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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
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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 nccessarily 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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ABSOLUTE ENERGY MEASUREMENT OF THE ALPHA PARTICLES
EMITTED BY 232y anp 2*Cpy

D. J. Gorman+, A. Rytz+, and H. V. Michel

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

February l§72

As part of a continuing cooperative program with the International
Bureau of WElghtS and Measures the absolute alpha particle energies of the SR

and a58 groups of 32U and the a and ahS groups of 2hQPu have been measured.

The absolute energy magnetic spectrograph of the I. B. W. M. which has been

1,2,3 was used in the determinations.

The 232U>was separated frbm'zzaTh and its daughters by adsorbing it

described preViOUSly,

on an anion column from 6M HCl (with a few drops of HNO.

3
washed off with more 6M HCl and then the U was eluted off with 0.1 M HC1. The

added). The Th was

Fe was separated from the U by'adsorbing the U on another anion column in

8M HNO3. The Fe was washedAoff with more 8M HNO3 and the U eluted off with

.2M HNO_.
0 3 |
A mass analysis of the

238

232y semple gave upper limits of 1% and 1.5%

for thebmass of U-and 233U respectively and 0.3% for all other masses in
this region. A mass analysis of the Pu shows the following composition:  11%
2395, 887 2%y, 0.6% lpu, and 0.03¢% 2*2pu.
Five sourees of B?U and threevsources of‘?hoPu\prepared by vacuunm

evaporation were exposed for several different time intervals. The low

activity of all the sources, except one, necessitated exposures from 6-12 days
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spanning a period of several months. The most intense (™ 30u curie) 232y

source was used for 2 exposures'of 12 hours each immediately after vaporization.
o302 .

The other four U sources were stored in air. If one compares the energy

measurement obtained using a freshly prepared source to that obtained using

- 8 source several ﬁeeks old, a difference in energy of 0.5 to 2 keV can be seen,

the lower energy corresponding to the older_sourcé. The 30ﬁ curie'232U soﬁrce
was re-analyzed several weeks.after the first measurement and the resulting
energy was,several hundred electfon volts lower. Tﬁé energy measured several .
months later was lower by 1 to 2 keV. The three wéakést 232U soﬁrces were
dissolved and’re-vaporized ﬁaking one new very weak‘source.' The results were
much less ?recise but agreed-with:the first measuremeqt. We attribute the
difference in énergy to an agihg effect of the source. Therefore, we have

only used the results obtained from freshly prepared sources.

Because the half life of EhoPu corresponds to 1/6 of the maximum half

' life for which self absorption effects are seen, we have placed a slit 75 mm

in front of the'photographic plate in order to accept only a very limited

energy'region and thereby réduce the backgroundvon the plate. This slit was

also used for certain exposures of 232

due to the growth of the 228Th daughtér.

U which showed increasing background

The method employed in evaluating the data has been described in

> in which one shows that the intensity of the alphas

on the high energy side of the peak is proportional to_X3/2, where X is the

previous publications

distance between the point under consideration and the point which corresponds

32U o, group plotted as N2/3 vs.

to the maximum energy. Figure 1 shows the 2
distance vhere N is the number of o particles. The best straight line has

been calculated using the least squares method."
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_ Table I gives a comparison of our results with the relative
measurements of Asaro,
"been normalized to the new absolute values of Gréenberg_and Rytzl and A. Rytz.a

It‘ié evident that our results are in good agreement with the

previously published work after normalization and they are much more precise.

Baranov6 and Leang.7 The relative measurements have
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Fig. 1. One section of the main.232U 0 group. The ordinate is N?/3 where
N is the number of alpha particles counted in a band width of 10 micronsg' 
the abscissa is the position along the plate with increasing energy to the

right. The extrapolated value is shown by the arrow.



Table I..

‘Published values (normalized)

Nuclide Present Work -
(keV). o , '
- ~ » Average energy Number Number
R (L,5) ; " (6) . (7). and estima.tec.i . of of the
. saro aranov eang giggagd(iz%— exposures - Sources
232, - : .
U (o) -5 32042 5 320.9t1.0 5 320.36+0.09 2 1
232, - SRR : ' ‘ 0
U (ogq) 526342 5 264.0£1.0 5 263.5620.13 - 2 1 &
58 : : ; _ i
Standard used 228Th(5 b21) - '2h0pu(5’167,7)'  :
by the authors » ’ . v
2o, f ) , : E ' | , ,
u (ao) 5 169+l 5 168.0%0.7 5 168.38+0.09 N 3
2405 (o o S . o neen on y
u (0, 5) 5 125tk 5 123.6£0.7 5 123.450.20 2 2
Standard 210p5(5 298) | el2

. ©°Bi(6 089.8)

To the listed standard deviation & systematic error‘ should be added whose upper limit is about 0.1 keV.
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United States Government. Neither the United States nor the United
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
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.
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