is anticipated that the Clinton P. Andarson Meson Physics Facili:y

(LAMPF) will be one of the moat prolific eourcea of radioactive nuclides.

B. J. Dropesky is presenting at this conference the status of tha propooed

on-line isotope separator project f-r L#@fPFwhich would ieolate many cf these

nuclidea. A collaboration has been formed for the purpose of determining the

nuclidic marnaeeof those radioactive ●peciea. Coauthorship in the on-lin~

icotopa separator proposal eection
(8)

describing these mass meaauremanto ia-

cludeaz W~ Ho Johnson (Universityof Minnesota), R. C. Barber (Univaraity

of Manitoba) and C. M- Steveno (Argonne National Laboratory) rcpresmting th~

diract mass maaaurmant groups and L. Forman (Loo Alamos Scianttfic Laboratory

●pokmman) and P, L. Reeder (ButtellePacific Northwaat Laboratories) rapre-

oanting an-line maas ●pectroacopy ●fforts. Tha broad

Interest in thcac maaa meaauraments waa documented by

Nix, P. AC Seeger ●nd W. J. Swiatacki.

Throa mathoda ara considered for tha dir,ct mam

am

the

●nd

off-lixm det~rmini~tioncof longoz-livad ●pociu, on-lin, o~udieo uoing

Iootopc .@parator ●s ●n intqral part of tho mass maawremant Inatrumant,

introduction of tha Iaotopc separator b-am into ● high r~oolution double

focuoi~ inotrunwnt. All thrca rauthoda hw~ thair rmpactiva ●dvantages.
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