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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.
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226 . -
The' charge and energy distributions of recoils from Th alpha decay
| 226

were‘investigated with a'high resolution alpha-particle Spectrogfaph. Th
was chosen for investigation becausé its decay chain contains three.relativély‘
short-lived alpha emitters which make conclusive identification of the fecoils
possible, bepause’it can be prepared into an extremely thin source by electro-
static reqoil.collection, and because it has an apprqpriate complex alpha‘spéctra.l

230 was milked out of a previously chemically purified PanO source

232

.The U
which had béen érepared by bombardiﬁg Th with 50 MeV deuterons. .After puri-
fication, the U25O was véporized in‘vééuo onto a platihum.platgr -The resulting
soufde ﬁas invisible. fhe.Bl minute Th226 daughter was electrostatically col-

30

lected on a platinunm plate from the thin U2 . source under a uniformly applied
negative potential of'225 volts/cﬁ»in an air atmosphere, |

Such Th226 samples.were used as sourcés in a 1809 doublé focusing'alpha;.
particle Spectrdgraphg with photographic emulsioné for detection. The‘aipha

particles appear in the emulsion as néarly parallel tracks of approximately the

same length. The recoils appear in the emulsion as two or ﬁhree alpha tracks

- of varying length and direction ¢om;ng from a common vertex on the surface of

the emulsion»(EQ and 3-pronged events). These 2- and 3-pronged events represent

only a portion of the .total number of recoils striking the plate.'

Work dene under auspices of the 1], S. Atomic Energy Commission,
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As would be expected for a thin source, the +2 recoils were fdund to
. : . : oo
strike the emulsion quite close to the position of the Th ground. state alpha
groUp‘(ao) as shown in Fig. 1. Charges +3 througﬁ +20 were each investigated

separately by altering the magnetic field so that the recoils of abgiveh charge

-

followed approximately the same path in the spectrograph as had the alpha par-
ticles and +2 recoils. Charges +1 through -2 were obtained with the emulsions
much closer to the source than they were for the other charges,which'resulted
in adequate charge separation but‘eséentially no energy resolution.

Typical results for reéoils_of various. charges are shown in Fig. 1.

. . S - . 226 _+n . :
Recoll peaks are identified by the notation Th RE where n 1indicates the
charge of the recoils and E 1indicates the energy in keV of the exéited state
226 |
of the recoll nucleus populated by the alpha decay of Th .

4D ' .
The R, peak, shown in Fig. 1(a), is separated from the o, peak by 0.17
- keV and was found to be much_broader than the other RO peaks. The former effect.
could be the result of the recoils losing energy by collisionvin.leavingAthe
platinum backing plate. Such collisions could also involve a change in charge,
and, in the present case, a charge of +2 would be favored because it has a
closed electronic configuration. -The net effect would then be a selective,
o +2 : ‘ +n +2
broadening of the R  peaks. It was found that all the RO peaks except RO
had approximately the same shape and half-width. This peak shape is indicated
o » - ‘ . 42 : '
by the dashed line in Fig. 1. and represents 64% of the total Ro2 peak.
+n 226 .
The Rlll peaks are composed of recoils of Th .which are associated
with the o group (Oill) which populates the 111 keV excited state (21.9%).

These recoils can thus decay either by the emission of Yy rays or éonversion
electrons. Those Ry,; recoils which decay by -y emission (Rlliy) should have )

i

the»same charge distribution as the RO recoilé, but they should have a slightly

e
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increased half-width due to the recoil energy associated with the <y rays. Those
R, recoils which decay by electron conversion (Rllle) should have a charge
distribution that differs from that of the RO recoils because of the emission

of Auger electrons associated with the conversion electrons. vThe'half—width

of the R e recoil peaks should be considerably larger than that of the RO

111

recoil peaks because of the recoill energy associated with the L and higher

order conversion electrons. As seen in Fig. 1 the half-width of Rlll is

: : . + +
indeed appreciably larger than RO. Also the spacing between the RO? and Rl?l'

peaks was.equal to the spacing between the Ob and alll groqps fof all clearly
resolved recoil peaks. This‘indicates that the increase in half-width Of_Rlll
muét be roughly symmetrical, as would be expected from the forgoing explaﬁatibn..
If éﬁe aésuﬁes that the recoils do not drift in the emulsion after
their initial energy has been absorbed then one should be able to calcﬁlate
the counting efficiency of the recoils in the photographié emulsion, i.e.,
the intensity of the 2- an@ 5-prong events. Tﬁe absolute intensity of 3-prong
events, however, was a faqtbr of 2.5 greater than the calculated value, pos-
sibly indicating unusual‘behavior of the recoils in thé.emulsions. The recoil
counting efficiency was détgrmined by setting the total(intensity of the Riile_
groups eqﬁal to the known intensity.of that portion Qf alll which is followed
by conversion electrons. The norma;ization factor so obﬁained was used for
all the experimegtal recoil intensities. This procedurevis valid for charges
+2 through +20 because these recoils struck the photographic emulsion at essen-

tially the same.angle. However, the intensities of charges +1, O, -1, and -2

were Obtained with the photographic emulsion in a different arrangément, and

hence, their corrected intensities can only be regarded as approximate.

-
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The experimental intensities normalized in the above manner are pre- S

sented in Table I. The errors in the table reflect 90% confidence limits,

¢
assuming no systematic errors are present.

For charge-+§ the intensity of Rl 1 is. Just the value one would
expect from only R 317, ice., essentially all recoils followed by conversion o
electrons have higher charges. We assumed then that the O,_+l, and +2 re-.f

0.
111 keV y ray intensity (h 8%).

colls were composed of only R. and Rllly’ which was deduced from the known . .

The resulting charge distributions of the RO recoils and the Rlll e

‘recoils are plotted in Fig. 2. - f o ';‘ o .:”~‘{ :f.~¥ . ,TNPH‘

'S. Szucs and J, M. De-lfosse3 studied P02}6 recoils from ango alpha:lf;{f e

decay and, found the maximum in the charge distribution occurring at ‘zero in,_;thf M
226 RN L

contrast to our results w*th Th RO where ‘the maximum intensity occurs at "{?jﬁy'gi*
a charge of +l. The charge distribution of the Th 226 llle recolls is roughly J?.

similar to that found by A, H. ‘Snell and F. Pleasontonh'for Xel5l.'
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(shown on an arbitrary scale) and Th
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FIGURE CAPTIONS

"”63”'

Fig. l. Experimental alpha and recoil spectra (a) partial Th a spectrum

+ R
226 R 2 spectrum The dashed line is:' :

the relative shape of all the R peaks with a charge greater than +2

(b) Th 226

R+7

26 +15

spectrum.

226

spectrum; (c) Th hZ

B Fig, 2. Charge distributions of recoils following Th™ " -alpha decayj"

..(a); charge distribution of RO recoils; (b) charge distribution or R111 L

recoils (R

111

R

recoils which decay by conversion electrons)
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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

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 in 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 3

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.
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