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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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ABSTRAGT
DECHASSIFTED
Ut11121ng a magnetic alpha particle spectrograph the complex alpha
spectrum of Pu?3? s found to consist of three groups; ap (69 percent),
‘a13 (20 percent) and asy (11 percent). The spectrum of Pu?40 consisted
of two groups, a, (76 percent) and_a44'(24 percent)., The nomenclature ai
refers to that alpha group which leaves the product‘nucieus with an
energy of x kev above the ground state. The alpha péftiéle energy of ag
of Pu239 was measured as 5,150 + 0, 002 Mev and that of PuO at
5,162 + 0,00A Mev° These values‘are correlated with the gamma rays and
conversion electrons obseryed by other workers to ferm a partial decay

scheme,
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INTRODUGTION

-See%fafter the aveilabiliﬁy of Pu>7 in supra-~tracer quantities the
elpha‘aetiviﬁy_was‘foun@ ﬁo beV§eeempenied by.gamma radietion in low abun-
dance.,l’2 _These and 1ater_measurements wil; be discussed below where the
eray scheme is considered, The complex alpha spectrum presumed from
these data was fi?etfebseryed directly by Rosenblum, Veladeres and Golde
schmidt3 who employed a large permanent magnet epectrograph° They found
the hlghest energy group in highest abundance and a prominent group at
50 kev‘lower energy. Some evidence was also found for a very weak .group
200 kev below the main group. The present study amplifies these results
end attempts to explain the gamma ray spectrum which has been .reported by
several sources, Samples of plutonium containing measurable P40 activity

have been used to determine its alpha particle spectrum.

EXPERIMENTAL RESULTS

Pu239 Alpha Spectrume The magnetic alpha particle spectrograph used

for these measurements has been described in other reportSOA 55 The source

in each case was prepared by vacuumr sublimation from a tungsten filament
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to avplaﬁipﬁm“plate of the driéqmigsidue:from a solution of pluﬁoniqm(IV)_
in hydrochlo:ic acid, The plat??umvplgteAwas masked to give a 1/8 x 1 inch
band and in the case of ?u239 approximately 2 micrograms was deposited.
Samples so prepared have the extreme uniformity demanded for alpha particle
spectroscopj. | |

Pigure 1 shows thevspectrum of isotopically pure Pur39, The source
consisted of 2.5 micrograms»of'Pu239 and was exposed for 110 hours, The
designations for the alpha groups follows the same convention previously
used in‘w%ich the highest energy gréup, presumed to be the ground state
transition, is termeé-ao and other groups are shown with subscripts indi-
caﬁing the corresponding energy levels in kilovolts above the ground state.
Although no higher energy group than that designatéd db‘has been detected
there is some evidence to be discussed later which indicates that ay is
not.the ground state transition. If this proves'to be‘so, these designations
will have to be revised. |

,-1511 of the three peaks observed have the same width at half maximum.
(w 3 kev) and the abundances as, indicated were foﬁnd both by'comparing peak
heights and by integrating ﬁhe‘total alpha tracks.

In another exposﬁre;for 90 hours the slit system was chénged to give
higher tranémissioﬁ:in order to look for rare alpha groupéo The peak
widths went up to 21 kev and a and‘alj were no longer clearly resolved,
The‘abundance of a5y was found to be 11,7 percent which agrees with the
other measurement cited, & careful search was made.for other alpha groups
and the data are recorded in Figure 2. The energy range covered was

4o82 = 5,57 Mev which extends from 330 kev below the main group to 420 kev
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abOye itg fmékélpha group was‘found and the limits can be éét as followss
ffgm'25 kev abpngao to 430 Xev there is no group in greater than 0,15 per-
¢ent>abnndance; from 70 kév below dy (20 kev below 351) to 330 kev there is
no grbuﬁ'in greater than 0.3 percent abundance, The plaﬁe from which
Figﬁreil was derived was. also counted over an extended range and the
results were substantially the same al@hough the limits of detection were
not sé low because of the fewer total tracks recorded.

Thé enefgy for Pu3? vwas determined by comparing e, with P10 a5
the standard for which the particle energy was taken as 5;298 Mev.,6 The
energy for &o of Puc39 was found to be 5,150 + 0,002 Mev as compared with
the other Spectrograph valﬁe, 5,147, obtained using ThG as a standard,

- These spectrograph values are in good agreement with reported values
obtained using'ionization chamberq and range methods. Cranshaw and
Harvey7 using an ionization chamber with a pulse height analyzer reported
5 159 (+O 005) Mev and Jesse and ForstabS obtained 5,140 (+0.005) Mev by
measurlng-total ionization current., A&n air range determination by Chamber-
‘laln et .9 gave 5 15 Mev,

| The,energies of the two shorter range groups were obtained from their
displédéménts'from the main group using the dispérsioﬁ of the instrument as
descfiﬁgd previously.? The differenées in.energy from the main group, ag,
' were 12,8:i'007_kev and 49,7 + 0,7 kev, Rosenblum, Valadares, and Gold-
schmidt3 resolved asy and found its energy to be 50 kev lover than the
main group and our result is iniéxcellent agreement for thié group. Adding
a correqfién_of 107}percent to these alpha particle energy differences to

obtain the spacing bebween energy levels and rounding off to the nearest
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kilovelt, the level differences become 13 and 51 kev, hence a3 and as).
These energies would cofreSpond to gamma fay energies between the appro-

priate levels,

Pu40 Alpha Spectrum° This isotope of plutonium is an alpha emitter
of 6600 year half-1ifel0 and is bést prepared by neutron capture by |
Pu239._,11 Its alpha energy is known toibe:very close to that for Pu?3?
and had not previously been resolved for sure.

A sample containiné 5 x 105 disintegrations per minute of mixed
PuR39 and Pub0 activities was expésed for 46 hours, and the spectrum
shown' in Figure 3 was fegistéred;. Thevpeaks were readily assigned to their
regpective isotopes because (l)rmass spectrogfaphic‘analyéis indicated that
Pu24o_was in an abundance such that i1s alpha activity ghoﬁld predominate,®
and (2) the energy differences and relative abundances of the three peaks
assigned to PuR39 weré'in close agreement with those for pure Pu?39 (see
Figure 1).

The energy of the main group of Pur40 is 12 + 2 k¢V‘greater than that
for Pu239. Using our value, 5,150 Mev, for the energy of the o, group of
Pu239, the eﬁergy for Pu?40 qp groﬁp is 5,162, Since we are fairly certain
that the most abundant'group of an;évenaeven alpha'emitter represents the |

.groundvstate transition we may then calculate the decay energy for Pu240.as

5.250 Mev,

#We are indebted to Dr. S. G, Thompson for the plutonium used in this

measurement and to Mr. F.:L. Reynolds for the mass analysis,
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- The second alpha group of Pur40 is 4355 + 2 kev lower energy than the
main group hence it is designétéd %L, signifying that it léads to a sﬁate
44 ggvMabdve the ground states Its abundahce is 2/, percent, therefore the
partial alpha half-lives for the two groups, based on thelééoo year mea-
sured halfulife, are 8700 years and 27,000 years. The half-life versus
energy relationships for these groups are close to expectations of alpha
decay as can be seen from Figure 4. Thé curve is the calculated half-life
versus energy relationship for plutoﬁium isotopes in which the rigorous
one body decay théofy was applied.12’13 The nuclear radii were taken to
follow the function, r = 1.51'A1/3 X 10‘13 cm, and the effective alpha
enefgiés werebobﬁainedlby adding to the decay energies,.39 kev t6 account
for the change in orbital electron binding as suggested by Ambrosino and
Piattier. A similar éurve for curium and its method of derivation are
shown in another publicafion.5

Figure 4 shows that both Pu240'gr0u§s are in close agreemenf with the
thoery, a situatibn which we now accept as normal for an even-even nuclide,
Similarly the groups for Pu?3? follow the noﬁ familar pattern of hindered

decay expected of nuclides with odd nucleons.

DISCUSSION OF DECAY SCHEME
It will,be pbinted out that the Pu.239 aipha spectrum as observed here
cannot explain all features of the gamma ray and conversion electron spectra
which have been reported. First we shall exaﬁine the‘area of agreement

which is.indicated in Figure 5..
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»vA gammé'ray of 50 kev was reported early by Ghiorsol and this has been
abundantly confirmed. West and Dawson15'using a proportional countef
spectrometer found a 52.3 £ 0.4 kev photon in an abundance of 7 x 10"5 per

16

in this laboratory has measured this gamma ray
17,18

alpha mrticle, Martin
as 53 + 2 kev with a scintillation spectrometer, while two laboratories
have found conversion electrons corresponding to a 50 kev gamma ray in

239

coincidence with alpha tracks in Pu impregnated nuclear emulsions.
Albouy and Teillact’ found the electrons to be present to the extent of

_16’per lOO total alpha particles vhile Dunlavey and_Seaborg18 found

5 electrons per 100 alpha particles., It seems almost certain that this

‘ Rosenblum and coworker33 reported a much hlgher abundance than ours for
“51’ but thelr resolution would have been more difficult,

15 also found a gamma ray of 37.2 + 0.5 kev in low

_Wegt and Dawson
abundanéé which corresponds exactly to a transition between asy and aj3.
They also found in low abundance gamma rays of 59.2 and 32,0 kev. The
close agreement in energy of these photons with those for two of the most

promlnent gamna rays of Am?hl (59.78 and 33,36 kev)l9 makes it tempulng to

consider that they are from,Am241 which grew from Publ % A similer but

g

*Dr, West has kindly informed us that another article is in publication
showing that the 59 kev gamma ray is from AmR4l and that the 32 kev peak

may have some other origin.
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more extensive serie8'0f>convereion'electron lines has been‘fqund"by
Vagner, Freedman and Engelkemeir20 and these the authors attribute to
Pu240 about which more will be said nresently. The latter paper reports
fogr other weak lines in pure Pu39 and these could be interpreted as the
Lifor Lil? LIII’ M, and N lines of the 51 kév transitions or two of them
could arise from the 38 kev transmtlon.

The preceedlng discussion shows that there need be no sharp disagree-

' ment between our alpha spectrum and the gamma ray tran31tlons so far con-

:;j-However, there is harder gamma radiation which is more difficult

to explaln. There have been reported garma rays of 300 kevl and 420 kev2

in very;low abundance, and these could well correspond to low energy alpha
‘groups 1n quantlty below our level of detection, Another gamma ray can be
deduced from the work by Albouy and Teillac17 and by Dunlavey and Seaborg18
who both measured electron tracks stemming from alpha tracks in nuclear
emuls&ens. Albouy and Teillac reported theirs as the "K conversion electrons
from a 200 kev gamma ray" which would mean that the electron line was 100 kev
and'the;abundanee-as 0.1 ~ 1 percent of the alpha particles., It is doubtful
that these electrons are K shell converted because the corresponding K
thays have not been seen in requisite abundance. Dunlavey and Seaborg
‘found similar electrons in the energy range 100 + 20 kev in 0.5 percent
abundance. Ir the electrons are the L conversion line of an ~ 120 kev gamma
ray-and the abundance is correct the corresponding alpha group}should have‘
been seen, _According-to the data of Figure 3 an alpha group of lower energy
than ag by 70 kev or more would be detected if present in 0.3 pereent

abundance or greater., The discrepancy between the abundance of the ~ 120 kev
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trgngitiqnﬂand the absence of a corresponding alpha group is tooc close to

~ the limits of error in measurement to be considered real at this stage. |
‘If it should prove to be real this may be taken as evidence that the ground
rstate_transition fop the alpha decay of‘P’u239 has not yet been seen;

istance of Miss Beverly Turner:and

- Mrs:Janes Vandérvesn in counting the -alpha tracks, This work was performed

under the auspices of the U, S. Atomic Energy Commission.
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Theoretical alpha decay curve for plutonium.
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Ful3? partial decay scheme,
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