Lawrence Berkeley National Laboratory
Recent Work

Title
ELECTRON-TRACK COUNTING FOR BETA SPECTROSCOPY

Permalink
https://escholarship.org/uc/item/6921d61t

Author
Sevier, Kenneth D.

Publication Date
1961-08-07

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6921d61t
https://escholarship.org
http://www.cdlib.org/

UCRL 9809

UNIVERSITY OF
CALIFORNIA

’ Ernest O auwronce
Radiation

0TAT0Y

ELECTRON-TRACK COUNTING FOR BETA

SPECTROSCOPY

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




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.




&

Research and Development . UCRL-9809
‘ UC-34 Physics
TID-4500 (16th Ed.)

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
-Berkeley, California '

Contract No. W-7405-eng-48

ELECTRON-TRACK COUNTING FOR BETA SPECTROSCOPY

Kenneth D..Sevier
. ~e—August 7, 1961

prrsomssee]
1



Printed in USA. Price 50 cents. Available from the
Office of Technical Services
U. S. Department of Commerce
Washington 25, D.C.



-iii= ’ UCRL-9809
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ABSTRACT

" An electron-sensitive Ilford K5 emulsion was exposed in a permanent-
magnet spectrograph to the small energy region from 312 to 324 kev of the
beta spectrum of Pa233_. Comparison of this detection method with that of
exposing an x-ray photographic film indicated an increase in sensitivity by
~a factor of eight. Also, there were four possible new lines observed. The

techniques and advantages of this method are considered.
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: ELECTRON-TRACK COUNTING FOR BETA SPECTROSCOPY
Kenneth D. .Sevi-er%.g
Lawrence Radiation Lab’oratory
University of California
Berkeley, California
August 7, 1961

L . INTRODUCTION.

Semicircular spectrographs have long-proved valuable in beta sp.e‘c—
troscopy because they are easy to Operate, 'dependable, multichannel, and
have hig'h resolution. Probably the most common rnethod of detection is the
exposmg of an x- ray photograph1c film, but with this method one is confronted
~with the difficulty of visual determ1nat1on of relatwe lines 1nten51t1es in a.
vspectrum by comparlson of the relatlve bbackemng of the film. Also, there
is often enough background due to scattered electrons to obscure weak lines.

~ During the past decade there have been a few attempts made to expose
electron sensitive emuls1ons 1n a spectrograph and then to determ1ne the
relat1ve line intensities d1rect1y by electron track countlng
' Antonova, who 1nvest1gated the spectrum of- Cs13 by using a spectro-
graph of about 1% resolution, reported that by using freshly prepared NIKFI
type R emulslon (Russ1an) 11nes weaker by a factor of 300 to 500 could be ob-
served. _ L '

Kle1nhe1ns 1nvest1gated the spectra of Csl37', Coéo, and Te137 b'y
us1ng Ilford G5 emuls1on and was able to rnake qvu1te accurate determinations
of relative 11ne intensities and maximum energ1es of the beta decays.

Faler, who also used Ilford G5 emulsmn, observed an increase in
senS1t1v1ty by a facter of two for low- energy electrons (=30 kev) and by a
factor of four for h1gher energy electrons (= 280 kev) in observxng the spectra
of Pa23'3 nd Np237. > In the case of the low energy ‘electrons, background

proved to be a prlmary 11m1t1ng factor

Present address: University of Uppsala, Uppsala, Sweden.
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. DISCUSSION.

In considering the method of detection described in the above reports,
one might expect it to have some potent1a1 value in beta spectroscopy, if the
limiting factors were m1n1m1zed. ‘Because of this, our investigation of some
of the weaker lines of Pa233 was carried out, 4nd the limiting factors involved .-
were considered. . | ’ '

Since the time when the aforementloned 1nvest1gat1ons were carried
cut, Ilford has marketed a K5 emulsion that has a smaller grain diameter
and increased sens1t1v1ty ‘ v

This newer emulsion was used for our 1nvest1gat10n The ‘mean gra1n
den81ty in this emulsion parailel to the surface, is about 14 per 10 pat 40 -
kev, and about 5 per 10 B at 300 kev. Because the emulsion shr1nks in thick-
ness by a factorcofya pprox1mate1y two dur1ng development the graln density
in the__d1rect10n perpendicular to the surface of the emulslon is 1ncreased by
a factor of two. Therefore‘, electrons enterlng normal to the emulslon with
high enough energy, so tha_t scattering is small _ w111 be observed as a string
of grains running through the emulsion. These are ea511y observable at 1, 000
to 1 BOOX magnifﬁ_"ca‘tifon Also, the background rnay be reduced to some extent
by neglecting those electrons enterlng at angles other than perpend1cu1ar to
the emulsion, ‘ ‘ ’

~ At about 250 kev the rnean scatterlng of an electron perpend1cu1ar to
the 1n1t1a1 direction is about 3 p. per 10 p. Th1s quantity is 1nvers1y proport10na1
to the energy of the electron. .

A For very slow electrons, where the path 1ength is not great it may be
best to count electron track ends wh1ch are character1zed by the high grain ”
density. o _ : '

Background is always a 11m1t1ng factor for sens1t1v1ty ~Background
in the form of latent 1mages in the emuls1on prior to exposure to the electrons
may be eliminated by an errad1cat10n process For our 1nvest1gat10n the
plates were placed in an atmosphere saturated;w1th water vapor and warmed
to 48 °C for 12 hr. A plate that was developed 1mmed1ate1y after the eradlca-
tion showed the emulsion to be completely free of all tracks other than rare
akparticle track remnants. The eradication process usually reduces.the sen-

sitivity of the emulsion, but there have been cases in which there seerned to
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be an euhancement This change was tolerated in our investigation. The

senS1t1v1ty of an emulsmn could be 1ncreased, in any case by hypersenS1t1za-
tion. This can be done by plac1ng the emulsmn 1n solut1on of 1% trlethanol- )
amine (2, 2 2" n1tr1lotr1ethan01) and 5% glycerme in water for about 20 min. '

The 50 I* emulsion was processed as follows

Developer (D 19 dil. 1: 6) ~ 15.r‘r.1in

._Wash (dlst1lled water) o ~ 30 sec.

: Fix o . - ., o : | '20 m1n (Untll

| B B _ o ‘ S _ A emuls1on clears)
Wa'sh-(v(tap‘ water) - B R ‘. 2 min

Alcohol + 5% glycer1ne ; ‘ » " 2 min

Dryer o " .A ; . " 5 min :

The f1x is: B . o o

- 1000 cm3 water, v

300 g sodium thlosulfate :a'nd ‘_
- 22. 5 g sodium b1sulfate '4 _ '
(at about ZOOC) |

EXPER,IMENTAL PROCEDURE

In order to test the sens1t1v1ty of our method of electron track count-
ing, the small energy reg1on between 312 and 324 kev of the Pa233 spectrum
was scanned. This region includes the 340 LI, I and LIII lines —the first
two of which have been observed to have the intensity ratio LI/LH=O.5/O.065
(in percent beta decay). > The LIII line was not observed. Since the LII/LI
intensity ratio indicates a M1+E2(=10%) decay m1xture one can calculate
Lypp/L;%0.044. |

The emulsion plate was exposed in a permanent-magent spectrograph
of 125-gauss magnetic field for a period of 1 hr; an x-ray film was also ex-
posed for 1 hr irl order to compare the sensitivities of the two methods. The
emulsion plate was scanned by using 1500X naagnificati_on and by counting over -
an area of 75 by 750 j1, with the longer dimension extending across the plate
near-its. center. -“This:area,was moved 50 p along the plate for each new

measurement.
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~RESULTS

- The results of one scanmng run 'are shown in F1g 1. N/A is the |
number of electrons counted 1n the area covered at each settlng, (1n th1s case
56, 250 v ) The horizontal scale is in m1ll1meters along the emulsmn plate
The intensities (underlined in the f1gure) are normallzed to that of the LI
line being 0. 50 in units of percent beta decay. As can be seen, there are two
additional lower energy lines and a possible doublet of h1gher energy l1nes
none of wh1ch have been reported before. Also, the LIII line did not show,
its 1nten31ty be1ng near the detection limit for the statistics involved.

A 24-hr exposure of the spectrum on x-ray film was closely scrutinized
after the track count was made.: There seemed to be a slight intensity plateau
on the tail of the LI'.lin'e, which.could be one or both of the lower energvlines
detected. No indication of the doublet was seen.

‘The comparisonbof line intensities is often best made visually in using
x-ray film. The weakest line visible on the x;ray plate would be about 0.4
the intensity of the 340 Li line. This indicates abontan .eightf_old increase in
sensitivity when using our track-counting example. (Here relative sensitivity
is defined as the ratio of the intensity of the weakest line detectable by the -
x-ray film exposure to that of the weakest line detectable by the emulsion
exposure.) This figure camn,’ of course, vbeimproved ‘with better statistics.
The time requ1red to obtain each p01nt on the graph was about 5 min, which
does not seem unreasonablv great for the results obta1ned The count1ng

itself however, is ted1ous and very t1r1ng
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Results of one scanning run between energies 312 and 324
where N/A is the number of electron tracks per 56, 250 p;.
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IMPROVEMENTS AND EXTENSIONS

Because of the considerable increase in sensitivity, the resolution
may be improved, and shorter-lived isotopes and weaker lines may be in-
vestigated. Also, an emulsion plate might be exposed in a double-focusing
spectrometer, the advantages here befng the higher transmission and the |
reduced background. '

The treatment of the emulsion could also be altered to iﬁ;’prove sensi-
tivity and to ease electron-track identification! )

Eradication of emulsion plates is necessary to reduce background, if
very freshly poured plates are not ava;ilﬁ'able. Of course they should be ex-
posed in the Spectrograph as soon as poesible after eradication.” Hypersen-

. SEtDZ’atlonu can increase the sen51t1v1ty of either the fresh or eradlcated

v emu1s1ons by a factor of two. ' _ : o

) The electron tracks can be made ‘more conspicuous by overdeveloping,
perhaps even to the extent ‘that the grains begin to overlap. This will certainly

decrease the tedium involved in scanvnin"g th;'e plate.
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