Lawrence Berkeley National Laboratory
Recent Work

Title
PROMPT ELECTRON SPECTRA FROM Cf FISSION FRAGMENTS

Permalink
https://escholarship.org/uc/item/76h667n6

Authors

Watson, R.L.
Bowman, H.R.
Thompson, S.G.

Publication Date
1964-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/76h667n6
https://escholarship.org/uc/item/76h667n6#author
https://escholarship.org
http://www.cdlib.org/

UCRI1.-11848

University of California

- Ernest O. Lawrence
- Radiation Laboratory

a | | )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.

For a personal retention copy, call

- Tech. Info. Division, Ext. 5545

\. _J

PROMPT ELECTRON SPECTRA FROM Cf252 FISSTON FRAGMENTS

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




TSI SN SRR IUIOY JAPPPLEEWE IR U UL WURY IS P ST NPT PYNS § W T T TP P b e m a et e ae e el am A er w sme e s car

>

Submitted to Phys. Rev, Leiters =~ - o .UCRL-11848

UNIVERSITY OF CALIFORNIA

Lavwrence Radiation Laboratory
Berkeley, California '

AEC Contract No. W-T405-eng-48

Al

PROMPT ELECTRON SPECTRA FROM Cf-~- FISSION FRAGMENTS
R. L. Watson, H. R. Bowman, S. G. Thompson, and J. O. R'asmusvsen

December 196k



ST  UCRI-11848

~

. : ' 2
PROMPT ELECTRON SPECTRA FROM Cf25

.

FISSION FRAGMENTS

R. L. Watson, H. R. Bowman, 8. G. Thompson, end J. O Rasmussen
bDepartment of Chemistry and Lawrence Radiation Laboratory

University of California
Berkeley, California

Recent measurements of the spectra of prompt gamma rays accompanying
fissionl have'péinted oht.the possibility of extending the methods of nuclear
spectroscopy inﬁq the region spanned by the prompt fission products of Cf252.
We have followed up this advance with the measurement of the electronvspectra-'

252

originating from the internal conversion of prompt gamma, réys{from Ccf fis~
sion fragments of selected mass in the energy range éxtending from 30 to 1000
keV. The initial results are qgite encouraging with'respectrto the possibilityv
of charge identification and internal conversion coefficient measurement'and l»
it is expected that these studies will yield considerable inforﬁation conéern—
ing the de-excitatién processesrof pfimary fission fragments: 

fAn'inhomogeﬁeous magnetic field of configurstion propoéed by Malmfors2
was used to steer the electrons around a block of lead, which shielded the
electron detector from fission fragments and gamma rays. In our cése, a.wide'
range of enérgiés and a large solid'angle of electrons precess in trochoidal
orbits in the fringing field of a large electromagnet. A .veightless Cf252
source was mounted inside a brass vacuum chamber, which was posifiohed betwéén  ;
the pole faces of the magnet. A lithium-drifted silicon eleétfqn detector was.
_mounted inside the vacﬁum chamber 90O around the maghetAfrom.fhé fission séuﬁcé.!  
. This arrangement allowed the detection of électrons withouf the interference
.of fisslon frggments and gamma rays. The fragment energies were measured by

" two phosphorous-diffused silicon detectors mounted on both sides of the fissioh

source on a line perpendicular to the median plane and at a distance of 1.8 cm,
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A triple coincidence was_required between the two fragments and the

.electrons. - For geometrical reasons only electrons emitted within one nanosec
' can precess 1nto the detector That is, the high magnetic field COnfiguration
"~ prevents electrons more distant than about 1 ecm from the medlan plane from

'reaching the electronvdetector. The data (E i Ef > E ) were recorded indivi-

dually, event by event in a multl-dimen51onal pulse height analyzer and stored

4 - 'on magnetic tape. The neutron-corrected masses were then deduced by a method

of successive approximations using. the coincident fragment energies and the

neutron data of Bowman et al.5 Finally, the electron events were sorted with

respect to coincident fragment mass into mass intervals of two units by using

an IBM 7094 computer.

The unsorted electron spectrum for the energy region betneen 30 and
300 keV is shown in Fig. 1. The highest electron 1ntensity appears at 105 keV.n
Some structure is apparent although no discrete peaks are discernable. When,
however, the electron events are sorted with respect to'nass'as in Fig; 2, an
improvement in.definition is achieved, Although well—defined‘structure is
present, the spectra are obviously quite complex. No discrimination is made
between electrons coming from the light fragment and the complimentary'heavy

fragment of each coincident pair. Thls, in conjunction with a mass resolution

cof 2 units, results in the possibillty of the existence of components in the

spectra arising from 10 to 15 nuclides in each mass 1nterval;
The geometry of the system was such that only electrons which were

emitted near 90°.with respect to the fragment flight path'were»accepted into

the spectrometer, however, the finite size of ‘the fragment detectors and the

rather large acceptance angle of the magnetic field introduced considerable'

- angular dispersion.from a strictly.90 configuratlon. Those electrons which

-were accepted having angles otherithan_900.with respect to the fragment -
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trajectory were shifted in energy due to the_fragment motion., This effect

resulted in a conéiderable broadening of the electron peaks and is the pre-

,'dominant contributor to the experimental resolution

Our 1nitial efforts at analysis of these spectra have been focused on ‘

the energy region between 300 and 600 keV-for the 1075111 and lB?-lhl mass

1ntervals‘ Tt is interesting to compare these electron spectra (Fig. 5) with

the prev1ously reported gamma spectruml obtained with a NaI detector in this

. same energy region (Fig. 3). .There is a general similarity between the low-

: resolution gamma, spectra of Fig. 3 and the electron spectra of Fig. 5, notably
" the presenoe of the three complex peaks in Fig. 3 (376,'h72; and 583 keV), ano
1their counterparts in the electron speotra at the energies expectedlfor K

‘conversion lines.

Recent measurements of the gamma~-ray spectra in this region with a
lithiumedrifted germanium‘detector have resulted in s.very great. improvement
in resoiution. Spectra are shown in Fig. la and‘hb for the cases of'the light
fragment traveling toward the gamma detector'and the heavy fragment traveling'

toward the gamme detector, respectively. Individual»gamma_peaks are well

resolved and by comparing Fig Ma with Fig; kb the energies can be corrected

' for Doppler shift and the gamma-ray peaks identified with heavy or light frag-

ments, The corresponding peaks in each sﬁectra'have been labeled alphabeti~
cally. Inspection of Fig. 4 shows three peaks identified with light.fragments

(®, I, L) and twelve identified with heavy fragments located in the region of -

: 1nterest. Using'the gamma-ray energles as determined from these spectra, the -
:°expected-1ocation of the associated K and L conversion lines have been plotted
~..below the electrm spectravin Fig; 5 assuming a most probable heavy Z of 53

" or 54 and'a most probable light Z of 44, As a rough guide the line lengths are

‘7" taken from'the'intensities of the gamme rays in Fig. bb, although we do not

‘wish to imply that all conversion coefficients would be similar.
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5 a . This ihitial analysis has been aimed solely at displaying general
| structﬁral features and the cofreépondence between thg elgctron spectra and
“  'the gamma épectia_from prompt.fission'fragments. If is expected, however,
that further experimenfal refinements will eventﬁaily result'in assignments
of qtomic'number for various gamma rays and in multipdlarit& assignments
through conversion coefficient determina£ions. Further experimentation with
conversion electrons may also prove very useful in the determination of freg-.

ment excited state lifetimes.

FOOTNOTES AND REFERENCES
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FIGURE CAPTIONS

5

Fig. 1. . Unsorted.prompt electron spectrum from Cf2 2 fission fragments.

Fig. 2. Prompt electron spectra ffom Cf252 fission fragments for selected

mass intervals.

252

Fig. 3. Prompt gamme ray spectra from Cf fission fragments. for mass

ratio. =: 1.30.

heavy fragment toward detector
----- light fragment toward detector

Fig. k. Proﬁpt gamma ray specfra from Cf252

fission fragments for mass
interval 109-111 (137-139). | |
a) light fragment moving toward gemma detector
b) heavy fragment moving towarq gémma detéqtor-f

Fig. 5. Electron'spectra showing K and L line positions.as detefmined from .

gamma-ray energies.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

. As used 1n the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares; disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








