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large breaks in the plote of alphs particle energy ve. mses nunber
at constent Z give strixmg evidence® for the closing of & major shell
at 126 neutrons (N = 126). We have spplied this semsitive criterion to
look for the much smaller "subshell" effects which might be found in
the region N > 126 and find good evidence for & subshell st N = 152,

The plot of alpha particle energies® ve. mass mmber for the
isotopes of californium (Z = 98) shown in Fig. 1 shows a definite bresk
in the region of C£°°° to 2777 indicating & subshell at 152 neutrons.
This break is of the order of a few percent as large as that corresponding
to the major shell at N = 126 in the analogous curve for polonium.’

8ince the postuleted exiptemce of & subshell at 152 neutrons depends
entirely on the mass assignments of the muclides involved, it appears
worthwhile to review and expand the evidence on vhich these mass
asslgoments are baaed,:

szu and sz‘%. These two isotopes of californium have been well

established and identified by thelr respective curium deughters, t':.:aaglFG

and mﬁh?. . .

'szhs. This isotope has been produced by He'' bombardment of curium
k5

as its heaviest constituent. The yleld of this activity

vas comsistent with the reaction Cmab's (n,f)m'm. The half-life cbserved

conteining sz

agrees very vell with that predicted for an even neutron isotope of
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celifornium with‘the alphs energy observed. Additionsl proof of its
even neutron nature is afforded by the fact that this isotope has been
found to undergo spontenecus fission with e helf-life comparable to
that of c£2*0,

9_{3’42 « Recent m&surementsB show the slphbe spectrum of this nuclide
to consist of two prominent alphs groupe: 6.00 Mev (10 percent) and 5.82
Mev (90 percent); this is characteristic of many even proton-odd neutron
miclides but not of even~even alphe ‘emitters. Thie isotope of celifornium |
haes been cbserved to grow in carefully purified berkelium Wles produced
by multiple neutron cepture on plutoniwm; the mess number of this isotope
has been shown to be 249 by mess spectrometer mmvssnranﬁara.ts.h That the
point in Fig. 1 for C£20 (N = 151) 1s lower then thet for C£00 (N = 152)
is pot surprising since the 6.00 Mev energy may not represent the ground
state trameition for this 0dd meutron muclide snd, in any event, in the
case of the mejor shell at ¥ = 126 we bave an enalogous situation with
such pairs as Po>0 (N = 125) 4.577 Mev, Po™C (N = 126) 5.298 Mev and
B (M = 125) 5.847 Mey, B2 (N = 126) 6.262 Mev.? |

ﬂ . Bhort neutrom bcmbardmentsB of Bk‘%g have produced & 3.13
hour betawactivity‘mch can be apsigned to E:EBO. The decsy of this
activity produces & 6.05 Mev slpha-emitter zwi‘bh & helf-life of about 12
years which is thus assigned to Cf°°C, The relationship between alpha
half-life snd energy for even isciopes of celifornium is satisfied by
these date., This isotope has been found 1o ub&erga spontenecues fisgion

at a sufficiently high rate to indicate an even number of neutrons.
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neutrons fells chiefly on the comclusion that the 6.15 Mev californium

. The weight of the argmment that there is & subshell at 152

is bheavier than thet emitting 6.05 Mev alpha particles and thet both of
these activities are due to even newtron isotopes. The gbllowing

_ experiments seenm to bear this out quite conclusively. (1) Pure
californinmm (sz "'9) which hed been chemically separated after groving
into a carefully purified berkeliwm (3&249} ves subjected to the

meximum MTR neutron flux for one veek. The reewltant ealifornium was
found to consiet almost entirely of 6.05 Mev alphe activity; less then

| 2 percent of the activity had &n emergy of 6.15 Mev. (B) Longer
neutron bombardments of Bk>'> have produced both the 6.15 Mev and the
6.05 Mev californium elphs activities. The retic of the 6.15 to 6.05
Mev ectivities was found to increase as the bombardment time vas .
lengthened, as would be the case if the 6.15 Mev activity were produced
by a reaction rete of higher order tham thet for the 6.05 Mev celiformium.
{3} Direct decay messurenents> mads over & period of several months on
relatively pure samples of the 6.15 Mev activity indicste t:hat the
helf-life of this sctivity is sbout two yesrs. This is shorter then
would be expected Ffor an odd neutron californium isotope with this energy
and these data coupled with the information that this isotope exhibits a
three percent branching for spontaneoues fission lesds to the cencluaiox;
thet its mass number is probably 25Z rether than 251, 8o far 0
radioectivity hes been found that might be aesociated with C2O7%; this is
not swprising since & combination of & high neutron capture cruss section
and & long alphe balf-life as expected for an odd mese isotope would make

it difficult to mske such an identification. Recent mass spectrometer
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maeoztas\z;e'wmzerz1:.3h or californium isotopes are in agreement with the ebove

assigmments of the 6.15 end 6.05 Mev alpha activities to c£°%% ana

CfESO » respectively.

The curve for csliforniuvm in Plg. 1 iz sketched in beyond ¥ = 15k
on the assumption that the behavior is anelogous to that for pc}laniuml
in the region of the major shell at ¥ = 126. In the same spirit,

anslogous curves based on a subshell st X = 152 are sketched in for

elements 299 and 100 using the experimental data availahle.é Sipilar

curves for Z < 98 might 8lso be expected due to closed subshells at

52, ?®, ete.

80 definite s subshell at this point does not seem to be predict-

egble from a simple consideration of the shell model of nayer? end Haxel,

Jensen, and Suess .8 The major shell of 186 neutrons is stteined upon

completion of the il3 /2 level and the simple order 0;:‘ levels following

this, which of course is not necesserily the setusl QVéer,g might be 111/2’

N
59/2, g.{/g, d5/2’ 63/2, sl/z-%"é"pa&sible order of filling to give =
bresk at N = 152 mi?nt be gg/g’ 83.}'2’ 37/2, db/g with the folloving
levels ill/?,’ dS/E, and 315/2 at 2 definitely higher energy. Another
possibllity is that the bresk comes aefter the filling of the gg /2 and

,315 /2 shells. However, an energy break of this sort interpreted simply

on the begis o0f subshell completion in the p'rbeess of the filling of
levele in the eimple single particle shell model mey be an oversimplie

fication beceuse this I1s just the region where the strong surface

cou;:li!ig cezused by large sphercidsl distcrtimm'la or configuration

interaction™ "8 of geversl nucleons may be importent. In this

comnection one might expect on the basis of elther the Bahr«-@b‘btelmnlz
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stroh.g surface coupling model or the deballt~Goldhsbert” configuration
interaction arguments regarding trends of first excited state energies
that if the nucleon configuration at ¥ = 152 involves only completely
filled levels, the first excited stete emergies should spproach & maximum

19-21 4he experimental

5,22

sg is observed in the closing of other shells;
evidence po far indicates that this is not the case. Thus it seems
that the 152 neutron subshell may be of & fundamentally different nature
than the major closed shells.,

This work was performed under the suspices of the U. 8. Atomic Energy

Comission.
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FIGURE CAPTION

Fig. 1. Plot of alphs energy VE. mass mmber,
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