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ABSTRACT

50 252

The alpha and gamma spectra of sz and Cf have been investigated

with an alpha particle spectrograph and an alpha particle-gamma ray

coincidence counter. Alpha groups of 6.112 (84.5 percent) and 6.069 Mev

(15.5 percent) belonging to C;f'252 were found, as were groups of 6.02k

(83 percent) and 5.980 Mev. (17 percent), belonging to,CTZSO. L x-rays

and gamma rays of 42 (0.01l4 percent) and 100 kev {0.01. percent) were

3
assigned to szsz. .Other gamme. rays were .assigned to odd-mass californium
isotopes. The results are evaluated with reépect,to the current . theory

and systematics of complex alpha spectra and excited states of even-even

nuclei.
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I. INTRODUCTION
In the heavy element region the alpha decay characteristics of even-even
nuclei show marked regularities with respect to energy level separations and
the selective alpha particle population to the various states. The level

1-3

specings correlate well with the Bohr-Mottelson™ - formulation for collective

rotational metion in highly deformed nuclei, and the .alpha population to the

ground and first even state follow simple alpha decay predictions closely.
. 4y5

There are small but significant departures, however, from the simple theory.

On the other hand, the alpha population to the second even states varies

k6

considerably from the expectations of simple alpha decay theory. The

ratio of the predicted to the observed population follows a regular pattern
which has been treated in terms of the spheroidal model by various authors.7
_The present work was undertaken to deterpine to what extent the trends
. . . . . . . 250 252
just mentioned would continue in the californium isotopes Cf and -Cf-~ .
These are beta-stable Isotopes with half-liveg of ~10 years and ~2 years

8,9

respectively.
IT. METHODS AND APPARATUS
A high resolution spectrographlo wag used to meassure the separation

between the alpha groups to the ground and first even states and their

relative intensities. The transmission of the instrument, however, was
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b x 10_5.so'that_ih,the weak sources available only the strongest alpha lines

were observed.

, _ ’ . N
250, 252 mixture was . determined from o

The L x-ray 1nten51ty of the Cf
alpha~L- x-ray c01n01dences; ‘The:measurementS'were'made by coincidence ¥
counting because tﬁefgamma ray“backgroundiwas,cbmparable to the intensity
of L.x-rays in'the;sampie whereas»the coincidence background was negligible.
The alpha detector was zinc sulfide which detected not only alpha particles
but also spontanecus fission particles.  Compared with the alpha-L x-ray
coincidences,bhOWe§ef, the spontaneous fissibn coiﬁcidencevcontributidns were
very smellﬁ' |

The %amma,ray'specifum.cf the californium:isofbpes wa s also meagured.
in coincidence withﬂalﬁha.particles. These coincldence measurements were -
necessary‘because ef the .relatively large'numbers of gamma rays from the
spontaneouslfissionbbraﬁching cf.the californium isotopes compared to those -
accompanying the-alpha:decay.

For alpha:ganma coincidence cbunting the alpha particle and fission
fregment detector was - a 1/32-inch thick.thallium-activated potassium iodide
crystal cptically coupled with myvawax,to a Dumont-6292 photomultiplier tube.
The crystal counting,area wvas masked to & rectangle 5/32 x 1/4 inch with
0.00Z-inoh_platinum.foil. ‘Tﬁe-outputiofkthe.photomultiplier tube, after
shaplng and ampliflcatlon, was fed into a slnglefhannel pulse-height analyzer.
The analyzer selected only the pulses caused by alpha particles and these
were fed into.a coincidence unit with 2-microsecond resolving time. .In some
cases the .analyzer was adjusted to select only the pulses caused by spon-
taneous fission fragments. .The ga@ma rays.were‘detected with a 1x1 1/2 inch

thallium-activated sodium iodide cfystal_optically coupled to a Dumont-6292
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tube. The output of the photomultiplier tube after. shaping and amplification
was fed into the coincidence unit of Z-microseconds resolving time and simul-
taneously into a SO-channelvpulse—heightvanalyzer. Thé 50-channel analyzer
(8-microsecond resolving time) was gated by coiricidence pulses from the
2-microsecond unit. This latter unit served to reduce the chance coincidence
rate. In all runs the chance coincidences were determined egperimentally
and substracted from the total coincidences.

To secure better resolution between the alpha particles and spontaneous
fission fragments, the Tregion between the sample and the alpha parﬁiclé
detector was evacuated.

The alpha particle and gamma ray detectors each subtended about 20 percent
of Uy in the alpha-gamma coincidence measurements. In the alpha-L x-ray
coincidence measurements the zinec sulfide detector subtended about 40 percent

and the gamma detector subtended about 30 percent of bLx.

III. SOURCE PREPARATIONS

-The califernium had been produced by intensive neutron irradiation of

239 11,12

lower elements, initially Pu The pertinent reactions which resulted

in the californium preparation are as follows:

szuh(n,r)CmBA5(n,r) - - - szn?
o B .
RTINS

B e

72 (n, )02 (0, v)CE

251 252, )Cf253

(nJT)Cf 5T

B
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The isotopes listed are beta stable.except those designated as B emitters.

252

Of the alpha activity in the sample, about 85 percent was due .to Cf and

50 2hgy

15 percent,sz <  The Cf

to contribute -only about 0.0k percent to the alpha activity. (The mass of

>

~Cf249 is only about ten fold lower.than that of sz 0 but its half-life is

400 to 500 years whereas the helf-life .for. Cf22° is 10 years). Despite the

low activity of szég, it has prominent gamma rays which showed up in . the

251

gamma-ray spéctrunfwhich will be mentioned. Similarly,the Ccf -and . the

alpha branching of“Cf253; can be estimated to be in even lower imtensity.
After chemical purification of the californium fraction, part of the

‘activity was electroplated 4n to & 0.0005-inch platinum plate.’3

‘The plate
had been masked go that the activity. could deposit only on a recténgular
area_l/32 x,l/h‘inéh, The electrolytic‘deposit'was dried and_héated to a-
dull red color.td drive off volatile matter. This sample, containing .
1.2 x lO5 alphé-diSintégrationsvpervminute, was used as the alpha particle
spectrograph source.

The alpﬁa~gamma coincidence_sourcé was prepared by evaporating to

>

dryhess a few drops of lactic acid solution containing 1.4 x 10”7 alpha
disintegrations per minute on a 0.0005-inch platinum plate. The ‘alpha-L
X~-ray source was prepared by eﬁ%pbrating to dryness a few drops of concen-

. trated nitric.acid.éont&fning,about 2000 alpha -disintegrations per minute on

a 0.0005-inch aluminum plate.

could be estimated from the irradiation history
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.IV. EXPERIMENTAL RESULTS
Alpha Spectra
The electropleted sample of mixed califofnium isotopes described above. . ..

.was exposed in the alpha particle spectrograph for 141. hours. .The alpha
particles were detected By direct track. ecounting of the photographic plate
which was the receiver‘in the spectrograph. A graph of the alpha spectrum is
shown in Fig. 1. -The.alpha_particle energies were determined by comparison

with EmZZQ3O which has been measured by,Briggslh as 6.282 Mev. ‘The.groqps

at 6.112 £ 0.005 and 6.024% £ 0.005 Mev were assigned to cfzsz and~Cf250,
respectively, in accordance with earlier measurements with ionization chambers.

v8yllil5>and later

Thompson et al. reported early values of 6.15 and 6.05 Me
revised them to 6.13 and.G.Oh.Mgv%6 .Diamondvgg_§£.9 reportedlaipha_particle
energies of 6.12 £ 0.01 and 6.03 = 0.01 Mev, and Magnusson SE‘E£'17 répqrted
values‘of,6.ll7 + 0.010 and 6.033 £ 0.010 Mev for these isotopes.

Among even-even alpha emitters in this region there are,proﬁinent alpha

groups some 40 kev lower in energy than the most abundant groupsh-andvin an

_ Ly
abundance of 15 to 30 percent. ’6 By analogy, the groups .at 6.069 and
52

52

2 2 -
5.980 Mev are assigned to Cf and Cf 50, respectively. The existence of

and Cf250 wag determined previously from

9

complex structure in both sz
L x-ray-alpha particle coincidence measurements by Diamond gipg&.
Magnusson et §£.17,reported the energy separations to be between %0 and 45 Kev.

In order to determine the energy of the first exeited state.bf'the~
product nucleus one must add to the 43-kev separation between the alpha groups
of CfZS?,a nuclear recoil ehérgy difference of 0.7 kev. Thus the energy

becomes 44 kev. Similarly, in the case of,szso decay, a 43.6-kev separation
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in alpha particle energy corresponds_to a hli-kev first excited state energy
in the daughter ﬁucleus. ‘To simplify their deseription, the alpha groups
to the ground state are.designated,ao,;and those for the 4l-kev states are
designated,auu {an alﬁha group to an excited state of x kev would thus,be
called Q. I | | | ,,

Thevintensities_of the alpha groups were determined by integrating
the area under the peaks. Although the alpha particles. from the electro-
plated sample were resolved quite well considering the objective of
_Obtgining high transmigsibn, there appears to be .an appreciable tailing on |
vvthe.low-energy side of the peaks. This tailing was estimated.fromvahg of
-szso, by essuming that all of the alpha peaks .on the photographic plate
had'very_néarly the "same shape. After resolving “the peaks in this manner
intensities for.sziz ghh-and szso o)), were Lé,vaeréentnand 17.5 percent,
respectively. From the spectrograph meésurements the abundance gf Cf25o
“alpha acti%ity qttthé time of_the-run WaS~lh.2’pefcent of the total lpha

activity. .The remaining 85.8 percent was due to Cf252.

250,252

The welghted
average of the Cf o)), groups was then 16.0 percent. This number will
be useful for comparison with the alpha-L x-ray coincidence work discussed

next.

V. COINCIDENCE STUDIES

Alpha-L x-ray coincidences. - The abundance of a&n alpha group in an even-even

nucleus which populates the first excited.state can be.determined indirectly
from the intensity of L x-rays since the . corresponding gamma ray transition
is by far the most prominent and is heavily converted in the L shell. -The

intensity is best measured by determining the alpha-~L x-ray coincidence rate

\
o
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per alpha disintegration. The corrections which must be applied to the raw
data to obtain the total population of the first excited state are the
following: (1) allowance for fluorescence yield of the L x-rays;

(2) conversion in M, N--- shells; (3) geometry factor; (4) L x-ray

attenuation between source and detector. The geometry factor was determined
41

by meaéuring the coincidence rate of the alphe particles of Am2 with its

60-kev gamma ray whose‘abuhdance is knOWm%S In order to minimize some of
the uncertainties in the other correction factbrs, szaz was used &g a

standard‘fof comparison. The alpha population to the first excited state
for this isotope ‘is known fairly accuratelyl9

rate was measured under the same experimental conditions. The population of

the first excited state defines the total electron wvacancies and from the

«dwersion electron spectrumfzo the number of L-shell vacancies can be

calculated. The measured I, x-ray intensity must then be brought into
agreement with this value by correcting'for fluorescence yield and L x-ray
absorption. These two factors were dissociated by accepting the calculatele
fluorescence yield thereby ending up with an effective absorber thickness to
produce the.reqﬁired.attenuation of the particular L x-rays fromCmZb'2 decay.
Now the desired values for the californium isctopes could be obtained by
applying these corrections in reverse fashion. Since the szl&2 was used as
a standard, the errors are only those»éf second;order nature in extrapolating
fluovescence yields and x-ray attenuation factors over two units of atomic
number .

The results af these measurements and calculations gave 15.5 percent as .

50 52

the weighted averaged for the abundances of the Q)), 8roups of Cfg and sz

This is to be compared with the 16.0 percent value from direct alpha track

and 1ts alpha-L x-ray coincidence

-
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¢counting already cited. The complete independance of the two methods lends
some confidence to the alpha-L x-ray coincidence counting method which can
be applied to sources .of this type which are too weak to obtain the alpha
_spectrum.

, 17 .

‘Magnusson et al. reported abundances of about 10 percent for both of
these groups from L x-ray-alpha particle coincidence measurements using the
abundance.. of Pu238,duu, 2h percent, as a standard. A later value- of
28 percent22 for the abundance of Pu238 aﬁh would then raise the californium

17

abundances of Magnusson. to,ébout 12 percent.
Gamma, rays.

Four measurements .of the alpha Particle-gamma ray coincidence speetrum
were made. The energies’ and abundances of . the obSérveﬁ radiations- are shown
in Table I. A graph of the results of Exp. 2 are shown in Fig. 2.

Spontaneous fission fragment-gamma ray coincidencelmeasurements ﬁere
.also taken. »with.our‘detection system, a gammae ray "continuum" was observed
whiéh:fOSe to a plateau at 125 —> 200 kev . and then decreased continucusly
out to several Mev. Superimposed .on the continuum was*a_péék.at ~63 kev.
which might well have been due to platinum K x-rays produced in the platinum
sample mounting by the fission gamma rays. Figure.3 shows the fission
fragment-photon coincidences in. the region of interest. -From this spectrum
it seéms'uﬁlikely that any of the gamma rays shown. in Tablé I are .a result

of . the spontaneocus fission process.

_The Lh-kev transition - The "hZ-kev" gamms ray is interpreted as belonging

to the highly converted transitions of 44 kev leading from.thé first excited
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.Therefore, as the sémple activity is predeminantly'CfZ
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, 250 A A
states to the ground states .of both Cf and Cf 7. .The energy measurement

from the alpha data is somewhat better than the gamma rey value, so the

Lh-kev value is preferred. The abundance of this gamma ray is 1.4 x,lO-h

per alpha particle (Table I). With the weighted abundance of the alpha
groups to the hh-keVilevels,of.l6 percent, the conversion coefficient is

1.1 x 103‘ -8ince this value is nearly the same as found for the analogous

transition in szuég 23 it is reasonable {0 .assume that the corresponding

50 252

and Cf will not .differ markedly.

52

conversion coefficientS-of“sz
y . the measured -
conversion coefficient applies principally to.Cf252;'rBy comparing this
conversion dpefficient with theoretical valueszn’zs it is found that the
transition can only be E2. The .observed value is-about & factor of 3 lower

25

than the calculated value 7 for an M2 tfansition.but'éonservationvof-p&rity
requires thét gamma'transition to the ground state'ofran'even~evenlnucleua
from states populated by &lpha emission be electrie transitions.

Inasmuch as the lUl-kKev state of.szus(populatéd by'sz52 alpha decay)
de-excites to the groundwsfate by an E2 transition, thée spin of the 4li-kev
state is 2, even parity. This is; of course, expected since nearly all

.26,27,28

even-even nuclei are found to have a. 2+ first excited state.

The 100-kev transition - Whenever a photon of ~100 kev is seen in the

heavy element region it is necessary to consider the possibility that it
mey be a K x-ray or a gemma ray or both. For curium, the K x-ray group
should produce a peak of approximately 108 kev and it is seen from Fig. 2

that most of the peak at ~100 kev lies at too . low.an energy. However, the
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peak does tail on.the high;energy side, and it seems;likeiy that it is not
produced by a singlé‘photon. In order to get a reasonable minimim value

- for the ihtenéity of" the gamma ray, a peak centering on the K x-ray energy
of 108 kev was resolved‘ The shapevbf the subtracted pesk was obtained by
weighting the different components of the K X-ray group .gccording to the
relativerintensitieg observed for uranium.29

The intensity of thelloo—keﬁ:gamma ray after subtraeting the

-'maximum.possible K-x—ray contribution was 1.3 xlO-v2 percent of the total
californium aipha partiéléé. The group attributed to X x-rays has 4
corresponding maximum intensiﬁy of T x lO—3 percent. The best energy-of
the gamma ray is 99 kev} it would be 101 kev if the K x-ray subtraction is
not made.

' This gamme ray probably represents a transition from the second even

.spin state* to ihe.first even sﬁin state of each of the isoﬁopes, Cf252 and

szso. This assignment is made by analogy with other even-even alpha

4,30 2k2 19

emitters in this region.

238 22

and Pu ,  have gamma rays of about 100 kev which are known to decay from

' 2
the second to the first even states. Because of the preponderance owafvsz

For example, the gamma spectra of Cm

in the sample, the measured energy and abundance of the gamma ray apply

*The term even spin states refers to the sequence of 2+, 4, 6+ excited states
which 1s characterized as a rotational band based on the O+ ground state of an

even-even nucleus in this region.

4y
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s 252 , .

principally to Cf decay. As these values are much the same as found in

2 iy
Cf2u6 decay,24 however, Cf 20 would be expected to show in its decay a

gamme. ray of similar energy and abundance.

Other radiations - Radiations of apprqximately 67, approximately 180,;and
approximately 350 —> 400 kev were also observed. The 67-kev radiation
is probably due in large part t6 platinum K'xéraysrarising from the
fluorescence excitation of the sample backing plate by the higher energy

GAImme. Trays.

k9

A sample of highly enriched sz‘ which had grown into previously

purified Bk2h9 contalining small amounts of Cf25o and'szsz was separated

and subjected to alpha-gamme coincidence counting. Two gamma rays of 340

and 395 kev with aburdances of 16 and 60 percent respectively, relative to
ko

2 . ‘ _ ‘
the Cf alpha &ctivity were observed. These gamma rays correspond well

with some of the radiations seen in the mixed californium isotopes (see
Table I). Sincé the alpha activity due to Cf2u9 is estimated to be ~0.04

percent, the observed intersities of these gamma rays, 0.03 percentj is not

out of line. The gamma ray at 180 kev is not accounted for by the CTEAQ

251

but could possibly come from the Cf or Cf253. Considerations of alphs

systematics and alpha decay theory, however, indicate it is barely possible

53

2 .
for Cf to have an alpha group in as large an abundance as the 180-kev

gamma ray.

~ VI. DISCUSSION AND SUMMARY

2

c£%° and e

haveé dlpha and gamma spectra which are typical of

heavy element even-even alpha emitters. Their decay scheme are shown in
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Fig. 4. In both decays .the most abundant alpha group goes to the ground
state of the daughter nucleus. The decay of szég and possible szsl,
however, indicate a different type of spectra in which the most abundant
alpha group pépulates an excited state in_the déughter nucleus which then
decays to the ground state by one or more gamma transitions. A corollary
to this effect is that the ground state alpha groups in fhe éven-even decay
have hindrance factors of about 1, whefeas:the ground’ state transitions for
odd mass emitters may be hindered%by many orders of magnitude.

250 and-Cf252

Cctf each populate first excited states in their respective
daughters of about b kev in an abundanéé corresponding roughly to the
pfedictions of.glphd'decay theory. More precisely-these alpha groups are
hindered by about a factor of 3, similar to_szué, some&hat lower tlmn in

54

2 A ,
100 decay and somewhat higher than .in the decay of elements of lower

atomic number. The spin and parity of the first excited state populated by
Cf252 decay yés deduced from the conversion coefficient fo be 2+ in ‘common
with nearly all other even-even nuclei.

-The 100-kev gamma ray in Cf252 decay is interpreted‘as the transition
from the second even state to the first even state. The energies of the first
and second states are such that they can be interpreted as a Bohr-Mottelson
rotational band with a consequent spinvof.hf for.tﬁe second even state.;. The
alpha decay to the second even state as deduced from the abundance of the
100-kev gamma ray is lower by over two orders of mzgnitude from the predi:ctions
of spin.independent 8lpha decay theory. This hindrance factor is very'similar
to that of Cf2u6 and appears tplfollow the general trends observed for corres

sponding transitions-in other even-even nuclides.

*"Hindrance" - a "hindrance factor" as used here is defined as the ratio of

the expected abundance from alpha decay theory to the experimental abundance.

A
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Table I

 Alpha Prticle-Gamme Rey Coincidence Results

Exp. h2-kev gamma, fay* 67-kev.radiatign .100-kev gamma ray K’r?yﬁm: ~180-kev gamma ray'"Other'radiations
No. Energy Abundance Energy Abundance Energy Abundance g%ﬁngance Ener Abundance. . _Energy Abundance
(kev)  (x10-%) (kev) (kev) (x10-4) =(X.lo'5,) (ke%’ (ke\%{ UGS
1 b 15a0™t 66=T3 2.6a07 99 L30T 5x0” g0 80T g --
2 M 1.3x007 67 4.3a070 96 ;.0x10‘l* %1072 t - .
3 4o 1.5x10‘h 70 l.,.2x10~-h 99 1.&;;10"1‘ 9x10™2 ~180 z,.zx_lo”* ot -
i 40 1.xi0”t 6367 2.5x1077 100 1.4x10™* 7%107° ~180 8x10™7 350-400 3x10’]*
# Best Value
*42 .1.hx10;‘l“ - — 100 l.._3x10-h 2 - - 350-400 3x.10°h

,7xlo“

~*This energy value is not as accurate .as that derived from the separation of the peaks in the alpha spectrun.

*¥The gamma ray peak would have been just partially observed in this.experiment.

Tmhese gamme. rays woﬁld not have -been observed in this experiment.

fThe contribution of gamma rays of 99
californium gamms rays.

x4
m

253»produ¢ed by Cf253

decay.would be less .than 10 percent of .any of

0662-T40N



110.

11.

1z2.

13.
1k,

- 17 -
« UCRL~-2950

VII. REFERENCES
F. Asarb and I. Perlman, Phys. Rev. 87, 393 (1952); ibid., 91, 763 (1953).
A. Bohr and B. R. Mottelson, Phys. Rev. 89, 316 (1953); ibid., 90 71T;
Kgl. Danske. Videnskab Selskaﬁ, Mat. - fys. Medd.gj, No. 16 (1953).
A. Bohr, "Rotational States of Atomic Nuclei," (Ejnar Munksgaard,
Copenhagen, 1954 ).
I. Perlman and F. Asaro, Ann. Rev. Nuclear Sci. 4 157 (1954).
P. Falk-Vairaint and J. Teillac, Compt. rend. 236, 914 (1953).
F. Asaro, F. S. Stephens, Jr., S« G. Thompson, and I. Perlman, Phys: Rev.,
to be published. |
J. 6.-Rasmussen3 Jr., University of California“RadiationvLaboratory
Unclassified Report UCRL-2431, December 1953 (unpublished); R. F Christy,
Bull. Am. Phys. Soc. (New-York.Meeting); Frgman, Dan. Mat. Fys. Medd.,
to be published; L. Drésner, Ph:D Thesis, unpublished;
B. Segall and J. 0. Rasmussen, Jr., Phys. Rev., to be published.
A. Ghiorso, S. G. Thompson; G. 3( Choppin, and.B. G. Harvey, Phys. Rev. 2&,
1081 (1954)
R. Diamond, L. B. Magnhusson, J. F. Mech, C. M. Stevens, A. M:; Friedman,
M. H. Studier, P. R. Fields, and J. R. Huizenga, Phys. Rev. 94, 1083 (1954).
F. L. Reynolds, Rev. Sci. Instr. 22, 749 (1951); F. Asaro, F. L. Reynolds,
and I. Perlman, Phys. Rev. 87, 277 (1952). | |
S. G. Thompson, A. Ghiorso, B. G. Harvey, and G. R. Choppin, Phys. Rev. 93,
908 (195h4). |
B. G. Harvey, S. G. Thompson, A. Ghiorso, and G. R. Choppin, Phys. Rev. 93,
1129 (1954). | '
B. G. Harvey; G. R. Choppin, and S. G. Thompson, unpublished.

G. H. Briggs,; Proc. Roy. Soc. (London) 157A, 183 (1936).



15.

16.

17.

18.
19.

20.

21.
22.

23.

2k,
25.
26.
27.

28.
29.

30.

- 18 - UCRL-2950

A. Ghiorso, S. G. Thompson, G. H. Higgins, B. G. Harvey, and G. T. Seaborg,

Phys. Revs 95, 293 (1954).

S« G. Thompson, A. Ghiorsc, B.'Gi Harvey, and .G. R. Choppin, unpublished
data (1954).

L. B. Magnusson, M. H. Studier, P. R. Fields, C. M. Stevens, J. F. Mech,

A. M. Friedman, R. Diamond, and J. R. Huizenga, Phys. Rev. 96, 1576 (1954).

J. K. Beling, J. 0. Newton, and B. Rose, Phys. Rev. 86, 797 (1952).

-F. Asaro, S. G. Thompson, and I. Perlman, Phys. Rev. 92, 694 (1953).

T. 0. Passell, Ph.D. Thesls, University of Californis Rediation Iaboratory

‘Unclassified Document UCRL-2528, March 1953 (unpublished).

B. B. Kinsey, Canadian Journal of Research A26, 4O4 (1948),

‘F. Asaro and I. Perlman, Phys. Rev. 2&, 381 (1954).

J. P. Hﬁmmell,‘F.vS_ Stephens, F. Asaro, A. ChethémﬁStrode, I, Periman,

Phys. Rev., to_be published April 1.

H. Gellman, B.iA} Griffith,-and Jx P. Stanley,vPhyg. Rev. 85, 94l (1952).
Rose, Goertzel, and Swift, privately circulated tables.

M. Goldhaber and A. W. Sunyar, Phys. Rev. 83, 906 (1951).

Horie, Umezawa, Yamagdthi, and Yoshide, Prog. Theor. Phys. (Japan)

6, 254 (1951). |

G. Scharff-Goldhaber, Phys. Rev. 90, 587 (1953).

Extrapolation of:curves given‘by Compton and Allison, "X-Rays in-Theory and
Experiment,(Van Nostrand)1935, p. 641

F. Asaro and I. Perlman, Phys. Rev. 21,,763 (1953).

A

4]



b

-19-

UCRL-2950

o
o
Q

D
o,
Q

~e250 -
cF**°a,,

5.980 MEV

ALPHA TRACKS PER l/4MM SCAN

ENERGY (MEV)

250

' 2
Fig. 1 Alpha Spectra of Cf and Cf

52

uuuuuuu



-20- : UCRL-2950

3
400 T T T —r T ‘ T . T : T T
LX- N
RAYs/ | ]
I\
o (N
=300} It A .
z o 41 Kev |
T I\ 97 Kev
O a v ]
,' ' MAXIMUM
g 0 b POSSIBLE
a 200r ~ Ixsl | K X-RAY 1
A R CONTRIBUTION
o | | 1 1
& o
o |
Swol ]
2 {
S P
© L1 \\ o
{
\
0 [l I x\ ) 1 * Ly 1 * 1// 1 ] ¢ ‘\Jk
0 10 20 30 40
) MU-9316
Fig. 2 Alpha particle - gamma ray coincidence ' N
spectrum of cf20,252: from experiment ‘)
2 (See Table 1).



-21-

UCRL-2950

~ 63 Kev

h“&’
3000
N2000+
O L
2
LIJ -
o i
O
E —
O 1000}
O -
0
0.
{

I(;O 200 300 460
ENERGY (Kev)

Fig. 3 Partial spontaneous fission fragment-

gamma ray coincidence spectrum of
Cf250,252

600

MU-9317



_22.

Fig. 4 Alphe decay schemes of Cf
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